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puddles in the (orms nor shal! such coatmg come in contact

. with hardened concrete agamst whmh fresh'conerete is'to be :

p!accd

g op v

15 Removal of forms Lo Loee

equired at an early age, forms shall be removed as s00n as
e concrete has hardened suffi c:emly 10 resist damagc from

L‘S .5.1—When repair of surface defects or - fi mshmg is

. removal operations. e

.4:5.2~-Top forms on sloping surfaces of concrelc shall f.:.
be removed as soon as the concrete has attained sufﬁcuem' 5

stiffness 1o prevent sagging. Any needed répairs or treat-

ment required on such sloping surfaces shall be performed .

at once and be followed by the specified curing.
4 5.3—Wood formns for wall openings shall be loosened

saen as this can be accomphshcd w:lhout damage to the'

cuncrele,

4.5.4—Fomwork for columns walls, 5|des of beams. :

and other parts not supporting the weight of the concrete
may be removed as soon as the concrete has hardened
sufficiently 1o resist damage from removal operations.
4.5.5—Forms and shoring in the formwork' used to
support the weight of concrete in beams, slabs, and other

structural members shall remain in place until the concrete -

has reached the minimum strength specified-in the contract
documcms for removal of forms and shoring.
"4.5.6—When shores and other vertical supports are so
arranged that the non-load-carrying form-facing. material
may be removed without loosening or disturbing the shores
'and supports, the facing material may be removed at an
. earlier age ‘as specified or permmed
N,‘f
4.6 —Reshoring
4.6.1—When reshoring is permitted or required, the

operations shall be planned in advance and ‘shafl be subject
1o approval. While reshoring is under way, no live load

shall be permitted on the new construction.
4.6.2—In no case during reshoring shall concrete ‘in

beam, siab, column or any other structural member be
subjected -to ‘combined depd and -construction loads in -

excess of, the" loads penmtted by-.the. architect/engineer

for thc developcd concrete suength’ o the lime of re-

[F R

.....

the end of the’ workmg day on whu:h stnppmg accurs,

Reshores shall be tightened to carry their required loads

without overstressing the construction. Reshores shall re-

main in place until tests representative of the concrete being

- supported have reached the specified strength, f7, or the

strength specified in lhe contract documents for rcmoval of
reshores.

4.6.3—Floors supporting shores under newly placed

concrete shall have their original supporting shores left in

place or shall be reshored. The reshoring system shell have .

a'capacity sufficient 1o resist the anticipated toads and in all
»cases shall have a capacity equal (o at least one half of the

capacity of the shoring system above. The reshores shall be’
located directly under a shore posmon above unlcss other .
: B reinl‘ofcmg bm ghall be zmc—coaled (galvamzed) of epoxy-

~ locations are acceptable

e
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4. 6 4—In multistory buildings the. reshonng :shalf extend—

" gvet & sufficient numbér of stories to distribute lhr we:ghl

of newly placed concrete, forms, and conslrucuon live
loads in such a manner that the design supenmposed loads .
of thc floors supponting’ shorcs are not exceeded.

4. T—Hemoval strength . -

" When removal of formwork or reshoring i is based on lhe
concrete reaching a specified strength, the concrete shail be
presumied to have reached this sirength when euher of the
following conditions has been met:” . .. - e j

4.7.1—When test-cylinders, fi i'eld cured along with the" .'l
concrete they represent, have reached the strength specified”
for reroval of formwork or reshonng Except for the ﬁeld
curing and age at test, the cylinders shall be’ molded and
tested as specified {n Chapter 16, Testing.

4.7.2~~When the concrete has been cured in accordancc
with the-provisions of Chapter 12 for the same length ¢ of
time as the age at test.of laboratory-cured cylinders whnch
reached the specified strength. The:length of time the"
concrete has been cured in the structure'shall be determined®’
by the cumulative number of days or fractions thereof, not

' necessarily consecutive, during which the temperature of

the air in contact with the concrete’is above 50 F and the
concrete has been damp or thoroughly seakd from evapo-

. ranon and Ioss of moisture,

' Notes 2

In .the sections of Chapler 4 listed below, specific
acceptance is required:

4.1.4 Of shop drawings for formwork, where requnred

4.4.2.1 Of form-coating materials.

i 4.6.1 Of plans for reshoring. where required or permit-
ted. .

4.6.2 of loads to be permmed on structural members
during reshoring,,

4.6.30f Iocanons of reshores other than specified in this
section.

, CHAPTEH S—HElNFORCEMENT
S.1—General =
Placing drawings showing all fabncauon dimensions and
locations for placing reinforcement and bar supponts shall
be submitted for review and acceptance. Acceptance shall
be obtlined bcl’ore fabrication. o

5.2—Reinforcement
8.2.1 Reinforcing bars— Al reinforcing bars shall be
deformed except spirals, which may be plain bars. Rein-
forcing bars shall be the grades required by the contract
documents and shall’ conform to one of the following
specifications:
5.2.1.1. ASTM A 615. :
£.2.1.2 ASTM A 616 including supplementary re-
quirement S1. .
$.2.1.3 ASTM A 617.
5.2.1.4 ASTM A 706.
5.2,2 Coated reinforcing bars—When specified, coated

il

IS PN ~
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coated. The n:mfon:mg ba.rs o be coated shal} cnnfotm to
Section 5.2.1.

- s.2.20 ch—coatcd (gnlvamzed) reml'orcmgbus shall
‘conform 10 ASTM A 767. Supplementary requitements. St
and 52 shall apply when fabrication after gnlvamzauon

........

" ‘includes cutting and bending. Supplementary requirement -

$2 shatl apply when fabncauon alter galvanization tncludes
only bending. -

- 5222 Epoxy-coated rcm[orcmg bars shall confonn
- 10 ASTM A 775.. '

'5.2.2.3 Repair of damaged zmc coatmg. when e o

‘quired, shall be made with a zinc-rich- formulation. con-.
forming to 'ASTM A 767. Repair shall be dooe in ac-
cordance with the .material manufacturets reoommnda-
_nons -

* 5.2.2.4 Repair of damaged epoxy coatmg, when re- .

quired, shall be made with-patching material conforming to
ASTM A 775. Repair shall be done in accordance wuh the
material manufacturer's recommendauons .
5 2.3 Bar mats

* §.2.3.1 Bar mats shall be of the clipped type ¢ conform-
ing to ASTM A 184 and shall be fabricated from l'eu:forcmg
ba:s that conform to Section 5.2.1. o

5.2.3.2 Bar mats may be fabricated from zmc-eoated
(galvamzcd) reinforcing bars. Mctal clips shall be zinc-
coated (gaivamzed) Nonmetallic clups may be used. Coat-
ing damagc at the cllppcd intersections shall be rcpmred in

nccordance w:lh Section 5.2.2.3,

| _5.2.3.3 Bar mats may be fabricated from epoxy-coalcd
remforcmg bars. Metal clips shall be epoxy-coated. Non-
metalhc clips may be used. Coanng damage at the clipped
' mtersecuons shall be repalrcd in accordancc wnh Secuon
5 2 4.
S 24 W:re ' '
. 5.2.4.1 Wire: shall be smooth ot defonned wue as.
indicated on’the contract documents.
" 5.2.4.2 Smooth wire shall conform to A! A82
.. 5.2.4.3 Defonmed wire shall confopn to ASTM A 496,
s:ze D4 and larger. -
s .5.258 Wez'ded uxrefabnc s

l.

and wire spacmg rcqmred ‘or |nd|"
documents. Welded wire fabric, shall ‘
followi ing spec:ﬁcauons. ’i :
$.2.5.2 ASTM A 185, cxcept Welded intetsecuons
shall be spaced not farther apart than 12 in. in the direcuon

- of the principal rcmforcemcnt

5:2.5.3 ASTM A 497, except welded mtetsecuons '

shall be spaccq not farther apan than 16 in.'in the dm:cuon
of the principal reinforcement. '

5.2.6 Spirals —Spirals may be fabricatéd l'rom remforc-
mg bars or wire.

s 3—WIre bar suppons

«;Unless otherwise specified or permitted, wire bar sup-
ports shall be in accordance with Class 1, maximum
pyotection, or Class 2, moderate protection in Chapter 3- of

Manual of Standard Pracnce by the Concrete Remnwcmg .

f Steel Institute.

--permmed o e

5. G—Fabricatlng and placing lolerances

 ACISTANDARD . P S

54—Welding . | e
5.4.1 —When reéquired. or pcmuued all we!dmg?of
reinforcing bars shall conform to AWS D1.4. Unless

otherwise accepted, welding of crossmg bars (lack weldmg) g
for. assembly of reinforcement is prohibited.

.54, Z—We&dmg of wire to wire, and of wire or welded
- wire fabric to reinforcing bars or structural. steels, -shall

engineer. ,
. 5.4.3—After complctxon of weldmg on zmc-coated

‘ :(galvantzcd) or epoxy-coaled reinforcing -bars, coating -
. damage shall be repaired in accordance with Section.

5.2.2.3 or 5.2.2.4, respectively. All welds, and all steel

spiice menibers when-used to splice bars, shall be coated
with the same matenal used for repair of coating.
.damage :

SS—Fabr!caﬂon e
. All reinforcement shall be bcnt cold nnless otherw:se

5

_ " conform o applicable. provisions of AWS DI.4 and -
. supplementary requirements - specified by the: a.mlntecu

s,

. 8, 6.1«—Rcmfon:mg bars''shall be fabricated in accor-

' dance ‘with the slandard fabricating wlemnces in Fig 4 and

>

' §.6.3—When it is necessary to move bars to avouf
mlcrfcrence with other reinforcement, conduits,’ ofembedr
ded itetns- exceeding the specified placing tolerances, .the.

resulting mangemcnt of bars shall be subject. to accep-

tance.

5 of ACI 315.
-5.6. Z—Retnforcemem shall be placed to lhe followsn, '
lolemnccs S .:M
‘ -, Tolerances,
2 ' in.
g.,-Clcardtstance - L - o
" Toformed soffit. . ........ e e e -Ve
. To othes formed surfaces. ... ... .5 ..o .. .4 2l
.,,;.Mnmmum spacing between bars. .. ... i a s -Va.,
; C!ear distance from unformed surface totop, ... ..
nmforccmcnt ] RPN %
Mcmbcrs 8.in. deep or lcss ........... Y
" Members more than 8 in. dcepbullessthan i
L - 24in.deep............ .....-...,-%;"+%=
‘ "'Mcmbers 24in. deep orgreater . . . .......—Y, il
* Uniform spacing of bars, but the requzred number -
" ofbarsshallmotbereduced .. .. ........ns -_.'=2
Uniform spacing of stirrups and ties, but the . ..
- required number of stirrups and ties shall -
~motberediced .. ....o.Liiiien . PP 3
Longuudmal locauons of bends and end.s o!' e e
reinforcement - . s L
. General ... .iiii e P >
Dlsconlmuous ends of membcts AT ) 1Y
Lcngthofbarlaps.._......_..,.‘.‘A ..... P S L ]
. Embedded length ' o R |
.u.’ For bar sizes No. 3 through 1" .'. ......... . .;'._.— -
For bar sizesNo. [4and 18.. .. ..... PR -1
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5.7—Placing
5.7.1—Minimum concrete cover for reinforcement, ex-
_cept for extremely. commosive atmosphere, other severe
: exposures, or fire proi&tion, shall be as follows:

BRI

" cover, in.

.Concrete deposited against the ground . ... ....... 3.

~Formed surfaces exposed to weatheér or in

contact with the ground

For bar sizes No. 6orlarger .. ..............2

. For bar sizes No. 5 and smaller, and W31
orD31 wire and smaller .

»:Formed surfaces not exposed to weather or not

in contact with.the ground
b= Beams, girders,and columns . ... .......... iva

=- . Slabs, walls, and joists -: ' ’ '

For bar sizes No. 11 orsmaller............ Yo
Forbarsizes No. 14dand 18 ............. 1v
5.7.1.1 For bundled bars, minimum concrete

cover shall be equal to the equivalent diameter of the:

bundle but need not be greater than 2 in; cxcept for

concrete deposited against and permancntly in contact’

with the ground, minimum cover shalltbe 3 in. The
equivalent diameter of the bundle shall be based vn 2

smglc bar of a dlarnclcr derived from lhe equwa!ent total
" area,

78.7.2—Al rcmforcemenl at the time concrete is placed

shall be’ free of mud, oil, or other materials that may -

adversely affect or reduce the boad. Reinforcement with
© rust, miil scale, or a combination of bo(h shall be consid-

ered satisfactory provided the minimum dimensions,’

weight, and height of deformations of a hand-wire-brushed

test specimen are not léss than the apphcable ASTM
specification requiremnent.

- 8.7.3—A!l reinforcement shall be supponed and fas-

tcned before concrete is placed and shall be secured against

displacement wnhln the tolerances permitted in Secuon
5. 6 2. o

-5.7.3:1 Unless otherwise indicated in the contract
documems mnforccmcm supponed from the ground or -

mud mat shall rest on precast concme blocks not less than
4in.2 and havmg a compresswe suenglh equal to or greater

than the speclf' ed compressive- strength of the concrete

being - placed.. Otbermnsofsupponmybeusedlf
accepted. :

5.7.3.2 Remforcermnt supponed from formwork

shall rest on bar supports made of concrete, inetal, plastic,
or other acceplabie materials. Where the concrete surface
will be exposed to the weather in the. finished structure, .the

portions of all bar supponts within % in. of the concrete .

surface, shall be nancomosive or protected. against corro-
sion.” - L . -
5.2.3.3 “Zinc-¢oaled (galvanized) reinforcing bars

supported from formwork shall rest on galvanized wire bar

supports coated with dielectric material, or on bar supports
made of dnelcctnc material ot other acccplable materials.
- All other reinforcement and embedded steel items in

" contact. with galvanized seinforcing bars, or _wnh\mla

4l

Minimum

30113

minimum clear distance of 2 in. from gal\;'aﬁizéd

e T

reinforcing bars unless_otherwise requu'cd of pcnmucd .

" shall be galvanized.

5.7.3.4 Epoxy-coated reinforcing bars supponcd
from formwork shall rest on coaled wire bar suppons,
or on bar supports made of diclectric material or other
acceptable materials. Wire bar supporis shall be coated
with dielectric material for a minimum distance of 2 in.
from the point of contact-with the epoxy-coated reinforcing
bars. Reinforcing bars used as support bars shall be
epoxy-coated. In walls having epoxy-coated reinforcing
bars, spreader bars where specified shall be epoxy coated.
Proprietary combination bar clips and spreaders used in

* walls with epoxy-coated reinforcing bars shall be made of

corrosion-resistant matenal or coated wuh dielectric
material..

5.7.3.8 Zinc-coated ( galvamzed) reinforcing bars shall

be fastened with zinc-coated tie wire, or nonmetalhc—coatcd

lie wire, or other acceptable materials.

5.7.3.6 Epoxy-coated reinforcing bars shall be fas-
tened with nylon-, epoxy-, or plasuc-coated tie wire; or
other acceptable materials. i

5.7.4—Welded wire fabric for slabs on grade shall
. extend ‘10 within 4 in. of the concrete edge. Welded wire
fabric may extend through the contraction Jomts Wcldcd‘

wire fabric shall be adequately suppom:d during p!acmg of
concrete to assure proper positioning in the slab. '
5.7.5—Templates shall be furnished for placcmcnt Pf aﬂ
column dowels unless otherwise permitied. *
5.7.6—All splices shall be as indicated on the cof-
tract documents unless otherwise permitted. Mcchamcal
connections for reinforcing bars may be  used when
accepted. Afier installation of mechanical connections on
zinc-coated (galvanized) or epoxy-coated reinforcing: bars.
coating damage shall be repaired in accordance with
Section 5.2.2.3. or 5.2.2.4, respectively. All parts of
mechanical connections used on coalted bars, including
steel -splice sleeves, bolts, and nuts shall be coaled with the
same ‘naterial used for repair of coating damage.
§.7.7—Bending or straightening or bars partially embed-

ded'in concrete shail not be: permutcd except when spcc:f-_

ically accepted. Bending ihrall be in accordance with Sec-
tions $.7.7.1 and $.7.7.2. .

" 8.7.7.1 The minimum inside bend dramétcrs shall
conform o the requirements of Table S5.7.7. unless
otherwise permilted. In addition, the beginning of the bend
shall not be closer to the concrete surface -than the
minimum diameler-of bend. Preheating, if required, shall
be in accordance with Section 5.7.7.2. The following
requirements shall be sdhered to for individual bar

sizes:

Bar size ~ Bend requirements

No. 3 through No. 5  Bars may be cold bent the first

time. Cold bend bars only when

, temperature is above 32 F:

* Preheating is required for subse-
"quent straightening or beading.

No. 6 and la - Preheating is required.  “, 5~
g e e . . AR

l
|
|
|
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-A_‘A'Tab!e 5.7. T—Minlmum dlametef of bend

- Bar: sue —— Mlmmum diameter

. No. Ythroggh 8 - ' 6 bar diamneters
No. 9. 10, 1¢ 8§ bar diameters
Mo. |4 and I8 10 bar diameters

5.1.2.2 Pfchcating prior to bending or sirnlghmnmf; N

- when required, shall be in accordance with the I'ollowmg
- - Tequirements:

(a). Preheating may- he applied by any method which.
does not harm the bar malenal or cause damage to the

concrete. -
(b) The preheat shall be applied to-a length of bar equal

‘10 at least 5 bar diameters.cach way from the center of the

‘bend excepl that preheat shall not extend below the surface

:o!' the concrete. The temperature of the bar at thc concrete

: .mterfacc shall not exceed 300 F.
“(¢) The preheat temperature shall be 1100 to 1200 F.

"(d) The preheat temperature shall be maintained until .

lbendmg or straightening is complete .-

““(¢) The preheat temperature shall be measun:d by tem-
.pcrature measurement crayons, contact pyromctcr ot other
. acceptable method

*™{1) Heated bars shall not be artificially cooled until the _

.matcna! temperature is less than 600 F.

. - .5 7 1.3 Repair of damaged coanng—-thn zinc-
: coatcd (galvamzed) or epoxy-coated reinforcing bars are

fisld bent, coating' damage shall be repaired in accordanceé -

- 'with Section 5.2.2.3 or 5.2.2.4, respectively.

5.7.8 Zinc-coated {galmmzed) reinforcing bar:—Coa!— -

+. ing damage due to handling, shipping, and placing shall be .

~ repaired in accordance with Section 5.2.2.3.
+:5.7.9 Epoxy-coated reinforcing bars—Equipment for
: handlmg epoxy-coated reinforcing bars shall have protected
contact areas:

.Bundles of coated bars shall be lifted at .

* multiple pickup points to preveat ‘bar-to-bar abrasion from .
. sags in the bundles. Coaled bars or bundles of coated bars:

shall not be dropped or dragged. Coated bars shall’ be

- stored on protective ciibbing. Fading:coating: m’“_"""“ " placing to pmduoe 8 élean’ exposed aggregatc bondmg

Coaung damage "due to handli
nccd not be rcpamed in ca.m whe .

rcpa:rcd in accordance with? §ection- § .
mum amount of dnmage mcludmg rcpanred and unrepalred
areas shail not exceed 2 percent of the surface arca of each

Notes

tance is required:

s.1.1 Of placmg dmw:ngs for reinforcement and bar
supports.

5.4.1 For wcldmg not indicated on the contract docu-
ments and 1o weld crossing ban for assembly of remforce-
ment.

-5.6:3.For n:locatmg bary to an extent that causes pface-
¢ ment tolcrances lo be vlolated -

In the I"ollowmg sections of Chapter s, spec:ﬁc accep-: ‘__

AT

: ..ggngatc ordmgedeoncme at l.hc sufece.

'6.2-—Expanslon lolnls

in joints shall be as lndical-:d in the contract documents.

PR AP R LR TR
Ry ' B
et *l'hu'

Aasrmomo R

5 7.3 Of bar suppoﬂs and matenal for l'astcmng Zinc= . ;.

coated (galvanized) and epoxy-coated reinforcing bars. = -
$.7.5 To allow placement of columa. dowels withoyt
usmg termplates.

:#8,7.6 For splices not indicated on the comracl dommnls

and for the use of mechanical connections.

. 5.2.7 To field bend rcmforcmg bars pamauy embcdded

in concrete.

‘CHAPTER 6-—JOINTS AND -
EMBEDDED ITEMS

8.1 —COnslruction foints Co

» 6.1, t—Joints not indicated on the contract documents
shall be located and constructed to minimize the impact on
the strength of the structure. Joint types and locations shall
be acceptable to the architect/engineer. In general,. joints
shall be located near the middle of the spans of slabs,
beams, and girders unless a beam intersects a'girder at this
point, in which case the joint in the girder shall be oﬂ'scl a
distance ‘equal to twice the width of the beam, Joints in -

. walls and columns shall be at the underside of ﬂoon slabs,’

beams, or. girders and at the tops of footings or floor slabs.
Beams, girders, brackets, colurnn capitals, haunches, and .
drop pancls shall be placed at the same time as stabs. Joints, .

shalt be perpendicular to the rhain reinforcement,

6.1.2—All relnl'orccmcm shall be contmued acmss

- joints. Longnudmal keys at least 1% In. deep shall be

provided in alf joints in walls and between walls and slabs

of fooungs Othier keys and inclined dowe!s sha!l be
acceptable (o the architect/enginecr.
6.1.3—The surfacc ‘of the concrete at all pmts shall be.

'lhoroughly ‘cleaned and all Ialtance r:moved pnor o placmg

adjoining concrete..

6 1 4—Wh¢n requurcd or pennmed bond shall be ob- -

ot 6.l4l'l'heuseot'anacccplable ndheslw.

" 6.1.4.2 The use of an acceptable chiemical reiarder
.~ which delays but does got prévent sctting of the. surface

‘mortar. Retarded mortar shall be removed within 24 tir aﬁcr

smfacc ,
6.1.4. 3 Roughenmg lhc surface of the concrue in an

formly and will not leave, laitance, looscned pnmcles of

+ 6.2.1—~Reinforcement or otﬁcr embeddcd metal :tems
only one side of pums) shall not be permitted to enend
conunuously through any expansion joint.

6.2.2—Premolded expansion joint filler shall be of lhe

to ASTM D994 ASTM D I75I or AS'!M D l752

6. a—Wa!erstops

Lo _acceptable manner which will expose the aggregate uni- .

E1E
‘bonded to the concrete (except dowels in ﬂmfs bonded on .

-' type required by the contract documents and shall conform

6.3.t —The materiat, aeugn and location of watemops /

6. 3 2—Each piece of prenmldcd waterszop shall be of

y
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maximum practicable !englh in order that the number of end
joints will be held to a minimum.

" 6.3.3—Joints at’ mtcrsectlons and at ends of | pueces shall _

be made in. the manner most- apptopnate to the malerial

~ being used. Joints shall develop-effective walertightness
- fully cqual to that of the continuous” waterstop material,

shali permanently develop not less than 50 percent of the
mechanical strength of the parent section, and shall perma-
nently retain their dClelllly 4

6.4—0Other embedded items
6.4.1—AIll sleeves, inserts, anchors, and embedded

items required for adjoining work or for its support shall be
placed prior to concreting.

6.4.2—All contractors whose work is refated to the

conerate or must be supported by it shall be given ample -
~otize and opportunity to introduce and/or furnish embed-

ded itemns before the concrete is placed.

6.5—~Placing emhedded Items

* Expansion joinl malerial, waiersiops, and other embed-
ded items shall be positioned accurately and supported
against displacement. Voids in sleeves, inserts, and anchor

slots shall be filled temporarily with readily removable

material to prevent the entry of concrete mio the voids. “+

Notes
In the sections of -: ‘mpter 6 listed &
acceplance is requireg:

€.1.1 For construction joints not mdlcaled on the project
drawings.

6.1.4°0f methods and/or pmccdures for developmg bond

at joints,

CHAPTER 7—PRODUCTION OF CONCRETE

7.1—Ready-mixed concrete and concrete pro-
ducad by on-site volumelric batching and contin-
uous mixing

7.1 l—Ready -mixed concrete thall be bttched mixed
and transported: i in, accofdanoe witb ASTM C 94, except a3
otherwise prowded in* th Plnm equipment snd

facilities shall ccnl’orrn

R

Concrete’ Producnon Facllities »‘fi

a’

:i;j_

tions)"" 5f the National Ready’ Mixed Concrete Assocmion '

7. !.Z—Concrele produou! by on-site volumetric baich-
ing and continuous mixing shall be batched and mixed in
accordance with and shatt conform to all requm:rnents of
ASTM C 685..

7.2—All other concreles
7.2.1 Baiching
7.2.1.1 Scales for weighing concrete mgredlents shall

be accurate when in use within 20.4 percent of their total
capacities. Standard test weights shall be available to permit
checking scale accuracy.
« 7.2.1.2 Operation of batching equipment shall be such
_ that the concrete ingredients are consistently measumd

. within the following tolerances: .

clow, specific

i
LY
T

' ",;,l . ey 1 brhenrg g e R g S

. 30,‘1.17 '
Cement -+ percem e
Water - - — - T £]-percent = .
Aggregales +2 percent |
Admixtures *3 percent

7.2.1.3 Each balch shafl be so charged into the mmcrI
that some water will enter in advance of .the cement andl
aggregates. Water shall continue to flow for a perind which

)

may extend to the end of the first 25 percent of the specified
mixing time. Controls shall be provided to prevent taiched

ingredients from entering the mixer before the previous
batch has been completely discharged.
7.2.2 Mixing
7-2.2.1 The concrete shall be mixed in a batch mixer
capable of thoroughly combining the aggregates, cement,
and water into a uniform mass within the specified mixing

" time, and of discharging the concrete withqut harmful

segregation. The mixer shall bear a manufacturcr s ranng
plate indicating the rated capacity and the recommcnded
revolutions per minute and shall be operated in accordance

~ therewith.

7.2.2.2 Misxers with & rated capacity of 1 cu yd or

“larger shall conform to the requirements of the Plant Mixer

Manufactuters Division of the Concrete Planl Manufaclur-
ers Burcau.

©1.2,2.3 Except as provided in Section 7.2.2.4 belmv
batches of 1 cu yd or less shall be mixed for not Jess lban 1
min. The mixing time shall be increased 15 'sec for each
cubic yard or fraction thereof of additional capacity.

7.2.2.4 Shorter mixing time may be permitiedpio:
vided performance tests made in ‘accordance. with Section
9.3.2 of ASTM C 94 indicate that the lime is suﬂ' Clcnl 1o
noduce uniform concrete.

. 7.2.2.5 Controls shall be provnded 10 insure that' the

: lmch cannot be’ d'_nscharged until the required mixing time
_ has elapsed. At least three-quarters of the required inixing

time shall take phce after the last of the mixing water has’

" been added. : 1
7.2.2.6 The interior of the mixer shall be free of

accumulations that will interfere with mixing action. Mixer
blades shall be repiaced when they have lost 10 perrcn: of

" their ongmal height. -

7.3—Control of admlxlures , -

7.3.1— Air-entraining admixtures, calcium chlondc and
other chemical admixtures shall be charged into the mlxer
as solutions and shall be measured by means of an'accept-
able mechanical dispensing device. The liquid shall be
considered a part of the mixing water. Admixtures that

"cannot be added in solution may be weighed or may be

measured by volume if so recommended by the manufac-
turer. ]

7.3.2—If two or more admixtures are used in the
concrete, they shall be added separately to avoid possible
interaction that might interfere with the efficiency of either
admixture or adversely affect the concrete.

7.3.3—Addition of retarding admixtures shall be com-
pleted within 1 min afier addition of water (o the cement has
been completed, or prior to the beginning of the las
three-quarters of the required mixing, whichever occurs
fir. .. - . " !?
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7 4—Lightweight concreta
#7.4.1 —-nghtwelght aggregate concrete shall be batched
and mixed as recommended by the producer of the aggre~

| gate except that, if procedures are lecommnded which aré

al variance with these speclﬁcauons, l.hey shall be accept-
-able.

1.4. 2—-—Concrete made wnh hghtwe:ghl aggregate that

-has been shown 10 absord less than 2 percent by weight’

‘during the first hour after inundation based’on test of a
“sample from the field-conditioned supply shall be batched
and mixed as required in Sections 7.1, 7.2, and 7.3.

The **fictd-conditioned supply”* shall consist of aggre-.

gate with the minimum moisture content likely to occur oca

' non

the job. Predampcmng may be used to achieve this condi-

ACISTANDZ . .

Table 7.6.1.1—Yemperature limitations on

 concrete when delivered at site of work

‘7.4.3—Concrete made with lightweight aggregates not

confonnmg with the absorption limit of Section 7.4.2 sha.ll
be batched and mixed as follows: -

7.4.3.1 The aggregate shall be added to approxlmatcly -
80  percent of the mixing water and mixed for a minismum of

. 1% min (15 revolutions in a truck mixer). - . .

Minimum concrete
temperature, deg F
. . For sections with - For sections with
. Air emperature, least dimension - feast imension -
- "deg F less than 12 in. 12 ia. or greater ”
30 to 45 60 0
‘0wl 6s. 35
Below 0 n L)

the wa!.ersha]lbecombmed wuhtheaggregale mlhemuer ,'

bcfotecemeutlsadded Ccmemshallnotbemludvmh

._water or with mixiures of water and aggregale lnving A

_t:mpeuum: grcater than 100 F ;

: The mgredlems shall be cooted before mixing, or ﬂake

..., ice or well-crushed ice of a size that will melt completely

7.4.3.2 Then the admixtures, if any, the entire weight -

of cement, and the withheld portion of mixing water shall
be added in the order named, and mixing completed in

, accordance with Secuon 7 tor 1.2. 2, wlnchever is apph-
cable, :

7.4, 4—Acccptance of ltghlwc:ght concrete in the field _'

shall ! based on fresh unit weight measured in accordance .
with .
wetght shall be that comresponding to the specified maxi-

mun air-dry unit weight calculated from the formula in
Section 5.6 of ASTM C 567; When the nominal fresh unit
weight varies more lhan 2 1b per cu ft from the rcquucd
weight, the mixture shall be adjustcd as promptly as
conditions will permut to bring the unit weight to the desired
level. Fresh unit weight of any batch shall not va.ry more' '

" than 3 Ib per éu ft from the desu'ed lcveI

1. 5-—Tempering and control of mixlng water

- 71.5.1—Concrete shall be mixed only.in quantities fd‘ :
immediate use. Concrelc whnch has set shall be dlsca.rded

md -shall not-be rttetqpcmd T

iZtion 3.2 of ASTM C 567. The nominal fresh unit ..

durmg mixing ‘may be’ subsututed for alt or part of the .
mixing water if, duc to hlgh temperature, low slump. ‘
set or cold joints are encountered.

-Notes

*,3.1 For mechanical device for dlspensmg admmulu

7.4.1 To use mixing procedures for lightweight coacreis -
lhat differ from those required by thesc specifications.
' 7.5.2 To add ‘cement to mixed concrete to oﬂ'scl the
addmon of extra mixing water. . :
CHAPTER 8 PLACING
8. 1—Preparation before placing

* 8.1.1—Hardened concrete and foreign matcnalsshall be.
lemoved from the inncr surfaces of the conw:ymg equip-

- ment.

* 9.5.2—When concrefc arrives af the project’ wuh stump

below that suitable for placmg. as indicated by’ thc specifi-

cations, water may be added only if nellher the ‘maximum
permissible water-cemem ratio not the maximuri slump is.
exceeded. The water shall be’ incorpomled by sdditional
mixing equal to at least half of the total mixing reqmred An
addition of water above that permiitted by the limitation oa
watel-cenient ratio shall be accompanied by & quantity of .

cement sufficient to maintain the proper water-cement ratio.

Such addition shall be acceptahle to the archnectlengmeer

~or his r:ptcscnlatwe

76—Wealher coﬁdltions B
7.6.1 Cold weather
7.6.1.1 In cold weather, the tcmperature of the con-

. cﬁ:te when delivered at the site of the work shall conform to .

the temperature limitations in Table 7.6.1.1.

/J/ 76]2[[wateroraggrcga!eubca&edabovc le i

8.1 2—Fonnwo:k shall be oqmplcted wow.,j_qe md
- water shall be romoved; reinforcement shall be secured in~
place, expansaon joint,materiaf, anchors, and other embed-
deduemsha!lbeposinoned andtlweauxeptepmuon
shall be sccepted. ©

8.1. J—Semlpomus subgradcs shall be spnnlded suffi- _

In the selcuons ol' Chapter 7 llsu:d bclow. ipealic
‘ meptame is_required:

i

ciedtly to eliminate suction and porous subgrades shall be

sealed in an ncceptable manrner (Section 11.1).
. &ld—Conc:e&eshallnotbeplaccdonl‘m:engmund

8.2—Conveylng

.8.2.1—Concrete shall be hendled from the mixer to thc

place of final depoasit as rapidly as practicable by method§
which will prevent segregation or loss of ingredients and i
& 'manner which will assure that the required quality of
coacrete is maintained. '

.. 8.2.2—Conveying equipment shall be acceptable, an
"~ shall be of @ size and design such that detectable settigg
concrete shall not occur before adjacent concrete is pl
Conveymg equipment shall be cleaned at the cod of 'cncé
operation or work day. Conveying equipment:and opers;
tions lhail oonform to the l'ollowmg addltnonal wquut
ments:

LR
Foaa

..4
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8.2.2.1 Truck mixers, sgitators, and nonagitating units
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points approximately 18 in, apm M mh insention, lhc-»

‘and their manner of operation. shall conform to the applica-. —— duration"shall be #ufficient 10 consolidate the concrete but

- 'ble requirements of ASTM.C 94,

8.2.2.2 Belt conveyors shall be ‘horizontal or at a slope _

which will not cause excessive segregation or loss of
ingredients. Congrete shall' be protec!cd against undue

drying or rise in-temperature. An acceptable arrangement

shall be used at the discharge end 10 prevent segregation.

Montar shall not be allowed to adhere to the return length of ™

the belt. Long runs shall be discharged into a hopper or

~ through a baffle.

8.2.2.3 Chutes shall be metal aPmetal lmcd and shall
have a slope not exceeding 1 vertical to 2 horizontal and not
less than 1 vertical to 3 horizontal. Chutes more than 20 fi
long and chutes not mecting the slope requirements may be
" uxed prov:ded they dlscharge mto 2 hopper bcfore distribu-
tion.

8.2.2.4 Pumping or pneumatic convcymg equlpment '

shall be of suitable kind with adequate pumping capacity.

. " Pneumatic placement shall be controlled so that segregation

is not apparent in the discharged concrete. The Joss of

- _slump in pumping or pneumatic conveying equipment shall
. not exceed 2 in. Concrete shall riot be conveyed through .
. pnpe made of aluminum or alummum alloy.

. *

',-_-'83 Deposltlng

" 8.3.1 General—Concrete shall be dcposned cortiny-
" ously, or in layers of such thickness that no concrete - 1lbe
deposited which has hardened sufficiently 1o cause the
. formation of seams or planes of weakness within the

section. If a section cannot be placed continuously, con--

struction joints shall be located as indicated on the contract

documents or as permitted. Placing shall be carmied on at = -

~ such a rate-that the concrete which is being integrated with
-. fresh concrete is still plastic. Concrete which has partially
hardened or has been contaminated by foreign materialg
shall not be deposited. Temporary spreaders in forms shall
. -be removed which the concrete-placing has reached. an
: elevauon rendering their service unnecessary. They may
. remain embedded in the concrete only if made of metal or
corcrete-and iT prior: aceepmce hias been obtsired.
8.3.2. Ptacmg—-l’lacmg of coniciete in supported cle-
ments shall not-be’ staried umll the concrete previously
. placed in ‘column” sid. - walls: i3“no longer plastic and has
been in place at least two hours. .
- 833 Segregan‘on—-coucrete ‘shall be deposlled as
nearly as practicable in its final pasition o svoid ugrega-

" tion due to rehandling or flowing. Concrete shall not be -

subjected to any procedire which will cause scgregatlon

8.3.4 Consolidation— All concrete shall be consolndued
" By vibration, spadmg. rodding or forking so that the
concrete is thoroughly workéd around the mnfomement
around embedded items, and into corners of forms. elimi-
nating all air or stone pockets which may cause honey-
" combing, pitting, or planes of weakness. Internal vibrators
" used shall be the largest size and the most powerful that can
be used properly in the work, 3$ described in Table $.1.5 of

‘ACI 309R. They shail be operated by competent workmen.

Use of vibrators 10 transport concrete within férms shall not

be allowed anraton shall be msmed and wuhdi-awn a

|
“from the formed surface. , i

8. 4—Protectlon

not sufficient to cause segregation, generally from 5 to 15
sec. A spare vibrator shall be kept on the job site during al) .
concrete placing operations. Where the concrete is to have; ;
an as-cast finish, a full surface of mortar shall be brought [|
against the form by the vibration process, supplemented if *
necessary by spading to work lhe coarse aggregate back

8.4.1—Unless adequate protection is provided and ac-
ceptance is obtained, concrete shall not be placed during -
rain, sleet, or snow. »

8.4.2—Rainwater shall not be allowed 1o increase the :
mixing water nor 1o damage the surface finish,

8.4.3 Placing temperature—When the temperature of

‘the surrounding air is expected to be below 40 F during

placing or within 24 hr thereafter, the temperature of the
plastic concrete,'ss placed, shall be no lower than 55 F for
sections less than 12 in. in any dimension nor 50 F for any

' _ other sections. The temperature of the concrete as placcd

shall not be so high as 1o cavse difficulty from loss of; .
slump, flash’ sel, or cold joints and should not exceed 90.F,
When the temperature of the concrete exceeds 90..F,.
precautionary measures acceptable 1o the architect/engineer
shall be put into effect. When the temperature of the steel is
greater uian 120 F, steel forms and reinforcement: shall be
sprayed with water just prior to placing the concrete.

8 5—Bonding
8.5.1—When speclﬁed the surface of joints shall be

prepared in accordance with one of the mclhods specified in
Section 6.1.4.

8.5.2—The hardened concrete of construction joints and
of joints between footings and walls or columns, between

. walls or columns and beams or floors they suppon, joints in

vnexposed walls and all others not mentioned below shall
be dampened (but not saturated) immediately prior to
placing of fresh concrete.

"8.5.3—The ha:dcned concrete of honzonlal construction-
joints in exposed work; horizontal construction joints in the

- middle of beams, girders, joists, and slabs; and horizontal.

construction joints in work designed to contain liquids shall -
be dampened (but not sawrated) and then thoroughly
covered with a coat of cement grout of similar proportions
{0 the mortar in the concrete. The fresh concrete shall be-
phced before the grout has attained its initial set. ;
8.5.4—Joints receiving an adhesive shall have been
prepared and adhesive applied in accordance with the
manufacturer’s recommendations prior to placing of fresh.
concrete. o
'8.5.5—Surfaces of joints which have been treated with a -
chemical retarder shall have been prepared in accordance
with the manufacturer's recommendauons prior ta placmg

of fresh concrete.,

8.6—Concreting under water
When required or permitied, concrete shall be deposited
under water by an acceptable method in a way that the fresh



301-20

- concrete enters the mass of previously placed coacrete from -
- within, causing water to be displaced wuh rmmmum dis-
~ turbance at the surface of the'eoocretc

Notes .
" In the sections of Chapter 8 listed below, spoctt' c

. acceptance is mqu:red.

8.1.2 Of preparation of formwork for concrete placmg

8.1.3 Of preparation of subgrade for concrete placing.

8.2.2 Of coaveying equipment.

-8.3.1 Of construction jomt Iocattoos not mdncated on the
_contract documents. . T

.8.3.1 To leave tempomry form spreaders, if made of
metal or concrete, embedded in the concrete.

8.4.1 To place concrete during rain, sleet or snow. ~

8.4.3 Of precautionary measures at high temperatures.

8.6 Of the method for placing concrete under water.

CHAPTER 3—REPAIR OF SUHFACE DEFEC'I‘S
9 1—General -

Surface defects, including tie holes, unless othcrwlse
specul' ¢d by the contract documents, shall beé’ repatred
unmcdtatety after form n:moval -

© 9. 2—Repa|r of defective areas ~

- 9.1.2 Repair with portland cer ;nt mortar =

- 9.2.1.1 Allhoneycormbed a ¢ other defective concrete °
. sha!l be removed down to sound concrete. If chipping is
. necessary the edges shall be perpcndlcular to the surface or

slightly undercut. No feathercdges will be permitted. The

. area to be patchcd and an area at least 6 in. wide surround-
ing it shall be dampened to prevent absorptxon of water from

the patching mortar. A bonding grout shall be .prepared

" using a mix of approximately I part cement to ] part fine

sand passing a No. 30 mesh sieve, mixed to the consistency

ot' thick cream, and then well brushed into the surface.........

9.2.1.2 The patching mixture shail be’ madq,,of the

same materials and of approximately the same proportions -

. as used for the concrete, except that the coarse. aggregate

shall be omitted and the, momr shnll conslst of not more:

than 1 part cement to 2'/: parts sand by damp tooSe volume. *

White portland cement shall. be substuuted for a'part of the
gray portland cement olg_f-éxgoscd concrete. 10 ptoduce a
color matching the color'of the surrounding concrete, as

dctermmed by a trial patch “The. Guantity of muing water .

. shall be no more than necessary for handlmg and placing,

The patching mactar shall be mixed in advance and allowed
to stand with fmquent manipulation with a trowel, without

addition of ‘waler, uniil it has reached the stiffest consts- oo

tency that will perrnit placing.

9.2.1.3 After surface water has’ evaporated from the

. arca to be patched, the bond coat shall be well brushcd into _
- the surface. When the bond coat begins to lose the water -
. sheen, the premixed patching mortar shail be applicd. The

mortar shall be thoroughly consolidated into place and

struck off so as to leave the patch slightly higher than the -
surrounding surface. To permit initial shrinkage, it shall be
" left undisturbed for at least ! hr before being finally
. C;'m;hcd The pachcd area shall be. kept damp t'or 7 days

| Mwmmulmuw&rmmgapmm‘

_ when acceptable. Materials mctude but are oot hmnod -’ '

wall which will be exposed.
9.2.2—Repair materials md ptoceduus ‘other  thyg¥s
" those specified in- Section 9.2.1, may be used foe repglt;

9.2.2.1 Shotcrete.
9.2 2.2 Commercial patctung pmducts. iocluﬁng' o2

. () Latex-modifi ed portland cement mortar. -

(b) Latex bonding agents if not re-cmulstﬁable wm
subsequently exposed to moisture, 3

(¢) Epoxy mortars #hd compounds that are “moisture -
insensitive with an époxy binder that confoﬂm to AS!' M C‘
881, Type lIl. .

Caution shall be exercised thn usmg these matemls .
with regard to possible color changes from weathering and
delanunanoo due to different coefﬁc:cnts of thermal expauﬁ
sion.

9.2.3—Wheu required t'or exposod concrete ‘that will be{i‘
left unpainted, oolor tests shatl be muade wnth

Y. . . e
. 8.3—Tie hales .- o g, |
" Tie holes shall be plugged unless stmnless steel, -,._:

rosive, or aoccptabty coated ties are used. When
cement mosar is used for pluggmg. tie . holes shail .
cleaned and dampencd prior to patching. When surface is t& %
be textured for architectural appearance by sandblasting oﬁ
bushhammering, minor defects, and tic holes shalt bé@’
repaired to match the adjoining concrete in color and tex

. when viewed from a distance of 15 ft, Other materials

for plugging the holes shall be subject 1 acceptance by tht.:4°
_architect/engineer and shall be applied:in accordance w:thg-
~ the manufacturer’s written reconunend:mom whcm apptl %
 cable, . :

. 94-—-ﬂemoval ot stalns, rust, efﬂorescenoo. hnd :
sudaoe deposlts ‘ ¥
Sums ‘rust, efﬂoresoettce -and surface deposuts ooostd-
emd objocuonabte by the architect/engineer shall-be re- |
- moved by mthods acceptahle to dl'é“irchttect!engnmer

Notas AR :
cInthe Secuom ofChaPter 9 llslcd bctow acoeptm is
mqultad L =
9.2 To use. spor.:nﬁc patclung produw matenals md

pmpomons o

. 9.2.2.2c) To use epoxy matenals and compounds, wu!t‘
regnrd to. posstblc color ctmngu and detammattoo of thin -

'repmrs

9.2.3To use speaﬁc materials, adheswes. and pltfﬂm-
utod plugging devices for plugging tic holes.
'9.2.4 For methods to be used for removal of stains, rust,
. efflorescence, and surface deposits.

' CHAP'I’ER 10-—-FINISHING OF FORMED NE
. - SURFACES

" 10.1—General :
10.1.1—After removal of forms the surfaces of concrete
shall be given  or more of the finishes specified below in
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" Jocations designated by the contract documents of a spec-
" ified in Section 10.4. .
T 1L 2_—Whgn finishing is required 10 malf.‘h a small
sample furnished 10 the contracior, the sample finish shall
be reproduced on an area at Jeast 100 sq ft in an inconspic-
vous localion designated by the architect/enginecer before
proqeedi_rig' with the finish in the specified location.

10.2= As- cast finishes
10.2.1 Raugh Jorm finish—No selected form facing
matenials shall be specified for rough form finish surfaces.
Tie holes and defects shall be patched. Fins exceeding ¥ in.
in height shall be chipped off or rubbed off. Otherwise,
surfaces shall be left with the texture imparted by the forms.
7 10.2.2 Smooth form finish—The form facing material
. shall produce a smooth, hard, uniform- texiere on the
- ¢oncrete. It may be plywood, tempered concrete-form-
grade hardboard, metal, plastic, paper, or other acceptable
materisl capable of producing the desired finish. The
" arrangement of the facing material shall be orderly and
-symmetrical, with the number of Seams kept to the practical
minimum. 1t shall be supported by studs or other backing

capable of preventing excessive déflection (see Table 4.3.1

for tolerances). Material with raised gnm torn surfaces,
.worn edges, patches, dents, or other défects which will
" impair the texture of the concrete surface shall not be used.
Tie holes and defects shall be paiched. All ﬁns shall- be
. completely removed.
10.2.3 Special architectural [finishes—Textured finish,
exposed aggregate finish, and aggregate transfer finish are
" architectural concrete finishes and shall be produced in
. accordance with the requu'ements of Chapter 13, Architec-
tural Concrete.

10. 3—Rubbed finishes

The folloumg finishes shall be produced on concrete

with a smooth form Mnish (Section 10.2.2). Where smooth

rubbed finish is to be applied; the forms shall have been

removed and necessary paiching completed as soon after

;- placement as possible without jeopardizing the structure.

'10.3.1 Smooth. rubbed f'mi:h—Smooth rubbed finish
. shall be’ produced on. ncwty Mrdened ‘concrete no later than
> the day following: form removnl Surfaces shall be wetted
and rubbed with' carborundum Imcl or tther abrasive until
uniform_ co!or and: lexlure are ?{rmduced No cement grout
shall be used olher |han “the; cement paste drawn from the
concrete itself by the mbbmg process.

10.3. 2 Grout cleaned finish—No cleamng operanons-

shall be undertaken until all contiguous surfaces o be

. cleaned are completed and accessible. Cleaning as the work

progresses shall not be permitied. Mix 1 part portland
ceinent and 1'% parts fine sand with sufficient water to
produce a groul having the consistency of thick paint. White
portland cement shall be substituted for a part of the gray
. portland cement in order to produce a color matching the

.color of the surrounding concrete, as determined by a trial -

‘patch. Wet the surface of the concrete sufficiently to prevent

absorption of waler from the grout and apply the grout

uniformly with brushes or a.spray gun. Immediately afier

applying the grout, scrub the surface vigorously with'a cork
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fioat or stone to eom the surface and fill all air bybbles and -
holés. While the grout is still plastic, remove all excess
grout by working the surface with a rubber float, burlap, or l
other means. After the surface whitens from drying (sbout .
thirty minutes at normal temperatures), rub vigorously with . -
clean burlap. The finish shall be kept damp for at least 36 | ‘
hours after final rubbing.

10.3.3 Cork floated finish—Remove forms at an carly 1

_stage. within 2 10 3 days of placement where possible. :

Remove ties. Remove all burrs and fins. Mix one pan .:

" portland cement and one part fine sand with sufficient water
" to produce a stiff mortar. Dampen wall surface. Apply

mortar with firm rubber float or with trowel, filling.all -
surface voids. Compress monar into voids using a slow-
speed grinder or stone. I the monar surface dries too

. Tapidly to permit proper compaction and finishing, apply a

small amount of water with a fog sprayer. Produce the final

. texture with a cork float using a swirling motion.

10.4—Unspecified finish v -
If the finish is not designated in the coniract documents, .
the following finishes shall be used as applicable:
10.4.1 Rough form finish—For all concrete surfaces not
exposed to public view.
© 10.4.2 Smooth j'orm fi nish—For all concrete surfaccs

exposed (o public view. _

10.5-—Relz ' unformed surfaces _

Tops of walls or bunresses, horizontal offsets, and
similar unformed surfaces occurring adjacent to formed
surfaces shall be struck smooth after concrete:is placed and
shall be floated to a texture reasonably consistent with that
of the formed surfaces. Final treatment on formed surfaces
shall continue uniformly across the unformed surfaces.

Notes .
_In the sections of Chapter 10 listed below, acceptance
must be obtained:

10.1.20f expcnmemal surface finish required to malch a

- sample.

10.2.2 For facmg materials other than those enumerated.

CHAPTER 11—SLABS
11.1—General _
Concrete for slabs shall be proportioned in accordance

_with Section 3.14 to meet the requirements for the class of

floor designated in the contract documents.

11.2—Preparation of subgrade for slabs on ground

11.2.1—The subgrade shall be well drained and of
adequate and uniform loadbearing capacity. The minimum
in-place density of the subgrade soils shall be as required in
the specifications. The bottom of an undrained granular
base course shall nol be lower than the adjacent ﬁnished

. 22—-—-1'he suhgrade shall be free of frost are
concrete placmg begins. If the temperature inside a building

whem comu: u to be placed is below I'reezmg it shalhbe |
£ F .,
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raised and maintained above SO F loug enough to remove all
frost from the subgrade. ‘

- 11.2.3—The subgrade shall be mom at t.he Ume of
-concreting. If necessary, it shall be dampened with water in
. - advance of concreting, but there shall be no standing water
‘on ‘the subgrade nor any muddy or soft apots when the
concrete is placed.

11 .3—Edge forms and screeds
11.3.1—Edge forms and intermediate screed strips shail

be set accurately to produce the designated clevations and
-+ contours of the finished surface, and shall be sufficieatly
* strong to support vibrating screeds or roller pipe screeds if -
' " finished as specified in Section 11.7.2. it shall next be
. power troweled, and finally hand toweled. The‘ﬁtu row-

the nature of the finish specified requires the use of such
- equipment. The concrete surface shall be aligned to the

contours of screed strips by the use of strike-off templates or
" acceptabl: compacting type screeds.

"11,3.2—When formwork is cambered, screeds shail be
set ‘to a like camber to mainiain the proper. concrete
thicknesses. o eteee
11 4—Placement

11.4.1—Mixing and placing shall be ca.rcfully coordl-
nated with finishing. Concrete shall not'be placed on the

-subgrade or forms more rapidly than it can be spread,
straightedged, and darbied or bull floated. These operations

mus¢ be performed before blcedmg water has an oppo;lumty, "

to collect on the sucface.

11.4.2—To obtain good surfaces and avoid cg{d;jomts,yi-:

the size of finishing crews shall be planned with due regard

for the effects of concrete temperature and atmospheric .

conditions on the rate of hardening of the concrete. If
-construction _jOIIllS become necessary, they shall be con-
-structed as required in Chapter 6 '

-\

11.5—Jointing " ' - f

Joints in slabs on grade shail be located andadcm!ed~

o ucasmmAm o L e

]

placed ‘consolidited, struck off, and leveled, the concrete
shall not be worked further until ready for floating. Floating

" 'with a hand float or with a bladed power trowel equipped -

with float shoes, or with a powered dise foat shall begin

when the water sheen has disappeared and when the surface
‘has stiffened sufficiently to permit the.operation. During or -
after the first floating, planeness of surface shall be checked
with & 10-ft straightedge applied at not less than two_

- . different angles.- All high spots shal be cut down and all

low spots filled dunng this procedure to produce a surface .
within Class B tolerance throughout. The stab shall be
‘refloated immediately to a uniform sandy texture. 4 - ]

11.7.3 Troweled finish—The surface shall first be float-

eling after power floating shall produce a smootly surface
which is relatively free of defects but which may.stift show

.. some trowel marks. Additional trowehngs shallbedoneby'

hand after the surface has hardened sufficiently. The final
trowelmg shall be done when a ringing sound is produced as-

. the trowel is moved over the surface, The surface shall be
, - thoroughly consolidated by the hand troweling cperations.

The finished surface shall be.essentially {ree of trowel
marks, uniform in texture and appearance and shall be plane

toa Class A tolerancc. except tolerance for concrete on’
. metal. deck shall be.Class B. On surfaces intended to
{:'suppon floor coveﬂngs any defects of sufficient magnitude
~.to show through the floor covering shall be removed by

- grinding.

11.7.4 Broom or belt fi msh—lmmCdlalely after the
cuncrete hns reccwed a ﬂoat finish as specified in Section'
H.7.2, it shall be gwen a coarse transverse scored texture
by drawmg a broom or burlap beit across the surface.

11.7.5 Heavy-dmy topping for two-course siabs :

11.7.5.1, The topping mixture shall be. composed of
materials selected to impart heavy-duty wearing properties
2 tothe f‘mshed slab. Materials scleclcd shall be acoeptablc to

indicated in the- contract documents. If saw-cut: joiats are =~ ‘the arch:lcctlengmecr

required or permitted, cutting shall be timed properly with
the set of concrete. Cutting shall be started as soon as the

concrete has hardened suﬂ'tctemly 10, pecvent aggregates i ..
“completed
before shrinkage “stresses becomf. sufﬁment:to produce " -

being dislodged by the saw. Cutting shall

cracking. o ‘~_~

11 B-—-Consolldallon
Concrete in slabs shall be thoroughly consohdated In-
ternal vibration shall be used in beams and gtrders of

framed slabs, and along the bulkheads of slabs on grade.

Consolidation of stabs shall be obtained with - vibrating
screeds, roller. pipe screeds, mtemal whraton. or other
acceptable means.

11.7—Finishes (see Section 11.9 for definitions of

. lolerance classes) _ ) ‘
* 11.7.1 Scratched finish—After the concrete has been
placed, consolidated, struck off, and leveled to a Class C

. tolerance, the surface shail be roughened with suIT brushes
or rakes before the final set.

2 2, 12.7.2 Floated f nuh—Afu:r the concrete has bcen

‘power-driven | floats shall be of the impact type.

'11.7:8.2 The base slab shall be placed and screeded %
to l in. below the n:qmred finish surface and ‘consolidated.

‘The concrete shall nol be workcd further until ready l‘or lhe

text operauon S

11.1.5.3 Toppmg plnced on lhc same day as base slab
When blced water has disappeared and the surface of the
base slab will suppori a man without appreciable indenta-

‘tion, the topping mixture ‘shall be spread, compaewd

‘floated, checked for trueness of surface, and finished in the

. manner spét:ll' ied above for flésted finish (sée Secuon'

11.7.2) or troweled finish (see Section 11.7.3) except that

11.7.5.4 Toppmg placement deferred. As soon as dle'

" base slab has pamally set, the surface shall be brushed with!

a coarse wire broom to remove laitance and scratch the:

-:surface. The base slab shall be wet cured a minimum of‘ '
~three days. The scratched base slab shall be pmtectcd lroml
" ““contamination until time to place the topping. Prior toi
“placement of topping, the base slab shall be thoroughly’
" ¢leaned and dampened but left free of standing water.

immediitely before the topping is placed. a coat of boudmg

grout prcpared in accordance with Séction 9.2.1 shall be
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scrubbed into the surface; it shdl not be allowed to set or
dry before the wppingis piaced. Bonding srers-Gmes thak **

cement -groutmaay: besused if: ‘acceptabie; The- mppmg'
mixture shall; be placedrtmd; lnd ﬁnhhd a* de-‘ 1

scribed in; Sectionr 11.2.5.3:

11.7.6 *"Dry. shiake”" finish==1f & “dry shake"" lppha—-

tion of a sefected metallic or minéral aggregate: iy specified,

the aggregate, selectéd or .acceptable to-the mmcv‘
engineer, -shall- be blended - with portiand cement i tire - -
proportions recommended by the manufacturer of the: dg-- -

gregate. The surface shall be given a float finish in

accordance with Section 11.7.2. Approximately two-thirds: '+
of the .blended matenal for required coverage shall be:
applied to the surface by a method that insures even: -

coverage without segregation. Floating shall begin imme=

diately after application of the first !‘dry shake."' Afier this:
material has been embedded by floating, the remainder of -

the blended material shall be applied to the surface at right
angles to the previous application. The second appliculon

shall be héavies in any areas not sufficiemly covered byrhe'
first application. A second floating shall follow immmedi- *

ately. After. the sctected material has been embedded by thd'
two. floatings, .. the: operation shall- be' completed” with a.
broomed, floated,; or traveled finish, s duigmred m’ !he

contract documents. . sobue

11.7.7 Nonslip finish—Where the confract documenl.l

require a nonslip finish, the surface shall be' given.a **dry’

shake'" application, as specified above, of crushed cerami-
cally bonded: sluminum .oxide or other specified selected.
abrasive particles. The rate of application of such matenal
. shall be not:less shan:25 Ib-per 100 sq f&.

11.7.8- Topping for two-course slab.nat intended for

_ ‘heavy duty service-—Preparation of base slab, setection of
"fopping materiah, miing, placing, consolidating and finish- -

ing operations-shall be as specified in Section 11.7.5 sbave,
except that the aggregate need not be selected for speda!
wear resistance.

11.7.9 Exposed aggregare. ﬁnl:h-—lmnwdmely aﬁzrtﬁé

surface of :the ‘concrete: has ‘been leveled to a Class: . B ‘
tolerance in accordance with Section [1.7.2 and surface: !

water has disappeared, aggregate of-color and size (usually -

% to % in.) selected by the: architect/engineer shall be'. !

spread uniformly -over“ihe - surface. o |hov|de complezé
coverage to the depth of a. ‘single sone. ° g
11.7.9.1. The ‘spread ofselecie@tggugate sluﬂbe

embedded into the ‘surface by- Hight tamping-and the -

face shall be:floatéd until:‘the: crabedded stone is- fﬁy

coated with mortai: andsthe surfuce:has been bmu ghe 1o -
trye- plﬂmk Wi‘ﬂ'ﬁn‘ mw;:s;.m- . mem u ).

aggregale shalfl start after: the mateix has hardened soffi-

ciently to prevent dislodgement of the aggregate. Water, in -
abundant. quantities ‘but without foree, shaid.be allowed 10~
flow over the surface ‘of the: concrete: while the matrix -
encasing the sclected. aggregate is. removed by brushing - -
with a fine bristle brush. This operation shall continue;until: -
the selecied aggregaie. is- umformly exposed but noo du- 3

lodged.
- 1L7.9. ZAnacocpwcle chemical remdenpnyedm

"thc freshly floated - surface. may: be- ued mextend the, ~ -

wm‘kmg time I'ot expowre of mm,. I

11.8—Unspecified finish
Wikn- type “of - flnish is" not specified i the conlract

documems thefollowmgﬂnuhudullheuudlllpplua
ble: -

rrs I Scratched ﬂni:lc—For surfaeea m!ended to re-

ceive botided ipplicd cementitions applications,  ~ .’
11.8.2 Floared Finish—For surfaces irended to receive
roofing; waterproofing membranés, ‘or sand bed terrazzo.
11.8:3 Troweled finish—For floor intended as walking
surfaces or for reception of floor coverings. .
11.8.4 Broom or belt ﬂm.sh—For sidewalks and garage
ﬂoors and famps.
- 11.8.5 Nonslip finish—For exterior platt'orms steps, and
Iudlng_s; lnd t'or exm and interior Me_sman ramps.

1 D—Flnlshlng tolerances s
11.9.1-~Finishes with Class A lolerances shal! be true
planes within % in. in 10 R, as determinéd by a 10t
straightedge, placed anywhere on the slab in any direction.
11.9.2—Finishes with Clm B tolerancu shall be true
planes withifi ¥ in. in 10°f, as dctermmed by a 10-ft
straighitedge phiced anywhere on the slabin ‘any direction.
11.9.3—Finisties with Class C !olcnneu shall be true
planes: within®*v4 in.
stn!g',l;téd'gé 'pl&'d' anywhere on the slab in any direction.

Notes- G : s
In: the sections of Chapter ll listed below specnf c
acceplance is requued .'
11.3.1 Of compacting type screeds.
11.6 Of special methods for consolidation of concrete.
11.7.5.1 Of materials for heavy duty topping mixture.
11.7.5.4 Of bonding agents other than grout.
11.7.6 Of material for *'dry shake'' application.
11:2.9:2 Of chemical retarder used to extend working
time in"producing exposed aggregate finish.

CHAPTER 12—CURING AND PROTECT!ON

.12.1--Gomral o

Beginning itnmediately after placcmen! concrete shall be
protected flom premature drying, excessively hot or cold

temperatires; ‘Bnd méchanical injury, and:shall’ be main- -
- tained “with mlaﬁ'ml moisture loss ar a relatively constant

tempeumte ‘for the period necessary for hydration of the
cement and hardening ‘of the concrete. The materials and
melhod.s of’cutmg sha!! be subject to acceptance.

. _12.2-Pnservatl¢m ot molsture

12,2.1—For concrete surfaces not in contact with forms,

one of the following procedures shall be applied immedi-
ately sfter completion of placement and finishing:

"13.2:1.F Ponding or continuous sprinkling.

1.LKY Applictnon ol' absorpuve :mts.of fabric kept
continuodsly wet.-

13.2.1.3 Appllcamn of sand kept continuocusly wet.

12.2.1.4 Continous applicmon of steam (not excecd
mg 150'Fyor mist spray.. .

- §2.280i8 Application of wuerpmof sheet matenals.

RN confonniﬂgwmc I'll
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12.2.1.6 Applrcaum ofolluncoeplahle moisture-

retaining covering.” " - mue

12.2.1.7 Application of a curing compound conform-

ing o ASTM C 309. The compound shall be applied in

accordance with the recormmendations of the manufacturer
immediatcly after any water sheen which may develop afier

finishing has disappeared from the concrete surface. li shall

not be used on any surface against which additional con-
crete or other material is to be bonded uniess it is proven
that the curing compound will not prevent bond, or unless
positive measures are taken to remove it completely fmm
areas to receive bonded applications.

12.2.2—Moisture loss from surfaces placed againsi-

wuoden forms of metal forms exposed to heating by the sun

shall be minimized by keeping the forms wet until they can
be safely removed. Allter form removal the concrete shall be -

cured until the end of the time prescribed in Section 12.2.3
by one of the methods of Section 12.2.1,

12.2.3—Curing 'in ‘accordance with Section 12.2.1 ot

£12.2.2 shall be continued for at least 7 days in the case of

alt congrete except high-carly-strength concrete for which

the period shall be at least 3 days. Alternatively, if tests are
made of cylinders kept adjacent to-the structure and cured
by the same methods, moisture retention measures may be
terminated when the average compressive strength has

reached 70 percent of the specified strength, f7. Moisture

tetention measures may also be terminated when the tem-
cerature of the concrele is maintained at ‘least at 50 F for the

simie length of time that laboratory-cured cylinders, repre-

sentative of the concrete-in-place, require to achieve 83
secceat of 1716 ope f the curing procedures of Sccuons_
[ uugh 12.2.1.4 is used initially, ‘it may be

I
concrete is not permitied to become surface dry dunng lhc
transition. .

12 3—Temperature. wlnd. and humldlty -
12.3.3 Cold weather—When the mean da;ly ouuloor

from damaging mechanical disturbances,

" ACI STANDARD

12.4—Protection from mechanical injury

During the curing period, the concrete shall be-protected -
such as load
siresses, heavy stock, and excessive vibration. All finished
corcrete surfaces shall be protected from damage by con-
struction equipment, materials, or methods. by application
of curing procedures, and by rzin or_running water, Seif-
-supporting structures shall not be loaded in such a way asto -
oversiress the concrete.

- ~Notes

in lhe sections of Chapter 12 listed bv.-low. specnﬁc
- -acceplance is required: '
+ 12.1 Of materialy and methods of curing.

12.2.1.6 To use moustun:—mammg covering of a type not
hslcd

~

CHAP‘I’ER 13—-ARCHITECTURAL CONCHETE
13.1—General :
Architectural concrete is concrete which is exposed to
view as an integor or exterior surl'a‘:c in the completed
~ structure, and Specnﬁcally dcs:gnawd as such in lhc contract
documcnts .

13.2—Proporuonlng . ‘ -
13.2.1—Unless the cmuacl documents require a plasler
coat finish or final pai: . g of surfaces, designated colors
and uniformity of color’ shall be maintained. For concrete of
a desired colot, the same mixture proportions shall be used
throughout. Changes in the quantity of portland cement per

. cubi¢ yard shall be particularly avoided. Only one type and
idaeie Ly one of thL -her procedures of Section 12.2.1
v by after the concrete is 1 day old provided the -

one brand of ccment from the same mill, only ore source
and one maximum size of coarse aggregate, only one sousce
of ﬁne aggrcgale and only onc placmg consistency shall be

i, UBSED.

e

. temperature is less than 40 F, the temperature of. the
‘concrete shall be mamtainnd between SO.-nnd T0.F for the

_required curing period of Secmu 12.2 3¢When nécessary,
"laung. or housing

. amangements for heating," covering. insulati
* the concrete work shall be madé'ins sdvance of-placement
‘and shall be adequate’to maintain the requiréd temperature
without injury ‘due to: couccnlratlon 'of heat. Combustion

heaters shall not be used’ dunng “the’ ﬁrst 24 hr unless:

' precautions are takeii to prevent exposure of the concrele to

ezhaust gases which contain carbon dioxide. :
- 12.3.2 Hot weathzr—When necessary, pmws:on fot

w.'ut.caks shading, fog spraying, sprinkling, ponding, or
w2t covering with a light colored material shall be made in
advaace of placement, and such protective measures shall
te tzken as quickly as concrete hardening and ﬁmshmg
operaticns will allow.

12.3.3 Rate of temperature change—Changcs in tempet« :
ature of the air immediately adjacent to the concrete during
and immediately following the curing period shall be kept

as yniform as possible and shall not exceed S F i in any 1hr
2 ¥ or 50 Fin any 24-hr period.

13. Z.I—Amhucclural concrelc for exterior exposure

“shall be air-entrained with a waler-cement ratio not exceed-
ing 0.46 by wcnght C o

13.3-Forms ‘ '

13.3.1—Forms for architectural concrete shall be de-
signed 10 produce the required ﬁmsh or finishes. Deflection
of facing’ materials between studs as well as deflection of

" studs and walers shall be limited to' 0.0025 times the span or

. as otherwise spccnﬁcd Forms shall be designed to permit
ey removal. Prying against the face of the concrete shall
not be aflowed. Only wooden wedges shall be used.

© 13.3.2—Where natural plywood form finish, grout
cleancd finish, smooth rubbed finish, scrubbed finish, or
sand floaled finish is required, forms shall be smooth {faced
w:th plywood, tiner sheets, or prefabricated panels) and uue
to line, in order that the surfaces produced will require liutle
. dressing 1o armive at true surfaces. Where any as-cast finish
is required, no dressing shall be penmucd in the ﬁmshmg

operation.
13.3.3—Where as-cast surfaceS. including natural ply

-wood form finish, are specificd, the panels of material

against which concrete is cast shall be orderly in arrange-

" ment, with joinls between pancls planned in acceptoble



relation 1o opemngs. bu:ldmg edmeﬂ and other m:huec-
. tural features. - -

13.3.4—Where pancls for as-cast surfaces are separated
by recessed or otherwise emphasized joints, the structural
design of the forms shall provide for locating form ties,
where possible, within the joints so that patches of tie holes
will not fail within the panel areas.

13.3.5—1In addition to shop drawings normatly required,
fabricating drawings of forms for architectural concrete
shall be submitted for acceptance showing the jointing of

facing panels, the locations of form ties, and any necessary -

alignment bracing.

13.3.6—Forms shall not be reused if lhere is any
evidence of surface wear and tear or defect which would
rmpair, the quality of the surface. Forms shall be thoroughly
cieaned and properly coated before reuse. '

13.3.7—Formwork for architectural congcrete shall be
observed continuously while concrete is being placed to see
that there are no deviations from desired elevation, align-
ment, plumbness, or camber. If, during construction, any
weakness develops and the falsework shows any undue
settfement or distortion, the work shall be stopped, the
affected construction removed if permanently damaged anid
the falsework strengthened. .
13 4—P|aclng of concrete

13.4.1—Where a smooth rubbed ot similar finish is
requi. :d, the coarse aggregate shall be worked back from
the forms, leaving a fuil surface of mortar but avoiding lhe
production of surface voids.

13.4.2—Vibrators shail not be allowed 0 contact. the
formwork for expased concrete surfaces,

13.5—Speclal architectural finishes

13.5.1 Textured finishes—Textured form liners may be
of formed plastic sheet, wood, sheet metal, or other
material designated in the contact documents. Liner panels

shall be secured in forms by cementing or stapling, but not

by methods which will permit impressions of nail heads,
screw heads, washers, or the like to be imparted to the
surface of the concrete. Edges of textured pancls shall be
sealed to. each’ nthet or_to; dmdg strips (if ‘specified or
shown) to prevenl bleedmg of grout: The sealant used shall
be nonstaining to- the surface, %"

13.5.2 Aggrega:e lmn.d‘cr ﬁn!:hcs—Aggmgaw transfer
“and other speciat’ ﬁnishes shall be pl'oduccd using methods
and materials desigmled in the contract documents in such

a way as to duplicate sample panels prepared in advance. -

13.5.3 Exposed aggregate finishes-—Aggregate shall be
exposed by a method, acceptable to the architect/engineer,
-such as sandblasting, bushhammering, or the use of a
surface retarder. The surface shall be produced in such a
* way as to duplicate a sample panel prepared in advance.
The contractor shall submit 1o the architect/engineer for
acceptance, prior to placement, the intended procedure,
such as use of gap-graded mixtures or preplaced aggregates
or other, by means of which uniform distribution of lhe
exposed aggregate will be achieved.
£3.5.3.1 Scrubbed finish. Scrubbed finish shall be

produced on partially-hardened concrete. The surface shall . -

mmmmmmcoucam

—
feviey
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____My__wmed.md scrubbed with stiff fiber or wire

brushes, using water freely, until the surface morar is

removed and the aggregate is uniformly exposed. The =
surface shall then be rinsed with clean water. If portions of

the surface have become too hard to pemmit uniform.
aggregate exposure, dilute hydrochloric, acid (commercial :
muriatic acid diluted with 4 to 10 pans water) may be used
to remove the excess after the concrete is at least 2 weeks
old. The acid shall be removed from the finished surface

“with clean water within 1S min after application.

Aggregate exposure may be facilitated by casting the
concrete against form faces which have been coated with a
chemical retarder used in accordance with the manufactur-
er's recommendations to kecp the mortar adjacent to the
form from setting.

13.5.3.2 Sand blast finish. The concrete sucface shall

. be sandblasted. Unless otherwise specified, degree of sand-

blasting shall be light'' [Light sandblasting .is sandblasting
sufficient to expose fine aggregate with occasional exposure
of coarse aggregate; exposed toarse aggregate should not
proiect more than Yie in. (1.5 mm) from the matrix. |
13.5.3.3 Tooled finish. The thoroughly cured concrete

. surface shall be dressed with electric, air, or hand 1ools to a

uniform texture, and shall be given & hand tooled, rough or.
fine pointed, crandalled, or bushhammered surface texture,
as designated by the contract documents. _
13.5.3.4 If finishes are specified in accordance with
either Section 13.5.3.2 or 13.5.3.3, the depth of penctration
of the finish shall be specified by one of the following
13.5.3.4.1 Remove only the surface mortar. .
13.5.3.4.2 Remove sufficient mortar 10 expose the
surface of some coarse aggregate.
13.5.3.4.3 Remove sufficient mortar o expose.
the coarse aggregate in relief to the specified depth (for

~ sand blast) or to fracture the coarse aggregate (for tooled

finish).

. 13.5.4 Applied ﬁmshe:—When finishes of stucco or
similar roweled materials are to be applied, the surface of
the concrete shsll be prepared to insure permanent adhesion
of the finish. If the concrete is less than about 24 hr old, it
can be roughened with a heavy wire brush or scoring tool.
If -the concrete is older the surface may be roughened
mechanically as specified in Section 13.5.3.20r 13.5.3.3 or
by etching with acid as specified in Section 13.5.3.1. After
toughening, the surface shall be washed free of alt dust,
acid, chemical retarder, and other foreign materiat bcfore |
the final finish is applied.

13.6—Psatching |

13.6.1 —Where as-cast finishes are specified, the total
patched area shall not exceed 2 sq ft in each 1000 sq fi of
as-cast surface. This is in addition to form tie patches, if the
contract documents permit ties to fall within as-cast areas.

13.6.2—Any patches in as-cast architectural concrete -
shall closely match the color and texture of surrounding
surfaces. The mix farmula for patching mortar shall be
determined by trial to obtain a good color match with the
concrete when both patch and concrete are cured and dry.
After initial set, surfaces of patches .shall be dre«se.;ij
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faces.

manually to obtain the same texture as surrounding sur-

13.6.3—In any finishing process ‘which is intended to

A
e
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of other reinforced massive concrete shall comply with -

- Section 3.5.

expase aggregate on the surface, patched areas shall show

aggregate faces. The outer ! in. of patch shall contain the
same aggregates as the surrounding coacrete. In the case of -
aggregate transfer finish, the patching mixture shall contain
the same selected colored aggregates. After patches have

been allowed to_cure thoroughly, the aggregates shall be

exposed together with the aggregates of adjoining surfaces

by the same. process of mortar removal.
13.6.4—Patches in architectural concrete surfaces shall
be cured for 7 days. Patches shall be” protected from

premature drymg to the same extent as !he body of the
) COI‘ICTCI“ . [ .-

t o

Noles

‘acceptance .is required:

- 13.3.3 Of form joint Jocations betwecn pnnels

* 13.3.5 Of drawings for formwork.

- 13.5.3 Of the method for developing expowd aggregate
finish, and the means by which uniform distribution of the
aggregate wﬂl bc achicved. .

CHAPTER 14-—-IIASSIVE CONCRETE
id.t—General
14 I. l—Pomcms ol the structure lo bc lreaied as massive
aerels umer e o
‘-L_,, iaicd 1a iSe coatract documents. :
14,1.2—Such m.ssive concrete shall ‘be subject to’ lhe
. zequirements of this chapter in addition to all other apph-
‘ u.sble provisions of mesc Specnﬁcanons

14.2—Ma!erials
14.2.1—High-early-strength {Typc [y cement, calcium

chloride, and accelcmung type admumlm shall not be. | -

used.

1. 2 2—A n:la:dmg admixture, prelcstcd wuh _|ob ma-

_terials under job conditions, shall be used,if acceptable,
- whenever necessary 1o preve ,}oln?s due to the

In the sections of Chaptcr 13 listed beiow, speciﬁc ‘

s veas T

14.4.2—The maximum temperature of the concme
whcn deposited shall be 70 F.

- 14.4.3—Concrete shall be placed in laycrs approxi-
mately 18 in. thick. Vibrator heads shall ‘extend lnlo the
previously placed layer. '

'14.5—Curing and protection

14.5.1—The minimum curing pcnod shall bc 2 wecks
14.5.2—When the surrounding air temperature falls

i .helow 32 F, lbe surface of the concrele shall be prolccled

add heat to the concrete shall not be used. -
14.5.3—When the surrounding air temperature is greater

- 'thdh'40 F, the forms and exposed concrete shall be kept

SRS continuously wet for the first 48 hours after placing. Such

wetling is also required whencver the surrounding air

“temperature exceeds 90 F during the remainder of the curing
‘period. When the surrounding air temperature is less than

40 F, the concrete shall be protected from freezing and
moisture loss, but continuous wetting during the ﬁrst 48 .
hours is not required. ‘
14.5.4—During and at the conclusion of the specificd
curing period, means shall be provided to insure’that the
temperature of the air immediately adjacent to the concrete .
doeﬁnolfa!lnwrcthanJFmany l hrnormorellunZ!OF

“in any 24 hr.

rovisions of this chapter. sball,bg,ﬁ.,.-

Note ) S .
*4n:Scction 14.2.2, specific acceptance is required to use

" & retarded admixture o l'acnhtate placcmcnl o[ massive

concrele.

CHAPTER 15—PRESTRESSED CONCRETE

_.-15.1—General

" quantity of concrcu: placed pq'mu re _‘bi'auon of the -

ature rise. L -

14.3— Proporﬂoulng

- Cement content shall be the minimum requu'ed lo attain
the specificd compressive strength fc. durability and other
specified properties.

14.4—Placing

14.4.1 —Unless otherwise pcrmnued or spccuﬁed the
slump of unreinforced concrete or of massive concrete that
contains no greater reinforcement than required for temper-
ature and shrinkage shall be 3 in. or less.-A tolerance of up
1o | in. above the maximum indicated shall be allowed for
on; batch in any five consecutive batches tesied. The slump

z

- 15.1.1—Job-cast, post-tensioned, prestressed structural
membcrs, except tension members, shall conform to the
special provisions, of this chaplcr in addition 10 all apphca-
ble provisions of other ch.:ptcrs in these spcc:ﬁc:u:ons

15.1.2 Definitions

Anchorage-—A device used !u anchor the tendon o the
concrete member. .

‘Bonded tendon—A prestressing tendon which is bonded

- to the concrete either directly or through grouting.

Cuating—Material applied to unbonded tendons to pro-
tect them from corosion: or matcrial applicd to cither
bonded or unbonded !cnduns 1o Iubncmc lhem during
stressing.

Coupling—Any dcwcc designed to lransl'cr the prestress-
ing force from onc terxion to another.

Element diameter—The diameter of the individual
prestressing stecl wires, bars or strands that comprise a
tendon. '

Presiressing steel—That element of a post-tensioning
tendon which is elongated and anchored lo provnde the

. mecessary permanent prestressing force.

Sheathing—An enclosure in which post-tensnoned ten-
dons are encascd lo prevent bonding during concrete place-
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ment, such as a paperorpluuc;nketfor'mbohded

beyvnd mchonges may be removed by rapid oxyacetylene

- tendons, or metal conduit for bonded tendons. — - —--* ~—burning, un unless such procedures are contrary to the recom-

- Tendon=An’ usemblage of ‘stee! elements such as wire, .
bar, or strand, complcte with anchorages or anchorage
devices used to.impart prestress (0 concrete when the
assembly is tensioned. ‘

Unbonded tendon—A tendon Whlt:h is not bonded to the
concrete. :

15. Z—Matérlals
15.2.1 Presiressing steel

15.2.1.1 Prestressing steel shall be of the lype and |

strength required 'by the contract ‘documents and shall
conform to the appropnatc one. of Ihe followmg specnﬁca-
tions:

2} ASTM A 416

(k) ASTM A 421

(c) ASTM A 722

15.2.1.2 Strands, wire and bars not specifically listed

in ASTM A 416, A 421, or A 722 may be used provided
they conform to the minimum requirements of these spec-
ifications and do not have properties that make them less

satisfactory than those listed i m ASTM A 416, A 421 or'A

722.

15.2.1.3 The typical stress-strain cMrve of the pre.
stressing steel shall be submitted for review. An actual
curve representing the production lot from which the project

material was t-ken may be required to verify its complisnce -

with the typical cutve. For materials not produced under an
ASTM specification, the guaranteed ultimate strength, yield

strength, clongation, composition, and other pertinent data . .

shall be submitted. Certified mill test reports shall be
submitted for review when requested.

15.2.1.4 The amount of stress loss nonnally ‘expected
in seating anchorage devices, the friction wobble coeffi-
cient, and friction curvature coefficient expected for the

tendons and duct-forming material, shall be submitted for
review. If requested, acceptable test data substantiating the

expected coefficients and anchorage slip shall be submmed
. for review.

15.2.1.5 Tendons shall be cleln and free of excessive
rust, scale, and pitting. A light oxlde eoaung is permissible.
Unbonded tendons shall be ptotecwd lgninu corrosion by
an acceplable coating such a3 epoxy. grease, wax, plastic,
" or bituminous material: Throughom the anticipated range of
temperatures for the m'ucture. lhe coumg material shall
remain ductile and free fiom’ cracks 'and shall not become
fluid. The coating shall be chemically non-reactive with the

tendon, concrete, and the material used for sheathing. The -

coating shall adhere to and be continuous over the entire
tendon fength to be unbonded. Where tendons are outside of

the concrete of the.post-tensioned element or where the ..
_ structure is in or exposed to an stmosphere of salt airoc high

humidity, an additional ﬁcld-applled coating of acceptabie
material shall be applied.

5.2.1.6 Tendons shall not be subjected to excessive
temperatures, welding sparks, or electric ground currents.
To insure that this requirement is met, burning and welding
- operation shall not be conducted in the vicinity of teadons

" without prior acceptance. Superfluous extension of tendons -

mendations of the manufacturer of the presummg steel.
15.2.2 Anchorages and couplings
15.2.2.1 Bonded tendon anchorages tested in an un-

bonded state, shall develop 90 percent of the minimum |
" specified ultimate strength of the prestressing stee!, without
exceeding anticipated set at time of anchorage, and without '
slip. Anchors which develop less than 100 percent of the :

30127

—e e mim. e lemyede ——- -

minimum specified ultimate strength shall be applied only :

. where the bond length is equal to, or greater than the bond
length required to develop 100 percent of the minimum

specified ultimate strength of the tendon. The required bond
length shall be provided between the anchorage and the
zone where lhe full prestressing fosca will be developed
under service'ind ultimate loads. The bond lcngth shall be

. determined by testing a full-sized tendon. If, in the -un-

bonded state, the anchorage develops 100 percent of the

minimum specified ultimate strength, it need not be tcstcd
in the bonded state.

15.2.2.2 Unbondu:i tendon anchorages shall devclop
the minimum specified ultimate strength of the prestressing

. steel with a minimum amount of permanent deformation

which will not decrease the expected ultimate strength. The .

total elongation under ultimate load of the tendon shall not
be less than 2 percent when measured over a minimum gage
length of 10 ft. Evidence shall be submitted for review,
demonstrating compliance with the dynamic test of Section
15.2.3.°
~ 18.2.2.3 Couplings shall be used only at locations
specifically indicated on the contrect documents or. as
acceptable. All couplmgs shall develop the minimum spec-
ified ultimate sirength of the prestressing steel without
exceeding anticipated set of either the coupling or the
prestressing steel, and shall not reduce the ductility of the
tendon below the minimum 2 percent clongation as speci-
fied in Section [5.2.2.2. Couplings shall be enclosed in
sheaths which permit necessary inovements during stress-
ing. For bonded tendons, fittings shatl be provided 1o allow
complete grouting ef all the coupling components,
15.2.2.4 When requested, satisfactory test data in
accordance with Section 15.2.3 confirming the adequacy of
the proposed anchorages and couplings shall be submitted
for review. Tendons corhipased of multiple strands, wires or

. bars in a common sheath should be tensioned, simuiia-

neously unless the effects of interferences between the
elements are considered.

18.2.3 Qualification for post-iensioning systems—The
tendon shail be subjected to testing to verify its adequacy

. prior to use. These tests shajl be performed according to the

following requiremenis:

18.2.3.1 Test assembly. Two samples of each tendon
size at least 10 ft in length and complete with standard
production quality anchorages shall be tested in accordance
with Section 15.2.3.2 (and when required a third such
sampie shall be tested in accordance with Section 15.2.3.3).
Testing procedures and apparaius shall be arranged to
simulate ficld conditions as nearly as possible and anchor-
ages shall be scated or posltloned using field procedures and
equipment, _ A
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15.2.3.2 Static test. The prestressing steel samples
shallbelzstedinaccmdmwuﬂnﬂ\eappropnuespecxf-

cation of Section 15.2.F. The-tendon assembly shallbe -

tested in such a manner as to allow ‘accuraie del:mmg_non

of the yicld strength, ultimate strength and elongation of the
specimen to insure compliance with Section 15.2.2. ¢ '

15.2.3:3 Dynamic testing. For unbonded tcndons. a

. dynamic test shall be performed on a representative tendon

- assembly and shall withstand without faiture 500,000 cycles

“from 60 to 66 percent of its guaranteed minimum ultimate

strength. One cycle involves the change from 60 to. 66... ..

" percent and return to 60 percent.’ A protoiype tendon™
assembly may be used provided that it has rot less than 10
#=reent of the full size tendon strength. Single element

" igm > 7 "meone strand, bar or wire steel shall be tested as |
a comy  :cndon assembly. Systems utilizing multiple .
strauds, .ires or bars may be tested using a protoiype

tendon of sufficient aumber of elcmenls to duphcate the -
behavior of a full-sized tendon. :
15.2.4 Sheathing for bonded tendons
15.2.4.1 Sheathing or duct-forming material shall be

PN

of malerial that will not react with alkalies in the cement,

strong enough to retain its shape and resist damage during
construction. It shall prevent the entrance of cement paste
from the concrete. Shcathmg material left in place shall not. .
cause electrolytic action or deterioration. '

© 15.2.4.2 The inside diameter of the sheathing shall be -
at Icast Vai in. farger than the wire, bar or strand tendon and
shall have an inside cross—sccuonal area at lca.st twice that of
the net arca of the tzadon,

15.2.4.3 Sheothing shall have gmut holes_or vcnls at

ach end and at all high points except where curvature’ s
i ﬂmail and the sheathing is relatively level‘ such’ as in .
~ontinuous slabs. Drain holes shall-be provided at all low

points if the tendon may be subjec!cd to freczmg after .

piacing and before grouting.
 15.2.5 Sheathing for unbonded rendon: :
-15.2.5.1 The sheathmg shall have sufficient tcnsnle
_ strength and walcr resistance 10. prevent irreparable damage-
- or deterioration during (ransportation, slorage at jobsile,

and installation. The sheathing shall be continugus over the -

tendon length to be unbonded. The shealhlng shall prevcnt
the intrusion of ccment paste and the ' escape” ‘of coating
matcrial, The sheathing may be a conunuous lubc or spu'aI
wrapping. - . R _.*t,-.w‘,;l. "

15.2.6 Grour G T

£5.2.6.1 Grout shall consist of a mmure of cement

and water unless the gross inside cross- -sectional area of the

sheath'exceeds four times the tendon cross-sectional area. in

which case fine aggregaie may be added.

15.2.6.2 Fly ash and pozzolatic material admmurcs
may be. added at a rate not to exceed 30 Ib per 94 Ib of
cement. The adinixture shall conform 1o ASTM C 618.
- 15.2.6.3 An approved shrinkage compensating admix-
_ 'wre shall be added 10 produce a maximum of 10 percent
. ‘cxpansion by volume of the grout when mcasuted uncon-
fined.

15.2.6.4 Admixtures containing chlorides, Muotides or

“ niwrates shall not be used. Other admixtures may be used -

provided-approved iests or performance records show con-
& ' '

ACI STANDARD T .

clusively Ihnl llu.y will have no harmful eﬂ'ecu on the

lendons 2CCESSOrics Or Rrodd.

=+ 15.2:6.5 Fine' aggttgale ‘shall conform to ASTM C
144 -except.ihal’all"material shall pass the No. 16 sieve,

. 15.2.6.6 Proportions of material shall be bascd on
results of tests made on the grout before’grouting is begun.

The water content shall be the minimum necessary for

proper placement and the waler-cement ratio shall not
exceed 0.50 by weight. The minimum 7-day compressive

- strength of-2-in. cubes molded,-ewred and les!ed in-accor:

- ficient prestressing force has been applied to support the -

dance wu!msm C 109 shall be' 2500 ps;,,, .

” 15.3—Formwork

15.3.1—Formwork shall not restrain clasfic shortening,

deflection, or camber resulting from application of the -

prestressing force.
15.3.2—Form supperts shall not be removed until suf-

dead load, formwork, and anticipaled construction loads.
When a structure is prestresséd in two directions, formwork
shall support the load which is reduslnbutcd by the pamally
completed stressing operation.

15.3.3—Formwork shall be sufficiently rigid to prevent
displacement of the tcndons bcyond the loleranccs of
Section 15.4. . W -

: '*15.4—Placemant and protection ot tendons and

accessories

- 15.4.1—Tendons and shcnlhmg for use in bondcd con-
..., Slruction shall be free ofgrcasc oil, paint, ando(hcrforeagn -

matter. A light coat of rust is’ permissible, provided loose

" rust has bccn remaved and thc surfacc of the steel is not
© pitted. -

15.4.2—Tgndons for use in unbondcd construction shall

- be clean'and undamagcd and shall be permanently protected

as specified.~ .. -

15.4.3End anchoragcs whlch wnll be pcnnammly
protectcd with cuncrete shall be free of foase rust, grease,
oil, and other I'orclgn matter cxcept paint.

15.4.4—Tendons, shcqlhm;, and nm.hom,cs shall be .

firmly supported to-prevent displacement during concrete
pl.u:cmcnl They shall be placed with a tolcrance of %% in.
in concrete dlmcnsmns of 8in. or lv;s. %% in. in concrele
dimensions over 8 in. but not over. 2 ft, and =V in. in
concrete dimensions over 2 fi. These tolerances apply
scparatcly to both vertical @nd horizontal dimensions and
may be different for each direction except that in slabs the

‘ honzonlal lolemncc sha]l not excccd lin. in 15 it of tendon

" shall be repaired. If the tendon is to remain ungrouted for -

length.

15.4.5—Grout fitlings and sheathing for bonded con-..

struction shall be adequately protected from collapse and
ather damage. Priof to placing concrete, the sheathing and
grout fittings shall be examined for holes. All such holes

more than 28 days from the time of tendon placement,
temporary corrosion prolection shall be provided.

15.4.6—The bearing surface hetween anchorages and
concretc shall be concentric with am.l perpendicular to the
lendons wnhm *1 deg

2
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18. S—Appllmtbnolprm force

FOR STRUCTURAL CONCAETE e

l! 1.4——lnfornmion required in ‘Sections 15.2.1.2. and..—

15.5.1 —Tendons shall be stressed in the sequence, atthe . _ AS2EY - s

cmmumgm.Mummmth
the contract documents.- - :. -

15.5.2—The prestressing focce shall be determined by ‘

measuring tendon elongation and checking jack pressure

with a calibrated gage or dynamometer. The gage or
dynamometer shail have been calibrated within six months *

prior to use: any discrepancy which exceeds S percent shall
be corrected. Elongation requirements shall be based on

load-clonganon curves for the stee! used unless statistical .
data indicate that average values may be used. The contrac-

tor shall keep and submit a record for each tendon of the

measured clongations and the gage pressures of dynamom-

cter readings.

15.5.3—The total Ioss of prestress force in any tendon
due to unreplaced broken elements shall not exceed 2

percent of the total ptesmm fom-.

158-—Groutlng e o

15.6.1—A dependable h:gh pressure water mpply of "

sufficient volume .shall be provided before grouting is
begun. Sheathing shall be freed of dirt and other foreigd

substances by _thorough ﬂualung wnh wawr lmmedmely :

prior to grouting.

15.6.2--Grout shall be mixed in a hrgh speed mechan- -

ical mixer and passed through a strainer into pumping
cquipment which has -avision for recirculation. Pumping

of grout shall begin i .oon as pussible after mixing and
may be continued. as long as the grout returns the proper

consistency. Grout which has pmially lct shall be du-
carded. g

15.6.3—Grout shall be injected into nll vo:ds between
prestressing tendons, sheathing and anchorage fittings.
Flow shall continue until grout of the consistency equivalent
to that injected flows without the presence of air bubbles

from vent openings. Vent openings shall be closed progres-.

sively in the direction of the flow. After all vent openings
. have been closed, the grouting pressure shall be raised to at
feast 50 psi and the injection hole plugged.

15.6.4—In the event of a biockage or an interruption ofv
Ihcremoved_fmtheduct by.

' groutmg. all grout, sh.l
flushing with water.=" . o

A

15.6.8—Provisions shall' be\iade. lo;teep tendons dry
and keep water out'of lhe conduit pnor to grouting. The -

r\"

_concrete around grouted tendoas dm!l be maintained &t a .
temperature of 45 F eor Iugher for ah least 3 days after

grouting.

-

15.7—8hop drawlnga

Shop drawings for prestressed concrete shall be submit-
ted for review and shall provide the following information -

in addition to that required by applicable provisicas of
Chapter 4, Formwork, and Chapter 3, Reinforcement. -
15.7.1—The location of tendons throughoul their length.

15.7.2—S8ize, details, location, materials, and stress-.

 grade (where applicabie) for all tendons and accessories.
15.7.3—Jack clearances, jacking procedures, stressing

sequence. initial tensioning forces, gage pressures, and

iendon elonganon

,llotu'

In the Sections of Chapter 15 fisted below, specific
acceptance is required: |

15.2.1.2 and 15.2.1.3 Of the stress-strain curves for |
prestressing steel and other properties of non-ASTM mate- |
rial. f

15.2.1.4 Of the stress loss in seating anchorage devaccs. ;
friction coefficients and test data. :

15.2.1.5 Of coatings to protect unbonded tendons from
corrosion.

15.2.1.6 To perform burning or welding operations in the
vicinity of tendons.

15.2.2.2 Of evidence of comphance with the dynamic
test.

15.2.2.3 To use couplings at locations other than those
indicated on the contract documents.

18.2.6.3 Of the shrinkage compensating. admixture used
in the grout.

15.2.6.4 Of tests or records showing no harmful effect of
admixtures on tendons, accessories or grout.

18.7 Of shop drawings.

'CHAPTER 16—TESTING

~ 18.1—General

Concrete materials end operations w:ll be tcslcd and
inspected as the work progresses. Failure to detect: any
defective work or material shall not in any way prevent later
rejection when such defect is discovered nor shall it obligate
the architect/engineer for final acceptance.

18.2—Testing agencies

16.2.1—The required testing services of Sections 16.3,
16.4, and 16.5 shall be performed by the testing agency
designated in the contract documents. The services of
Sections 16.3 and. 16.4 will be performed at no cost 10 the
contractor; . those of Section 16.5 shall be pmd for by the
mm R tl LT DL

16.2.2—The necessary testing services of Section 16. 7 !
shall be performed by a testing agency acceplable to the
u’ch:tectlengmcer at the contractor’'s expense.

16:2.3—Al! testing agencies shall meet the requirements
of ASTM E 329.

16:2.4—Tests of concrete required in Section 16.3 shalil
be made by an ACI Concrete Field Testing Technician

-Grade 1, or equivalent. Equivalent centification programs

shall include requirements for written and performance
examinations as stipulated in ACI publication CPI.

16.3—Teasting services .

The following testing services shall be performed by the
designated agency:

16.3.1—Review and/or check-test the contractor’s pro-

' posed materials for compliance with the specllﬁcauons

16.3.2—Review and check-test the contractor’s pro-

' posed mixture design when requured by the architect/

engineer. L2
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16.3.3—Secure pmductioh'samplu of materials at -

plants or stockpiles during the course of the work and test
for compliance with the specifications.

AC1 STANDARD

16.3.4—Conduct strength tests of the concrete during

construction in accordance with the followmg procedures:
16.3.4.1 Secure composite samplcs in accordance with

ASTM C 172. Each sample shall be obiained from a .
different batch of concrete on'a random basis, avoiding any -,

selection of the test batch other than by a number selected at

random before commencement of concrete placement,
16.3.4.2 Mold and curc three specimens from each

sample in accordance with ASTM C 31. Any devmuons

from the requirements of this Standard shall be recorded in

the lest report.
16.3 1.3 Test specimens in accordance with ASTM C

39. Two s::ccimens shall be tested at 28 days for acceptance .

and one shall be tested at 7 days for information. The

acceptance test resulls shall be the average of the strengths :

of the two specimens tesied at 28 days. If one specimen in

- a {est manifests evidence of improper sampling, molding or - ;

testing, it shall be discarded and the strength of the

remaining cylinder shall be considered the test result.

Stiould both specimens in a test show any of the above

- defects, the entire test shall be discarded. When high early

strength concrete is used, the specimens shall be tested al
the azes indicated in the contract documents.

16.3.4.4 Make at least one strength test for each 100

yd, or fraction thereof, of each mixture deStgn of

' ~~-.c.e!c placed in any | day. When Lhe total quantity of -
concrote with a given mixture design is less than 50 cu yd,

"+ sizength tests may be waived by the architect/engineer .

-7 1 his - judgment,
i ~og'n is provided, such as strength test results for the

=12 kind of concrete supplied on the same day and under
s parable conditions 1o other work or other projecls

16.3.4.5 When accelerated testing of concrete is per- |

mitted as an alternative to standard testing, mold and cure
iwo specimens from each sample in accordance with ASTM

adequate evidence of satisfactory -

C 684, following the procedure specificd by the architect/ .

sngineer. Make at least one accelerated sl.rength test for

cach 100 yd® of concrete placed in any one day, of each_
muxlure design of concn:tc placed in any one day. and one

siandard 28 day comprcsswe su‘ength lesl I'or 8t least every
giher accelerated strength fest. Use lhcsc test, rpsults o
maintain and update the cori¢lation between accelémcd and
standard 28 day comprcsswc sm:nglh lésts.,‘;‘- .

16.3.4.6 Submit comelation daia ‘for the standard 28
duy compressive strength test based on a minimum of 12 lo
15 sets of test data covering the range of 2500 to 6000 psi

concrete made with the same matenals Subrmt the corre-

Jution. duta for review.
16.3.5—Dctermine slump of the concrete sample- for

‘zuch strength test and wheneves consistency of concrctc‘

> appears 1o vary, using ASTM C 143,

1 16.3.6-~Delermine air content of noral weight con-

Ierete sample for each strength test in accordance with cither *

'ASTM C 231, ASTM C 173, or ASTM C 138.
16.3.7—Determine air content and unit weight of ltght-
weight concrete sample for each strength test in accordance
~ with ASTM C 173 and ASTM C 567.

30

16.3. B-—-Dclenmm temperaturc. of concrete samplc fw.
each strength test.’

' 18.4—Additional services when required

The following services shall be performed by the desig- -

nated agency when required by the architect/engineer:

16.4.1—Inspect concrete batching, mixing and delivery
operations to the extent degmed ncccss.:ry by thc architect/
engineer.

16.4.2—Sample concrete at poml ol' p!acemetu and

_ perform required tests.

16.4.3—Review the manulacturer’s report for each ship-

.. ment of cement, reinforcing sicel and prestressing tendons -

and/or conduct laboratory tests or spuot .checks. of the
malcrials as received for compliance with specifications.
16.4.4—Other testing or inspection services as required.

© 16.5—Other services as needed

The following services shall be performed by the dcsag- .
nated agency when necessary:

16.5.1—Additional testing and inspection required be-
cause of changes in maicrials or proportions requested by
the contractor. : .

§6.5.2—Additional testing of ma&cnals or concrete oc-
casioned by their failure by test or inspection to meet

; specnﬁcatuon rcqmremcnts

" 16 B—Dulips and aulhoritles of deslgnated tesling -

ency

16.6. I—Repmsenlauves of the agency shall lnspect.
sample and test the materials and the production of concrete
‘as required by thé archilect/enginecr. When it appears that

_ any malterial furnished or work performed by the comtracior

", fails 1o fulfil) spcclﬁcauon requircments, the testing agency

' shall report such: defi icicacy (o the architect/engincer and the
conlractor.

16.6. 2—-11ie agency shall report all test :lnd inspection

results to the archnectlcngmcer contractor, and concrete

supplicr.immediately aftcr the work is performed. All test-
reports shall include the exact location in the work at which
the batch represented by a test was deposited. Reports of |
slrcnblh tests shall include detailed information on storage
an curing “of spec:mcns prior to lesting.

16.6.3—The testing agency and its representatives are
not anthonzod to revoke, alter, relax, cnlarge or release any

‘ requ:remenl of the contract documcnls, nof 10 approve of .

accep! any pomun of the work.

16. T-Responslbllities and duties of contractor

:16.7.1—The contractor shall provide the necessary test-
ing scrvices for the following:
16.7.1.1 Qual:ﬁcauon of proposed matcrials and the
establishment of mixture designs.
16.7.1.2 Other te:.lmg services needed or rcquu'cd by

" the contractor.

16.7.2—The use of leslmg services shall in no way
sclieve the contractor of the responsibility to furnish mate-
rials and construction in full cumpliancc with the contract

" documents.

16.7.3—Jhe conlmclor shall subinit 10 lhc arclnlccl!
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engincer the concrele maerials and the misture designs -
proposed for use with a written request for scceptance. This . .

_ submittal shall include the resulis of all testing performed to
qualify the materials and to establish the mixture designs.
No concrete shall be placed in the work until the contractor
has received such acceplance in writing. -

16.7.4—To facilitae tzsung and mspecuon. lhe contrac-
tor shait:

16.7.4.1 Furnish any necéssary:labor to assist the

designated testing agency in obtairing and handling sam-
ples at the project or other sources of materials.

16.7.4.2 Advise the designated festing agency suffi-

ciently in advance of operations to alldw for completion of
quality tests and for the assigninent of personnel.
16.7.4.3 Provide and maintain for the sole use of the
testing agency adequate facilities for u.fe storage and proper
curing of concrete test specimcm on the project site for the
first 24 hr as required by ASTM C 31.
' 16.7.4.4 Submit copies of=mill test reports for ship-
ments of cement, reinforcing steel and prestressing tendons
to the architect/engineer when l_o;quimd. Ty

Notes

In the Secuoﬁs of Chapter. I6 hsted bclow specuﬁc :

acceptance is required:

16.2.1 Of testing agency 1o perfonn services reqtuted in
Section 16.7.1.

16.7.3 Of concrete materials and mixture df“;lgl'll

CHAPTER 17—EVALUATION AND ACCEPTANCE
OF CONCRETE STRENGTH
17.1—Evaluation of test rasults
17.1.1—Test results for standard molded and standard
cured test cylinders shall be evaluated separately for each
specified concrete mixture design, Such evaluation shall be

valid only if tests have been conducted in accordance \lnl.h

procedures specified in Chapter 16.
17.1.2—For evaluation, each specified mixture design
shall be represented by at least five tests.

17.2—Acceptance of eomh,,

The stmgth level of lhe ccnclete will be considered
satisfactory 5o, long’. as ithe avenges of all sets of three
cohsécutivé” strength’ resulls equal or exceed the specified
strength f,. and no mdmdual nrcnglh test result fails below
the specifiéd' strength £ by moré than 500 psi. These criteria
apply also when accelerated strength testing is specified,

unless another basis for acceptance is specified in the

contract documents.

17.3—Testing of concrete in place

17.3.1—Testing by impact hammer, sonoscope, or other
nondestructive device may be permitted by the architect/
engineer to determine relative strengths at various locations
in the structyre as an aid in evaluating concrete strength in
place or for selecting areas 10 be cored. Such tests, unless
properly calibrated and cosrelated with other test data, shall
not be used as a basis for acceptance or rejection.

mmmmm - | 13

11.3.3 Core tests )

- §1.3.2.1 Where required, cores at least 2 in. in.
diameter chall be obtained and tested in accordance with - -
ASTM C 42, If the concrete in the structure will be dryl ' ..
under service conditions, the cores shall be air dried -
(temperature 60 to B0 F, relative humidity less than 60'
percent) for 7 days before lesting and shall be tested dry. lf
the concrete in the structure will be more than superﬁcnally
wel under service conditions, the cores shall be tested after | '

- moisture conditioning in eccordance with ASTM C 42. { n'

17.3.2.2 At least three representative cores shall be | ‘ !
taken from cach membggpr aiea of concrete in place that is |-
considered potentially deficienit. The location of cores shall
be determined by the axchitect/engincer 1o least impair the
strength of the structupglf, before testing, one or more of
the cores shows evidence of havmg been damaged subse-
quent to or during removal from the structure, it shall be:
replaced with a new core.

17.3.2.3 Concrete in the area represented by a core test
will be considered sdequate if the average strength of the ™ °
cores is equal to at least 85 percent of specified strength /.
and if no single core is less than 75 percent of the specified
strength f,.

17.3.2.4 Core holes shall be filled with low slump
concrete or mortar. See Chapter 9, Repair of Surface

h _Del‘em. -

vHAP'i ER 1B—ACCEPTANCE OF STRUCTURE
18.1—General

18.1. l—-Completed concrete work which meets all ap-
plicable requirements will be acccp(ed without qualifica-
tion,
. 18, 1.2-~Completed concrete work which fails to meet
one or more requirements but which has been repaired to
bring it into compliance will be accepted without qualifica-
tion.

18.1.3—Completed concrete work which fails to meet
one or more requirements and which cannot be brought into
compl:ance may be accepted or rejected as provided in these
Speclﬁcnuons or in'the contract documents, In this event,

" modifications may be required to assure that remaining

work complies with the requirements.

18.2—Dimensional tolerances

18.2.1—Formed surfaces resulting in concrete outlines
smaller than permitted by the tolerances of Section 4.3.1
shall be considered potentially deficient in sirength and

subject to the provisions of Section 8.4,

18.2.2—Formed surfaces resulting in concrete outlines
larger than permitted by the tolerances of Section 4.3.1 may
be rejected and the excess material shall be subject to
removal. If removal of the excess material is permitted, it
shall be accomplished in such & manner 25 to mainiain the
strength of the section and to meet all other applicable
requirements of function and appearance.

18.2.3—Concrete members cast in the wrong Iocauon
may be rejected if the strength, appearance or function of
the “structure is adversely affected or mispiaced ilems
interfere with other construction. 3/ 3
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. 18.2.4—Inaccuratcly formed concrete surfaces exceed-
" " ing the limits ofSccqu 3.1 or of Section 13.3, and which
_ are exposed 0 view, mybemjectedmdshallberepmed
" or removed and replaced if required. . -
18.2.5—Finishcd slabs exceeding the tolerances of Sec-
tion 11.9 may be repaired provided that sirength or appear-
ance is not adversely affected. High spots may. be removed
" with a_terrazzo grinder, low spots filled with a patchlng
.. compound, or other rcmedtal measures perfonned as per-
mmcd ~

Cew e,

' l;_ _18 3--Appearance o :
18.3.1—Architectural concrete with surface dcfecu ex-

' _-'ccrdmg the limitations of Section 13, 3 l slu.ll be removed -

_and rentaced.

- 18.3.2—Other concrete cxposed 10 view wllh defects '

* which adversely affect the appearance of the spec:l‘ ed I'msh
may be repaired only by acceptable methods. -

18.3.3—Concrete not exposed to view is not subject to -

‘_ rcjccuun for dcfccuve appcarance o
18. 4—Strength ‘ot structu:o '
18.4.1—The strength of the structure in place will be
considered potentially deficient if it fails to comply with any
requirements -Which ‘control the strength of the structure,
. including but not necessarily limited to the . following
conditions.
18.4.1.1 Low concrete :,
ter 17,
18.4.1.2 Reinforcing steel size, quanmy. strength,
position,. or arrangement at variance with the requirements
of Chapter 5, Reinforcement, or the contract documents.
18.4.1.3 Concrete which differs from the required
dimensions or location in such a manner as-to’ reduce the
* strength.

AC!STANDAHD

*nglh as designated in Chap—' '

Ay el . e

lMl.‘ C\mng leu than that spemﬁed :
- 18,4.1.5 lnadequate protection of concrete from ex-

,lzeumoﬂcmpemuredmngearlymgesofhudmingmd
sirength development. -

18.4.1.6 Mechanical injury as defined in Section 12.4,
construction fires, accidents or premature removal of form-
work likely to result in deficient strength. -~

13.4. l 1 Poor wo:tmanshlp Ilkely 10 mult in deficicnt

" ~strength. !

18.4. Z—Suucmml analysts “and/or additional testing

© may be required when the strength of the ‘structure is
- oons:demd potentially deficient.

'18.4.3—Core tests in gecordance with Section 17.3.2
maybcmquuedwhenlhestmngthoflhecoucrctemplace

i u coasidered potentially deficient.

© 18.4.4—If core tests are inconclusive or impractical o

- obtain or if structural analysis does not confirm the safety of
© the structure, load tests may be required and l.hcu’mlu

evaluated in accordance with ACI 318.
18.4.5—Concrete work judged inadequate by structural
analysis or by results of a load test shall be reinforced with
additional construction if so directed by the architect/
engineer, or shall be replaced, at the conlractor's expense.
18.4.6—The contractor shall pay all costs incurred in

-providing the additional testing and/or analysis required by

this chapter.
-18.4.7—The owner will pay all costs of additional

testing and/or analysis which is made at his request and
which is not required by thcsc specifications, or the contract
documents. - - .

Note

Permission is required if excess material is to be removed

' maccmlmcc,}vuh Secnon 18.2. 2
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APPENOIX A—FLOW CHART FOR SELECTION AND DOCUMENTATION OF CONCRETE
PROPOHTIONS
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APPENDIX B—METRIC EQUIVALENTS
Al—General
This Spec:’:

anus for 4l -.iccs which appear in the specification.

wation has beess ptuenl.ed using inch/pound
units of mea~urcnwent. The following list contains coaver-
sions fruom o pound units o International Sl (Mcq'k)

Al = Lengih
Tt ’ S {Metric)
[ 95 mm: 2
L 23.40 mm (cn:l)
HE ) ZS L3
N 015 mm
IR I 0.7 mm
.. 1.6 mm )
. - 32 mm =
R | 64 mm
- 'hn N mm o
Ve in. . 19 mm -
Cvia 38 inm i
lin. 31l om
MRS ’ Mmm -
3w 76 mm
E 12 mm i
S i 127 mmm
hin 152 mm
4.0 203 mm
13 1n . 45T mm
N 0303 m
2 0610 m
Af 244 m
1K JO5 m
g 048 m
' —Ares R
Inch ol SI (Metric)
Tad 7 ' " 643 men!
b ' 0.186 m’
i) ;! 9.29 m?
T it 9.9 m?
Ad—=Volyme .
tnch pound SI (Metric),
IVE : 0.7%6m*
o3 !J' . B
gt 76.5 m?
AS—Weight, weiht per uail of sres -'
. 10 b posir) L
b ) "
I8 I per 2w NS

3¢/

_ Ab=Dencily
bactvPound S1 (Metric)
VS I per I 1840 %
133 1 her (0 ey
160 1 per 1 2500 kgra?
AT—Siress
Encivpound St (Mewic)
© NW0ps .07 MPe
400 pui 2.7 MPa
00 psi 143 MMy
350 pal 3.9 MM
600 pul 414 MP
. 700 psd 4.5 MPe
, 900 psi 621 MP
. 1200 psi 8.21 MR
£200 psi 12.41 MM
2500 psi 17.24 MPy
000 psi 20.68 My
3500 psi 24.13 MPa
3750 psi 15.86 MPa
4000 psi n5aMAa
130,000 psi 396 MPy .
140,000 pei 963 MPs
145,000 pai 1000 MPs
160,000 psi 1103 MPa
AS—Temperature ’
Fabwenheit Celsius
aF -18C
F - tC
RF oC
«OF 4C
Y 1€
S0 F 19C
55F 1C
‘60 F TY=
, 6P 185C
1F uc
0 F nc
100 F ! I o
I20F HC
- AP—Rate of temiperature chonge
Fabrenheit i Celsius B
3 P per unit of time 1.7 C/unit of time
S F per ynit of tims 2.3 Cruait of lime
30 F per unia of vioe 17 Clunx of tims
.'nl’perwcfdn 28 Clunit of tune \
ALB—ASTM 11-81 sieve designations
No. 16 1.18 mm
‘No. 0

~

. ma—
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COLOCACION DEL CONCRETO EN CLIMAS CALUROSOS * - o .
(ACI 305) - S | smo‘psns

‘:

El concreto mezclado, transportado y colocado bajo condiciones de
alta temperatura, baja bumedad o escaso viento requiere de una plena
comprensién de los efectos que tales factores ambientales ejercen sobre
las propiedades de éste y los sistemas de construccién.

Una vez que se han comprendido estos factores, s¢ pueden tomar las
medidas necesarias para eliminar o minimizar los efectos indeseables. Las
dificultades mas serias se presentan bajo condiciones climéticas y en ti-
pos de construccion que son desusados para aquellos que- efectian el
trabajo. -
~ El presente informe de] Comité define el término clima caluroso, enu-
mera Jos posibles efectos desfavorables y propone pricticas con objeto
de minimizarias.

Entre dichas practicas estan medidas tan importantes como el enfria-
do previo de los ingredientes, considerur la temperatura del concreto al
momento de la colocacién, la longitud del acarreo, las instalaciones para
el manejo del concreto en la obra y técnicas especiales pata la dosifi-
cacion, la colocacién y el curado de éste. Se incluye una blen selccc:o—
nada bibliografia.

Palabras clave: acsbados del concreto (concreto fresco): aditivos:

agregados; alta temperatura; colocacién; concretos; contenido de agua;

* tnforie adoptade por ¢l Amercan Conretd Tnstitute on agosto de 1977 para contenido de cemento; construccién con concreto: construccién en clima

X sustituic a b aorma ACH 305.72. caluroso; curado: enfriado; especiticaciones; evaporacion:- fraguado (en-

> ) 13 I

L)



 durecimiento); hielo; humedad: inspeccién; labocatorios; métodos de pro-
duccién; mezclado: preparacién en la obra; presién del viento: propor-
cionamiento de mezclas; pruebas en el campo: resistencia a la compre-
3i6n; retardantes: retemplado; sangrado (concreto); sub-base: tempera-
tura: transportacién con bandas.

' GAPITULO 1

introduce’on

1.1 . Aaspectos generales .

E! clima caluroso provoca problemas en la fabricacion, la colocacidn
y ¢l curado.del concreto de cemento Portland, los cuales pueden afectar
de manera adversa las propiedades y la durabilidad del concreto endu-

“recido. Los objetivos de este informe son: identificar dichos problemas y

explicar algunas précticas pars la colocacién del concreto en clims calu-
roso con ¢l fin de aliviar los efectos adversos que puedan presentarse en
ausencia de dichas practicas. La observacion de éstas darA por resultado
un concreto con mejores caracteristicas, tanto al mezclarse, como en es-
tado endurecido. _

En otras publicaciones se podra encontrar un estudio maAs profundo
sobre temperaturas especiales, cambios de volumen y agrietamiento, pro-
blemas que se asocian con la masa y el concreto masivo.* Este informe

_presenta algunas sugerencias en relacién con las preparaciones y los pro-

cedimientos que ayudan a reducir los riesgos de la colocacién del con-
creto, en climas calurosos y en construcciones de tipo mas general, tales
como pavimentos, puentes. edificios y estructuras diversas.

Resulta importante reconocer que e! dafio que los climas calurosos
ocasionan al concreto no pueden ser evitados por completo y, por lo tan-
to, serf necesario contar con un criterio competente para seleccionar la

* ACI Committee 207, "Mass Coacrete for Dams and Onher Mamsive Structures”,
AC! Journal, Proceedings, V. 67, No. 4, abril 1970, pp. 273-30%: y ACI Committee
224, "Coatro! of Cracking in Concrete Structures”, ACI Joumal, Proceed!ngx V. 69,

_No 12, diciembre 1972, Capitulo 7. pp. 736-745,

5 . Q
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. mas apropiada relacién entre calidad, economia v utilidad. Las precou-
ciones que deben observarse o especificarse dependeran tanto del upo

de construccion y de la expericncia de la mano de obra locat e su forma’

de desenvolverse en ese clima. como de lis condiciones mismas del am-
biente. la temperatura, la humedad relativa y ki velocidad del viento.
Las dificultades mas serias se presentan entre aquellas personas gue
se encuentran llevando a cabo ¢l trabajo, sin estar habituadas al clima v
a los diversos tipos de construccion. Puesto gue »6lo en raras ccasones
tienen éxito las improvisaciones de ultimo mdmento, deben aplicarse me-

didas preventivas iniciales. haciendo hincapié en la evaluacién de los
p

materiales especificos, la planeacion y las compras anticipadas, v la ati-
nada coordinacion de todas las etapas de la obra.

1.2 Definicién de clima caluroso

Para propésitos de este informe, ¢l clima caluroso se define como
cualquier combinacion de alta temperatura ambiente, baja humedad rela-
tiva y velocidad del viento, que tienda a perjudicar la calidad del con-
creto fresco o endurecido, o que de cualquiera otra’ manera provogque el

desarrollo de anormalidades en las propiedades de éste. Los factores
mAticos que afectan al concreto en climas calurosos son las alas tempe- |

LK

raturas ambientales y la humedad relativa reducida, cuyos efectos pueden

 set considerablemente mas pronunciados con el incremento de la veloci-
dad del viento. Los efectos del clima caluroso son mas criticos durante
los periodos de elevacion de temperatura, de descenso de humedad rela-
tiva. o de ambas cosas. Pueden aparecer en cualquier ¢poca del afio en
climas calientes tropicales, o aridos. y. por lo general, se presentan du-
rante la estacién del verano en paises de otras latitudes. Las medidas de
precaucion que se requieren en un dia calmado y hamedo serdn menos
estrictas que las requeridas en un. dia seco y con viento. aun cuando la
temperatura ambiente sea la misma. C

1.3 Efectos del clima calur.oao

1.31

Los efectos indescables del clima caluroso en el concreto en

¢»tado plastico pucden incluir:

a)

b)
<)

<
w

Incremento en los requerimientos de agua.

Incremento en la rapidez de la pérdida de revenimiento y la co-
rrespondiente tendencia a ahadir agua en el lugar de la obra.
lncremento en la rapidez del'fraguado, que tienc como resultado
una mavor dificultad ¢n ¢l mancjo. ¢} acahado y ¢l curado, v gue
aumenta la posibihdad de juntas frias. .

0
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d} Incremento-en li tendencia al agrietamiento plastico, o

)

M

3
r- : i
Incremento en L dificultad para controlar ¢l contenido de aire

incluido.

.32 Los efectos indeseables del clima caluroso en el concreto en
estado endurecido pueden incluir: '

a)
b)

c)
d}

1.4 Efectos de ﬁctores adicionales

Reduccion de la resistencia como resultado del alto requerimien-
to de agua y de ur incremento en el nivel de temperatura.
Incremento en la tendencia a la contraccion por se¢ado v al agrie--
tamiento térmico diferencial.

Reduccion de la durabilidad.

Reduccién en la uniformidad de la apariencia superficial.

. Existen otros factores que complican las operaciones en clima calu-
roso. Estos deben considerarse junto con los factores climaticos y pueden

incluir:

a)
b)
<)
d)

e)

f)
a)
h)

El uso de cementos finamente molidos con rapidez de hidratacion
incrementada.

El uso de concreto con alta resistencia a la compresién, que re-
quiere un mas alto contenido de cemento.

El disefo de secciones delgadas de concreto, con el correspon-
dicnte aumento en el porcentaje de acero de reluerzo. -

Muavor capacidad de los camivnes para la entrega ‘de concreto.
Requerimicutos para la movilizacion de grandes volumenes de
concreto de bajo revenimiento a lo largo de' mayores distancias.
tanto horizontales como verticales. '
Iiicremento en el use de equipe para bombeo de concreto
Incremento en el uso de bandas transporiadoras.
Necesidad, de indole econémica. de continuar el trabajo cn«cli-
mas extremadamnente calurosos. ‘ '
El uso de cemento de contraccién compensada. ;



Co " CAPITULO 2
'propieda’des

del concreto

2.1 Aspectos generales

2.1.1 Las propiedades del concreto. que hacen de él un excelente
material de construccion, pueden verse afcctadas de manera adversa por
el clima caluroso. tal como se define en ¢l Capitulo 1. pero dichos efectos
perjudiciales pueden minimizarse por medio de los procedimientos prac-
ticos de control descritos en este informe. La teoria basica relativa a las
propiedades y al comportamiento del concreto se aplica. en términos ge-
nerales, a concreto elaborado bajo condiciones 6ptimas. Los cambios de
estacion pueden tencer como resultado ciertas condiciones que mucho dis-
tan de ser las ideales para la.elaboracién de concreto de la-calidad desca-
da; por lo tanto, deben tomarse ciertas medidas. dentro del proceso dv
claboracién del concreto. con el fin de.minimizar los efectos adversos.
La resistencia, la impermeabilidad. la estabilidad dimensional y la resis-
tencia a la accion atmosférica, el desgaste y el ataque quimico. todos
dependen del adecuado control de los materiales y del proporcionamien-
to de mezclas, de las temperaturas iniciales del concreto, y de las condi-

~ciones de temperatura y de humedad durante el peciodo de la colocacion

y del curado. De antemano deben planearse las medidias necesanias con
objeto de aliviar o eliminac los clectos adversos de las condiciones que
privan en climas calurosos.

2.1.2 Los concretos mezclados, colucados v curados a elevadas tem-

- peraturas, normalmente desarrollan una resistencia inicial mas alta que

yef
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b e el ' - ‘ . evaporacion pueda aproximarse a 0.98 kg/m? h. Estas medidas consis-
. o ten en humedecer las sub-bases y las cimbras, colocar el concreto a la
B o N | B , temperatura més baja posible, instalar rompevientos y sombrillas. redu.
. o - cic el tiempo entre la colocacién del concreto y. ¢l inicio del curado, y
—humedad ":;g;?o‘/ " R - minimizar la evaporacién, en particular, durante las primeras horas si-

/ guientes a la colocacion del concreto, empleando medidas adecuadas ta-
les como la aplicacién de humedad mediante el proceso de rociado. Las
grietas ocasionadas por contraccién plastica son dificiles de cerrar una
vez que han aparecido. Dichas grietas pucden convesticse en puntos fo-
cales de otras formas de deterioro, puesto que permiten que la humedad
y las sales disueltas penetren dentro del concreto y perjudiquen su com-
portamiento.

—_ —}-

WY

Z

/.
W #

2.2 Efecto de la temperatura del concreto en ¢l momento
de su colocacién

Conforme se permita la elevacion de la temperatura del concreto 3

N, ]
: rum . el momento de la colocacién, se presentaran los siguicntes efectos prin-
5 ‘; ;5 o5 cipales. Otros se describen en la Seccién 1.3
Temperatura del aire 'C
. w 8 15
v 4.0 3 f Ce .
~ Para utilizar esta grafica: ' .g 5 !, . ; .
1. Iniciar con tempers- & g a 5 \ T 4125 -
tura del aire, avanzar .~ L \ VRTequerlmnento de agus ,
hacia ariba a hume- £ . 1 g.g: g LN\ [ -
dad relativa * g5 8§ -
2. Avanzar hacia lade:  § cEE 2
recha a temperatura ‘g - >3 4. &
del concreto 5 5§33 E.
3. Descunder a veloci: 8 20 € 8 = § R
dad’ del viento @ :-.5’ ;";5 2 &
4. Retroceder hacia la ﬁ 3 5. @
izquierda; ledse la ra- 3 T &
pidez aproximada de 'é, 10- _g P !______ . 5 5“_.__‘.2.5
evaporacion [ 5 _ | flevenimiento
U . .
0 4 t o
4 15 26 37 48
, 0 Temperatura del concreto, °C
Fig. 2.1.5. Efecto de las temperaturas del concreto y el _airc, la humedad relativa y o : " Fig. 2.3.3a. Efecto de la lemperatura del concreto en el
la velocidad del viento sobre la rapidez de evaporacng‘m de la'hu_medad de la - - Tevenimiento y en el agua requerida con objeto de cambiar
superficie- del cancreto, Esta gritic. propurciona un método grafico pasa catcular - dicho revenimiento. Contenido de cemento: 307 kg/m3;
fa pérdida de 12 humedad superficial bajo diversas condlguones ?tmoslefncas. Para o porcentaje de aire: 4.5 + 0.5; tamafic miximo del agre. )
utilizar la éréﬁca. siganse los cuatro pasos arriba descritos, Si la rapidez de la . 'gadq! 38 mm (1172 pulg): promedio de datas nars o B o

o O 3Ot ARG A 10 kafailhr e masgtarin tAmar fracalrianat b
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los productdoﬂ y curados o temperaturas normales, pero a los 28 das,
.o después, la resistencia es. por lo general. mas baja. Esto se ilustra en

la Fig. 2.1.2.

420 t— A los 2B dfas
f‘E .
% .

.2 350 1

c
e
'a' 280 +—
;
= 210 4— )
. @ .
§ . ‘o'“r -
&:: 10— Aun dfao,’
5 o
o«

70 4 ”’

g !
]
'Y S .
10- 20 30 40 50
. ¢ Temperatura de curado, °c

Fig. 2.1.2. La resistencia sl primer dfa s incremanta con
sl aumento de la tempaerstura de curado, pero la resistencia
s los 28 dfas disminuye con el aumento de la temperatura
de cursdo. Referencia; “Structures and Physical Properties
of Cement Pastes” (Verbeck and Helmuth, Simposio
. Japonés). -

2.1.3 Las mezclas de prueba utilizadas para seleccionar las propor-
ciones, usualmente se efectéan en laboratorios con temperaturas de alre-
dedor de 23°C. Lo mas probable ¢s que la colocacion del concreto se
lleve a cabo. en climas calurosos, a temperaturas considerablemente mas
altas que la temperatura del laboratoria. Cuando exista un registro de
comportamiento del concreto en la obra, en el cual se incluya el cfecto
de las temperaturas de temporada que pueden esperarse ,podra utilizarse
dicha informacion con el fin de establecer. o ajustar el proporcionamien-
to d¢ mezclas para determinado provecto, de acuerdo con ¢l “Reglamen-
to de las construcviones de conereto seforzade (ACE JI8-71)7 seecianes

“422 v 1220
2.14 Los imvestigadores han demostrado lus efectos nocivos de
& falta de curado v de¢ las altas temperaturas en cilindros de prueba elabos

\J‘

A
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rados en los laboratorios. Se demostréd que los cilindros moldeados y
curados a temperaturas ambiente de 23°C, con 60% de humedad rela-
tiva, y a 38°C. con 259 de humedad relativa, producian una resistencia
de s6lo 73 y 62, respectivamente, de la obtenida en cilindros estandar
curados. con humedad a 23°C durante 28 dias. También se encontré que

_entre mas largo fuera el tiempo transcurrido entre la elaboracién y la

colocacion en almacenes himedos estandar, mayor seria la reduccion en
la resistencia. Estas pruebas demuestran que un curado insuficiente, en

‘especial en combinacién con altas temperaturas de colocacnén. perjudica

el proceso de hidratacién y reduce la resistencia.

2.1.5 El agrictamiento por contraccién plastica con frecuencia se

asocia con la colocacién de concreto a temperaturas calurosas en climas
aridos y en cualquier momento puede suceder que la evaporacién sea
mayor que la rapidez con la cual el agua se eleva hasta la superficie
del concreto recién colocado (sangrado). La alta temperatura del con-
creto, la alta temperatura ambiental, los fuertes vientos y la escasa hu-

medad, o la combinacién de ‘estos factores, son causa de una rpida eva-

poracién que, de manera significativa, incrementa la susceptibilidad-de
que se presente el agrietamiento por contraccién plastica.
En climas himedos, la alta temperatura del concreto es un factor

mucho menos grave en la produccién de contraccion plastica. La Ta-

bla 2.1.5 indica las temperaturas del concreto que pueden convertirse en
criticas para la contraccién plastica a diferentes humedades relativas.
La rapidez de la evaporacién puede calcularse utilizando la Figura 2.1.5.
Deben tomarse medidas precautorias cuando se espere que la rapide: de

Tabla 2.1.5.— Temperaturas tipicas del concreto para 1
diversas humedades relativas potencislments criticas en
relacion con el agrietamiento por contraccibn plistica *

Temperatura del concreto Porcentaje de humedad |
L o relativa j
a4 a0 T
38 80 |
35 70 - g
32 60 *
29 50
27 40
24 30

* Temperature ménims Juel concreto para diferentes humedades '
relativas, con obyeto de hm.u. is rapidez do I3 evaporacion haste
aproximadsmante 1.0 ky/m?/hi, suponiendo una velocidad de

viento de 18 km/hr y una diferencia de temperatura entre ol

concreto v al mire, t: GUC.



a)  Sc incrementara el contenido de agua para un ,rr\'n'l;imirntn de-
terminado, Figs. 2.3.3.a y 2.3.3b.

b} Este incremento en el contenido de agua provocara una dismi-
nucién proporcionada de la resistencia y la durabilidad, y aumen-
tara la contraccidn por secado. Fig. 2.3.4. -

¢) La pérdida de revenimicnto se presentard mas pronto después del

mezclado y con una mayor rapide:z. Estos dos son factores poten-
ciales de dificultad ¢n el mancjo y la colocacion del concreto.

Figura 2.3.3a.

d) En climas aridos aumentara la probabnhdad de que aparezcan

grietas por contraccion plastica. Flg 2.1.5,

¢) En secciones de grandes ditncnsiones existird una mayor posibi-
lidad de que se presenten difcrencias entre la temperatura inte-
rior y la exterior, lo cual sera suficiente para ocasionar un agrie-
tamiento térmico. ‘

f) El curado inicial rapido sera cada vez mas critico y ‘su falta
cada vez mas perjudicial.

|V
R At —f -
P B S i % rlﬁ__ ]
- -t —_——— ———— b —tr— - —__--.-./ —m—
0 I - ’ ]
L VAT e -
(SN Sy s S SV S S0 (N T .
] U [N R R SRS I S b — .
T LA
S Do v g o e
.8 r--—T-— - -
§ 184 - Revenimiento de 7.5 ecm
£ 7 Yamaio maxifo del agregado,
- 1
3 1] - 38 mm {1 /2 puig) [
© ‘59—11-——1}—* e — )
- —-, = ™
wal] L% . 1 :
5 ;

10 21 . 32 : 43
. Temperatura, oc

Fig. 2.3.3b. E{ requerimianto dc agua de una mezcla de concreto auments con un
L incramanto an ls mmparatura. Del Manuel del Conereto del USBR, Ba. Edicidn,
4 Fig. 118. Tambidn aparece como Fig. 1 en la Referencia 34.
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22.2 ‘En los tipos mis comunes de construccion en clima calurosa.

tal como s¢ describen en la Seccién 1.2, no resulta practico recomendir

" una temperatura limite maxima, puesto que, dadas las circunstancias. la

variacion es muy amplia. Un limite que funcionaria a la pecfeccion en
un caso. seria altamente deficiente en otro. De acuerdo con esto. et Co-
mité sélo puede hacer notar los efectos de temperaturas mas elevadas
en el concreto, tal como se menciona.en las Secciones 1.3 y 2.2.1, y ad-
vertir que alguna temperatura, probablemente entre los 24 y 38°C. scra
el limite mas favorable para obtener buenos resultados en cada una de
las diversas operaciones efectuadas en clima caluroso y que debera deter-
minarse para cada obra. Las mezclas de prueba del concrewo para dicha
obra, deberan hacerse a la temperatura limite seleccionada y no a 21°C.
Los procedimientos que describen las pruebas para las muestras de con-
creto, a temperaturas superiores a los 21°C se pueden .encontar en la
norma del ACI 223 "Practica recomcndada para el uso del concreto de
contraccién compensada’.® :

2.3 Efecto del agua o ‘ :

1
i

231 El agua como ingrediente del concreto, influye en muchas de
lax mas importantes propicdades de éste, tanto en su estado plAst:co como
¢n el endurecido. Las altas temperaturas del agua producen mas altas
temperaturas en el concreto y, conforme aumenta la temperatur‘a de éste,

"aumenta el requerimiento de agua y disminuye la resistencia en un con-

creto de consistencia similar. El agua adicional, sin hacer correcciones
de su cfecto en la relacion agua/cemento, tendra un efecto advjers’.o en la
calidad final del concreto colado en el lugar. La temperatura inicial del
concrelo, por si misma, afecta la resistencia de éste lal como se describe
enla Fig. 2.1.2. '

2.3.2 Un contenido de aqua mas alto en una mezcla de| concrero

" disminuye la resistencia, la durabilidad, la impermeabilidad y las propie-

dades relativas a éstas en el concreto resultante. Aunque adecuado a con-
cretos colados en ‘cualesquiera condiciones, esto apunta a la m:ces:dad
especial de controlar el uso del agua en el concreto colocado bajo condi-
ciones de clima caluroso.

2.33 La Fig. 2.3.3a ilustra los efectos del aumento de tcmperatura
del concreto en el revenimiento resultante de éste. cuando se mantienc
constante la'cantidad neta del agua de mezclado. Indica que puede espe-
rarse que un aumento de 11°C en la temperatura, disminuya el reveni-

* Comit¢ ACI 223; “Recommended Practice for the Use of Shrinknge-dompenut-

ing Concrete (ACI 223-77)", American Concrete Institute, Detroit, 1977, Scccion 4.4,
pagina 14,
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miento en alrededor de 2.5 ¢cm. La Figura 2.3.3a, también ilustra los cam-
bios en el requerimiento de agua que pueden ser necesarios a fin de pro-
ducir un cambio de 2.5 cm en ¢l revenimicnto, a diversos niveles de
temperatura. En tanto que de los 4 a los 27°C solamente se requiere un
cambio de agua de 2.25 a 2.5%. a los 49°C se requeriria un 4.5%. La
figura 2.3.3b ilustra ¢l efecto de la temperatura del concreto en el reque-
rimiento de agua.

234 E! resultado de una mayor exigencia de agua es un incremen-
to en la contraccidn por secado. El enfriamiento que sigue a las altas
temperaturas, a las cuales se efectia el endurecimiento del concreto, au-
menta la tendencia al agrietamiento de ‘éste. La figura 2.3.4 muestra las
magnitudes potenciales de la contraccién por secado e ilustra la influen-
cia del contenido de agua.

235 De todos los ingredientes del concreto es el agua de mezcla-

do la que tiene el mayor efecto. por unidad de peso, en la temperatura.
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Fig. 2.3.4, Relacibn entre l§ contraccidn, el contenido
de cemento y ol contanido de agua. La grifica indica que
ta contraccion es una funcibn directs del contenido uni-
tario de agua e ol concreto fresco. Notese la poca influen-
cia del contenldo de agua an la contraccibn, sin tomar en
consideracidn el contenido de cemento o la relacibn agua/
cemento. El estrecho agrupamiento de estas curvas demues-
tra que la contraccibn en el momento del secado se rige

principaiments por el contenido unitario de agua. Del -
Manual del Concratn det |IRRR  8a, Fdirign, Fin B,
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del concreto, ya gque ticne un calor especilico que equivale a 4 0 5 veces
¢l del cemento o ¢l de) agregado. Es mas facil controlar la temperatura
del agua que la del resto de los componentes y, aunque se emplea en
cantidades mas pequeias que los demas, el uso de agua de mezcladoiria
tendra un efecto reductor en la temperatura de colocacién del concreto
{véase la Fig. 2.3.5). Para una mezcla nominal de concrecto que conten-
ga-336 kg de cemento. 170 kg de agua, 1.850 kg de agregado,/ m*. un
cambio de 2°C en la temperatura t?el agua provocard un cambio de
0.5°C en la temperatura del concreto. Por lo tanto. es aconsejable esfor-
zarse por obtener agua fria y por mantenerla asi mediante el aislamiento
de tubos y tanques. Los tanques y camiones utilizados para :almacenar
o transportar agua deben ser térmicos y/ o estar pintados de blanco. Se
puede lograr una reducciébn en la temperatura del agua por medio de
refrigeracién mecanica, o mezclandola con hielo.
23.6 El uso de hielo como parte del agua de mezclado resulta alta-
mente efectivo para reducir la. temperatura del concreto. ya que sdlo con

' K '
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Fig. 2.3.5. Efecto del sgua de mezclado enfriada sobrs b
_temperatura del concreto. Las tamperaturas son las norme-
tes del agua de mezciado. Estos valores se pusden aplicar
. a mezcias promedio hechas con agregados naturates tipicos.
La cantidad de agua enfriada no puade exceder de loa
requerimientos del agua de mezclado, 1a cual dependerd
del contenido de humedad del agregado y de las propor- ™
ciones de 12 rezcla. De la Referencia 20, >
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derretirse ahsorbe calor a razan de 80 cal . Por lo tanto, para sec miis

clectivo, el hielo maolido. trituradoe, astillado o raspado debe ser colocadn
directamente en la mezcladora para formar parte o constituir el volumen
total del agua de mezclado. En la mezcla de concreto gue se considero
en la Seccion 2.3.5. la introduccién de una cantidad de hielo equivalente
al 50% del agua de mezclado, por peso, provocana una disminucién de la
temperatura del concreto de 11VC solamente con derretiese. y el agua
resultante a 0°C tendria un efecto enfriador adicional de 4°C. La figu-
ta 2.3.6 ilustra posibles reducciones en la temperatura del concreto me-
diante la sustitucién del agua de mezclado a las temperaturas que se
muestran, por diversas cantidades de hielo a 0°C. El mezclado debe con-
tinuar hasta que el hielo esté completamente derretido. El hielo triturado
debe almacenarse a una temperatura tal que evite la forinacién de gru-

mos mediante la recongelacion de las particulas. Donde se requieren las’

- cantidades maximas de hielo y/o0 de aqua de mezclado enfriada, debe po-
nerse especial cuidado en el drenado -de los ‘agregados. con objeto, de
minimizar la humedad libre.
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Reduccion en la temperatura del concretao, o¢

Fig. 2.3.8. Efecto del hielo en el agua de mezclado sobre
ta temperatura del concreto, Las temperaturas son las
normales del agua de mezclado. Estos valares se pueden
aplicar a mezclas promedio hechas con agregados naturales
tipicos, La cantidad de hiclo afadida no puede exceder
los requerimientos del agua de mesclada, la cual depen-
dera del contenido dc¢ humedad del agregado y de fas
proporciones de 1a mezcla. De fa Referencia 20.
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2.4 Efecto del cemento

241 LEl punto wmas importante a considerar. acerca del cemento
como ingrediente del concreto en clima caluroso, es el efecto directo quo
la' temperatura ticne en la rapidez con la que éste se hidrata. Las altas
temperaturas del concreto aumentan la rapidez de hidratacion y la rapi-
dez del endurecimiento y. por lo general. tienen como resultado un incre-
mento en el requerimiento de agua; contribuyendo, de este modo. & una
reduccién de la resistencia y a la contraccion plastica. La Fig. 2.4.1 ilux-

“tra el efecto de la temperatura en el tiempo de fraguado de las mezclas
. de concreto, determinadas conforme a los procedimientos de la norma

ASTM C 403 "Mérodo estandar de prueba para determinar el tiempo
de fraguado de mezclas de concreto por medio de la resistencia a la pe-
netracién’. Aunque son limitados los datos en los cuales se basa la ilus-
tracion, si indica un efecto decidido de la temperatura en el tiempo de
fraguado. cuando las temperaturas de colocacién del concreto estan en
¢l intervalo entre 10°C y 38°C. Asimismo, indica que la magnitud del
efecto varia segin la composicién del cemento, cuando se utiliza .un

aditivo retardador de fraguado.

.1 38°%¢C J 24°C | L% ||
2804 - 4TI e—_-;—-_i-,A . N N B .
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Fig. 2.4.1. La tnmperatuu y la marca dei cemento ewmen mﬂuoncu sobre la
caracteristicas de endurecimiento de los morteros de concreto. De la Rofarencis 10.
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24.2 FEl cemento caliente cs el resultado del calor generado meca-
nicamente durante la molienda. La pérdida de calor durante el periodo
de almacenamiento es lenta. por lo que el cemento pucde entregarse a
temperaturas relativamente altas. Aunque sélo del 1070l 157 det peso
de una mezcla de concreto esta constituido por cemento, su temperatura
puede ser desde 0°C y Hegar hasta los 35°C sobre la temperatura de-
seada para el concreto. Por lo tanto, resulta prudente establecer un
limite maximo dec 77°C para la temperatura deél cemento al iniciar el
mezclado. Si en el cemento existe una tendencia al fraguado falso. es
factible que se acentie la pérdida de revenimiento. en especial, en climas
calurosos. '

2.5 PBfecto de los aditivos S

25.1 Se ha encontrado que los aditivos que cumplen con las especi-

ficaciones de la norma ASTM C 494-71 “Especificacion estandar para
aditivos quimicos para concreto” del Tipo B. retardadores. y del Tipo D.
reductores de agua y retardadores. son beneficiosos para compensar al-
gunas de las caracteristicas indcscables del concreto colocado durante
periodos con altas temperaturas ambientales. Estox aditives afectim las
siguicntes propicdides de diche concretag

252 Los retardadores que se apegan a la norma ASTM C -#H del
" upo B y del Tipo D. retrasan el ticmpo de [raguado del concreto. sequn
las medidas obtenidas en la prucha de penctracion de o norma ASTN
C 403 'Metodo estandar de prucha para determinar el fraguado de méz-
clas de concreto por medio de la resistencia a la penvtracion™. pero o
retardan la pérdida de revenimicnto. Los aditivos def Tipo B y del Ti-

po D pueden utilizarse en proporciones variables, de mancra que, con-

. forme aumenta la temperatura, s¢ pucden usar dosis mas altas de dichos
' ,zndiii\'os para lograr un tiempo de fraguado uniforme. .

. 25.3 Contorme aumenta la temperatura del concreto aumentaran fox
requerimicntos de agua pasa lograr la misma consstencia de éste duran-
te la colucacion. Los retardadores y.reductores de agua disminuirin los
requerimientos de ésta y, por lo tanto. en gran medida, reduciran este
~lecto de las altas temperaturas en ¢l concretao.

254 Los aditivos retardadores y reductores de agua pueden incre-
mentar un poco la 1apidez de la perdida de revenimiento. No obstante.
por lo general se encontrard que aun después de que el revenimicnto
snicial ha aumentado lo suficiente para compensar cualquier aumento en

“la pérdida de éste. ocasionada por los aditivos, siguen sicndo importantes
Ia reduccon del agua sobrante v los demas bencficios.

255 Los aditivos del tipo de acido carboxilico hidroxilado y diver-

- ~a3 variedades de otros (ihns que Henan tos requisitos del Tipo 1N. co-
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rrespondientes a la norma ASTM C 494, aumentan el sangrado inicial
del concreto sin aire incluido. Se ha visto que el sangrado inicial indu-
cido; tal como el producido por estos tipos de aditivos. ha servido de ayu-
da para evitar gque sc scque la superficic superior del concreto colocado
a alta temperatura ambicnte y baja humedad. Sin embargo. si lus condi-
ciones de resequedad son tales que llegan a aparecer costras en la super-
fizie, el subsecuente sangrado puede ocasionar descascaramiento. En cs-
tas condiciones debe utilizarse el rociado para prevenir dichas costras.

25.6 Los aditivos que cumpien con los requisitos de la norma
ASTM C 494-7] "Especificacién estandar para aditivos quimicos para
concreto . por Jo general aumentaran la resistencia a la compresién y a
la flexién del concreto. Con los ajustes apropiados en la mezcla, aquéllos
se pueden utilizar para compensar la pérdida de resistencia provocada
por la alta temperatura del concreto. '

2.5.7 Aungque las pruebas cualitativas, tales como las de la ASTM,
proporcionan un valioso procedimiento de cvaluacion para la seleccion
de aditivos. cualquier uso sustancial de éstos en la continua produccion de
concreto debe estar precedido de pruebas que permitan la obscrvacion
y la medicién de! comportamiento del producto, bajo las condiciones de
operacién de la planta de concreto, ¢en combinacién con los.materiales
paca la fabricacién de concreto gque on ese momenta se estén utilizando.
Por lo general, 1a uniformidad de los resultados es tan impertante, o mas
atin, que el resultado promedio en lo relacionado con cada una de las
propiedades significativas del aditivo o del concreto.

. 258 La evaluacion del uso de un aditivo determinado o combina-
cién de aditivos debe tener como base los resultados obtenidos con el

“concreto especifico en cuestion y en las condiciones previstas en la obra.

ya que los resultados obtenidos, en gran medida. estan influenciados por
las caracteristicas del cemento y del agregado. y sus proporciones respec-
tivas, al igual que por las practicas de construccién y las condiciones
ambientales. El operador de Ja planta, el contratista v el disciador del
proyecto de construccién estan interesados en otros angulos. ajenos a las
propiedades del concreto, que se miden por medio de prucbas estandar.¢
De primordial importancia pueden ser la trabajabilidad, el bombco. la
colocacion del concreto y las caracteristicas del acabado, el desarrollo
temprano de la resistencia, Ia facilidad de volver a utilizar las cimbras
y los moldes, la apariencia de las superficies descimbradas y demas. Son
estos los puntos que pueden dictar la seleccién de un aditivo y la dosifi-
cacién del mismo, ain mas que las propiedades cubiertas por las espe-

cificaciones de costumbre.

Q
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CAPITULO 3
produccio’n
y entrega

‘3.1 Aspectos generales

Si los controles de proporcionamiento y de mezclado o los programas
de entrega son tales, que el concreto llega al.lugar de la colocacién en
malas condiciones, entonces no es posible adoptar las practicas de colo-
cacién y de curado deseadas que se sugieren en e! Capitulc 4. El control
de la temperatura de! concreto a través de la temperatura de los ingre-
dientes, sélo se puede ejercer en el momento del mezclado, Utilizando las
siguientes relaciones, se puede demostrar que para un concreto de pro-
porciones convencionales, una reduccién de 0.5°C en la temperatura de
éste requiere una reduccién de alrededor de 4°C en la temperatura del
cemento, o de 2°C en la del agua, o de alrededor de 1°C en la del agre-
cado. Puesto que la parte principal del concreto se compone de agrega-
uo. una reduccion en la temperatura de éste provocard la mayor reduc-
cién en la temperatura del concreto (Fig. 3.1), por lo tanto deben
emplearse todos los medios al alcance con el fin de mantener el agregado
tan frio como sea posible. Esto se puede llevar a cabo, por ejemplo, man-
teniendo todos los componentes a la sombra. La evaporacién y el enfria-
miento directo que se obtienen por medio del rociado a mano o con apa-
ratos de los cimulos de agregado grueso. es un recurso efectivo para
reducir las temperaturas del agregado. Este rociado no se puede efec-
tuar de manera fortuita, ya que esto puede conducir a una excesiva va-
riacién en la humedad de la superficie y, por lo tanto, perjudicar la

33 ;
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Fig. 3.1. influencls de la temperstura de los ingredientss del concreto en Ia
temperatura del mismo, Ciélculo obunido.de las ecusciones de la Seccibn 3.1,

uvniformidad del revenimiente. No obstante, los beneficios son muchos

v compensan uni cuidadosa atencion. Las ecuaciones para el cailculo de
lus temperaturas del concreto recién mezclado son las siguientes:

Sin hiclo [Unidades del mks y del Sistema Internacional (S1))

022 (Ta Wa + Te We) | Tw Ww + Twa Wwa
- 0.22 (Wa + We) 4 W 1 Wuwa

‘

PRODUCCION ¥ ENTREGA - .735
Con hiclo [Unidades del mks y del Sistema Internacional {S!}]

0.22 (Ta Wa + Te¢ W)
0.22 (Wa & We) + W v Wi + Wua

(Ww — Wi Tw + Wia Ta — 79.6Wi
022 (W o ey o Ww + Wi+ Wwa

donde:
T = Temperatura del concreto recién mezcla-
do. grados C.

Ta. Ter Tw = Temperatura del agregado. del cemento
: y del agua de mezclado, respectivamente,

. grados C. :
Wa, We. W, Wwa, Wi = Peso del agregado, del cemento, de! agua
de mezclado, del agua libre en el agrega-
do y del hiclo, respectivamente, en ‘kg.

32 Agua

El enfriado del agua de mezclado y/o el uso de hielo es imﬁortante

“con motivo de las relaciones que se dan en el Capitulo 2. La temperatura
-del agua se baja con facilidad. y aunque el agua se utiliza en cantidades

mas pequefias que el resto de los ingredientes, e! uso de agua de mez-
clado [ria tendrd como resultado una moderada reduccidn en la tempe-
ratura de colocacién del concreto. El uso de hielo. aunque para esto sea

_necesario contar con equipo para fabricarlo o para triturarlo, ademas de

una muy exacta dosificacién. resulta mucho més clectivo que el del agua
fria. '

3.3 Dosificacién y mezclado

La dosificacién, el mezclado y la transportacion de! concreto se des-
cribe en los Capitulos 4 y 5 de la Norma AC! 304-73.* . ‘

3.3.1 Los procedimientos de dosificacién tienen efectos importantes
en la facilidad de producir concreto uniforme perfectamente mezclado,
tanto en mezcladoras estacionarias, como en camiones mezcladoras. Por
lo general se acrecienta la uniformidad en el mezclado cargando simul-
tdneamente. mediante una banda transportadora, el agregado. ¢l cemento
y ¢l agua. No obstante, cuando Ia planta mezcladora esta localizada a

* "Practica recomendable parn Lo medicion. mezclado. trapsporte y colocacion de}
concreto”. lastituto Mexicano del Cemento y del Cancre- 2 C. Bddcipy === |

n



ih . : _ CLIALA 4 AL LN

cierta distancin de la obri y Lo temperiuca ambiente, la longitud de aca-
rive y otros factores, son de aaturalezi tal que provocan dificultades con
la pérdida de revenimiento, el alto requerimicnto de agua o el endureci-
miento rapido. deben tomarse en consideracion los procedimicntos me-
diante los cales.se permita el mexclado después de haber llegado al lugar
de la obra y asi evitar. o minimizar; el contacto entre el cemento y ¢l

agregado humedo antes del mezclado. En obras sumamente grandes. el

volumen del concreto puede ser el suficiente como para justificar la ins-
talacién de una planta completa en. el lugar de la obra.

3.3.1.1 En obras de mediana exténsién puede ser factible colocar
instalaciones para la dosificacién del concreto en el lugar mismo de la

obra, o cerca de él. En este caso, los agregados y no mas de alrededor-

del 80% del agua de mezclado pueden incorporarse, en algunas instala-
ciones a distancia regular, afiadiendo el cemento.y el resto del agua en
el lugar de la obra.

3.31.2 En una obra pequeiia dondc no son facubles ni una planta

completa ni una dosificacién de cemento, se pueden emplear procedi-

mientos especiales de dosificacién para minimizar el contacto significa-
tivo entre el cemento y el agua o el agregado himedo. Cuando el cemento
y los agregados se cargan por medio de una banda, practicamente todo

" el cemento se humedece y son pocas las ventajas de retrasar el mezclado

hasta llegar al lugar de la obra. Si el cemento es el dltima ingrediente
en adadirse, pero Ja olla de la mezcladora se. estd moviendo a una velo-
cidad normal de 10 a 18 rpm, los resultados seran similares a los alcan-
zados en la dosificacion por medio de una banda. Si durante el periodo
de carga, la velocidad de la mezcladora se reduce hasta llegar a ser de
4 a 6 rpm, gran parte del cemento se humedece y 10s resultados son lige-
ramente mejores que los del caso anterior. No obstante, serd muy poco

- ¢] cemento humedecido. por contacto con el agregado humedo si se de-

Y pués de Ja carga, sera de menos del 5 0 107,

ticne por completo el movimiento de la mezcladora, en tanto se afiade el
cemento y no se echa a andar sino hasta que se efectia el mezclado en
el lugar de la obra. Este procedimiento permitia retrasos de 16 hrs o mas
en ¢l mezclado, en los dias en que eran comunes las mezcladoras de eje
horizontal cargadas a través de una.escotilla. Los modernos camiones
mezcladotas de eje inclinado sélo en raras ocasiones estan provistos de
escotillas semejantes, pero cuando lo estan, es posible extender sustan-
cialmente el tiempo de entrega si se utiliza este procedimiento. Sin em-
bargo, aun con algunas limitaciones, es posible cargar el cemento como
ultimo ingrediente en una olla sin movimiento. Si se utiliza este método,
ls pérdida de resistencia por retrnsos de hasta 3 hrs cn el mezclado des-
Para evitar la pérdida de
una cantidad excesiva de cemento scco, serd necesario reducir el tamafo

de la cargu entre un 10 y un 20%. El uso de¢ este procedimiento aumen-

a

PHODUCCION Y- ENTREGA . L ' 37

ta de manera importante el tiempo requerido pata cargar un camion ¥
reduce. con mucho. la capacidad de la planta.

3.3.2 La cantidad de mezclado y de agitacién deben mantenerse al
nivel mas bajo posible. El nimero de revoluciones para laivelocidad de
mezclado debe mantenerse, por lo general. a 70, 100, o cuando mas a .

125 rpm. Con el concreto mezclado en la planta. o en el camién mezcla-

dora en la planta, debe tomarse en' consideracién Ja conveniencia de

transportar el concreto con'la olla sin moviniento en el transcurso del
recorrido. Esto requeria un pequefio remezclado en la obra antes de des-
cargar. En terreno acc;dentado puede ser necesano agitar el concrelo
con alto reverimiento para evitar derrames.

333 Para minimizar el calor producido por los rayos del sol. re-
sulta itil pintar de blanco las superficies de la mezcladora. Tomando co-
mo base una hora de tiempo de entrega en los meses de vetano, el con-
creto en una olla blanca y limpia debe estar 1.4°C mas fresco que en uga
olla roja y 0.3°C mas fresco que en una de color crema. Si una olla vacia
permanece al sol durante un periodo de tiempo mas o menos extenso antes
de la dosificacién de! concreto, el calor almacenado en la olla metafica
producirs temperaturas de 0.3 a 0.5°C menores en una olla blanca que

las que sc producirian en una roja o amarilla. Sc ha sugerido rociar la

olla con agua antes de la dosificacién o durante el transporte como me-
dida para reducir Ja temperatura del concreto, pero sdlo se obtendran
beneficios marginales con este procedimicnto.

creto se puede enfriar mediante un rociado centinuo de la olla con agua
para obtener un enfriado por evaporacién. No sc sabe que existan ver-
daderos datos de campo o este respecto, pero sequn calculas basados
en la Fig. 2.1.5, se deduce que los clectos del enfriado serian muy pocos.
En condiciones ambientales que produjeran una velocidad de evapora-
cién de 4 kg/m*/h, la velocidad de enfriado seria de alrededor de 2°C
por hora, El enfriado obtenido a una velocidad de evaporacién menor
seria también proporcionalmente menor.

3.4 Entrega

La hidratacién del cemento. la elevacidn de la temperatura. la pérdida
de revenimiento, el desgaste del agregado y la pérdida de aire aumentan
con ¢l paso del tiempo; por lo tanto, debe mantenerse a un minimo abso-
luto el lapso de tiempo entre el mezclado y la entrega. Esto presenta al-
qunos problemas especiales en las operaciones de concreto premezclado.
Debe prestarse especial atencién a la coordinacian de la salida de los
camiones con la rapidez de colocacion, a fin de cvitar restrasos en la

entrega. Cuando ¢l periodo transcurrido entre la dosificacién y la colo-
: |

1
! -

2.3.4 En zonas de baja humedad relativa se ha sugerido que e} con-’
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cacién es tan largo como para tener por resultado incrementos importan-
tes en los requerimientos de agua de mezclado. o en la pérdida de reve-
nimiento, debe retrasarse el mezclado en los camiones hasta que sélo
quede ¢l tiempo suficiente para terminar este.proceso antes de la coloca-
‘cién del concreto. o : -

3.5 Retemplado N N

Tanto la investigacién en laboratorio como la experiencia en el cam-
po sugieren que la reduccién en la resistencia, al igual que otros efectos
perjudiciales del clima caluroso, sean directamente proporcionales a la
cantidad de agua de retemplado ‘afiadida. No debe permitirse la adicion
de agua al llegar a la obra, con excepcién de aquella requerida inicial-
mente para ajustarse al revenimiento especificado. siempre que dicha
adicién no exceda los limites de la méaxima relacién agua/cemento espe-
cificada. Debe prohibirse cualquier adicién de agua posterior.

3.6 Control o
ce, P __.,-I_I-:.-'. ]
 Para minimizar los efectos adversos que se describen en la Seccién
2.2 se utilizan varios métodos de control para el mezclado y la entrega
en clima caluroso. Las huenas practicas acostumbradas en la colocacidn
del concreto para minimizar los tiempos de mezclado y de entrega. y el
} contenido de agua, requieren de mayor diligencia v coordmacnon durante
‘ el clima caluroso. :

—

CAPITULO 4
colocacion
y curado

7
1

4.1 Aspectos generales

4.1.1 En muchos aspectos, los reguisitos para obtener buenos resul-
tados durante la colocacién y curado del concreto en climas calurosos no
suelen ser distintos de los nccesarios en otras estaciones. Existen las mis-
mas necesidades: a) que ¢l concreto se maneje y transporte con un mi-
nimo de segregacién y dc pérdida de revenimiento; b) que el concretn
se caoloque en el ligar donde va a permanecer; c) que el concreto sc
cucle en capas lo suficientemente delgadas a fin de asegurar el vibrado
hasta la parte profunda de la capa inmediatamente inferior; d) que las
juntas se fabriquen en concreto sélido y limpio; ¢) que las operaciones
de acabado y su ritmo se guien Gnicamente por el grado de terminacién
del concreto respecto a ellas y nada mas; ) que el curado se conduzca
de manera tal que en ningin momento durante el pericdo descrito, ca-
rezca el concreto de la humedad y control de temperatura necesarios, de
manera que la hidratacién continiie desarrollando la totalidad del poten-
cial de resistencia y durabilidad del concreto. :

4.1.2 En otras normas y referencias del ACl se encuentran disponi-
bles los detalles de los procedimientos requeridos en todas las estaciones
y otros requisitos estandar. El presente capitulo tiene como prnpbs:to
destacar los factores peculiares del clima caluroso que pueden afectar a
estas operaciones y al concreto resultante, y recomendar aquellas que,
deb~~ ~*ser - - co: " ito 't ~eve ha :sal rinT a.

™~ -
10 . n
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4.2 Preparativos para la colocacion y el curado

- 4.2.1 Los preparstivos para la colocacion y ¢l curado en clima ca-
luroso incluyen el reconocimiviito, al iniciar el trabajo, de que se presen-
taran ciertas condiciones anormales, las cuales requeriran de algunos de-
talles de preparacién que no se pueden proporcionar eficazmente cn el
preciso momento anterior a la colocacion del concreto. Si se espera gue
las temperaturas del concreto en el momente de la colocacion de éste sean

anormalmente altas, deben llevarse a cabo preparativos para que el trans- -

porte, la colocacion, la compactacién y el acabado de dicho concreto se
efectien con la mayor rapidez posible. o : .
4.2.1.1 Esto significa. en primer lugar, que la_entrega del concreto
en la obra debe estar programada de manera que se coloque inmediatii-
mente al llegar, en particular, la primera carga. Muchas operaciones de
colocacién de concreto tienen un mal principio porque la entrega de éste

se hizo cuando aun no estaba lista para recibirlo la zona de trabajo.’

y el control del revenimiento se perdié en este momento tan critico.
42.1.2 El equipo para la colocacién del concreto debe contar con
" la capacidad adecuada para cumplir con sus funciones de manera eli-
ciente, con el fin de no provocar retrasos en ctapas distantes del trabajo.
Debe haber el suficiente equipo de vibracién y la mano de obra necesaria
para la compactacién inmediata del concreto después de su colocacion
y para mantener el ritmo de ¢sta en areas dificiles. Todo el equipo debe

estar en condiciones 6ptimas de operaciéon. Las descomposturas, o los’

retrasos que deticnen o hacen mas lenta la colocacién, pueden afectar
seriamente la calidad del trabajo. Las juntas frias pueden quedar en evi-
dencia cuando se retire la cimbra: una falla en lu vibracion puede causar
‘una cbvia falta de compactacién. o

4.2.1.3 Debido a la mayor rapidez de pérdida dc revenimiento en
clima caluroso, el esfuerzo en el equipo de vibracion serd mayor. De
acuerdo con esto deben tenerse varios vibradoces de repuesto.. por lo
menos uno por cada tres vibradores en uso. Una operacion de colocacion
de concreto se va a ver en dificultades, en especial en clima caluroso.
si e} equipo de vibracion falla y el equipo de repucsto no es ¢l adecuado.
De ser posible, deben efectuarse arreglos previos con el fin de poder
contar con otra gria, o bomba adicional, a la mavor brévedad en caso de
una descompostura del equipo. , _

422 Cuando se van a construir losas planas o nivel del terreno,
sobre wna base, una planeacion previa puede permitie la programacion

de las losas una vez que se hayan levantado los mmuras, o que se haya |

colocado el recho, y de esta manera proporcionar una proteccion comtra
w ¢l vienlo, 0 una sumbra. o ambuos. Si prevalece un vienta seco. podria
Vivaler Ly pena plancar una proteccion temporal contra el viento, En cual-
guier viso, L obea debe cantar con ana amphia provison de agua, man -
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gueras y boquillas pulverizadoras. La sub-base debe estar himeda pero

Fa

sin agua estancada, ni puntos suaves en el momento de la colocacidn del -

concreto. La pulverizacién se puede utilizar con el fin dé refrescar y
humedecer el aire circundante y, de este modo, evitar una excesiva cva-

verizadoras que se empleen deben producir una capa de rocio semejante

al que deja la neblina y no debe confundirseles con boquillas de man-

guera de jardin, las cuales producen un rocio excesivamente grueso,
4.2.3 Los preparativos para la colocacién del concreto incluyen la

localizacién apropiada y la preparacién de las juntas de construccién. .

“poraciéon de los elementos planos durante el acabado. Las boquillas pul-

Debido a que son mas rapidos el fraguado y e) endurecimiento del con-

creto, el ritmo de limpieza por medio de varios métodos, como son el
labrado en estado fresco, o la aplicacién de retardantes en la superficie.
se vuelve mas critico en clima caluroso. Deben hacerse preparativos con
el fin de proporcionar una rapida y adecuada atencién a estos renglones.
en el momento indicado, : ~

4.24 Los planes para el trabajo deben incluir preparativos para li-
mitar la temperatura del concreto en el momento de su colocacién, de
acuerdo con una meticulosa consideracién de su potencial y sus efectos,
tal como se explicé en las Secciones 1.3, 2.2.1 y 2.2.2, ya que éstas se
aplican al carécter privativo de las condiciones prevalecientes en la obra.
Conforme se alcanza y se sobrepasa la temperatura limite seleccionada,
que es. por lo general, aunque no siempre, entre 24 y 38°C, es toda-
via més factible que se presenten los efectos poco favorables de Ia alta
temperatura. ‘ !

42.4.1 Sin importar cual limite de temperatura haya'sido consi-

derado. el adecuado, siempre resultara mas facil mantenerlo si las mez-

cladoras, las bandas, la tuberia de bombeo y las canaletas se mantienen
a la sombra. Donde esto no sea posible, este equipo absorbers conside-
rablemente menos calor si se pinta y se mantiene pintado de blanco. Las
tuberias de bombeo se pueden conservar mucho mas frescas si se las cu-
bre con tela de yute mojada, que se mantendra asi por medio de una
manguera constantemente abierta. Cuando la temperatura duranie el
dia y las condiciones de resequedad sean criticas, programar el inicio

de la colocacion del concreto’en las dltimas horas de la tarde mejorard’

notablemente las condiciones para dicha colocacién. Se ha encontrado
que para losas masivas y pavimentos, este procedimiento ha tllcnido como
resultado una contraccién térmica y un agrictamiento considerablemente
menores. El concreto que se coloca en las primeras horas de la mafana
puede alcanzar una muy alta temperatura que resulta definitivamente
indeseable, en particular al mediodia. que es cuando se presentan ia ma-

~ xima irradiacién de sol y calor de hidratacién. Al enfriarse, este concreto

sc podria ver expuesto a un severo esfuerzo térmico. |
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- 4,25 Finalmente, vemos que los preparativos para la colocacion de
concreto en clima caluroso incluyen medidas especiales necesarias para
el curado y la proteccidn apropiada de éste. puesto que ¢l clima caliroso

provoca un rapido secado. Si se desea cvitar el agrictamiento y el dafio’

grave ocasionado por el secado. se debe contar con instalaciones listas
para proteger. con rapidez, todas las superficies expuestas. Debe darsele
peeferencia al curado humedo en la mayoria de las obras de concreto.
pero se acepta que una pronta aplicacién del compuesto de curado con

pigmento blanco (ASTM C 309, “Standard Specifications for Liquid.

Membrane-Forming Compounds for Curing Concrete™) del Tipo 2, re-
sulta mas practico para el curado de grandes areas de losas planas a
nivel del terreno sobre sub-base, como son la pavimentacién de carre-

teras y el recubrimiento de canales. En la Norma del Comité-ACI 308

sohre curados.” se describen otras al'terna_ti'vé's para el curado. El curado
con agua debe ser continuo y esta continuidad se asegura, con mas faci-.
lidad. si se toman medidas a fin de cubrir todas las superficies expucstas.
verticales, horizontales o de cualquier otra forma, con material saturado
{yute, mantas de algoddn, alfombras viejas, etc.) que se mantiene mojado
por medio de una manguera constantemente abierta. Este material debe
mantenerse en contacto directo con la superficie de concreto en todo mo-
mento. Los ciclos alternos de mojado y secado propician el desarrollo de
un patrén de agrietamicnto y deben cvitarse. El agua de curado no debe
ser mas fria que el concreto a causa de los esfuerzos por cambios de tem-
peratura. que podrian presentarse con el consiguiente agrietamiento.

4.3 Colocacion y acabado

4.3.1 La prontitud en la colocacion del concreto y su acabado redu-

"cen considerablemente las dificultades del clima caluroso.. Los retrasos
.aumentan la pérdida de revenimiento, ¢ invitan a la adiciéon de agua con

¢! fin de contrarrestarla, Todas y cada una de las operaciones de aca-
-bado del concrero deben efectuarse con prantitud, crando el concreto esta
listo para ello. ks necesario asegurarse de que ¢l concreto no se coloque
en las cimbras en un ticmpo menor quc ¢l que toma a los hombres y equi-
po. compactarlo. o bien que los trabajadores le den cl acabado apropiado
a mano. Si et ritmo de volocacion. no esti en coordinacion con los teaba-
jadores y con ¢l equipo disponible, la obra rapidamente se verd mareada
por juntas frias, una vompact tacion deficiente v acabados irregulares de
la superficic.

4.3.2 Sin tomac ¢n consideracron ¢l espesor de las capas de con-
creto, cuando éste se coloca bajo temperaturas normales. cada capa tal

¢ Comitd ACE 308 "Prictica revomendalde pares e corado dcl concretey’”. Lastituta
ane T 7 Tleme del 7 AU O 477,

Ty oo L}
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vez necesite ser mas delgada en clima caluroso, para asegurarse de qgue
cubra la capa anterior, mientras ésta todavia se encuentra cn condiciones
de responder a la vibracion, El intervalo entre los colados monoliticos de
muros y losas de cubierta (con ¢l fin de permitir que el muro de concreto
desarrolle su contraccion por asentamicnto) se vuelve muy corto en cli-
ma caluroso, en especial cuando ¢l concreto estd tibio.

4.3.3 Al colar vigas y losas en clima caluroso es necesario mantener
la operacion reducida a una-area pequeiia y proceder con un [rente que
tenga una minima cantidad de superficie expuesta a la cual deba afa-
dirse-el concreto. Por lo gencral, debe utilizarse-una boquilla pulveriza-
dora a [in de refrescar el aire. de enfriar las cimbras y el acero de re-
fuerzo inmediatos, y de aminorar la evaporacidon rapida de la superficie
del concreto, antes y después de cada operacién de acabado. Debe evi-

tarse un rociado excesivo (aquel que puede lavar la superlficie del con-

creto u ocasionar encharcamiento en la superficie durante el pulido).

4.3.3.1  Si no se utiliza ¢l rociado entre las operaciones de acabado
cn clima caluroso, en particular si hace mucho viento y es cscasa la hu-
medad, se puede provocar que la evaporacion del agua de la superficie
sea mas rapida que la que surge naturalmente hacia ella. Esto creara
una tension creciente en la superficie que a menudo produce el agrieta-
micnto icregular por contraccion plastica. Se recomienda el uso cuidadoso
del rocio del tipo de neblina antes mcnciopado, extender y remover ¢l
recurbimiente de polictileno entre las operaciones de acabado, o la apli-
cacion de peliculas monomoleculares ** después de descimbrar. En oca-
siones, en alyunos colados relativamente masivos, la revibracién previa -
al pulido evitari la aparicién de grictas por contracciéon plastica. Cuando
dicho agrictiamiento se presenta antes del fraguado final, es posible ce-
rrac las grictas golpeando la superficie a cada lado de la grieta con una
Hana. No se obtiene ningan resultodo duradero con sélo poner lechada
sobre cllas y someterlas a un proceso de pulido.

4.34 L resumen, a fin de asegurar buenos resultados en l:l colo-
cacion del concreto en clima caluroso, [a temperatura inicial de dicha
colucacion debe estar limitada” & un punto, de preferencia eatre los 24
y los 38°C. tal como se indica en las Secciones 2.2.2 y 4.2.4. Debe hacer-
s¢ todo el exfucrzo posible para mantener uniforme b temperatura del
congreto, Deben tomarse todas las medidas necesarias para colocar ¢l
concreto inmédiatamente despucs de s llegada a by obra y de vibrarse
al terminar su colocacion. Las losas o nivel del terreno deben protegerse
de un sceado excesivo durante las operaciones de acabado y cadi una de
¢stas debe realizarse, sin demora, en el momento on que of concreto et
listo para ello. En condiciones extremas de alta temperatura ambicntal,
exposicion directa a los rayos del sol, baja humedad relativa y vientoy

N 4. - ‘i_l..:.l.. a ‘lu .-...“_M
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plejo de la estructura por su tumano o forma—. aun el cuidadoso y com-

pleto spego a las practicas mencionadas puede no producir el grade de

calidad deseado para el trabajo. En esas circunstancias, se ha encontrado
que vale la pena restringir la colocacién del concreto a las dltimas horas
de la tarde o al anochecer.

44 Curado y proteccién

4.4.1 En la Seccién 4.2 se ha cubierto casi por completo ‘el renglén
relativo al curado y la proteccion. Debe hacerse hincapié en el hecho de
que. en clima caluroso, existe una gran necesidad de tener un curado con-
tinuo, de prelerencia por medio de agua. La necesidad se acrecienta du-
rante las primeras horas, casi se puede decir que durante todo el primer
dia. a partir de la colocacién del concreto. Todas las superficies deben
protegerse del secado, aun de! intermitente, ya que todo esto contribuye
al desarrollo del agrietamiento.

442 Cuando se trate de estructuras contenedoras de agua -debe
considerarse que las cimbras de maderas absorbentes que permanecen
en su sitio, no son los medios adecuados para curar en clima caluroso
y seco. Las cimbras deben cubrirse y mantenerse humedas. Deben aflo-
jarse tan pronto como esto pueda hacerse sin dafiar ¢l concreto y es ne-
cesario tomar medidas para que el agua de curado corra por dentro de
ellas. Durante ¢l descimbrado. deben tomarse precauciones para propor-
cionar cubiertas humedas a2 las superficies recién expuestas con el fin de
evitar su exposicién directa a los rayos del sol y al viento. Los agujeros
para sujetadores de cono se pueden rellenar y cualquicr. reparacién que
pudiera ser necesaria se puede 2fectuar descubriendo pequedias porciones

. . . P ]
a cada vez. conforme vaya siendo necesario para continuar este trabajo.

Dichas reparaciones deben quedar terminadas en el curso de los prime-
ros dias después del descimbrado. de manera que fas reparaciones y cl
relieno de los agujeros de los conos se puedan curar al mismo tiempo
que el concreto que los rodea. Al finalizar el periodo de curado prescrito
{e} minimo es de 7 dias: 10 dias es preferible). la-cubicrta debe perma-
necer en su lugar sin volverse a mojar durante varios dias (se sugicren
1 dinx). de manera que la superlicie del conereto se seque lentamente
y sca wmenos propensa al agrietamiento por contraccion. Los cfectos del
secado s¢ minbmizan atn mas si se aislan estructuras tales como suncles
v tuberins, de las corrientes de aire y la libre circulacion del aire seco.

443 En rcsumen, proporcionar la temperatura y las condiciones
de humedad apropiadas para el curado del concreto es mucho mas cri-
tico ¢ importante en climas calurosos. que a temperaturas normales. Por
lu tanto. es de primordial importancia que se inicie ¢l curado inmediata-

pymenfe, que s¢ cuente con amplia cobertura y que se continde sin inte-

Proupcon.
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- CAPITULO 5
Pruel')as ¢
. inspeccion :

5.1 Pruecbas

5.1.1 Las pruebas. del muestreo de coocreto fresco deben ilevarse a
cabo y los cilindros prepararse sin retrasos, de manera que resulten tan
representativos como sea posible del concreto utilizado en la estructura.
La alta temperatura, la baja humedad relativa y los vientos 'secos son
dafiinos para todos los concretod y en particular para el pequeﬁ;': volumen
de concreto utilizado para las pruebas y para moldear los cilindros. El
dejar la mucstra expuesta a los rayos del sol, al viento o al 'aire seco.
puede alfcctar seriamente ios resultados de las pruebas.

5.1.2 En ocasiones resulta deseable efectuar pruebas tales como la
del revenimiento y la del contenido de aire con mayor frecuencia que las
realizadas en condiciones normales; también pueden indicarse pruebas
adicionales. Alyunos ejemplos de tales pruebas adicionales son: tempe-
raturas de los materiales y del concréto, tiempo de fraguado inicial y
final, pérdida de revenimiento, y temperatura y humedad relativa en Ia*
cimbras. S . i

5.1.3° Debe prestarse especial atencién a la proteccién y al curado
de cilindfos moldeados para las pruebas de resistencia.- Debido a lo re-
ducido de su tamafo, en relacién con la mayoria de las partes de la es-
tructura. resulta facil que los cilindros de prueba alcancen temperaturas

" mas altas, sufran mas cambios de temperatura, y se sequen completa-

mente y con mayor rapidez que el concreto colado en la obra. con los
15 '
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correspondientes efectos dafiinos aumentados. Por estas razones, en cli-.

mas calurosos se necesita tener especial cuidado de mantener la tempe-
ratura uniforme y l3s condiciones de humedad apropiadas en los cilin-
dros. que se requieren para cumplir con los métodos de prueba de Ia
ASTM, para la prueba de resistencia. Las temperaturas adecuadas se
pueden mantener evitando la exposicién al sol y utilizando los efectos
refrescantes de la evaporacién del agua, ya sca_por medio de tela de
yute himeda o de arena mojada que cubra los cilindros. En clima calu-
roso el simple acto de cubrir la parte superior del cilindro de prueba
moldeado con una tapa, o una placa de metal, no resulta suficiente para
evitar la pérdida de humedad y para conservar las temperaturas estan-

dar. De hecho, es importante mantener agua libre en la superficie de

los cilindros. Debe utilizarse arena mojada y tela de yute himeda {que
se mantienen humedas) y rocio del tipo de la neblina, a fin de asegurarse
de que los cilindros retengan el aguay evitar asi alzas excesivas de tem-
peratura.

5.14 Los cilindros de prueba utilizados como base para la acepla-
¢ién del concreto al entregarse en una cbra, deben estar protegidos del
secado y de los incrementos de temperatura, y deben transfenrse en con-
diciones de curado himedo continuo estandar al laboratorio a la edad
de un dia. Durante su traslado también deben estar protegidos y es in-
dispensable que se manejen con todo cuidado.

5.1.5 Se pueden bacer cilindros adicionales para curarse en la obra
con objeto de que auxilien en la determinacién de cudndo descimbrar.
.cubndo reticar los puntales y cudndo poner en servicio la estructura. A
menos que los cilindros utilizados para estos propésitos sean curados ¢n
la misma obra y, tanto como sea posible. en condiciones semejantes a
Jas de la estrucutra, dichos cilindros pueden ser engafiosos.

4 }
5.2 Inspeccitn

52.1 La Norma ACI 311 “"Recommended Practice for Concrete Ins-
pection”, cubre los numerosos detalles a los cuales hay que apegarse en
relacién con la edificacién de una buena obra de concreto. Los efectos
particulares del clima caluroso en el comportamicnto del cancreto y las
precauciones que se deben tomar con objeto de minimizar sus efectos
adversos, se han discutido a fondo cn este trabajo. La supervisién apro-
piada del concreto colado en clima caluroso debe enfocarse a asegurar
¢! cumplimento de estos procedimientos v de estas precauciones adicio-
.. nales. La inspeccién competente se anticipara a la necesidad de procedi-

mientos tales como el rociado de las cimbras y de la sub-base:"la nece-
sidad de hielo como parte del agua de mezclado: el suministro de som-
" bras, protectores contra el viento, o rociada del tipo de neblina, y otros

del mismo tipo; y minimizar los retrasos durante la colocacién y el curado

vacnoqes. .

PRUEBAS E INSPECCION o 47

del concreto.

5.2.2 Los supervisores deben verificar la temperatura del aire, las
condiciones ambientales generales (despejado, nublado). la velocidad
del viento y la humedad relativa, a intervalos frecuentes. La pérdida de
revenimiento y el agua afiadida a la hora de llegada. al igual que el tiem-
po de mezclado correspondiente, siempre deben ser regnslrados Los re-
gistros deben incluir la frecuente verificacion de las temperaturas del
concreto. observaciones acerca del comportamiento y la. apariencia del
mismo. a la hota de la entrega y después de haber sido colado en las
cimbras, al igual que la proteccion, el tipo y el tiempo de curado segin
las especificaciones. Todos estos datos deben identificarse con el traba-
jo que se lleva a cabo, de modo que las condiciones que rodean la cons-
truccidén de cualquier parte de la estructura se puedan determinar en
fecha posterior, en caso de que esto fuera necesario. En los registros .
permanentes del proyecto debe incluirse una copia de todas estas ohsecr- °

]
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COLOCACION DEL CONCRETO EN CLIMAS FRIOS *
4 © {ACI 306)

. B | . | SINOpSis

Se comentan los requisitos generales para la produccién de un con-
creto satislactorio. al igual que los métodos para cumplic con dichos
requisitos. Para muchos concretos estructurales se requiere un conside-
rable exceso de proteccién. a fin de asegurarse de que estén libres del
o ‘ . dafio ocasionado’ por el congelamiento a temprana edad y asi, garan-

: : tizar el sequro desarrollo de la resistencia. Se discuten los acelerantes,
el mantenimiento de registros de temperatura. el calentamiento de los
matcriales, la preparacion de las sub-bases, las cubiertas aislantes de
proteccién, los recintos con calefaccion, el curado, el concepto de ‘ma-
durez y el descimbrado. Se menciona el material suplementario. en base
a fuente autorizadas, acerca del efecto de las temperaturas de curado en
la resistencia del concreto. Se incluye una lista de las referencias selec-
cionadas.

' , : Palabras clare: aditives; agentes acelerantes; agentes inclusores de
) aire; agregados:; agua: aislamiento: calentamiento: cimbras (construc-
cién): cloruro de calcio; construccibn con concreto; construccién en
clima frio; concretos; concreto reforzado; curado: descimbrado: durabi-
lidad: durabilidad y e! congelamiento y deshielo; edad; mantjo de los
materiales; resistencia a la compresidn; sub-bases: temperatura.

: * Informe presentade por el A 8
R merican Concrete Institute en e 1978 par i
© sustituir a la norma ACI 306-66. ) h mayo para

; . h N
5 | - | | )
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CAPITULO 1
introduccio |

1.1 ° El objetivo primordial de esta guia es el de describir los proce- _
dimientos de construccién que garantizarn que el concreto colocado en -
clima frio dé como resuitado una estructura lo suficientemente. resistente
y durable para satisfacer los requisitos de servicio. El concreto colocado
bajo condiciones de clima frio desarrollara estas cualidades dnicamente
si ha sido hecho, colocado y protegido de manera adecuada. El grado
necesario de proteccién aumenta, a medida que disminuye la temperatura

ambiente. El clima frio se define como un periodo de tiempo en el cual -

durante mas de 3 dias consecutivos la temperatura diaria cae por debajo
de 5°C. ';

1.2 Los planes para proteger al concreto fresco del congelamiento
y para mantener las temperaturas por encima del minimo disefiado, du-
rante e} tiempo requerido después del colado, deben prepararse de ante-
mano cuando se esperan temperaturas de congelamiento. Todo el equipo
y los materiales necesarios deben estar en la obra antes de que caiga la
primera helada y no después de que ¢! concreto ha sido cookado. y su
temperatura se acerque al punto de congelacién.

1.3 En clima moderadamente frio, como el del otofio, cuando se ha
pronosticado helada fuerte o temperaturas de congelamiento en la obra,
todas las superficies de concreto descubiertas deben estar protegidas de
la congelacién, por lo menos durante las primeras 24 horas a partir de su
colocacién.® Cuando ha pasado el clima frio, debe proporcionarse una . -

* Todas las graficas que indican las fechas promedio de temperaturas ' de conge-

.lamlrnto‘m los Estados Unidos se pueden obtener del Nutiunal Climatic Ccmlu-. Federal

Bullding. Asheville, N. C. 28801, .
61
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© proteccién similar contra el congelamienta. El concrcto asi protegido cs-
_ tark a salvo del dafio por congelamiento a temprana cdad y, si tiene aire

incluido y después recibe un curado apgopindo. sequido de un secado,

no sufrird dafio en su durabilidad final., La proteccion contra ¢l conge-
lamiento durante las primeras 24 horas no garautiza el desarrollo de la
resistencia requerida a la edad especificada, en particular cuando se cs-
_ pera clima considerablemente mas frio. Por lo tanto. ¢l curado y la pro-
teccion deben continuar durante el tiempo necesaric —y a la temperatu-
ra lo suficientemente elevada respecto al punto de congelacian— para
. producir la resistencia requerida, Véanse lox Capitulos 6 v 7.

1.4 En climas mas frios. cuando las temperaturas medis diarias
por lo general se mantienen por debajo de los 5°C, el concreto debe
colocarse a una temperatura no menor que Ja que se lee en b linea |
de la Tabla 1.4.1, segun la clase de concreto indicado. lis mas, debe
mantenerse a una temperatura no menor que esa durante el lapso indi-
cado en la Tabla 1.4.2. Este periodo depende dul tipo y de lu cantidad

de cemento, de si se ha utilizado un acelerante y de la condicién de ser-.

vicio. El concreto puede estar protegido contra el congelamiento. pero
puede no haber desarrollado la capacidad adecuada para recibir carga.
La Tabla 1.4.1 es particularmente aplicable a concreto de peso normal
El concreto ligero estructural es mas resistente a la pérdida de calor
que el concreto de peso normal, y ésta es significativamente ingnor bajo
condiciones de resequedad. Por consiguiente. las temperaturas minimas

de la Tabla 1.4.1, correspondientes a la temperatura en ¢! momento de-

la colocacién y a aquélla a la cual se debe mantener, pueden bajarse,
en el caso del concreto ligero, una ve:z que s¢ hava efectundo la inves-
tigacion de laboratorio requerida. . experiencia indica que ¢l concreto
ligero recién mezclado muestra una mayor retencion de calor que cl
concreta de peso normal recion mezclado. Los concretos aislantes de
peso mas ligero demuestran una capacidad de retencion de calor aun
mas alta. Cuando estan expuestos a temperaturas de congelamiento. di-
chos concretos pueden ser especinimente susceptibles a sufrir de conge-
lamiento ¢n la superficie. P

1.5 Los periodos de proteccion comparativinmente cortos que se
muestran en la Tabla 1.4.2. se aplican a concreto von aise incluido. con
un contenido de aire como el recomendado por el Comité ACI 211 ° y
constituyen los requisitos minimos de proteccién para la buena durabi-
lidad de dicho concreto.”* Estos cortos periodos sélo son permisibles

* Comité ACI 211. “Practica recomrenduble para dosificar conereto normal y con-
creto pesado (ACL 211.1.74} ", Instituta Mexicanw del Cemento y de! Concreto, A. C.,
** Puesto que el concreto sin Lure pnduido po s odebw uulizar donde se presenta
congelamiento y deshielo, este concreto o osta cubierto por las recomendacivnesi ow
obstante, 1n durabllidad potencial del cuncreto sin aire incluido resulta mejor ineyvrada

¥
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TABLA 1.4.1.- TEMPERATURAS RECOMENDADAS PARA EL CONCRETO

. Tamaiio de la seccion, dimensidn minima. m,
Linea Temperatura del

aire

030 ]-0.30—0.90'] 090-180 | 180

Temperatura minima del concreto en el momento de la colocacién y
que se mantiene

i B 13%¢ - w0 - 7°¢ 50C

Temperatura rm‘r_\ima del concreto en el momento del mezclado segun
el clima indicado *

2 | Aribade-1°C | 16% 13% 10°C °c
3 -18 a —1°C 18°¢ - 16°C 13%¢ " 10°¢C
4 -189C 21°%¢ 18°C 16°C 13°C
Maxima caida gradual de temperatura permisible durante las primerss ¥

24 hrs después de terminada la proteacion
s |~ - 28°C 22°C e | on%

*Para clima mis frio ' Proporciona Un Mergen meyor de tampereturs entre ol CONCreto an ol
momento del mezciado y ls temperatura minime requerida pers la colocacién de concreto

~fresco. ’

siempre y cuando '-haya suficiente curado posterior (véase el Capitu-
lo 5) o tiempo de curado a bajas temperaturas, a fin de desarrollar Ia
resistencia de disefio requerida en el momento en el cual se necesita,
y siempre y cuando? ¢l concreto no esté sujeto a congelamieato en con-
diciones de saturacidn. Si se espera que algo del concreto quede expuesto
al congelamiento, en condiciones de saturacién, durante la construccién,
debe contar con una adecuada inclusion d~ =i, aunque una vez en

-servicio, no sea expuesto a dicho congelamiento.

1.6 La verdadera temperatura de la superficie del concreto detee-
mina la efectividad de la proteccién. sin tomas en consideracion las tem-
peraturas del aire o si el objetivo es la durabilidad o la resistencia. A fin

‘de evaluar y verificar la proteccién proporcionada, las temperaturas de

las esquinas y de las orillas del concreto deben vigilarse {véase el Ca-
pitulo 9). dado que éstas son las partes mas vuinerables al congela-
miento y las mas dificiles de mantener a la temperatura requerida.

por medio de, por lo menos, dos veces la lunyitud de proteccion indicada en la Tabla
1.4.2. En cuanto al concreto con aire incluido. en el cual sv encuentran involucrados los
ceiterios de resistencia, la protéccion debe ser la suficiente a fin de que ‘el concreto al-
can~" '~ -esis’=—‘- requ--i4~ qara " rlicular timo de srrvitio. N

D
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TABLA 1:4.2.- PROTECCION RECOMENDADA PARA CONCRETO
COLPCADO EN CLIMA FRIO*

Proteccion recomendada en [a temperatura que se indica
en la Ifnea 1, Tabla 1.4.1, dias**
Contra dafo por. _ ,
Categoria congelamiento*** .. Para resistencia segura
servicio Cemento del | Tipo I, acele- | Cemento del | Tipo IH, ace-
Tipoty It | ranteo20%0 | Tipoiy!l'| leranteo
extrade . |. . 1 20°%/0 extra
cemento . de cemento
1. Sin carga, sin ex-
© posicion (Vdase : N
la Seccion 6.1.1) 2 N 1 2 , 1
2, Sin cargs, expues- ' '
10 (Véase la Sec- oo - .
cion6.1.2) 3 2 . 3 -2
3. Carga parcial, ex- _ ‘
puesto (Véase 1a ) ‘
Seccién 6.1,3} 3} 2 . 6 . 4
4, Carga completa,
expuesto (Véase
el Capitulo 7) 3 2 - Véase la Tabla 7.7
, i

* Clima susceptible de tener una tempersturs medla diaria inferior a los 6°C. Véanm iss
Secciones 1.2y 1.4, .

** Ls proteccibn debs interrumpirse Onicamente de scusrde con (s instruccionss da fa
Seccidn 1.10.4. .

s £ concreto masivo requerirs une protecciin mis extensa cOmMO defensa contra o agriets-

misnto Wrmico por contraccidn y, cuando ¢l contenido ds comento es bajo, requerird una
proteccidn miés extensa hasts que ¢f concreto sicance una resistencia de 35 kg/eml.

1.7 En caso de utilizarse, las cubiertas ‘caIcntadas deben ser resia-

tentss y a prueba de viento y de la intémperie. De lo contrario, a pesar

de un alto consumo de combustible, no se pueden mantener las tempe-
raturas adecuadas en las esquinas, las orillas y en secciones. delgadas
de concreto. No debe permitirse gue los equipos de calefaccién calien-
ten o sequen el concréto en un punto determinado. El concreto fresco,
expuesto al biéxido de carbono (CO;) procedente de atmésferas conta-
minadas, o que es el resultado de] uso de parrillas o de otros dispositivos
que producen gases debido a la combustién directamente hacia una

zona encerrada, puede producir la curbonutacion «del concreto, provo-

cando superficies suaves de profundidad variable que depende de la con-
centracion de CO;. de la temperatura de curado del concrer - de la
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humedad relativa. El mondxido de carbono, que se presenta debido 2
la combustién parcial, al igual que las altas concentraciones de CO,.
representan un peligro potencial para los trabajadores. Mas ain. deben
ponerse en vigor medidas estrictas para la prevencidn de incendios. E)
fuego puede dafiar el concreto a cualquier edad, pero a una edad muy
temprana, puede sufrir un dafio adicional debido al congelamiento, si
¢ate se presenta antes de proporcionatle una nueva proteccidn,

1.8 El concreto con revenimiento mas bajo que el normal (< 10 cm)
resulta particularmente deseable para losas planas en clima frio; de esta
manera, se minimiza el agua de! sangrado y e fraguado se presenta
con mayor rapidez. Si el agua de sangrado permanece mucho tiempo
sobre la superficie, puede llegar a impedis la obtencién de uwn buen aca-
bado y producis una superficie suave y polvosa. I

1.9 El concreto siempre debe ser colocado a las temperaturas mis
cercanas a las temperaturas mis bajas permisibles (véase la Tabls 1.4.1).
Las temperaturas que excedan de la indicads en 1a Tabla 1.4.1, en mas
de 5°C deben ser evitadas. Debe aprovechasse 1a opectunided gue, o

_colocar concreto s baja temperaturs, se presents cen ol clima frio. El

concreto, al cual no se je permite congelarse, que se coloca a bajas tem-
peturas por encima del punto de congelacién (5 a 13°C) y que recibe un
curado a largo plazo, desarrolla una resistencia dltima mis akas, mayor
durabilidad y estd menos sujeto a] agrietamiento térmico, que un Con-
creto similar colado a temperaturas mas ‘altas. La alta temperatura del
concreto en el momento de la colocacién aminorard sus buenas propic-
dades. aunque puede apresurar los acabados en clima frio.

1.10 La colocacién de concreto durante el invierno debe apegarse
a lo siguiente: _ '

- 1.10.1' Evitar dafios &l concreto debidos al congelamiento a edad
temprana. El grado de saturacion del concreto recién colocado, que ca-
rece de acceso a fuentes exteriores de agua, se reducird a medida que se
endurezca ¢l concreto y se utilice agua durante el proceso de hidratacion.
En estas condiciones. el tiempo en el cual se reduce el grado de satu-
raciéon, por debajo del nive! que podria ocasionar dafios por congela-
miento, corresponde aproximadamente .al tiempo que toma el concreto
para alcanzar una resistencia a la compresién de 35 kg/cm®. A una tem-
peratura de. 10°C, la mayoria de los concretos bien proporcionados al-
canzardn esta resistencia durante el segundo dia. ‘

1.10.2 Permitir que ¢l concreto desarralle cualquier resistencia que
sea necesaria, segin su tipo de servicio (Tabla 1.4.2) con objeto de ga-’
rantizar un deacimbrado seguro para una répida reutilizacién de la cim-

‘bra. el retiro seguro de los puntales y el reapuntalimiento. al igual que

poder cargar con seguridad la estructura cuando se desee, en el curso
de lo construccién y después de haberla terminado. !
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1.10.3 Mntmer las :ondiclonzl ‘de curado que propiclaran ¢l des-
lrtollo pormal de la resistencia, libres de calor excesivo y de saturacién
‘critica del concreto, al llegar & su fin el periodo de proteccldm (vease

- | Capltulo n.

1104 Limitar los cambios bruscos de temperatura, en particular
antes de que la resistencia se haya desarrollado lo suficiente para so-
portar los esfuerios por temperatura. El enfriamiento repentino de las
superficies de concreto, o de los miembros exteriores. en relacién con la
estructura interior, puede provocar agrietamiento en detrimento de la re-
sistencia y la durabilidad. Al finalizar el periodo requerido, debe remo-
verse la proteccién de manera tal, que el descenso de la temperatura de
cualquier porcidn del concreto sea gradual y no exceda, en el término
" de 24 horas, de la cantided indicada en la linea 5 de la Tabla 1.4.1,
segiin ¢l tamafio de la seccion de concreto. Esta rapidez puede lograrse
por medios tales como la disminucién paulatina de las fuentes de calor.

o permitiendo que el aislamiento permanezca hasta que el concreto haya

alcanzado un equillbrio de temperatura con la del medio ambiente.
1.10.5 Proporcionar proteccién congruente con el tipo de servicio
al que se destina la estructura. Las estructuras de concreto estdn desti-
nadas a una vida de muchos afios. Si la estructura muestra esquinas
dafiadas por el congelamiento, zonas deshidratadas, o grietas debidas
al aobrenlentamlcmo. que no son sino el resultado de una falta de
proteccién adecuada, un curado Inapropiado y una supervision descul-
dada, no suele ser patisfactoria la resistencia obtenida de cilindros a

los 28 dias. De manera similar, la resistencia inicial de una estructura, -
. lograda mediante el use indiscriminado de demasiado clorura de calcio, -

no servirh si, afios més tarde, el concreto sufre un severo agrietamiento
debido a una expansién Interna destructiva, como*sesultado de una reac-
cién dlcali-agregado aumentada, .0 la cotrosion del acero de refuerzo.
No se debe tratar de hacer economlas en la construccién mediante el
sacrificio de la dunbllidad Véase la publicacibn -ACI 201 "Guide to
Durable Concrete’.

) La experiencia ha demostrado que el costo de una adecuada protec-
cién para el concreto colado en clima frio, no tiene por qué considerarse
excesivo, tomando en cuenta lo requerido y el benelicio que se obtiene.
Sin embargo, sélo el propietaric puede decidir si el costo extra de la
operacién de colocacién de concreto en clima frio serd una inversién
provechosa. La alternativa puede ser la de esperar a que mejore la tem-
peratura. Puesto que la negligencia en la proteccidn temprana contra
el congelamiento puede tener como resultado la inmediata -destruccion
o la permanente debilidad del concreto, es c¢vidente que la proteccion
adecuada contra las bajas temperaturas y el curado apropiado en todas
las operaciones de colocacién de concreto en clima frio son esenciales.

3

| CAPITULO 2
temperatura del concreto en
el momento de la colocacién

-calentamiento de los materiales

2.1 La proteccion descrita en el Capitulo 4 debe propercionarsc
inmediatamente después de Ia colocacion del concreto, con el fin de
asegurarse de que no sufra congelamiento antes de que haya sido po-
sible instalar la proteccién. La temperatura del concreto en ¢) momento
de la colocacién no debe ser inferior a la que se indica en la linea 1 de
la Tabla 1.4.1. Las altas temperaturas en el concreto no ofrecen propor-
cionalmente una mayor proteccidén contra el congelamiento. ya que In
pérdida de calor es mas rapida en diferenciales mayores de temperatura,
Ademas, a temperaturas mas elevadas se requitre mhs agua de mezcla-
do, -por lo que aumenta la pérdida de revenimiento, en ocasiones se pro-
voca un fraguado rapido y se incrementa la contraccién térmica. La-
rapida pérdida de humedad en las superficies de concreto expuestasx.
puede provocar agrietamientos por contraccidn plastica. Por lo tanlo, Ia
temperatura del concreto fresco, en el momento de la colocacion, debe
mantenerse tan cerca de las temperaturas minimas 5ugendas cOomo sea
posible. :

2.2. El concreto en el momento del mezclado debe mantenerse a tem-

-ipcrturas no mas allas de 6°C sobre las minimas recomendadas en la

Tabla 1.4.1. Deben evitarse las temperaturas superiores a los 11°C so-
bre estos valores. En tanto que resulta dificil calentar los agregados dc
manera uniforme a una temperatura predeterminada, la tepperatura del
agua de mezclado puede njustarse facilmente wesclande agua caeliente
y agua f[ria, con el fin de obtener concreta dentio de dus 6 C de la 1em

‘peratura requerida.
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2.3 Conlorme desciende. la temperatura del diire. son mas los ingre-
" dientes que deben calentarse con objeto de producir concrete recién
mezclado a la temperatura minima deseada. Durante los periodos mas

[rios, la temperatura del concreto debe elevarse a fin de anular la pér- -

dida de calor ocurrida en la etapa entre el mezclado y la colocacion, tal
como se recomienda en las lineas 2, 3 y 4 de la Tabla 1.4.1. Mientras

mas masiva sea la seccién de concreto, mas lentamente perderd calor.

En la linea | de la Tabla 1.4.] se recomiendan las temperaturas mini-
mas y mdas bajas para el concreto, en el momento de la colocacién, a
medida que la seccién de concreto séa mas masiva. En obras masivas.
el concreto se beneficia. de manera muy particular, por las bajas tem-
peraturas iniciales, S

24 Cuando los agregados estan libres de hielo y de grumos conge-
lados. por lo general se puede obtener la temperatura deseada del con-
creto, calentando, sélo el agua de mezclado, pero cuandc de manera con-
sistente, las temperaturas del aire se mantienen por debajo de 0°C, resulta
necesario calentar los agregados. Si el agua de mezclado esta a 60°C,

perturas de mas de 15°C. Si el agregado grueso estd seco y libre dé
escarcha, hielo y grumos congelados, se pueden obtener las temperaturas
adecuadas del concreto fresco por medio del incremento en la tempe-
ratura de la arena unicamente, la cuai, sélo en raras ocasiones tendra
que ser superior a los 40°C aproximados, si el agua de mezclado esta
- a 60°C. Asimismo, deben tenerse en consideracion las variaciones esta-
" cionales. dado que las temperaturas promedio de los agregados pueden
ser sustancialmente mas altas que las temperaturas del aire en el otoiio,
ocurriendo lo contrario en la primavera, '

25 El agua de mezclado debe cstar disponible a una temperatora
requlada y consistente, y en cantidades suficientes, a fin de evitar fluc-
tuaciones -de consideracion en la temperatura y, por consiguiente, en el

_revenimiento del concreto entre una dosificacion y otra.

Por medio de informes se ha sabido que €l contacto prematuro entre
agua sumamente caliente v cantidades concentradas de cemento provoca
un fraguado relampago y la formacién de grumos de cemento en los
camiones mezcladors. Cuando se utiliza isjua a una temperatura supe-
rior a 60°C. puede resultar necesario ajustar el orden en el cual se mez-
vlun los ingredientes. Puede servir de ayuda, si se inicia con el agua
caliente y el agregado grueso. antes que ¢l cemento y sc detiene o ami-
nora la rapidez Je cntrada del agua, mientras se cargan ¢l cemento y
¢l agregado. ' :

Si es necesario dosificar el cemento, separadamente de los agregados,
¢l mezclado puede resultar mas dificil. En este caso. dehen colocarse

%;apruximadamcntc tres cuartas partes doe la adicidn de agua caliente ¢n

i

sélo en contadas ocasiones es necesario calentar los agregados a_tem-
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el tambor, ya sca antes de los agregados, o al mismo tiempo que éstos.
El cemento debe anadirse después de los agregados. La cuarta: parte
restante del agua debe cargarse por la boca de descarga del tambor a
un ritmo moderado como ingrediente final. i

Se puede utilizar agua a la temperatura del punto de ebullicion, siem-
pre que las temperaturas del concreto resultante estén dentro de los limi-
tes descritos en la Seccién 2.2 y que no se presente un fraguado relam-
pago. Si se llegara a notar una pérdida de efectividad del aditivo inclusor
de aire, debida al contacto inicial con el agua caliente, dicho aditivo
debe agregarse a la carga una vez que la temperatura del agwa haya
disminuido-por el contacto con los materiales sélidos mas frescos.

2.6 El calentamiento de los agregados debe efectuarse de' manera
tal. que no haya grumos de hielo. de nieve o de agregado. Con frecuen-
cia sobreviviran al mezclado algunos grumos congelados de 75 mm y
permanecerdn en el concreto después de la colocacién de éste. Debe
evitarse el sobrecalentamiento de manera que las temperaturas de aque-
llos agregados, cuyas cantidades en la dosificacién son reducidas, no ex-
cedan de 100°C y que el promedio de temperatura del volumen de la
carga no exceda de 65°C. Cualquiera de estas temperaturas es consi-
derablemente superior a la necesaria para obtener temperaturas desea-
bles en el concreto recién mezclado. Los materiales deben calemtarse de
manera uniforme, ya que una variacién considerable en su tlempeutura
hara variar notablemente ¢l requerimiento de agua. fa rapidez dgl endu-
recimiento y el revenimiento dct concreto. |

Después de un periodo prolongado de calentamiento con vapor de
los agregados en los almacencs de depésito, se requicre de un cuidado
especial paca la dosificacion de las primeras cargas d¢ concreto. Muchos
productores de concreto no utilizan las primeras toneladas de agregado
extremadamente caliente. Este material. normalmente se descarga y se
somete a un reciclaje; colocandolo encima del agregado que ha perma-
necido en los almacenes de depdsito. '

2.7 Con objeto de calentar el agregado se recomienda la circulacion
del vapor por tuberias. pero para obras pequeiias, los agregados se pue-
den descongelar calentandolos cuidadosamente sobre tuberia de Tierro
fundido dentro de la cual se mantiene fuego encendido. Cuando los agre-
gados se descongelan o se calientan. por medio del vapor que circula
en tuberias, las superficies expucstas de éstos deben cubrirse con lonas.
en la mcdida de lo posible, a fin de mantener una distribucién de calor
uniforme y de evitar la formacion de superficies de agregado congeladas.

Si el vapor esta confinado en un sistema de calelaccion por tuberias.

resulta posible evitar las dificultades que se.generan en la humedad va-
riable de los agregados, pero, a la vez, aumenta la posibilidad de puntos

localizados secos y calientes. Los chorros de vapor liberados en el agre- "~
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gado pueden ocasionar problemas de variacién enla humedad. Eventual-
mente, ¢l deagaste y la corrosién en la tuberia por donde pasa el vapor
hatia los agregadas provocard fugas que pueden conducir 8! mismo
problema de variacién en la humedad. provocada por los chorros de va-
por. Se recomienda llevar a cabo inspecciones en la tuberia y realizar
los reemplazos necesarios. . ' -
2.8 Cuando las circunstancias requieren del deshielo de una can-
tidad considerable de material que esth a temperatura extremadamente
baja los chorros de vapor pueden constituir ¢l dnico medio practico de
proporcionar el calor necesario. En este caso. e] deshiclo debe efectuarse
con tanta anticipacién como sea posible respecto a la dosificacion. de
manera de poder alcanzar un equilibrio sustancial tanto en el contenido
dc humedad, como en la temperatura. De alli en adelante. e} suministro
de vapor puede reducirse 2 un minimo que evitard un nuevo congela.
miento, minimizando, de esta manera y hasta clerto punto. los problemas
que pudieran surgir de un contenido variable de humedad. No obstante,
en esas condiciones, el control del agua de mezclado tendrs que estar
sujeto a un ajuste individual para cada desificacién. Con el fin de man-
tener al agregado libre de hielo, se ha utilizado calor seco en vez de
vapor. ' , : .
2.9 Si se conocen los pasos y las temperaturas de todos los compo-
nentes y el contenido de humedad de los agregados, la temperatura final
de la mezxcla de concreto puede calcularse por medio .de la siguiente
[érmula: ‘

C022T.W. + TW, + T.W,) + T-W. + T.W., + T.W..
' 0.22(W, + W, + W) + W+ W, 1+ W,

T =

donde

T = temperatura final de la mezcla de concreto (°C).

T.. T.. T.. T.. son las temperaturas en °C del cemento. del agregado
fino. de! agregado grueso y del agua de meiclado. respectivamente.

w., W, W, W, W.. W_. son los pesos (kq) de cemento. agre-
gado fino y agregado grueso, excluyendo e! contenido de humedad. agua
y agua libre del agregado fino y del agregado grueso, respectivamente.

Si la temperatura de uno, o de ambos agregados es inferior a 0°C.
la humedad se encontrard en estado de congelacién y la férmula arriba
citada tendrd que ser modificada, a fin de tomar en cuenta el calor que
se requiere para elevar la temperatura del hielo a2 0°C y, de este modo,
convertirlo en agua. En dicha férmula, las expresiones T,W ... y/o T.W..
‘deben cambiarse por:
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W,, (050 T, — 80) y/o W,, (0.50 T, — 80). respectivamente,
segin el caso (0.50 es el calor especifico del hielo, y el nimero 80 se
relaciona con el calor de fusion necessrio para derretir ¢l hielo).

2.10 El Instituto Sueco para Investigaciones del Cemento y et Con.
creto (Referencia 23) realizé pruebas con objeto de determinar la mag-
nitud del descenso de temperatura del concreto que debia esperarse du-
rante su entrega en clima frio. Sus estudios incluyeron mezcladoras de
tambor, giratorio, camiones de volteo abiertos y camiones de volteo cu-
biertos. El descenso de la temperatura para un lapso de una hora en ¢l
tiempo de entrega puede calcularse mediante las ecuaciones aproximadas.
que s¢ dan a continuaci6n:

1. Mezcladora de olla gir.atoﬁa:

7-' = 025(t; — t,)
‘2. Camiones de volteo cubiertos: .

T = 0.10(¢ — ¢,)
‘3. Camiones de volteo abiertos:

T = 0.20(t, — ¢,)
donde

T = descenso de temperatura que se espera durante la entrega, °C
{este valor debe sumarse a t,, a fin de determinar la temperatura reque-
rida para el concreto en la planta).

t, — tempeatura requerida_para el concreto en la obra, °C.

t, = temperatura ambiente del aire, °C.

. Los siguientes ejemplos ilustran la aplicacién de estas reglas apro-
ximadas: '

). El concreto debe mantenerse en continua agitaciébn en upa mez-

- cladora de olla giratoria durante un periodo de entrega de una hora.

La temperatura del aire es de —1°C y la del concreto, en el momento

de la_entrega debe estar, por lo menos, 8 16°C. De la férmula 1:

T = 0.25[16 — (—1)] = 4.25°C

Por lo tanto, debe darse tolerancia para un descenso de temperatura
a 4.25°C, y el concreto en la planta debe tener una temperatura de, por
lo menos, 20 + 4.25°C, en nimeros redondos, 25°C.

£
[



fﬁ

‘72 _ ' ST CLIMA FRIO

2. Para las mismas condiciones que las del ejemplo 1, el concreto
s¢ puede entregar dentro del lapso de una hora y no hacer girar la
"olla excepto para el mezclado, y brevemente a! momento de descarga.
La aplicacién de la constante de la férmula 3 amba citada, como la que
‘mejor representa la situacion da: o

T = 0.20(16 — {—1)}] =_3.1°C

Se tendrd que permitir una tolenncm para una temperatyra de con-
«creto de sdlo, aproximadamente, 20 + 3.4 & 24°C en la planta.
1 La ventaja de los-camiones de volteo sobre las ollas giratorias sugie-
e que la pérdida de temperatura de ¢éstos se puede minimizar evitando
thacer girar ia olls, excepto cuando sea absolutamente necesario, durante

" la entrega. La climinacién de la sgitacion, en la medida de lo posible,

reduce 1a tolerancia requerida de pérdida de calor, por lo menos. hasta
‘un nivel comparable al de los camiones de voltco
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CAPITULO 3

preparacion previa
a la colocacion

-~ del concreto

3.1 La preparacién para la colocacion del concreto. aparte de lo
que se describi6é en la Seccién 1.2, consiste principalmente en asegurarse
de que todas las superficies gue vayan a estar en contacto con el con-
creto recién colocado estén a una temperatura que no pueds ocasionar
un congelamiento prematuro, o prolongar severamente el endurecimiento.
Por lo general, la temperatura de estas superficies de contacto, incluyes-
do Jos materiales de la sub-base. no necesita ser supetior a unos cuantos
grados sobre el punto de congelacion, digamos 2°C, y de prehrcncla
no debe ser superior a la temperatura del concreto que se va a colocar,
tal como se describe en la Tabla 1.4.1, linea i..

Todo el hielo la nieve y la escarcha deben quitarse, de manera que
no ocupen el espacio destinado al concreto sélido. Se pueden utilizar
chorros de aire caliente para remover la escarcha, la nieve y el hiclo
de las cimbras, el acero de refuerzo y otros aditamentos ahogados. A
menos que el Area de trabajo esté cubierta, puede ser necesario llevar
a cabo este trabajo justo en el momento anterior a la colocacion del con-
creto con ¢} fin de evitar que sc vuelvan a congelar.

Nunca debe colocarse concreto sobre material congelado de Ja super-
ficie de la sub-base. En ocasiones. la sub-base se puede descongelar lo

suficiente come para colocar vl concreto cubricudols con material ais-

lante durante unos dias antes de la colocacion del concreto, pero en la
mayoriz de los casos resulta necesaria ly aphcacion de calor externo.

R Ty
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Los experimentos en la obra mostraran cudles son las combinaciones de
matecial aislante y de tiempo que permitiran que el calor superficial
descongele el material de Ia sub-base, De ser necesario, el material des-
congelado debe volverse a compactar.

CAPITULO 4

p,t"otcccién

4.1 Antes de la colocacion del concreto deben hacerse arreglos para
cubrir, aislar, abrigar o calentar el concreto recién colocado, los cuales
deben ser adecuados para alcanzar la temperatura y las condiciones de
humedad que aqui se recomiendan en todas las zonas del concreto. En
clima frio, 1a temperatura del concreto recién colocado debe mantenerse
tan cercana como sea posible a los valores descritos en la linea 1 de la
Tabla 1.4.1 para los pericdos de tiempo indicados en 1a Tabla 1.4.2.

4.2 Puesto que la mayor parte del calor de hidratacién del cemen.
to en proceso de endurecimiento, se desarrolla durante los primeros 3
dias, puede no requerirse calor de ‘fuentes externas con objeto de man.
tener al concreto a las temperaturas correctas, si el calor que se genera
en ¢l se conserva de la manera adecuada. Este calor se puede retener
por medio del uso de mantas aislantes sobre las superficies sin cimbras
y de cimbras aislantes? Algunos de los materiales que mas se acostum-
bran son: '

4.2.1 Hojas de espuma de poliestireno: Estas se pueden recortar en
la forma deseada y fijar entre los pernos de las cimbras, o colocaclas
en e} lugar preciso por medic de pegamento.

4.2.2 Espnma de uretano: Esta espuma se puede rociar en la parte
exterior de las cimbras con objeto de formar una capa aislante continua.
La espuma de uretano debe. a su vez, ser rociada con un buen esmale.
para_exteriores, a fin. de eliminar virtualmente la absorcién de agua y

75
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protegcrla del efecto danino de los rayos ultravioleta. El empleo de es-
puma de uretano debe emprenderse con precaucién, dado que, cuando
entra en contacto con el fuecgo, gcncra gases sumamente toxicos.

423 Mantas de espuma de vinilo: Este material consiste en. man-
tas flexibles de espuma de vinilo con un lado recubierto de vinilo extrui-
do. Para obtener calor adicicnal pueden también tener alambres eléctricos
incorporados en la espuma. Las mantas no eléctricas s pueden obtener

_en rollos de ancho estﬁndar Las cléctncas dcben m.mdarse hacer por
pedida. : A

424 Fibras de cdulom o lana mmeral Por regla general. la lana

mineral, o las fibras de celulosa, estan recubiertas por gruesos forros de

pohetlleno para formar grandes tapetes o rollos. A los forros de plastico

en algunas ocasiones se les da un acabado superficial rugose. a fin de
reducir el riesgo de deslizamiento. Se pueden utilizar extendidos para
cubrir las losas o plegados para envolver a otros clementos.

4.25 Paja: La paja sigue siendo popular, a pesar de no ser tan
efectiva como las mantas o los tapetes. Algunas de sus desventajas son:
su voluminosidad, su inflamabilidad y la necesidad de protegerla de la

- humedad. Las lonas alquitranadas. las peliculas de polietileno plastico.
o el papel impermeable se deben utilizar como recubrimiento protector
con objeto de disminuir las infiltraciones de aire. y de mantener la paja
seca y en su lugar.

Para obtener el mayor provecho del uso de las mantas comerciales
o del aislante de guata. y la mas grande cficiencia al volverlos a utili-
zar, éstos deben estar bien protegidos por medio de un material de recu-
brimiento fuerte ¢ impermeable a prucba de viento, Huvia, nieve o cual-
quiera otra forma de humedad, que pudiera perjudicar su valor aislante.
El aislante debe mantenerse en estrecho contacto con. Ins superficies del
concreto o de las cimbras. -

4.3 Los registros de temperatura del concreto rcvcian la efectividad
de las distintas cantidades o clases de aislante o de otros métodos de
proteccién, para diversos tipos de obras de concreto bajo difcrehtes con-
diciones climaticas, La seleccién y modificaciones adecuadas pueden rea-
lizarse de acuerdo con ellos. Ya han sido publicados algunos métodos
adicionales para calcular las temperaturas que se pueden mantener, por-
medio de diversos arreglos para los aislantes. en determinadas condicio-
ne sclimaticas.™ '" En base a los requerimientos de esta practica reco-
mendable, las Tablas 4.3.1, 4.3.2, 4.3.3 y 4.3.4, al igual que las figuras
431, 432, 433 y 434, indican la resistencia térmica, R, del aislante
que se requiere para las caras de los mures o de las losas de concreto
de distinto espesor, con diferente 1emperatura del sire y para diversos
contenidos de cemento. Se ha supuesto que la temperatura del concreto
en ¢l momento de la colocacién es de 10°C.

3
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TABLA 4.3.1.~ AISLANTE TERMICO PROPORCIONADO PARA MUROS DE
CONCRETO Y LOSAS SOBRE EL TERRENO

Concreto colocado a 10°C. Protsceibn minime de 7 diss

Temperatura ambianite minima de! aire, grados C, pesmisible
cuando se utiliza aislante con estos valores'
de resigtencia térmica R, °C/W/m1
Espesor det muro
o de la losa, L
m R =035 R=070 R =108 R =14
Contenido de cemento = 178 kg/m?
0.15 9 8 8 4
0.30 7 4 ' 0 . '—4
0.46 . 5 -1 -8 .oo=12
0.61 S 3 : -4 -12 - =19
0.91 0 11 -22 -33 -
120 -3 -16 =27 -38
1.50 -3 =16 ~27 -38
Contenido de cemanto = 237 kp/m3
015 8 7 4 2
0.30 6 2 =3 -8
0.46 4 . -12 -19
0.61 1 . -8 -19 -29
0N ) --18 =3 -47
1.20 -8 -3 -39 < *
1.80 -8B -23 -39 *
Contenido de cemento = 296 kg/m3 .
0.15 8 6 3 1
0.30 6 -1 -7 -13.
0.46 2 - =7 -17 -26
0.61 -1 -14 -27 -39
0.9 -8 -26 -43 ~62
1.20 ~12 =32 -51 .
1.50 -12 =32 * *
]
Contenido de cernento = 356 kg/m? '
0.15 a 5 2 —2
0.30 4 -2 -10 —18
0.46 1 -1 -22 -34
0.61 -3 -18 -33 —-48 -
oNn S L -31 -54 .
1.20 -16 40 _ . :
1.50 -16 -40 - . *
e { -s51°%
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 TABLA 4.3..3.-- AISLANTE TERAMICO PROPORCIONADO PARA LOSAS DE

TABLA 4.3.2.—~ AISLANTE TERMICO PROPORCIONADO PARA MUROS DE CONCRETO Y RECUBRIMIENTOS PARA CANALES SOBRE EL TERRENO

CONCRETQ Y LOSAS SOBRE EL TERRENO

2 109C. Protsccibn minima ds 3 diss | Concrato colocado a 10°C sobrs terrena a 2°C. Proteccién minims de 7 dias
- - — Temperatura ambiente minima del aire, grados C, permisible
meamm ambiente minima del aire, grados C, permisible cuando se utiliza aislante con estos valores
cuando se utiliza aislante con estos valores . . de resistencia térmica R, °C/W/m?
de resistencia érmica R, °C/W/m? ) Peralte de 1a
Espesor del muro : i losa, : 1
o de la losa, m R = 0.35 "R =070 R=106 A=14)
m : R =035 - R =070 R = 106 AR =141 : :
" Contenido de cemento = 178 kg/m3
Cantenido de cemento = 178 kg/m?

. - 0.‘0 - - - [ ]

0.15 8 5 2 0 0.20 .. LI . : -

030 5 -1 -6 -12 o - . . -

- Q.46 2 ] -13 =21 0.46 8 6 2 -1

0.61 -1 =10 . -19 -29 0.61 4 -1 -6 =12
09 -3 -13 —-26 -38 0.76 2 -6 -14 -22
120 -3 ., =16 . --27 -38 oNn -1 -11 -2 -3
1.50 -3 -18 : -27 -38 -
' - — Contenido de cemento = 237 kg/m3
Contenido de cemento = 237 kg/m?
0.‘0 - L] L ] L
0.15 . 7 3 0 -3 ] 0.20 - . - .
0.30 3 -4 - -18 0.31 . . . 10
0.46 -1 C -1 -2 -3) 0.46 . 5 ' 0 -6 -1
0.61 -4 -17 -29 —42 0.6} 2 -7 -17 -26
0., -7 -3 -38 -53 . 0.76 - -2 -13 -26 -38
1.20 -8 -23 . -39 * ’ o -5 -20 -34 —-48
1.50 -8 S 4] -39 . A
Contenido de cemento = 296 kg/m3
Contenido de cemento = 296 kg/m3
0.10 . * * ’

. 0.15 ] 2 =2 -7 0.20 . * * * *
0.30 ' -8 - =16 -24 0.31 9 ? a o2
0.46 -4 -16 : ~29 -42 ' 0.46 2 -6 -13 -2
0.61 -8 -23 . -39 -5 . 0.61 -2 —14 -27 -39
091 -1 -3 -51 * 0.76 -6 - Co-22 -38 -53
1.20 —-12 -32 ) R * 0.91 -9 . -28 —46 | .
1.50 -12 -32 * *

Contenido de cemento = 356 kg/m?
Contenido de cemento = 356 kg/m? .

- ) 0.10 . * N *
0.15 5 0 . -5 ~-10 - 0.20 . * * *
0.30 -1 -1 -22 -32 03 7 3 0] -3
0.46 -6 -22 -37 --53 0.46 ‘ —1 -10 -1 -
061 -12 =31 1 =51 . 061 - -6 -1 -36 -H2
09N -16 -38 . * 0.76 -10 -28 ~565 .
1.20 ~16 ~40 . . 0.91 -4 L34 . .
1.50 -16 —-40 - -

+ {{ -s1°% ' ) . } 10°C.: calor sdicions! requerido 3:

. { -si1°%c

-
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. TABLA 4.3.4.— AISLANTE TERMICO PROPORCIONADO PARA LOSAS DE

. L. o
Tempersturs ambients minims, C

Temparatura ambienie minima, ®e

CONCRETO Y RECUBRIMIENTOS PARA CANALES SOBRE EL TERRENO
Canerato colocado » 10°C sobre terreno -72°c. Proteccibn minima de 3 diss
' Temperatura ambiente minima del aire, grados C, permisible >
cuando se utiliza sistante con estos valores
' ) . de resistencia térmica R, °C/W/m?
Peraite de la
' iosa, '
m ., A=035 A= 070 R = 1.06 R =141
, Contenida de cemento = 178 kg/m? '
* 010 ' [ ] - - T ] -
. 0.20 3 . - e ) .
031 - i ; - - -
0.46 6 3 0 - -3
061 3 -4 =12 -19 - . -
0.76 -1 -9 -18 —-27 Conteniao de . Gontsnido de Contenido de Contenido de
091 A = AN ~30 ‘ 35 i 237 apim 296 vy 364 nm3
. Contenido de cemento = 237 kg/m3 A ‘ Figura 4.3.1.—- Resistencia themica R, on C/W/m?, del sislenw requerida para
" 0.10 . R R . muros de concreto y losas sobre gl tarreno. Conareto colocadn » 10°C. Protsccidn
' . N . - minima de 7 dfas. .
« 020 . . ‘
: O3 8 - 7 6 . 4 E3p430r dei muro © 0e is loss, M
0.45 2 -6 -13. -21 e e S e _T—!*'.-T_.Fﬁ- h s L
. 061 -2 -13 - =23 =34 v )
+ 076 -6 -8 - -29 —41 '
i 0 —6 -20 -34 —46
Contenido de cemento = 296 kg/m?
010 - L] - . ‘0
© 0.20 * 1 - * . *
o 6 -2 -1 -4
0.46 -1 -1 - =30
o6h -6 21 -35 —46
0.76 -9 ~23 41 -59
, 0.9 -9 --28 ~46 . .
: Contenido de cemento = 356 kg/m?}
0~]0 - - L] - )
0.20 » - - . -J
on 3 -3 -10 -17 !
- 0.46 -4 —18 -3 —-44 Contenido de Conteanido de Contenido ow Cantenido de |
0.61 -10 -27 : -43 -—B63 i cemnento, " <amenio, cemento, cemento, '
© 078 -2 _29 -52 . . 178 kg/m3 237 kgtm3 296 ng/md 356 kg/m)
091 . 14 -34 . . ‘
| . . . Figura 4.3.2— Resistencia térmica A, en °C/W/m2, del sislants requerida pars

" - - muros de concreto y losss sobre el tarreno. Concreto colocado a 10°C. Proteccion
v," minims de 3 dias.
. Y 10°%C : caror adicional requerido ‘ |
+ U -s% :

4




- . . - o, . H 1
EApwsOr Hel miury 3 Jdad le losa, In. N . RER. wIN ! LY ‘

. e e B e - Cm e - = =

P

7

' Calor sdiclons! reguaride

Contenido de
camento,
358 hg/m}

Contanido de
cemanto,
296 kg/m)

Conrtenido de
cemanto,
237 ng/ml

Caontenido de
cemanto,
178 kg/m}

Figura 4.3.4.— Raesistencia térmica R, en °C/W/m? del sislante requerido para
losas de concreto y recubrimisntos para canales colocados sohre ¢l terreno. Con-
" erete colocado a 10°C sobre terrenc a 2°C. Proteccidbn minima de 3 dfas,

i

-~

’ . . L. °
Temperaturs ambiente minima, C -

*Valores del ASHRAE Handbook of Fundamentals, 7972, American Society of Heating,
Rafrigersting, and Air-Conditioning Enginesrs, Nusva York.

.\-___;I.ﬂ L L3 . L] ua [ n R ) LR
SPULER A A I VL R S AL I s W AL Tt N TR/ it mid B Bt B _ : -
.g N A g B f __]‘ - TABLA 4.3.5.— VALORES DE AISLAMIENTO DE DIVERSOS MATERIALES
| Jb £ § ] E ! —
E ] $ 1 T e Resistencia térmica, H,
jl . ] 3 1 3 fa o4 . : para materiates con un
g . - 5 B § K . E Material aislante - cspesor de 10 mm*
3l % 3 il ' E
3 IR 3 1| s b -::! ' OC/{W/m?
3 '," % 3 ) J! i i'ﬂ 3 Wi )
E
- v - -'-n : Tablas y losas .
H Poliuretano expandido (R-11 exp.} 0.433
' J - - Poliestireno expandido extruido {R-12Z exp.) 0.3a7
- % Poligstireno expandido extruido, liso - 0277
! - Fibra de vidrio, unida orginicamente 0.277
— ' - Poliestireno expandido, esferas moldeadas 0.248
_l i L Fibra mineral con adhesivo resinoso | 0.239
_] ; Tabla de fibra mineral, con fieltro humedo 0.204
LI § S —md Recubrimiento, densidad regular 0.182
Contenigo de Cantenigdo de Contenido da Contaniad de V:dflo celular 0.1 73
- cemento, camanta, cemento, camento, Cartén laminado . 0,139
178 kg/m3 237 xy/m3 298 ko/m3 156 wg/m3 Tabla de conglomerados (baja densidad) 0.128
. Tripla ‘ 087
Figurs 4.3.3.— Re:istencis térmics R, en OC/W/m? del aislante requerido para play 0.08
losas de concreto y recubrimiento para canales sobre el terrano. Concreto colocado Mantas
a 10°C sobre of terreno 8 2°F:. Proteccidn minima de 7 dies. Fibra mineral, formas fibrosas procesadas )
) Erousor aut murd 6 e 1a tose. m a partir de roca, escoria o vidrio D.224
LA k] Hl o i) ._3__ N
Rt D A R LS | I A Relleno suelio .
No - ' ! $ Fibra de madera, maderas suaves 0.2
. B it 3 Fibra mineral {roca. escoria o viurio) 0.216
. \ Nl . 3 Perlita (expandida) 0.187
. M\, .I l A 3 Vermiculita (expandida) 0.157
: . L 2 Aserrin o viruta 0.154
N 3
&
L]
5]

-

" El espesor de los materiales aislantes puede calcularse de scuerdo
con los valores de la Tabla 4.3.5. Se supone que la velocidad del viento
es menor de 24 km/h. El espesor del aislante debe aumentarse a mayo-
res velocidades del viento. La resistencia térmica de los aislantes se-ha
calculado suponiendo que se aplica a la superficic externa de las cimbras
de acero. Cuando se utilizan cimbras de triplay de 20 mm (34”). la re-
sistencia térmica, K. de los aislantes. que se proporciona en las tablas

_y curvas, puede aumentarse en 0.176°C W 'm®. dc acuerdo con la Ta-

bla 4.3.5. Dado que las esquinas v las orillax son pancularmente vulne-
rables, el espesor del aislante para estas partes debe ser aproximada-
mente tres veces el espesor requerido para muros o losas. Para cemento

#C
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del Tipo H! los requerimientos para aislante que se proporcionan en las
tablas deebn aumentarse aproximadamente un 3077 . Cuando se utilicen
otros tipos de cemento. deben realizarse ajustes similares en proporcion
* con la cantidad de aislante empleado.” No es aconsejable una cantidad
de aislante superior a la reqeurida, puesto gue puede clevar Ia rempe-
*ratura interna del concreto mas alla del nivel recomendado. alargando,
asi. el perioda gradual de enfrianiiento. ¢ increnieatando Ja contraccion
térmica, al igual que el riesgo de agrictamiciio debido al shock térmico.
44 Aunque resultan mas caros gue otros medios de proteccion. los
recintos cerrados son probablemcnte los mas cfectivos, Impiden ¢! paso
del viento. evitan la entrada de aire ine v conservan el calor, Se pueden
¢ hacer de cualquicr material adecuado 1al como madera, Jona, yeso prefa-
bricado o pelicula de plastico. Los recimos fabricadaos de materiales {le-
xibles son mas baratos 'y mas faciles de poner ¥ remover. Los recintos
[abricados de materiales rigidos son mas clectivos para impedic el paso

del viento v mantener las temperaturas del perimetro. Los recintos deben

soportar las cargas de viento y de nieve, y ser razonablemente hermé-
ticos. Debe proporcionarse e} espaciv suliciente entre el concreto y el
recanto para permitir la libre circulacién del aire caliente. Si se propor-

ciona la altura suhcncnte. Ios obreros pueden traba;nr con mayor dl-,

,ciencia. :
Por medio de vapor, aire caheme forzado y caleuladores estaciona-
rios o de otros tipos se puede suministrar calor a los recintos.

Aunque ¢l calentamiento por ncdio de vapor proporciona un medio
,ambiente ideal para el curado, las condiciones de trabajo que ofrece

dnstan mucho de ser las ideales y puede provocar problemas de hielo en-

los alrededores del perimetro del recinto.

Los ventiladores para aire forzadu. que s¢ calientan con petrdleo
‘o con gas. son, tal vez, las fuentes de calor mas populares, ya que ¢l aire
ealiente circula alrededor Jel concreto. Los gases de escape deben ven-
tilarse hacia el exterior con ¢ .flin de evitar dafios por el atayue del
bioxido de carbono a las superficies del concreto fresco expuesto. ldeal-
mente. estos calentadores deben estar colocados fuera del recinto, el cual
debe recibir el aire caliente forzado a través de ductos. Los calentadores
también pueden funcionar por medio de eléctricidad. Estos calentadores.
al aqual que Jos extacionanios, prodiecen calor seco, por o tanto, debe
tenerse vuidado con objeto de evitar yue se sequen las supechicies de
concreto expuesto, Esa deshidratacion pucde evitarse cubriendo ¢l con-
¢reto con capas de material impermcable.

Los fucaas directos, o los calentadores estacionarios de petréleo-o de

Y Eg Consrets tor Massive Strgctnres™ Brlbeting Moo ISTIST Porthad G ot
Assotianon, Skokic, ac pueden e omrar curves tipioas de calor de hideatacwan para

~ diversos cementos .
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carbdn. tales como los braseros o salamandras, deben evitarse aun en
obras pequefias. No proporcionan la circulacion de aire que s¢ puede
obtencr con los chorros de vapor o los ventiladores y la adccvada ven-
tilaciéon de los gases de desecho resulta punto menos que imposible
de conseguir. El peligro de incendio con este tipo de calentador es
especialmente grande. En-todo momente en la obra debe estar dispo-
nible un equipo contra incendios adecuado, a fin de garantizar la pro-
teccidn contra’ este ricsgo. Asimismo, en todo momento debe haber per-

sonal presente que mantenga en constante operacidn las unidades de
<alentamiento.

4.5 El calentamiento interno del concreto se pucde lograr ahogando
en ¢l resistencias eléctricas en espiral aisladas. Se pasa una corriente
de bajo voltaje a través de las espirales ahogadas en la masa, cerca de
la superficie de la seccion. de acuerdo con un patrén predeterminado.
La temperatura interna del concreto se pucde elevar a cualquier aivel
que se requiera dlsmmuycndo el espaciamiento o la pendiente de las
espirales. y el enfriamiento progresivo se puede controlar con interfup-
ciones intermitentes de la corriente que pasa a través de ellas. El calen-
tamiento se inicia. por lo general. después de un periodo de prefraguado
de entre 4 y 5 horas. dependienda de lIas caracteristicas de fraguado del
voncreto. De esta manera, las cimbras-aislantes xe requieren unicameate

‘para evitar el congelamiento del concreto durante ¢l periodo.de prefra-

guado y para minimizar la disipacién del calor de las superficies que
carecen de espirales. La pérdida de humedad en las superficies sin cim-
bra debida a la evaporacién debe evitarse cubriéndolas con capas de
plastico. Las temperaturas del concreto deben vigilarse por medio de
dispositivos de control con objeto de que no se excedan las temperaturas
recomendadas.

4.6 Duranre la colocacion del concreto. tas Jonas o cualquier oiro
tipo de cubiertas fiacilmente movibles, extendidas sobre caballetes o arma-
zones, deben sequir estrechamente el pracese de colocacion, de manecra
que unicamente unos cuantos metros de concreto gueden expucestos a la
intemperie en cualquier momento. Dichas lonas deben arreglirse de mo-
do que el aire caliente pueda circular libremente. tanto en la parte supe-
rior vomo, exceptuando los pavimentos, en la parte inferior de by losy
Para Ia prevencian del congelymiento, tambicn resultan efectivas las
capas de material aislante colocadas directamente sobre el concreto, en-
volvi¢ndolo. Esta protecciéon es particularmente importante cn ¢l caso
del concreto ligero estructural, debido a que su capacidad de mayor rc-
tencion de calor permite uu congclvmiento mas saprlo doe bis superficies.
que ¢l conceeta de peso normal. ) ’

4.7 Las envoluras y Jos recintas dobes poinaacoer codocados du-
rante todo el periodo de proteccion recomendnlo Las secciones se pue-
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den remover temporalmente con objeto de permitir la colocacidn adicio-
nal de cimbras o de concreto, pero la programacién de este trabajo debe
garantizar que no se permitird la congelacién de dicho concreto.

Estas secciones deben reemplazarse tan pronto como ls cimbra o el
concreto han tomado su posicién definitiva. El tiempo perdido en el
periodo de proteccidn requerido debe recuperarsc a la temperatura re-
querida, antes de retirar la proteccién,

43 Cuando se utilizan cimbras aislantes junto con recintos calen-
tados, es aconsejable vigilar la temperatura, tanto del interior como de
la superficie del concreto, por medio de dispositivos de control, con el

. tin de asegurarse de que el concteto. cspecnalmentc ¢l concreto masivo,
" no se caliente mas de lo necesario.

aa

]

CAPITULO 5

métodos y requlsitos para

Cl curado en cllma fno

5.1 Con objeto de que alcance Ia hidratacion adecuada, el concreto
nuevo debe estar protegido del secado prematuro. Por lo general. deben
tomarse medidas positivas a fin de evitar una evaporacién excesiva de
humedad de dicho concreto. No obstante. durante el invierno. cuando
la temperatura del aire cae por debajo de los 10°C, las condiciones at-
mosféricas en la mayor parte de las zonas no provocaran un secado
indescable; pero ¢l concrero nuevo, en condiciones de saturacidn, resulta
vulnerable al congelamiento y. por lo tante. debe permitirseic un ligero
secado antes de exponerlo a temperaturas de congelamiento.

5.2 A pesar de que el concreto expuesto al clima frio no es suscep-
tible de secarse a una rapidez no deseada, debe prestarse especial aten-
cién a aquel concreto que si estd protegido, segun se especifica en la
Tabla 1.4.2. En tanto las cimbras permanezcan en su lugar. las super-
ficies adyacentes a éstas estardn curadas adecuadamente en clima [rio.
Pero. las superficies sin cimbra. e¢n particular los pisos terminados. tien-
den al secado rapido en un recinto cerrado. Cuando un conereto es ca-
lentado a mas de 16°C y expuesto a una temperatura del aire de 10°C,
cs indispensable que se tomen medidas positivas a fin de evitar el secado.
La técnica preferida consiste en utilizar vapor. tanto para el calenta-

‘miento. como para evitar la evporacién excesiva. Si se va a utilizar un

compuesto liquide para el curado del tipe formader de membrana, éste

no dcbe aplicarse sino hasta que se ha terminado ol uzo del vapor. Cuane

do se utiliza un calor seco. el concreto debe c-tar vubicrto con un mate-

rial inpermeable, o un compuesto para “curidn” que cumpla con los
LY
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requisitos de Ia norma ASTM C.309, o sc puede curar con agua. El cu-

rado con agua es ¢l método menos descable. dado que, ea clima extre-
madamente frio, ocasiona problemas de formacion de hielo donde el.aqua

' se filtra de los recintos o donde existe un seliado deficiente. Asimismo, |

‘incrementa. [a posibilidad 'de que el concreto se congele en condiciones
préximas a la saturacién, una vez que se remueve la proteccion,

5.3 Cuando la temperatura del aice ha caido a 10°C, el concreto
puede quedar expuesto al aire dentro del recinto. siempre y cuando la
humedad relativa no sea inferior al 40%. Cuando ¢l clima es extrema-
damente frio. siempre resulta necesario afiadir humedad al aire calentado
con cbjeto de mantener esta humedad. Por ejemplo. si la températura
exterior es de —12°C, la humedad relativa dentro del recinto calentado
serd inferior al 209% si no se afiade humedad. Si se utiliza el curado
con agua, éste debe darse por terminado 12 horas antes del periodo de

proteccion de temperatura, y debe permitirse que el concreto seque antes

y durante el periedo de ajuste gradual a laz condiciones de clima frio

_ ambiental que se mencionan en la linca 5 de la Tabla 1.4.1,

54 Una vez removida la proteccidn para conservar la temperalura,
no sc requiere medida pesitiva alguna para evitar la evaporacion exce-
siva, en tanto la temperatura del aire permanezca por debajo de los
10°C. Una excepcitn a esto la constituve ¢l concreto colocado en regio-
nes extremadamente aridas. Cuando ¢l concreto a 10°C queda expuesio
al aire con una“temperatura de 10°C, y una humcdad relativa menor al
04, o al aire con una temperatura de 5°C y una humcdad relativa

“menor al 60%%, el secado sera cxcesivo. Cuando ln temperatura del con-
creto ha caido a 5°C, una temperatura ambiente de 5°C. con una humé-

dad relativa del 1177 puede ser tolerada. Si se espera un secado exce-

: Sivo ¥ no e espera congelamivnto, se pucde curar el voncreto con ayua.

“De lo contracio. ¢l procedimicnto preferido os cf cipleo de compudstos’

para “curado” o de una cubierta permeable. A temperaturas superiores

. a los 10°C. el secado aumenta con rapidez. Durime of periodo inver-
nal. en el cual se presenta ¢l congelamiento, las temperaturas extremas
ocasionales, superiores a los 10°C. no deben ser motivo de preocupacién.
Sin embargo. cuando se presentan temperuturas superiores a las 10°C
durante mas de la mitad de un periodo de 24 horas, ya no se debe conai-
derar al concreto como concreto de invierno y debe aplicarse una prac-
tica de curado normal. _ i .

55 A pesar de que el concreto expuesto a clima invernal no se
seca a una velocidad indeseable, la aplicacion de un compuesto para
“curado” reduce el secado y, por lo tanto, mejora las condiciones de cu-
rado. Si se aplica un compuesto durante el primer periodo de temperatura
superior il punta de congelacidn despuds de gue se ha removido by pro.
teecion, se elimina Ja necesidad de efectuar operaciones adicionales de

N curado si la wemperatura se llegara a elevar por sobre los 10°C.
D
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CAP]TULO 6
| requisitos de protgccign
- para el concreto bajo otras

‘condiciones de servicio
aparte del estructural

6.1 Para concreto que no sca estructural. el cual se describe en ¢l
Capitulo 5, los requisitos de proteccidn necesarios en cada una de las
tres condiciones generales de servicio son los siguientes:

6.1.1 La primera incluye renglones tales como cimientos y subes-
tructuras gque no estardn swjetos a una carga i temprana edad y gue.
debido a su localizacién profunda o rellenada, sufriran poco o ningan
congelamicnto y deshiclo en el servicio. En estas circunstancias de cons.
truccién y servicio, las condiciones favoreceran el curado natural couti-
nuado. Este concreto unicamente requeriria el tiempo de proteccion' re-
comendado para la primera condicién en la Tabla 1.4.2. :

6.1.2 La segunda incluye concreto en pilas masivas y presas que
contardn con superficies expuestas al congelamiento v a la accién del
clima durante el servicio. pcro que no tendran requisitos de resistencia
a temprana edad. Las porciones interiores seran autocurables, Las super-
ficies exteriores continuaran curindose cuando las condiciones naturales
scan favorables. Con objeto de proporcionar un curado inicial v de a~e-
gurar la durabilidad de las superficies y de las orillas durante el servi.
cio, este concreto debe recibir. cuando menos. la cantidad de protecciin
tecomendada para la segunda condicién en ln Tabia 1.4.2. El concretn
en estructuras masivas, en las cuales el incrementn de temperatura inter.
na es critico. no debe sufeir aceleracion en su desarrallo de resistenci,

6.1.3  La tercera condicion mcluye estracinias expucstas Ly accion

del clima. que pueden estar parcialmente dargali~ antes de que Tas con-
LR

|
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_ diciones de curado natural hayan desarrollado plenamente la resistencia
del concreto. Un concreto tal debe contar. por lo menos. con la cantidad
de protecciébn que para la tercera condicion se recomienda en la Ta-
bla 1.4.2, Cuando las condiciones que se esperan.cn la obra rexpecto a
la carga, las condiciones climaticas, los materiales y la mezcla probable,
son conocidas, se puede estimar la confirmacién de la cantidad de pro-
. teccion y de curado que se requieren a 10°C, en base a los datos apro-
piados (referencias 1 y 13) de no hacerse especimenes de prucba curados
¢n la obra. '

6.2 Durante la época de frio, con frecucncia ex altamente signifi-
* citiva la proteccién que proporcionan las cimbras que no son de acero.
En recintos calentados, las cimbras sicven para distribuir el calor mas
equitativamente y paca evitar el calor concentrado. Con el aislante de-
- bido, en muchas ocasiones, las cimbras, incluyendo las de acero. propor-
cionan una proteccidn adecuada sin caleatamiento suplementario. Por Jo
tanto. a menudo resulta ventajoso dejar las cimbras hasta que termirie
el periodo de proteccién minimo requerido. o adn mas tiempo: No obs-
tarte. ¢l programa de construccién o la reutilizacién, por cuestién de
economia, de las cimbras, con frecuencia determinardn su remocion i la
brevedad posible. En este caso, las cimhras se pueden remover tan.pron-
to como ¢sto se pueda realizar sin causar dafio o poner ¢n peligro al
concreto. Si sc utilizan ‘cufias para separar la cimbra del concreto joven.
¢stas Jeben ser de madera. Por lo general. cuando el concreto ya es lo
suficientemente resistente, las csquinas y las orillas no sufriran dafios

durantc el descimbrado. El tiempo minimo necesario para esto es prefe-

rible determiharlo de manera tenativa en la obra misma. ya que influyen
en ¢l diversos factores propios de la obra en si. los cuales incluyen el
nupo y la cantidad de cemento, al igual que otrox aspectos de la mezcla
del concreto, la temperatura de curado. el tipo de la estructura, e) disefio
de las cimbras y la habilidad de los trabajadores. Generalmente, para
vntonces ya serh lo suficientemente resistente como para soportar su pro-
pio peso sin Que se presente agrietamiento. Después de la remocién de

la cimbra. ¢l concreta debe cubrirse con mantas aislantes o mantenerlo -

encerrado en recintos calentados durante el tiempo recomendado en la
Tabla 1.4.2. Si se_utiliza calor interno por medio de resistencias ahoga-
das en espiral, el concreto debe cubrirse con capas impermeables y debe
continuacse ¢l calentamiento durante ¢l tiempo recomendado,

6.3 En el caso de muros de contencidn, muros de cimentacion u otras
cstructuras. en las cuales dnicamente uno de los lados cstard sujeto a
presion hidrostatica, 1a apresurada remacién de la cimbra, mientras el
concreto es aun relativamente joven, puede dislocar los amarces y sepa-

radores de la cimbra y formar canales por los cuales puede fluir ¢l agua.

6.4 Al llegar & su fin el perlodo de proteccién. el con. -in Jdebe

eOTECLom BAJU GaWAS T aapn 10N 1 SERva o 0y

enfriarse gradualmente de acuerdo con lo indicado en la Tabla 1.4.1.
Esto se puede lograr con facilidad. reduciendo ¢l calor que proviene de
fuenies externas. No obstante. las cimbras “aislantes pucden presentar
algunas dificultades. Pucde resultar_satisfactorio abrir un poco las cim-
bras y cubcirlas con capas de polictifeno, a fin de permitic una ligera
circulacion del aire. | ' '

Espesor del muro
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6.5 Aunquc ¢l concrcto debe enfriarse gradualmente hasta que esié
a temperatura ambiente. a fin de evitar el agrietamiento térmico, se puede
_permitir un diferencial de temperatura entre el concreto y la temperatura
ambiente en el momento de suspender la proteccidn. La diferencia maxi-
ma permisible entre el concreto y el aire ambiental (si los vientos no
exceden de 24 km/h) se puede determinar por medio de la Fig. 6-5. Las
curvas ofrecen compensacién por cl espesor del muro y 1a restriccion del
factor de forma.



.

CAPITULOI

reqmsntos de protcccnon Para
el concreto estrcutural

7.1 Los criterios para el descimbrado del concreto estructural deben
basarse en la resistencia del concreto en la obra y no en uns duracién
atbitraria de tiempo, Para el concreto estructural, el cual debe alcanzar

"un considerable nivel de resistencia de disefio, previo a un descimbrado

y un desapimtalamiente finales seguros, debe proporcionarse un tiempo
de proteccion adicional superior al minimo establecido en la Tabla 1.4. 2
dado que este minimo dnicamente seria suficiente desde el punto de vista
de la resistencia al dafio por congelamiento.

7.2 Un método utilizado para verificar el logro de la suficiente re-
sistencia antes de reducir, cambiar o remover el apoyo, y antes de II-IS-
pender ¢l curado y la proteccitn, conaiste en elaborar, por lo mencs, uns
cilindros de prueba en la obra, tomados de los ditimos 75m? de concreto.

.de los cuales, por lo menos 3 deben elaborarse por cada 2 horas durnnte

toda la etapa de colocacidn del concreto, o por cada 75 m?, segin el que
proporcione el mayor nimero de cilindros. Dichos especimenes deben
hacerse de acuerdo con la norma ASTM C 31 y, de inmediato, debcn
protegerse del clima frio, en tanto puedan colocarse bajo la misma pro:
teccién proporcionada a las partes de la estructura a las cuales repre:

sentan. Después de retirarlos del molde debe procederse al cabeceado
"y prueba de los especimenes, de acuerdo con las secciones adecuadas dé

las normas ASTM C 31 y C 39. Las pruebas de resistencia a la com:
presion del concreto y las no destructivas efectuadas en la obra, cuandd
estan correlacionadas con los resultados de la prueba de cilindros con

9 . !
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curado normal y curado en la obra (ASTM C 192), constituyen un mé-
todo adicional que se puede utilizar con el fin de verificar el logro de la
‘resistencia. o '

7.3 Puesto que la ganancia de resixtencia del concreto es una fun-
¢ién del tiempo y de la temperatura, ¢} calculo del desarralle de la resis-
tencia del concreto en una estructura también se puede llevar a cabo
relacionando Jos Inciementos de temperatura y tiempo del concreto cn
la obra con la resistencia de los cilindros de la misma mezcla de con-
creto. curados bajo condiciones estandar de laboratorio. Esta relacion
ha sido establecida !® por medic del uso del [actor de madurez, M, ex-
presado como: . '

. M = 3(C + 10)x
donde

C = temperatura en °C

At = duracién del curado a la temperatura C, en horas o dias.

La ecuacién supone que la resistencia no aumenta a temperaturas
inferiores a aproximadamente —10°C. En el concepto de madurez, el
desarrollo de la resistencia estsd considerado como equivalente a la suma

~ de las contribuciones de cada periodo de curado. Cuando !a temperatura
" es constante, como en los métodos de curado en el laboratorio, el signo
de adicién no es necesario. - . ;

7.3.1 La curva del factor de madurez-resistencia se establece efec-
tuando pruebas de resistencia & la compeesion, a diversas edades. a una
serie de cilindros de concreto similar al cual se va a utilizar ¢n la abra,
curados en el laboratorio, a una temperatura estandar (23 = 1.7°C).

La verdadeta resistencia del concreto colocado en un sitio en particu-
lar. en un momento en particular, puede predecirse por medio de la de-
terminacién de su lactor de madurez en ¢l momento dado y la lectura

" de la resistencia correspondicnte en la curva factor de madurez-resis-
tencia. ' . )

El factor de madurez del concreto en la obra se determina midiendo
la tempetatura del concreto, en el sitio en particular, a periodos de tiem-
_ po reducidamente separados y sumando los productos sucesivos de los
periodos de tiempo y la temperatura promedio del concreto durante
ese periodo. .

7.3.2 La siguiente informacién debe estar disponible de inodo que
se pueda llevar a cabo el calculo de la resistencia del concreto en la obra:

a} La relacion del factor de madurez-resistencia del coacreto que
" se estad colando bajo condiciones estandar de laboratorio.

b) Un registro de temperatura-tiempo del concreto en Ly obra. Estos

e

se pucden obtener por medio del uso de termistores o termopares colados
a diversas profundidades en el concreto. La ubicacién que arroja los mas

bajos valores debe ser la seric de temperaturas utilizada en los calculos.

c) Se pueden obtener "Medidores de madurez del concreto”, los cua-
les permiten la determinacion continua y directa del factor de madure:,
en un Jugar en particular del concreto en la obra. Los medidores utilizan
una sonda ahogada en el concreto, la: cual mide, de manera continua. la
temperatura; automaticameénte la integra al tiempo. y continuamente
muestra el factor de madurez en un contador marcado en grados Celsius-
horas.

7.3.3 Calculos de ejemplo. Previniendo un periodo de clima frio. un
contratista instald termopares en un muro de concreto, colado ¢l 17 de
septiembre de 1976. a las 9:00 a.m. Se habia establecido una curva fac-
tor de madurez-resistencia y una historia de la ganancia de resistencia.
bajo condiciones de laboratorio, se habia desarroffade de la mezcla de
concreto utilizada (Fig. 7.3.3). Se mantuvo un registro de las tempera-

" turas del concteto en la obra. A los tres dias {72 horas) el contratista
necesitaba saber 1a resistencia del concreto en la obra. Si utiliza el re-

gistro de temperatura, tal como se indica en las columnas 3. 4y 5 de la

. Tabla 7.3.3. con objeto de determinar el factor de madurez equivalente

que se muestra en la columna 9. le resulta posible determinar que la re-
sistencia del concréto colocado es aproximadamente de 126 kg'em®.
tomando como base la curva factor de madurez-resistencia.
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vipecimenes cursdos an el laboratorio (22.80(;) )
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TABLA 7.3.3.— CALCULQ DEL FACTOR VDE MADUREZ Y PREDICCION DE
RESISTENCIA DEL CONCRETO EN EL LUGAR

1 2 3 4 5 | 6 7. | 8 9

Tiempo| Tempera-| Tempera: | {Coi. 4} |[Intervalo | Col. 5 x| Factar Rgsisten
trans- |tura enla| tura pro- | +109C de Col.6,| de |ciaala
Fecha | currioo | estruc: | medioen| 9C | tiempo | “Chr | madu-| compre:

hr tura 3 estruc- hr rez I | sion co-
¢ wra ' Cal. 7 | rrespon-

S¢ OChr | diente,
' kg/cm?

Sept. 1 0 10

10 - N - -
12 10 ‘ . ‘
; 10 20 12 | 240 | 230| -
2 24 10 : aE
9 19 6] 114 | 354 | -
30 8
: 85 | 85| 18 ] 333 [687]| 76
3 48 9
‘ 85 86| 12 | 222 | 909 | 105
60 8 : |
75 176 12 | 20 |mg | 122
4 72 7 | ‘
. 65 65| 96 {1584 [2703 | 208
8 | 168 5 _ .
. 6 | 16 72 | 1152 |3855 | 239
n 240 6
6 16 72 | 1152 | 5007 [ 262
14 | 312 6

Nots: Tempersturs de curado en vl laborstorio = 22.8°C
Supdngese Que na hay ganancie d¢ retistancia O - 12 hr
Célcuios basados a0 un punto de tampersturs locstizedo & 10 cm por debajo del lecho

superior de |s 108 da szotes,

7.4 En términos generales, son escasas las oportunidades de propor-
cionar un curado adicional al concreto estructutal aparte del proporcio-
pado inicialmente. En la Fig. 7.4 se ilustra el efecto en la resistencia de
suspender ¢} curado himedo y de exponer al concreto al aire, a diversas
cdades. Por esta razén, las resistencias tempranas, lo suficientemente al-
tas para asegurar la obtencion de la resistencia de disefio; deben ser
logradas antes de que el concreto estructural, con apoyos temporales,
pueda ser librado de la proteccion invernal y expuesto a temperaturas
de congelamiento.

75 El tiempo que el concreto requiere para lograr la resistencia

REQUISITOS DE PROTECCION . . Y
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Figura 7.4,— Resistoncia a ls compresibn de un concreto secado 8l ambients del
ishoratorio, después de un curado himedo preliminac.! ? {Especimenss probados
después de mcados »f aire).

requerida y la segura remocién de los puntales se ve influido por muchos
factores. Entre éstos, los mds importantes son aquelloa que afectan la
rapidez y el nivel del desarrolio de la resistencia, tales como la tempe-
ratura inicial del concreto en el momento de la colocacién, la tempera.
tura a la cual se mantiene el concreto después de la colocacitn, el tipo
del cemento, el tipo y la cantidad del aditivo acelerante o de otros adi-
tivos utilizados y las condiciones de proteccion y curado. La duracion de
la proteccidn puede reduclrse de manera considerable por medio de:

7.5.! Mantener la temperatura durante la proteccién y curado a un
nivel més alto después del colado que ¢} indicado en la linea | de la
Tabla 1.4.1. Vease la Pig. 7.5.1. Los cementos dtl Tipo | y del Tipo 11l
proporcionan resistencias algo més altas que el Tipo Il a edades tem-
pranas. Con motivo de las variaciones en el comportamiento de cualquicr
cemento dado, los datos proporcionados en la Fig. 7.5.1 deben utilizarse
Gnicamente como gula. | ' .

7.5.2 Utilizar tipos y composiciones de cemento que demuestren un
desarrollo de resistencia mis temprano. Véase la seccion 8.1.

7.5.3 Lltilizar un aditivo acelerante, tal como el cloruro de calcio.
0 uno que esté de acuerdo con Ja norma ASTM C 404, del Tipo C (ace-
lerante) o E (reductor de agua y acelerante). No obstante, deben revi-

‘sarse las diversas precauciones que se mencionan en el Capitulo 8 antes

de utilizar cloruro de calcio o aditivos del Tipo C, o del Tipo E:que
contienen clorure de calcio. Debido a las variaciones en el comporta-
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on ol desarrolio de la resistencia del concreto (Cemento
Tipo 112 .

mientn segun las distintas marcas y tipos de cemento, deben efectunrse
nruebas previas a la temperatura de curado prevista. utilizando ¢l cemen-
ta. los agregados y los aditivos propuestos. '

7.6 Decbn tomarse las precauciones adecuadas a fin de asegurars of
unfriamiento gradual del concreto al llegar o su fin ¢l periodo Jde pro-
wecion. o -

7.7 Ovasiovnalmente es posible ‘'que sea necesano tomar decisiones

“cuando no se actud de la maneda adecuada. a fin de confirmar la sufs-

ciencia del curado v de la proteccién para producir niveles sequros de
desarrolio de resistencia. Para cancretos que de ordinario alcanzarian un
nargen seguro de resistencia promedio. superior a la resistencia de dise-
Ao, [ con 28 dias de curado himedo estandar o 23°C. la Tabla 7.7 ilus-
i e) mimero aprosimado de dias de curado y proteccién recomendados

P v w217 CLocon objeto de obtener ol porcentaje de resistencia de disc-

Lo que requiere cf dingeniero o ¢l arquitecto para la remocion segura de

fas cinbras v los puntales. El numero de dias y ¢l porcentaje de [, ilus-
iados en la Tabla 7.7, reflejan la velocidad a la cual resulta posible que
#1 concreto logre la f'. requerida durante la exposicion indicada, Sin em-
bargo. en prevision de es‘l‘c posible problema, el ingeniero debe desarrollar-
ena curva factor de madurez-registencia, basadi en fos materiales espe-
vificos utilizados en la obra.

" +

TAHLA 7.7.—- DURACION Ot LA PROTECCION RECOMENDADA PARA EL

POHCENTAJE DE RESISTENCIA REQUERIDO

- o I

A 10°C, : A 214¢,
©ias . uras

Porcentaje de Puizentaie ae

13 resistenca Tipo s cementy la resistencia Tipo de cementa

de aisedo, ['¢ . da ausano, ¢ T T

requerida | 1l 1] requefida | It 0 In

50 [ 9 3 oo 4 6 3
65 " 14 5 65 g 10 4
B5 21 28 16 85 16 18 12
95 29 35 26 95 23 24 20

Los datos de esta tebia proceden de concretos con retistencins de 210 & 350 kg/cm? despuis
de 28 dim de cursdo a 21 ¢ 1.7 ©C. Se considero esta resistencia o los 28 dim, para cada tipo
de cenwnto, como el 100% 0 en 1a determinacidn del TeMPO neCesatio para sicanzar diversos
porcentaies de esta resistencia, 10°C y con 219C dwante el curado Por necesidmd, estos
valores son 1Sio apronimedos y rumedso. Deben obtenscse los valores #specificos cun

© matenieles y mezclas de ta obra,

) 7.8  Las recomendaciones que se dan en este Cupitulo v la Vabla 0
s¢ basan en disposiciones o en la existencia de ciertas condivienes Qo Ly
obra, que cuwmplen con las normas minimas v reguerimientos basicos -
quicntes: : _ '

- 7.8.1  La tempevatura interna del concreto debe estar, por loomeaos,
a 10°C después de la colocaaion de divho concreto, A fin de maniener

al minimo la contraction fernmca subscouente, debe tratarse de que eera

temperatura se cxceda lo menos posible en cualginer épeca dol aine
7.8.2 Las instalaciones deben ser capaces de mantener it tomp, -
ratura del concreto. durante todo el proceso. a 10°C, o mas. hasta ue
se pueda garantizar que exta proteccion se puede suspender con segqurn
dad. Dichas instalaciones incluyen:
a}' Abngo adecuado v proteccion contra el vienie y o pordidacds
calor,

'b)  Equipo efectivo v personal suliviente con objeto de mantener to-
das las partes del concreto a la temperatura requerida. al igual gque, el
equipo de proteccion contra incendios necesario. '

' ¢) Proteccion y sistema de calentamiento que abarque la supuificie
superior de las nuevas losas o pisus. v que deje dcscuh:crla.\"_lam uher-
turas, a fin de proporcionar circulacion de aire. o incprox gque s vulicen
cuhierias aislantes. -
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d) Ventilacién'y circulacién en la medida en que sean necesarias
para mantener una temperatura constante en las partes superior e infe-
rior de elementos verticales tales como.mures, pilas y columnas.

7.8.3 Los puntales deben permanecer colocados el tiempo necesario
para salvaguardar todos los miembros y la estructura. El nimero de
hileras reapuntaladas por debajo de la que se esta colando y el tiempo
que debe permanecer colocado dicho reapuntalamiento deben basarse en
evidencia confiable que se tenga de que la resistencia obtenida es Ja su-
ficiente para soportar con seguridad el total de las cargas involucradas.

7.8.4 El concreto debe hacerse con cemento portland de los Tipos I,
IFy 1L

7.8.5 Debe efectuarse un curado adecuado, en partlcular con el fin

de evitar el secado en recintos calentados.
7.8.6 Debe llevarse a cabo una inspeccion con objeto de cumplic

con los requisitos de construccién del Reglamento de las construcciones

del ACI, al igual que con otras normas de inspeccién de dicho Instituto.
7.9 La remocién de cimbras y apoyos, al igual que la colocacién y
remocion de puntales debe estar de acuerdo con la norma ACI 347 "Re-
commended Practice for Concrete Formwork”. Entre otros requisitos, la
norma mencionada recomienda lo siguiente:
79.1 E! ingeniero o el arquitecto debe determinar y especilicar la

resistencia requerida del concreto en la obra. con ob;cto de permitir -
la remocién de cimbras y de puntaies,

7.9.2 Deben efectuarse pruebas adecuadas a los cilindros de con-
creto curados en la obra o del concreto en la obra (véase la seccion 7.2).

793 En las especificaciones deben prescribirse, en su totalidad, los
métodos para evaluar los resultados de prueba del concreto, al igual que

la resistencia minima requerida.

794 Deben registrarse y ser utilizados por el ingeniero o el arqui-
tecto los resultados de todas las pruebas, al igual que los registros de las
condiciones climéiticas y cualquiera otra- informacion pertinente, con
objeto de tomar la decisién respecto a cudndo deben removerse las cim-
bras y los puntales. :

795 El ingeniero debe planear de amemano y revisar cualqu:er
proceso de reapuntalamiento, mismo que constituye una de las operacio-
nes mas criticas relacionadas con las cimbras. Esta operacién debe efec-
tuarse de manera que, en ningin momento se requiera que grandes areas
nuevas de construccidn soporten cargas muertas y de construccién com-
binadas que sobrepasen la capacidad determinada por las cargas de dise-

fio y el desarrollo de la resistencia del concreto en el momento del des--

cimbrado y reapuntalamiento.

ov
1

CAPITULO 8
aceleracnon del Jcsarro lo
de rcsuteacla._ﬁ

. 8.1 Aspectos generales

Si se observan las precauciones adecuadas, se pueden utilizar aditivos
acelerantes, cemento de alta resistencia a temprana edad (Tipo IlI) o
cemento adicional. con el fin de desarrollar el nivel de resistencia reque-
rido en un periodo mAs corto. Esta aceleracion de ganancia de resistencia
con frecuencia tiene como resultado un aborro considerable debido a la

. menor duracién de la proteccién, la facilidad de volver a utilizar Ja cim-

bra con mayor rapidez, ]a maAs temprana remociéon de los puntales, o me-
nos mano de obra para los acabados de los elementos planos (véase
AC! 302). Cuando estos medios se utilizan con objeto de obtener una
mas alta resistencia a temprana edad, el incremento del calor de hidra-
tacién resultante puede ser favorable en algunas ocasiones. Los factores
de composicién del cemento, tales como un més alto contenido de silicato
o aluminato tricalcico, cuando por cualquiera otra razén no son adver-.
sos, resultan ventajosos en clima frio con motivo de su coatribucion a
un calor por hidratacién mas alto y mas temprano. Sin embargo, aun los

“cementos del mismo tipo varian ampliamente entre si en su relacidn
_tiempo-resistencia. Se recomienda efectuar pruebas con el ceémento pro-
puesto para usarse en la estructura, con objeto de demostrar cual de

estas posibilidades ser& la mas conveniente para este propésita en par-
ticular,

!
!
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8.2 Cloruro de calclo como aditive acelerante

8:2.1 El clorurc de calcio es un aditivo acelerante ampliamente uti-
lizado y de gran populatidad. El uso y los efectos de dicho cloruro se-
describen en “Guia para ¢! uso de los aditivos en el concreto” presenta-
do por el Comité ACI 212 (teaducida por el Instituto Mexicano del
Cemento y del Concreto, A. C.. junio, 1976, 84 pp.}, al igual que en la
referencia 3. No existen los suficientes datos acerca del uso del cloruro
de calcio con cemento portland con escoria’ de alto horno. o-con otros

* cementos combinados que justifiquen cualquier recomendacién, positiva

0 negativa, respecto a su empleo con estos cementos. No obstante. en
ciertas condiciones no se debe utilizar el cloruro de calcio. y las siguien-
tes aplicaciones deben registrarse cuidadosamente.

a) No se debe utilizar en concreto presforzado debido a su poten-
cial para aumentar la corrosi6n metélica a causa del esfuerzo.

b) La presencia de los cloruros se ha relacionado con la corrosién
galvanica del acero galvanizado cuando este material se utiliza como
cimbra permanente en cubiertas o en elementos empotrados, y en cons-
trucciones de este tipo no se recomienda ef uso de cloruro de calcio adi-
cional,

c) Asimismo, recientes estudios han indicado que la corrosion gal-

.vanica de los métales shogados en el concreto se intensifica mediante

1a adicion de cloruro de calcio al concreto. Los siguientes-constiluyen
¢jemplos de esto:

1) Cuando se conectaron externamente hojas de aluminio y de ace-
ro. ahogadas en el concreto, la corrosidn galvanica del aluminio
fue proporcional a la concentracion de cloruro de calcio.

i‘) Donde se colaron grander losas de concreto reforzado, en las

cuales habia conductos ahogados de aluminio y acero unidos
cléctricamente, los resultadns demostraron que el cloruro de cal-
cio fomentaba la corrosién galvanica. (Proceedings, ASCE Vol.
B9, ST5. octubrc de 1973, pp. 117-132.)

d) Mo debe utilizarse cloruro de calcio donde se requiere concreto
resistente a los suifatos; un 20% adicional de cemento resistente a los

sulfatos resultara mucho mis bencficioso. pues incrementarad, en vez de

disminuir, 1a resistencia del concreto a dichos sulfatos, .
e) Si no se controla la reaccién alcali-silice del cemento, mediante
el uso de un cemento con bajo contenido de alcalis o de una puzolana

efectiva, el clorure de calcio pucde incrementar la expansién.

f} En las zonas de alta concentracién de clorurcs, las variaciones
en ¢l contenido de calcio del concreto en un elemento aislado, que son

—

.
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provocadas por los cambios en las condiciones climéticas, pueden crear
cé¢lulas de concentracién y ocasionar una severa cotrosidn del acero de
refueczo con proteccién deficiente. Esta practica es peligrosa y no debe
ser permitida en las estructuras en las que existe continuidad en el acero.

g) Aparte de las condiciones arriba descritas. bajo las cuales no
debe utilizarse el cloruro de calcio, ina considerable cantidad de casos
confirmados de refuerzo corroido y el consecuente deterioro de las es-
tructuras de concreto que contienen cloruros han sido registrados donde
no existfa razén aparente para prohibir el cloruro de calcio. En vista de
esta peligrosa capacidad para ocasionar dafios por corrosidn cuando se
utilizan cloruros, en cualquiera de sus formas, en cantidades significa-
tivas, cualquier aceleracién que pudiera necesitarse debe obtenerse por
otros medios, como antes ya se menciond en este capitulo, :

8.2.2 El cloruro de calcio u otros productos guimicos en la mezcla.
en cantidades permisibles, no reducirAn ¢l punto de congelacion del con-
creto de manera significativa. A fin de evitar una confianza injustificada
en este método y con objeto’ de evitar ¢! uso de materiales dahinos. no
debe permitirse un intento tal de proteger al concreto del congelamiento.

8.3 _Oﬂoa aditivos acelerantes

8.3.1 Se ha encontrado que algunod acelerantes reductores de agua.
segin la norma de la ASTM C 494 “"Chemital Admixtures for Concrete”
{Aditivos quimicos para el concreto), del Tipo E, aceleran la ganancia
de resistencin, a temperaturas ambiente de 10°C ¢ inferiores, y reducen
el contenido unitario de agua de la mezcla. La mayoria de los aditives
del Tipo E contienen pequefios porcentajes de cloruro de calcio que, por
lo general, no alcanzan el 0.297, por peso, de cemento, cuando se ulili-
2an en las proporciones de dosilicacién recomendadas (véase la sec-
cion 8.3.2). Esta cantidad por si misma, ejerceria un efecto sumamentc

_limitado en las propiedades que proporcionan una resistencia temprana -

al concreto. No obstante, las pruebas indican que algunos acelerantes
reductores de agua, que cumplen con los requisitos de la norma ASTH
C 494 mejoraran sustancialmente la resistencia a las 24 horas, cuando
el concreto que los contiene, mezclado a 10°C, estd expuesto a tempe-
raturas de 10°C, La resistencia de un concreto como éste se aproximara

- a la que es posible obtener, mediante el 2% de cloruro de calcio y sera

superior a aquélla que se obtiene con algunos. pero no todos. los cemen:-
tos del Tipo 111. Los datos también indican que los acelerantes reductores
de agua pueden producir considerables incrementos en la resistencia o
cualquier edad posterior. En la norma AC! 212 "Guia para el uso dr
aditivos para e! concreto™; en la ACH 201, "Durabilidad del concreto o
servicio”, y en el simposio patrocinado por el Comité ACI 222, SP-49.

yé
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““Corrositn de metales en el concreto”, se puede encontrar informacién
adicional sobre este tema. :

8.3.2 Si no se cuenta con la informacién adecuada, o no estan dis-
ponibles los registros de. comportamiento anteriores, deben llevarse a
cabo pruebas con el fin de evaluar el efecto de un aditivo en particular
sobre las propiedades del concreto de la obra, utilizando materiales se-
mejantes y a las temperaturas esperadas en ésta, y apegandose a los
procedimientos de construccidn que se siguen en ella. Los fabricantes
de muchos aditivos de patente anuncian propiedades de endurecimiento
y desarrollo de resistencia acelerados. Ya que la mayoria de estos pro-
ductes contienen cloruro de calcio, el usuario debe determinar si el
aditivo en cuestién contiene cloruro de calcio o no, y. de ser asi, el por-

centsje, por peso del cemento, que su uso introducirad en el concreto..

De acuerdo con esto, el potenczal de corrosién debe entonces ser eva-
luado.

Px

52

. owmuos
registros de
tempa'at ra

9.1 Elpermdamgodehlnmﬁudebemmf
de la fecha, la hora, la temperatura del aire exterior. Ia temperatura del

- concreto al momento de la colocacién y de las condm cimiticas

(calmado, ventoso, despejado, nublado, etc.). Bl registro debe incluir

" la temperatura de diversos puntos dentro del recinto y en [a swperficie.

las esquinas y las orillas del concreto, en cantidad sufiicente'para fustrer
el rango de temperaturas del concreto. Los dispositivos m medir la
temperatura empotrados en el concreto son ideales, pero s puede obte-

ner una exactitud satisfactoria y una mayor flexibilidad de observacisn
si se coloca el termOmetro contra ¢l concreto bajo una cubierta temporal
de material aislante pesado, hasta que registre una temperatura coastante.
También se pueden utilizar resistencias térmicas o termopares ha-
bles, colados en el concreto. En el curso de cada periodo de 24 horas,
deben registrarse las lecturas de la temperatura mAxima y de s minima.
Los datos registrados deben mostrar con toda claridad el desacrollo de
la temperatura de cada parte del concreto. En los registros permanentes
de la obra se debe incluir una copia de las lecturas de temperatura. Re-
sulta preferible medir la temperatura del concreto en més de un lugar
en cada miembro y utilizar la lectura mis baja como representativa del
promedic a lo largo de determinado periodo. Debe vigilarse la tempe-
ratura del] concreto por medio de dispositivos de control, & fin de evitar

un calentamiento excesivo. .

105
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Sinopsis'|

Este reporte del estado actual de’ conocimientos incluye una historia del
desarrollo de las primeras bandas. transportadoras utilizadas para ¢l traslado y la
colocacion de concr~:0. Presenta una discusion sobre el disefo de los sistemas

.,"_

de transpontacion, «. :eclacion” a las propiedades del concreto en estado plistico,

a la velocidad de colodacion 'y a las especificaciones del trabajo. Considera el -

ancho de la banda, su veiocidad y los dngulos de inclinacion con respecto a los
requerimientos especificos. Abarca los tres tipos de transportadores de concreto:
los ponitiles, los de alimentacion y los de distribucidén, y sus: aplicaciones
particulares. Asimismo describe los métodos pricticos para s eleccion, uso y
mantenimiento de los transportadores. También discute el ahorro que representa
usar bandas transportadoras en la colocacion del concreto. Finalmente, enfatiza
la calidad del concreto colocado asi como los procedimiento- de inspeccion. |

L I
+

In troducc1on

i
|
|
!

1.~

Las bandus trznsportadoras de concreto estin disehadas o modificadas espe-
cialmente para transportar concreto en estado plistico desde una fuenss de
sununistro hasta lss cimbras u otros lugares, sin tener que usar equipo adicional,
‘excepto ¢l requerido para ls compactacion. La colocacion del concreto por medio
de ban( 18 transportadoras debe ser una operacion continua. Los mejores resul--
tados .. .obtienen cuando se cuenta con un suministro constante de coacreto
}mezclado adz ;uadaments para cargar la bands transportsdora, asi eomo con
dispositivos necesarios para desplazar ¢l punto de descarga durantz la colonnon

'} de manera que ¢l concreto en estado plisuco pucds ser depositado en toda el

[ -areq. sin necesidad de traspalearlo o splicarte demasisda vibracion.
Las bandas transportadoras se clasifican en tres tipos: (1) portjuhu o auto-
| coni:znidas, (2) de alimentacion o en serie y (3) de distribucion, cun descarga
radial o lateral.

La: primesas bandas transportadoras en Norteamérica se utilizaron pars mancjar
} = & bn L “Millers Guide™ de 1795 se describe una bands mnmmdon de

. 7w roe. Le primera nolicis que se tiene de una bands transportadora uauh pans

T, o material mas pesado que el grano proviene apenas de los ahos 18905,
cuatdo s instalaron algunas bandas transportadoras en usa planta procesadon
de runeral en Edison, NJ. La introduccion comerclal de cojinetes antifriccionan-
% en la constryecion de rodillos guia abrio el camino para las bandas transpor-
tafora. modemas. En 1925 se emple: uon por pnmera vez con éxito en el manejo
1 ...unml'
l Sepun se sabe, la primera vez que s¢ usaion las bandas tnnsponadom de
savrete fue en 1929, cuando la Corbetta Construction Co., Inc. usd una banda
tamportadora de 183 m de Iunplud para colocar- ¢l concreto estructursd del
} uente de la 238a. Calie Este, en el condado de Bronx, ciudad de Nueva York.
Laoncecla de conereto (F:2:4) contentfa agscgado de tumaho mdainw de 19:trun,
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Colocauon de concreto por medi v tun..
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.5 frangportadores ‘ Introduccidn l

..'nlre 1720 ¥ 1va4, se utilizaron handas transportadoras para trasladar concy ! ‘ . —e iemie L eeg e ‘*Vaf’/’ Sieatr
entre la planta mezcladora ¥ un punto de distribucion central. en donde cra gb——" : . &
cargado +n cucharones con descuega inferior para ser colocado en diversas obras [
del Corps of Engineers y de la TVA. Estos proyectos utilizaban de 190 2 256 kg

de cemento por m3 de concreto y agregada de 100 2 150 mm de tamafio miximo.
La segrepaeion del apregade de mayos tamafo en los puntos de transferencia y
en lxs tolvas era causa de. problemas considerables: de aqui que se desarrollaran
varios deflectores. canales y tolvas para reducir la- segregacion al minimo.? ‘f-
1941 a 1750, la Ontario Hydro (Fig. 1) usd con éxito tas bandas transportadoras J§
para colocar concreto ' siete diferentes construcciones de presas.® La Tabla

muestra las pnnup:dcs caracteristicas del concreto manejado en estas opeuc:ones . ‘ !

an 1.~ Sistema estacwnario de rrnn;pum o la Presa Des Joachinu, construida por b
compariia Omano Hydro. - !

s

A principios de ta década de los 505, la disponibilidad de concreto premezclado
‘para levar a caba provectos Jo construccion en los Estados Unidus cre¢ unas gran
‘ P.dcmandu de equipo que facilitara librar ] tramo entre el arca zccesible a un
camion-mezciadorz y el lugar donde debia ser colocado el concreto. A fines de .
- dicha-década llegaron al mercado las primeras bandas transportadoras de concreto '

TABLA 1.- PRIMERAS PRESAS EN DONDE SE MANEJO EL € INCRETO'
POR MEDIO DE BANDAS TRANSPORTADORAS

AGREGADO. | PROPORCION

: PROFIETARIO , é portatiles. comercialmente accesibles.® :
NOMBRE O AGENCIA gﬂ’cha'?ns EUEUTGAJ:JANO' %ENJ(\)G&E&'LDO 1. . El transportador por. alimsntacion se desarrollo aproximadamente en 19625
T ' " | DECONCRE- | mm . TOTAL DE la' primera banda distribuidora fue una unidad-de descarga lateral, usada en 1963
T ?3&33&”,3; para colocar una capa de concreto en la.via ripida elevada de la 46a. Avenida
. Est. . en Denver, Colo. Poco después se desarrollaron los distribuidores radiales.
Pine Canyon Corps of Engincers 212 18 o - - L.u.r.. ‘.ﬁcac?ongs y ‘mejorgs en I(-)S. tres tipos basicos de umsporudouf han
Mahoning Creek | Corps of Engineers 190 152 : o side rapidas y significativas. A princinios de los S0s las ba:tdas uansporladora.s
Tymn Corps of Engineers 198 102 . exaban ‘mitadas a una capacidad aue c.iilaba emire 13 y 31 m3/hr. Las veloci-
Fontana VA 190 152 30 dadss de cotocacion actuales —de 92 m?fier cn bandas de 45 cm Je ancho v de
F1. Louden TVA 19 119 2 230 m’fi}r en bandas de 6] cn- traen como resultado que las t:urtflas transpor-
Guniersville TVA 2%6: 102 a7 - i '._:ndc::as Je concreto sean adecuadas lo mismo para =fectuar colocaciones masivas .
Aquasahon Ontario Hydro 182 76 ® j 3¢ concreto Gue para construir edificien. .
Barrett Chute Ontario Hydro . 208 18 a5 ; aelida que el dise‘no d2 bandas transportagioras {ue cv_c:lucwnnndo, se
Des Joschims Ontario Hvdro a1 7 s RS 'l[fu aue las caracteristicas reguendas para evitur la stgrega.:ngn del concreio
Otto Holden Onatio “:vdm 319 ’6 " L SO posible manejar concretc tanto de alto como de bajo revenimiento,
Pine Portage Omtario Hydro 228 76 o AR o reele, cualquie;r concreto con agrcg:fdo normal o hgeru.. que pueda ser
G. W. Ravner Ontario Hydro 199 26 3 Lo+ den rzado por un camion-mezciadora, podra cqioc;.r‘se por medio de Una banda
Stewartville Ontario Hydia 197 76 4 5 ganimortedora. También se han transportado con éxito concretos conteniendo
- . © Voaprerudo prieso de 80 y 150 mm en banda: de 41 v de 61 cm de ancho, respec-

~

*Datos no disponibles

.
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Consxderacmncs de dlseno

§ 2.1. Requerimientos gen'emle_s ‘ - L '

h * No todas las bandas transportadoras pueden colocar concreto con éxito. Deben -

ser disefladas especificamente para superar los problemas que presenta el concreto.”
Los transportadores de concreto operando a la velocidad de bands correcta y con'*-

-4 las tolvas de carga, dispositives de transferencia y limpiadores de banda fuacio- -

' nanwo ad~~uadamente, no modifican la resistencia, el revenimiento o ¢l contenido -
de aire de: concreie que transportan8.® El disefio correcto de las bmdn trans-
voriadoras de concreto destinadas para efsctuar aplicaciones especificas drpmlc

cu-nta los, s:gu:cntes requerimientos de nuanejo y colocacion: ' l
Lc. .nmrns:ones de todos los componenles del tnnsportador deben restar
dé .cucrdo al peso del concreto, especipimente la unidad u'npu!lou. el

.
E -
‘[ © banaw cde soporte y los rodillos guia de.la banda. E] concreto de peso

Jnorr:a! ¢y aproximadamenie cincuenta por ciento mis pesado que ol de los

| © mat riales que-se transportan usualmente, como los agregados. |

Y HE t-ansportador en si, o por lo menos el mecanismo de delu‘tp del
_.um rero, debe poder desplazarse _por toda el drea ds colocacidn, sin inte-
" rruz ic demasiado’ ni demorar la colocacion del concreto. Esta condicion

S N dn.pensab!e. ya que ¢l concreto. debe distribuirse uniformements en’

toda ¢f area de colocacion. El desplazamiento debe ser mucho mis l1':';:rido '

coando se, requiera que la colocacidn se efectie en capas, para fm:iluu la ’

T e comractacxén del .concreto.

15

} del conouimicnto de la interaccion entre las diversas variables mvolucndu La
mayoria de los intentos fallidos. en ia ccloczcion de concrete por mledn de-- .
\ ﬁ bandas transportadoras se puede atribuir « que en ¢l disefio no se tomaron en



., expuesto. 8 lss condiciones ambientalés por 'inuy poco. tlcrlnpo‘ IDurante la cons-
- truccion -de la Planta’ de Energia Castaic, en-el sur de Califomia, se transportd
concreto a una distancia mucho mavor. En un dia soleado, 2 27°C de tempenatun

" experimentos en los que se simulé el transporte de-

i il ST ¥ . S

ambiente ¥ sin proteccion sobre las bandas, la temperatura del concreto en estado
plistico aumento solamente 2°C, habiendo sido transportado 213 m. 31 El tiethpo

- requerido para transportar el concreto s lo lunn de ud.o el sistema de bandas

fue de un minuto aproximadaments. (T
Enla U. S. Army Engincer Waterways - E.:pemmnt Snuon se llevaron a cabo

de 1,800 m por medio de bandis tmm‘udom Se unblecié que no habia

cambios n la temperatura del concreto debidos als lrmtporucibn La tempen-

tura del concreto tendia a descender cuan mr-mls elevada que la del aire,

cvando ers mis baja que.la del aire. entoncesﬂtmdu a2 aumentar. La rapidez- de

ascenso o descenso.dependia de' bz dlferem:u inigiy de las temperaturas.?2
Estos experimentos confirmaron nlgunos; in hifos anteriores, que indicaban

que’ el tiempo transcurrido {es decir. el uempo lbmadu a partir de que el sgua kb

habia sido agrecada a ta mezcla) tenia un efecto importante sobre el revenimiento
del concreto.?? Bajo- condiciones de secado re1alwamenze severas (temperatum
por encima de los 21°C), de humedad relativa menor al 50 por ciento y deo

velOcndnd del viento mayor a 16 km/hr, la pérdida en et revenimiento ltnbmble ;

al transporte del  ncreto a una distancia de 450 m fue de nproxifnadamenw
1.3 cm. El concreto

por ciento, en un concreto que-originalmente contenis S por ciento de aire.

Cuando s¢ vays a usar un transportador de mis de 450 m de longitud y .se § .
_ prevesn condiciones ambientales extremas, serd necesario contar con alguna forma § ..

ds proteccién pars mantener ha trzbajlbilidad del concreto o para protegerio
contra la congelacion. Las protecciones montadas sobre el transportador aumentan

la carga muenta que debe ser soportada por su estructurs y tal vez hagan nécesa- & .
rios alguncs ajustes en el disefo estructural. Las protecciones autosoportantes i .-

sumentan la inversion de capital requerida para construir un sistema ‘de transpor-
tacién y generalmente solo son pricticas cuando el transportador es fijo. .

2.6 Canctm’stic_:n’dc Ia mezcls de concreto

Cualquner concmo estructural puede ser transponado sausfaclonunemc por
medio de una banda transportadora. Los concretos con revenimientos extremos,
va sean menores de 2.5 ¢cm o m ‘o~ s de 18 em, tienden a reducir uolablcmenuz

la cap.ncudad de colocacion de unz “anda transportadora. La tendencia a'rodar.

del agregado de tamafio miximo mayor de 100.mm reduce mucho el ingulo de.

. inclinacion ‘o de declinacion permisible. Se puede obtener una ‘colocacion eficiente

y una capac:dad maxima de la banda transportadora si se vtiliza una mezcla de

concreto en c!.udo plistico, hnmoqenea Y N un_gevenimientn_contrniada depten_F

e a eeee—— ¥ e memwy

10 huu una distancis.

T
dg (] y 1 6 cm 3 La vcl(n.ldad de Ia banda ~ge vuelve mis ufﬁcn mdn d.
jevenimiento no se encucnm dentro de este rango ideal. Generalmente, los
" cohcrelos con rn.\\.nuuu nes Menoies requieren bandss mis lentas, mbatns que
lus que poscen revenimientos altos necesitan h:.rdu mis tipidas.?$ -
2 7 Especificaciones NE - o
-Todos los factores tratados en detalle! ;en Ioleltrd'ol anteriores deben ser
: mcorporzdos adecuadamente 2! diseho del trmm ‘con ¢ fin do. ICQUIEE
su funcionamiento .satisfactorio. ngun ifactor, ec’txn importante como pass
. producir’por 3i solo una. operacion sausﬁctoq; o .defectuosa. A pesar de que la.
segregacion del concreto. ftecuemamwse atribuye a la welocidad de b bands
: u:msportndora. al didmetro de lp; jpolea- ¥ Ip ‘tensién de lg. bagda, efion factores
po “sempre. doristituyen una ‘causa principal’ pafa que a dﬁ Este pfgmm. Se
) m.umlcnda ‘que “las. es,--cuﬁcmones ‘de una bande'-tra org?
m.m encaminadas a'obt-ner'ds resultados deseados pary’ iel! 'con
" mas que a delimitar los u:uilaa especificos de su dhcno ha p
recomendadas en- el Capltulo 4 pueden incorpo Tie ia i
_'mbajo. en los casos que sean aphcables

~+portado’a mis de 900 m cxperimenté una pérdida en ef §
revenimiente mis pronunciada, de aproximadamente 5 cm. Las pruebas efectuadas.
indicaron un aumento definitivo en la resistencia del concreto, correspondients’
s la pérdida en el revenimisnto. La disminucidn'de sire incluido fue menor al 0.5°
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Tlpos dc transportadorcs

- 5 ! m..,.fq;
iy, sus. func;ones

.‘ t
‘:Jui—'

‘¢t .uso de bnndas mnspomdom pomule.g
fabricinte a otro, pero todos ticnen ciertas clni‘. ot
“tante s que cade unidad es sutosuficiente y pusde.de
“toda la obr.. Cada unidad debe tener su propis fueate
¢quipo puede considerarse verdaderamente portéed s depende de una fugote de
‘tnergia estzcionaria. El peso y ls movilidad necesarios en una banda tnm
-Jora portdtil :estringen su longitud total a 18 m aproximadamente. Esto, a su vez,
Imma Ja altura mixima de descarga a 11 m mis o menos. La altura mixima de
R ga estd determinada por d ingulo miximo d¢ indinacibn ol que pusde
'une:arsc eficientemente el ooncmo tnmpomdo en s bndl (ver M
PO

B oLas handas !rmspomdom portitiles son unpdndu por mm de g

LLLTEN s1stemas de ummmhnddmmmduhphlhmm

“stes, Fde transmision” hidséulica poscen una alta potencia en relacidn ol peso
Y2 carga y tienen la} capmdad de arrancer y parar con Ia banda cargada sin
reirgre de -suffir fa.llu mecimcas Estos transportadores estén equipados son va
meluasmo de elevacion” por plumu y- puedc,n mtopwpuhldoo y]puau
LCreceion motrz, N L ;,‘;,.’“ Fiee s g |

. Las handas mnspmadom pomnlu ﬁ:‘ ") cdocan misconmto 6 p di-
uuc tados los demis - vupos de mmponadom juntos,, Wo agquh mia
ius proyectos 2 bue e concmto pmnezchdo que, pthm H dcl

: iteniag en |3 obra caen déntro del rango  de ‘ootto dmu 9 “pocs .

Una banda trg sporgtdou autopmpulnda de 17m dc longitud totd. ‘con

- '!ur lil 1(lhp dm:cclun _motfiz. purde colocar el wnmto a una veloc&lad

Lt e
] d
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mente’ cortas en eI equnpo de lnshdo como son los camioncs- mczcladora y los

. grandes cucharones con descarga inférior usados en las plantas de presforzado y:

prefabricado. En la construccion de carreteras se usan bandas transportadoras de':
alta capacidad er combinacion con el equipo de colocacién de concreto para’

‘cimbra deslizante, pata transferir el concrero desde los - puntos accesibles a los’

‘camiones de volteo:hasta el irea ‘de colocacion. Los transportadores se usan -

también en la construccidn de tineles para subir el concreto a las tolvas receplo- ‘
ras ‘de las’ bombis. Aunque estas miquinas no csen completamente dentro de :
- ninguno-de'los ues tipos de mmpomdores descritos ‘anteriormente, operan-de :

" acuerdo a los limites y cond:c:oncs que te lphcln por lo geneml ] todas las bmdafg _

"__jtmuporudons de ‘concreto.

v
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36 Economn’udcheoloucibapornndbdehmpmndom

-En el an:dms final, la convemencu de algun tipo de lrmsportndor para un
provmo en pamcular se determina_en gran medida por fo qQue cuesta utilizar ‘el ;
equipo, y' por 13 inversion de capital que. representa. El costo del uso de: los trans- -
portadores generalmente; se divide en dos clanﬁcacmnes (l) opernclon o coloca- "

cién*y (2} instalacion y mnmerunuento
Los I'abncmtes de sistzmas de transportacién de concreto ‘afirman’ que las
econdmias e’ sus

conc:em con 1ales equinng, on comparacidn con el método de la gria y el cucharén
" con déscarga inferior.30

e Los costos de instalacién de los transportsdores tienden a resultu basunte )

" _mdependientes. del, volumen de concreto, que #ri colocado. Estén' determinados

- "en gran medida: por.el tipo de trwpomdoruﬁhu&o y porla d;sumcu s la-que
debe ser -transportado ¢l concreto. Por ‘éjemplo, el uso de transportadores de

alimentacion para efectuar colocaciones de concreto de'slcance 'y volumen signifi-
cativos v sin restricciones en la np:dez de colocacion, geneulmente produce
costos oombmauos mis bajos que los gque se pueden obtener con cualquier otro
upo de equipo de colocacaén 31 Las Josas de cimentacion pesadas resultan exce-
.- lentes para-aplicarles concreto por medio de transportadores, pues requxeren de la
colocacion de grandes volumenes de concreto sin juntas frias.

‘% El costo de mantenimiento de los ttmsportadores es predominantemente ¢! que

.-resulta de Smantener- el equipo limpio y libre de acumulacnones de concreto. Es
nncccsano reemplazar regularmentc el material de la cuchilla raspadora-de:la banda}
..sujeto a desgaste! El tiempo duranie’el cuat e equipo ha eslado en servicio és un’

factoi determinante en la- neccs:dad de reempalmar la,banda y efectuar, otros
: ajustes. El reemplaze de Ios deﬂe,rores y de los. m:ubnmlemos de Lule en los

puntos de transferencia varia, mr m.u:ndo del volumen y:de.Ja a\percza drl
concreto colocado. -

.

~ En.el provecte de la Planta de [n. r'-m de Casuuc en Cnhforma. se-demosts v

ofra V(.'ntajd de la colocacion por ‘Medio 'de transportadores Estos - lievaban i«
concreto hasta lugares aparefitemente iriaccesibles. a fas de 150 m/hr y aun -

costo muchy menor al que se hubiera obtenido- usando el sistema de gria v

costos “de operacion resultan de la colocscidn continua de

fete e

P

L un“ransportador ' de’ coftieto ‘estd “deiermindda’ ot s capa

[ LRt I

4

cucharon .con descarga’ inferior. La elevada tapidez de colocacién permitkd dupli-
‘car ¢l tamato de las colocaciones indi’ iduales, lo_que origind una nduccibn‘gn
s - costos)de las -cimbras:dz’ Chdlqum"mrema de colocldén de',*b'éw q
.acelere:la. terminacion: total- de “uni "obra’ tended ¢omo restltado un ahorro Y Qeoul-
- derable-en los- intereses<dé 10§ préfun‘ids'*'p'm Eonsthictidn: Por 16" tlnto, el pro-
- pietaric cuenta mis ripldameme ‘con 163 beheﬁm“bwnﬁi de Ia W
compleu . P CARETTERE AT
:<Los: uansportadom fabncadbt cxpreumemh p‘an manejlr eap;qph wq gg;a-
tivamente. baratas ¥ pueden ‘Elimifar 1 neckaldad ‘de uﬁlhnr otros ¢ qujpu ‘mis
~ costosos, ‘como son 188 griai?s La'inversion” de clplta] niqueridn park imtlllr.
acidad” de” colocacién
‘que se desea, as{ como por la distancia a ls que debe operar. Un proyecto grande
-+ puede:justificar Ta inversién en equipo necesaria para transporiar el concreto por
banda desde.la plania“de dosificacion hasta todos los puntos del proyecto. En
* caso de’ique exista “agun’ camino'de’ acceso, los canuones-mezcladom. u oms
+ unidades” de “traslado usualthénté -constituiran” el ‘método’ mas econérgl’eo para
;transpoftar el iconcreto desdé’ la ‘plant’ ‘dé’ donﬁcatlén hma oo pumo uznmble
. mente: tetcino al- drea’ d¢”  colocacion” ’Debido aque nonnalmente u:ulta ‘Ticil

L2 Y

mcorporar soportcs pna los transpomdores cn wmbmmon con las cnnbm 0

H) HL LA A

l\p{

ot Los tr:mspnmdores para colocar concreto se justiﬁem ﬁ'ecuememte an
ven pruvecms donde'a nqume hna gnu pm ouos fines que no m la eolow
spomdom "ot

colocaclon ue concreto de los tnnsponadores, pueden permitir que el pmyecto
ise termuue ‘con” mayor rap:dez
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: '-. losi p.
J "vados €t

.;espécialiLa "prictica "nofmal” ‘es“seleccionar e’ éqmpo
dlspomble. que” posea Una' cnpaddad g colocac:lbn y

w. P e queridas pufa 1a realizacién coftecta del‘mbsjo. El dise:
5

‘ »5 nll_adC&]:ECld&ﬂ de .colocwbn nal‘de tin

MR IOA Y

pNete2:5.5Esto se debe’ pnnc:palinem
adugennd la dosificaci6ii, e] mezclido’y el ‘trasiiido dél

icrétaasi comos durante: e} desplazamientd del trinsportador
,d2. estgs -demoras w.marﬁ 'de proyect&a proy!cto ¥ d_e"dil

ey wp

£XCE0°
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o 5 hecho dé - quetlas’ bhnduum'fqu;t:dm& de rCDﬂCRIO :FORSLINYAN un sistema
g1 lb!cﬂp. ensdonde casi!. tado el concreio que esta snendo coloudo pucde inspec-
. .'cnonam visualmente, iproporciofia>una excelente oportunidad para controlar o
‘material. La franjg de s¢dncretot:que:. visja- sobre ia; banda; dehe pmspccc%,,
visualmenté ‘al ‘principio y con frecuencia durante la colocicién. El concreto et
vmble en cualquisr punto de Ia banda y. debido a que ésta s mueve a una weloci-
dad muy alta, el punto de inspeccidn no es critico. :

Después de efectuar las pruebas adecusdas y someter el concreto a h inspec-

cnSn visual, para asegurar, que a la banda solamente Uega concreto de calidad,
C G "E:i ponerse especial atencion en inspeccionar que la descarga del concreto
dezde los transportadores sea correcta y que su compactacion. también sea la
"ndecuada Las pricticas de campo recomendables deberan observarse cuidadosa-
mente. ,
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'f!:'_ 3i existe ‘alguna duda con respecto a la ‘capacidad de un delermmad ﬁtz
. pan ‘colocar concreto con éxito, las’ bandas transportadoras deben probarse ? i
| coredlcmnes de lnbajo antes de intentar cualquicr colocacién importante. Afortu-
nadameme ‘¢l ‘manejo *de unos cuantos metros cubicos de concreto en una banda
tranipomdora conﬁrmnra el diseo adecuado e identificard las’ireas problcma
Cu:mdo un’ Sistema” funciona satisfactoriamente en tales’ pruebas, no es mmg:ldo
supqnﬂ’ que - €] tmnspomdor funcionari (ambiéh en”forma ‘safisfactoria’ bajo
condiciones reales de trabajo.
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tomadas en el lugar de colocacion y ‘en el punto de desc:uga delas mezcladom

¢l muestreo en el punto mis favorable debe resultar sansfaclono siemjre que no
I

se a]teren las condiciones. de colocncnon vl .
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tion of conduits and pipes embedded in concrele ac-
cordmg to AC1 318 (Section 6.3).

" u. Temporary opénings or auachments for cllmbmg
crane or other material handling equipment. .
2.2—Loads

2.2.1 Vertical loads—Vertical loads couslsl oI' dead
load and live ioad. The weight of .fornn‘s‘ork_ plus the
weight of freshly placed concrete is dead load. The live
load includes the weight of workmen, equipiment, ma-
terial storage, runways, and impact. ,

Vertical loads assumed I'or shoring and reshoring de-
sugn for muhmnrv construction must include all loads
transmitred frew the floors above as dictated by the
profposed construction schedule. Refer 1o Section 2. 5
Shores.

Vertical suppons and honzonla] frammg should be
:.demgned for a mlmmum live load of 50 psf of horizon-

tal projection. When motorized carts are used the min-
‘imum live load should be 75 psi.

»The minimum design load for combined dead and
live loads should be 100 psf, or 125 psf if motorized
carts are used.

2.2.2 Lateral pressure of concrete—Unless the con-
ditions of Section 2. 2.2.1 0r 2.2.2.2 are met, formwork
should be deugned for the lateral pressure of the newly -
placed conugle given in Eq. (2-1). Maximum and-min-
imum values given for other pressure formulas.do not
apply ta Eq. (2-1) {see Appendix for metric conversions’
of equations in this section). ‘

i
N E—

p = wh R -1y
where p =" lateral pressure, psf; w = unit weight of”
fresh concrete, pef; and A = depth of ﬂund or plasm
concréte, ft. .

For columns or other forms that inay be: fll!ed rap-
idl) before any stiffening: of the concrete takes place, A
_ shiould be taken as the full height of the form, or the

dlstance belween coastruction joints when-more than
ane placemient of concrete is to be made. . -: - . .

_ -2.2.2.t For concrete wade with Type | cement,*.
'wughmg 150 pef, containing no- pozzolans or admix-
tures, having a slump of 4 in. or.less and normal inter-
_nal.vibration to a depth of 4 I‘t or less, [ormwork-may
be designed for a lateral pressurc as follows, where R

= rate of placement, it per hr; and T = temperature
of concrete in the form, deg F. et
FOR COLUMNS . L
= 150 + 9000 R/T. - - ~ - @2~

with a maximum ol' 3000 psf a minimum of 6(!) psf
but in no case greater than.150 h.

.FOR WALLS with rate of placement less than 7 I‘t
pcr hr .

T The The commitree hax insufficien! test dats with other ccm T pes: Sec, 0rig-
Hial staiement of fonnuia; in Relerence |2, e, .

AC! COMMITTEE REPORT

B ';‘(-2-2.1)
with a maximum of 2000 psf, a mlmmum of—600 psf
but in no case greater than 150 A,

FOR WALLS with’ a rate ol' placement of 7 to 10 ft
per lir

= 'lso ; 9ooo.éxr

. . K] . . .t :
p’= 150 + 43 400/T + 2800 R/T (2-3)

rthoa maxlmum of 2000 psf a mlmmum of 600 psf
hul i’ no case greater than 150 A.

T 2222, Altcrnalwe!y, a_method bascd on appro—
priate experimental data' may be used to determine the
lateral pressure used for form deSIgn (References 2.1
through 2.5).

2.2.2.3 if concrete is pumped from the base of the
form, the form should be designed for full hydrostatic
hedd of concrete wh plus a minimum allowance of 25
percent for pump surge pressure, In certain instances:
pressures may be as high as, lhe face pressure of the
pump piston. -

2.2.2.4 Caution must be taken when usmg external -
vibration or concrete made with shrmkage compensat-
ing or expansive cements. Pressures in excess of cquw-
alent hydrostatic may occur.

2.2.2.5 For shpform laleral pressures, see Section -

7.3.2.4.

2.2.3 Hon’zontai Ioads-—Braces,and shores should be
. =signed 10 resist ali foreseeable horizontal loads such
as seismic, forces, wind, cable tensions, inclined sup- -

ports, dumping of concrete, and starting and stopping
ol equipment, Wind loads on enclosures.or other wind
breaks attached to the formwork should be consndered

- in addition to these loads. R : c0

2.2.3.1 For bunldlng constructlon in' no case:
should the assumed value ol horizontal load due to
wind, dumping of concrete, inclined placement of con-

crele, and equipment acting in any direction at each-

Moo line be less than 100 ib per linear It of floor edge
or 2 percent of total dead load on the form distributed

as a uniform load:per linear, foot of slab cdge, wh:ch-

ever’ is greater. :

- 2,2.3.2 Wall form bracmg should be des:gned to
mect the minimum wind load requirements of ANSI
A58.1 or of the local building code, whichever is more
stringent. For wail forms exposed to the elements, the
minimum wind design- load -should not be less than 15
psf. Bracing for wall forms should be designed. fora
horizoatal load of at least 100 1b per linear ft of wall,
applied at the top. . R S .

2.2.3.3 Wall forms of uniisual height or exposurc

" should be given spevial consideration.

2.2.4 Special loads—The I'ormwork should be de-
signed for any spec:al conditions of construcuon likely
to occur, such as unsymmetrical placement of concrcle

impact of machine-delivered concrete, uplift,- concen-

trated loads of reinforcement, form handling loads,
and storage of construction materials. Form designers

should be alert 10 provide for special loading condi-

2



FORMWORK

tions, such as walls constructed over spans of slabs or
beams which exert a different loading pattern before
hardening of concrete than that for which the support-
ing structure is demgned .
lmposition of any ‘Construction loads on (he mrtm!ly
compieted stricture should not be allowed cxcept as
specified in formwork drawings or with the approval of
the engmeer or arleect See Section 3.8 l'or special
conditions pertaining ‘o multistory work.

2.2.5 Posi-tensioning lvads—Shores, reshores, an:|
backshores need to be analyzed Tor both concrete
placement loads and for all load transfer that 1akes
place during posi-tensioning.

2.3—Unil siresses

Unit stresses lor use in the design of formwork, ex-
clusive of accessories, are given in the applicable codes
or specifications listed in Chapter 4. When [abricaicd
formwork, shoriné. or scaffolding units are used, . man-
ufac!l.lrer s recommendations for allowable ioads may
" be followed if supported by the test reports of a quali-
fied and recognized testing agency or successful experi-
ence records; for formwork materials which will expe-
rience substantial reuse, reduced values should be used.
For formwork malenals with limited reuse, allowable
stresses spec:f:ed in the appropriate design codes or

specificatiofis for temporary structures or for tempo-

rary loads on permanent structures may be used. Where
there will be a considerable number of formwor reuses
or where formwork is fabricated from material: * ich as
-steel, aluminum, ot magnesium, it is recommended that
the formwork be designed as a perinanent structure
carrving permanert loads. .
2.4-Safety factors for accessories
Table 2.4 shows recommended minimum f.ctors of
safety for formwork accessories such as form ties, form
anchors, and form hangets. In selecting these accesso-
ries, the formwork designer should be certain that ma-
terials, furnished for the job meet these minimum ulti-
mate strength safety requirements.

Table 2.4 - Minimum salety iactors o! formwork
accessories® -

i Safety .
Acuessory lactor Type of construction
Form tie .0 All applications -
2.0 Formwork supporting {form
weight and c¢ouncrete pn.-s-
Form anchor sures only
: 10 Foripwork supporting weight
- of forms, concreie, construc-
e 1 tion live loads, and impact
Form m hangers. 2.0 | All applications
Anchoring inseris T Precast concrele pancls when
used as form lies used as formwork

*Safety faciors are based on ultimate strength of accessory,

2.5— Shores

2.5.1 General— Shores are defined as ver(;cal or in-.

clined support mesabers designed to carry the weight of
formwork, concrete, and construction loads above.
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2.5.2 Splices—Field-constructed butt or lap splices of

_timber shoring are not recommended unless they are

made using fabricated hardware devices of demon-

-strated strength and stability. 11 plywood or lumber

splices are made for timber shoring, they should be de-
signed against buckling and bending as for any othier
structural compression member. _

2.5.3 Multistory structures—Prior to cbnstruction,
an overall plan for scheduling of shoring and reshoring
or backshoring, and calculation of loads transferred Lo
the structure, should be prepared by a qualified and
experienced formwork designer. The structure’s capac-
ity to carry these loads should be reviewed or approved
by the engineer/architect. The plan and responsibility
for its execution remain with the contractor.

Shores.and reshores or backshores (as defined in
Section 3.8) must be designed to carry all loads trans-
mitted to them. A rational analysis should be used 1o
determine the number of floors to be'shored, reshored,
or backshored and to determine the loads transmitted
to the floors, shores, and reshores or backshores as a

- result of the construction sequence.

The anatysis should consider, but should not neces-
sarily be limited to, the following: '

1.-Structural design load of the slab or member in-
cluding live load, partition loads, and other loads for
which the engineer designed the slab. Where the enui-
neer mcluded a reduced live load for the design of cer-
tain' members and allowances for construction loads,
such ralue  iouid be shown L.i the structural drawings
and be taken into consideration when perforuuang this
analysis.

2. Dead load weight of the concrete and formwork.

3. Construction live loads, such as placing.crews and
equipiment or stored materials. -

4. Design strength of concrete specified. ‘

5. Cycle time between placement of successive floc -

6. Strength of concrete at time it is required to si .
port shoring loads from-above. '

7. The distribution of loads between floors, siiures,
and reshores or backshores at the time of placing :on-
crete, stripping formwork. and removal of reshorir.¢ or
backshoring.***'

8. Span of slab or structural member between per-
manent supports. .

9. Type of formwork systems, i.c., Span of horizon-
tal formwork components, individual shore foads, :tc,

10. Minimum age where appropriate.

Commercially available test cells can be placed under
selected shores to monitor actual shore loads 10 guide
the shoring and reshoring process as construcuon pro-"
ceeds.?? )

2 G—Braclng and lacing

The formwork system should be designed to transfer
all horizontal loads to the ground or to completed con-
struction in such a manner as to insure safety at all
times. Diagonal bracing should be piovided in verticat
and horizoatal planes where required to resist laieral
loads and to prevent instability of individual members.
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Horizontal lacing may be considered in design to hold
in place and increase- the buckling strength of individ-
ual shores and reshores or backshores. Lai:ing shouid
be provided in whatever directions are necessary to
produce the correct sienderness ratio //r for the load
suppotted, where [ = unsupported lengilvand r o= least
radius of gyration. The braced systemn should be an-
chc-req in a manner to insure stability of the total sys-
tem, ~ . J

2.7—Foundations for formwork

Proper foundations on ground such as mudsills,
spreadt-footings, or pife footings should be provided. If
soii wirder mudsills is or may become. incapabie of sup-
porting supe “aposed loads without appreciable settle-
ment, it should be stabilized or other means of support

should be provided. No concrete shouid be placed on.

formwork supported on frozen ground.

2.8—Settlement

Formwork should be so designed and conslruued
that vertical adjustments can be made to conipensaty
for take-up and settlements.
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CHAP""R 33— CONSTRUCTION ‘ .
J.1—Safety procautions

Con:truc(ors should [ullow all slale. local and fed-
eral codes, ordinances, and regulations perlammg to
forming and choring.

In addition to the very real moral and legal rcspon-
sibility 10 maintain sale conditions for workmen and
the public, sale construction is in.the final analysis
more economical than any short-lerm cost savings {rom
cuiting corners on salety provisions. Altention to safety
is particularly significant in formwork construction as
these structures support the concrete during ils plastic
stale and as it is developing strength, until the concrete
becomes structuraily self-sufficient. Following the de-

{DIN 18218), Deutsches lustitut fir Nor-

“Form aml Showe Re-
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sign criteria contained in this guide is essential o assur-
ing safe performance of the forms. All structural mem-
bers and connections should be carefully planned sq
that a sound determination of loads may be accuraiely
niide und stresses calculated. L -

I addition 1o the adequacy of 'the formwaork, special
structures such as multistory buildings require cousid-
erationt of the behavior of newly completed beams and
slabs
cor ':uction toads. It must be kept in mind that the
stic.rgth of freshly cast slabs or beams is Icss than that
of an aged slab.

Formwork failures can be attributed to human error,
substandard matertals and equipment, omission and

vch are used to support formwork and other.

basic inadequacy in design. Careful supervision _and'

continuous inspection of furmwork erection can pre-
venl thany aceidenis. ‘
Construction procedures must be planned in advance

to insure 1he safety of personnel and the integrity of the .
finished structure. Sume of the safety provisions whi‘ch‘

should be . considered are:

a. Erection of safety signs and barricades to keep
unauthorized pzrsonnel clear of areas in which erec-
tion, concrete placing, or stripping is under way.

b. Providing experienced torm watchers durmg con-
crete placement 10 assure early recognition of possibie
form dispiaceinent o failure. A supply of extra shores

in an ewsergency should be readily available.

. Provision for adequatc lllummauon of the form-
work

d. luclusion ol lifting points in the design and detaii-

ing of all forms which will be crane-handled. This is es-
seciallv important in {lying {orms or climbing forms. In
the case of wall formwork, consideration should be
given to an independent scalfoid boited to the previnsus
lirt. : .

. Incorporation ol scalffolds, working piatforms,

. and guardrails inte lormwork desngn and al! fonn xork

drawings,

f. A pragram of field salety inspections af form-
wurk, .

3.1.1 Soie common " construction dcﬁucncues which
may lead to-foriu failures are these, which are apphca-
bie to all formwaork: -

a. Failure to inspect formwork dunng and after con-
crete placemcm to detect abnormal deflections or other
signs of knminent failure which could be corrected.

b. Iasufficieat nailing, bolting, or fastening.

c. Insufficient or improper lateral bracing.

d. Failure to comply with manufacturer’s recom-
nendations. .

¢. Failure to construct formwork in accordance with
the form drawings.

1. Lack of proper field inspection by quilified per-
sons to assure thar.form design has been properly in-
terpreted by form builders.

g. Use uf lumber containing knots that |mpa|r the
strength of the member.

h. Linproper welding of structural componenls

~or other material and equipment that might be needed =

AR

Y
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3.1.2 Construction deficiencies applicable to vertical
formwork include:

a._Failure_to control.rate of placmg concrete’ vertr- -

'cally without regard to design parameters.

b. Inadequately tightened or secured form ties or

hardware. .

¢. Form damage in excavation by reason of embank-
ment failure. '

d. Use of external vrbrators on forms not desrgned
for their use.

e. Deep vibraior penetration of earlier semi-hard-

ened lifts.
f. Improper framing of blockouts.

. lmproperly constructed or located pounng pock- -

els

h. Inadequate bulkheads.

i lmbroperly anchored top forms on a sloping lace.

. Failure to provide adequate support for lateral

pressures on formwork.

k. Attempt to plumb forms against concrete pressure
force.

3.1.3 Coanstruction deficiencies applrcablc to horl-
zontal forms for suspended structures inciude:

a. limproper use of multi-tier shores.

b. Failure to regulate properly the rate and sequence
of placing concrete horizontally to avoid unanticipated
loadmgs on the formwork.

S P

SHORE CLie -

Fig. 3.1.3.b—Uplift of formwork. Connection of
shores to joists and siringers mus! hold shores in place.
when uplift or torsion occurs. Lacing to reduce the
shore or slenderness ratio ma y be required in bo!h di-'
rections :
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¢. Shoring not piumb, thus inducing lateral loading
as. well as reducing vertical load capacity. .- - -
~d. Locking devices on metal shoring not locked,
operative, or missing.
e. Vibration from adjacent moving loads or load
carriers. .
f. Inadequately tightened or secured shore hardware
or wedges.
g. Loosening of reshores or backshores under ﬂoors
below. .
h. Premature removal of supporls especrally under
canulevered sections.
i. Inadequate bearing or unsultable 50i] under mud-

: snlls {Fig. 3.1.3.a).

. Mudsills placed on frozen ground subject to thaw-
mg
k. Connection of shores to joists, strmgers or walcs

- which are inadequate to resist uplift or torsion at joints

(see Fig. 3.1.3.b).

- |. Failure to consider effects of load transrer which

may occur during post-tensioning (see Section 3.8.7).
m. Inadequate shoring and bracing of compeosite

construgtion. '

3.2—Construction practices and workmanship
3.2.1 Fabrication and assembly details

v+ 3.2.1.1 Studs, zal-- or shores shoul be properly

Spliced.
" 3.2.1.2 Joints or splices in sheathing, plywood
panels. and bracing should be staggered.
3.2.1.3 Shores should be installed plumb and with -
adcquate bearing.
3.2.1.4 Use specified size and capucity of form ties
or clamps. ' :
3.2.1.5 Install and properly tighten all o ties ¢

clamps as specified. All threads should fully er .. ¢

nut or coupling.
3.2.1.6 Forms should he sufﬁmemly ught 1 pre-
vent lass of mortar from the concrete. :
3.2.1.7 Access holes may be necessary. in wall
forms or other high, narrow forms to facilitate con-
crete placement.
3.2.2 Joints in the cohcrere
3.2.2.1 Contraction joints, construction joints, and
isolation joints should be installed as specified (see Fig.
32.2.1).
3.2.2.2 Bulkheads for control joints or construc-
tion joints should preferably be made by splitting along
the lines of - teinforcement passing through the bulk-,
head so that each portion may be positioned and re-
moved separately without applying undue pressure on .
the reinforcing rods, which could cause spalling or
cracking of the concrete. When required on the engi-
'neer/archltcct s drawing, beveled inserts at control
joints must be left undisturbed when forms are
stripped, and removed only after the concrete has been
sufﬁcremly cured. Wood strips inserted for architec-
tural treatment should be kerfed to permit swelling
without causing pressure on the concrete.
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FORMING W THEBE SPANS SHOULD
REMAIN M PLACE UNTIL ADJACENT SPAN
18 PLACED, TO PREVENT POSSIBLE

- '

D!FLEC‘IION AT co:asruucnon JOINT ;'“ . !

sCONSTRUCTION JOINT

Fig. 3.2 2 I'—Forming and shoring resiraints at construction joinis in supported

s!abs

323 Slopr'n'g surfaces—Sloped surfaces steeper than
1.5 horizontal to I vertival should be provided with a

top form to hold the shape of the concrete during

placement, unless it can be demonslraled that the top
forms can be omitted.
3.2.4 Inspection

3J.2.4.1 Forms should be mspecled and checked
before the reinforcing steel is placed to insure that the
dimensions and the location of the concrete members
will conform to the drawings. o

3.2.4.2 Blockouts, inserts, ileeves, anchors, and
other embedded items should be properly identificd,
positioned, and secured.

3.2.4.3 Forms should be checked Tor cammber when
specified.

3.L.5 Cleanup und coatings . .

3.2.5.1 Foris should be thoroughly cleaned of all
- dirt, mortar, and foreign matier and cbatéd_ with i re-
lease agent belore éach use. Where the bottop_l'uf the
form is inaccessible Irom within, access panels should
be provided (0 permit thorough removal of extrancous
material before placing concrete. 1f surface appearance
is.important, forms should not.be reused al‘ler damage
from previous use has reached the state of posslble im-
pairment to concrete surfaces.

3.2.5.2 Form coatings should be, nppllcd belore
placing of reinforcing steel and should, nol _be used in

such quantities as to run onto, pars or’ concrele con- -

,l’

*siruciion, joints. Cor -“ ;
'3.:2.6 Construction operanuns on lhe form hork

3.2.6.1 Building aterials mcludmg concrete must

not be dropped or piled on the formwork in such man-
ner as to damage or overload it., .

- J2.6.2 Runways for mmmg equapmcnt should bc

provided with struts or Iegs as required and,. should be

supported directly on the I’ormwork or structural mem-

ber. They should not bc-.r on nor be supporlcd by the

reinforcing steel unless special bar supports are pro:
vided. The furmwork must be suitable for lhe supporl
of such runways _withoul significant dcﬂccuons vibra-
tions, or lateral movements.

3.2 Loading new slabs—Guard against overloading
of new slabs. Loads such as aggregate, timber, boards,

reinforcing sme.l or suppon devnccs must nol be placcd

on new construction in such manner as to damage or
overload it, . .

3.3—Tolerances

Tolerance is a pcrmlsslblc variation from lines,
grades, or dimensions given in contract drawmgs Sug-
gested tolerances for concrete structures can be found
in ACI 117, : -

The contractor is expected to set and maintain con-
crete forms so as 10 insure completed work within the.
tolerance limits.

3.3.1 Recommendations for enginczr/architect and
contructor—Tolerances should be specified by the en-
gineer/architect so that the contractor will know pre.
cisely what is required and can design and maintain his
forimwork accordingly. It should be remembered that
specifying tolerances more exacting than necded may
increase construction costs.

Comntractors are expected, and should be required, to
establish and maintain in an undisturbed condition un-
tit final completion and acceptance of a project, con-
trol points and bench marks adequate for their own use
and for reference to establish tolerances. (This require-
ment may become even more important [or the con-
tractor's protection when tolerances are not specified nr
shown). The engincer/architect should specily toler-
ances or require per{ormanct within génerally accepted
limits. Where a project involves features sensitive to the
cumulative effget of generally accepted tolerances on
individual portions, the engineer/architect should an-
ticipate and provide for this effect by setting a cumu-
lative tolerance. Where a particular situation involves
several types of generally accepied tolerances on items
such as concrete, location of reinforcement, and labri-
cation of reinforcement, which become mutually in-
compatible, the engineer/architect should anticipate the
difficulty and specify special tolerances or indicate
which controis. The conlract specifications should
clearly state that a permitted variation in one part of .
the construction or in one section of the specifications
must not be construed as permitting violation of the
more stringent. requirements for any other part of the.

construction or in any other such specification section. qy
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The engineer/architect should be responsible for co-
ordinating the tolerances for concrete work with the re-

concrefe construction.

3.4—Irregularities in lormed surfaces

This section provides a way of evaluating surface
variations due to forming quality, but is nol intended to
apply to surface deflects such as bugholes (blowholes)
and honeycomb attributable to placing and consolida-
tion deficiencies. The latter are mare fully expiained by
ACI 309.2-R. Ailowable irregularities are designated

- _cither abrupt or gradual. Offsets and fins resulting

frer o displaced, mismatched, or misplaced forms,
sheathing, or liners or from defects in forming mate-

rials are considered abrupt irregularities. Irregularities .

resulting from warping and similar uniform variations
from planeness or true curvature ‘are considered grad-
ual irregularities.

Gradual irregularities should be checked with a 5-ft
template, consisting of a straightedge for plane sur-
faces or a shaped template for curved or warped sur-

faces. In measuring irregularities, the straightedge or

template may be placed anywhere on the surface in any
direction. ’

Four classes of formed surface are dét’ined in Table.

3.4. The engineer/architect shouid indicate which is re-
quired for the work he is specifying.

Table 3.4 — Permitted irreqularities in formed
surfaces checked with a 5.il {empiale

Type of e - _ut.‘l_ass of sur_fgg_c_ —_—
_wwregularity | A} B | __ ¢ ) b
_ Sradval | Vi in, edm, ] Miin.. | o in

Abrupt Win. | Win Y in lin,

quirements of other trades whose work adjoins the -
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Class A is suggested lor surfaces pro;ninenlly ex-
posed to public view, wherc appearance is of special..
‘importance. Class B is intended for coarse-textured
concrete formed surfaces intended to receive plaster,
stucco, or wainscoting. Class C is a general standard
for permancntly exposed surfaces where other finishes
are not specified. Class D is a minimum quality re-
quirement lor surfaces where roughness is not objec-
tionable, usually-applied where surfaces will be perma-
nently concealed. Special limits on irregularities may be
needed for surfaces continuously exposed to flowing
water, drainage, or exposure. If permitted irregularities
are different from those given in Table 3.4, they should
be specified by the engineer/architect. ’

3.5—Shoring and centering

3.5.1 Shoring—Shoring must be supported on satis-
factory foundations such as spread footings, mudsills,
or piling as discussed in Section 2.7.

Shoring resting on intermediate siabs or other con-
struction already in place need not be located directly
above shores or reshores below unless the slab thick-
ness and the location of its reinforcement are inad--
quate to take the reversal of stresses and punchir
shear. Where the latter conditions are questionable, ¢’
shoring location should be approved by the enginee:
architect (see Fig. 3.5.1.a).

All membe:: must be straight and true without twists
or bends. Sp:-. .l attention shoula be - - =n to beam and

slab, or one-way and two-way jois: construction to

prevent local overloading when a heavily loaded shore
rests on the thin slab,

Multitier shoring is not recommended and is consid-
ered a dangerous practice.

Where a slab load is supported on one side of th
beam only, edge beam forms should be ca-

L

f,_ REVEASE BENOING -
AT FLOGR SINCE RE-
HORE OR BACRS
1$ NOT DIRRCTLY

BELOW SHORING

S
5

i

LOADING ADJACENT
‘| spAN CAN CAUSE
THIS SPAN TO
‘| oerLECT UPWARD

- AZSHORE Of BACKEMORE
ot FALLS OUT OF FLACE SINCE
i FLOOR ABOVE HAB NEGATIVE

SHORE OR
Re o rf - DAPLECTION

PACKSHOAE ~

ST )

_H, L et ﬂ_“ﬂ___%ﬂl_l

Fig. 3.5.1.a—Reshore instaliution. Improper positioning of shores from tloor (o
Jloor may create bending stresses for which the slab was not designed. If reshores
or backshores do not match the shores above, then calculate for reversal stresses.
Generally, the dead load siresses are sufficient to compensate for reversal stresses
caused by reshores. Reshores and backshores must be prevented from falling.

o
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planned to prevent tipping of the beain due to unequal
loading. * -

Vertical shores must be erenled so that they cannot
tilt, and must have firm bearing. Inciined shores must
be braced securely against slipping or sliding. The
bearing ends of shares should be square. Conncclions
of shore heads to other framing should be adeqguate (o
prevent the shores (rom falling out when reversed
bending causes upward deﬂtcnon of the forms (sce Fig:
3L, :

3.5.2 Centering—When cenlering is used, lowering is
generally accomplished by the use of sand boxes, jacks,
or wedges beneath the supporting members, For the
special pr~h'-ms associated with the construction of
centering 'w tolded plates, thin shelis, and Iong span
roof structures, see Section 6.4.

3.5.3 Shoring for composite action between previ-
ously erected steel or concrete framing and cast-in-pluce
concrete—See Section 6.3.

3.6—Inspection and adjustment of formwork®

3.6.1 Before concreting

3.6.1.1 Telitdle devices should be installed on

shores or forms to detect formwork movements during
conceeling.

© 3.6.1.2 Wedges used for final alignment before
concrete placement should be secured in position be-
{ore the [inal check.

‘Helplun mformauou ahom forma before. during, and after concreting may
he [ound in Relerence 1.1 .md the ACH Manual of Concrete Impection, SP-2,
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3.6.1.3 Forinwork must be anchored 10 the shores
below so that movement of any part of the formwork
system will be prevented during concreting.

J.6.1.4 Additional elevation of formwork should
be provided to allow for closure of form joints, settle-
ments of mudsilis, shrinkage of lumber, and clastic
shortening and dead load deflections of form mem-
bers

.6.1,5 Positive means of adjustment (wedges or
j ks) should be provided to permit realignment or
readjusument of shores il settlement occurs.

3.6.2 During and after concreting—During and after
concreting; but before initial set of the concrete, the el-
evations, camber, and plumbness of formwork systems
should be checked, using telltale devices.

Formwork ntust be continuously watched so that any
correclive measures found necessary may be promptly
taken. Form watchers must always work under safe
conditions and should establish in advance a method of
communication with placing crews in case of emer-
gency. o :

3.7—Removal of forms and supports

3.7.1 Discussion—Although the contractor is gener-
ally responsible for design, construction, and safety of
formwork. it is recommended that criteria for removal
of forms or shores be specified by the cngmeer/archl-
tect,

3.7.2 Recommmendations

3.7.2.1 The engineer/architect should specify the

minimum strength of the concrete to be atiained before

3
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" Fig. 3.5.1.b—Prevention of rotation is imporiant where the slab frames into the

beam form on only one side
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removal of forms or shores. The strength may be de-
termined. by tests on job-cured specimens or on the in-

place concrete. The engineer/architect should specify.

- -+ ~who will Tnake the specimens and wlo will make the

4y

Lests.

Results 0{ such tests, as well as records Qf weather
conditions and other pertinent information, should be
recorded. Depending on the circumstances, a minimum
elapsed time after concrete placenient may be estah
lished for removal of the formwork.

Determination of the time of form removal should be

based ou the resulting effect on the concrete.® When

foruis are stripped there musi be no excessive deflec-
tiun vr distortion and no evidence of damage to the
concrete, due either to removal of support or to the
stripping operation (Fig. 3.7.2.1). When forms are re-
moved before the specified curing is completed, mea-
sures should be taken to continue the curing and pro-
vide adequate theérmal protection for the concrete.
Supperting forms and shores must -not be removed
from beams, floors, and walls until these structural
unit$ are strong enough (o carry their own weight and
any approved superimposed load. In no case should
supporting forms and shores be removed from hori-
zontal menibers before concrete sirength is at least 70
percent of design strength, as determined by field-cured
cyhaders or other approved methods, uniess approved
by the engineer/architect,

As a general rule, the forms for columns and piers
may be removed betore those for beams and stabs.
_:T{e‘l_pmmfommlmn on urength development of concrete under varying

conditions of temperature and with varwus 1d||n\|urc¢ may be found in AC}
QSR and ACT J06R.

J7R13

Formwork and shoring should be comlructed 50 each
can be casily and safely removed without impact or
shock to permit the concrete to carry its share of the
load gradually and uniformly.

3.7.2.2 When [icld operations are controlled by the
engineer/architect’s specifications, the removal of
forms, supports, and protective enclosures, and the
discontinuance of heating and curing must follow the
requirements of the contract documents. When stan-
dard “beam or cylinder tests are used to determine
stripping times, test specimens should be cured under
conditions which are not more favorabie than the most
unfavorable conditions for the portions of the concrete
which the test specimens represent. The curing records
may serve as the basis on which the engineer/architect
will determine his approval of form stripping.

3.7.2.3 Since the minimum stripping time is a
function of concrete slrenglh the preferred method of
delermtmng stripping time is by the use of tests of job-
cured specimens or of the concrete in place. However,
when the engineer/architect does not specify minimum
strength required of concrete at the time of stripping,
the following elapsed times may be used under ordi-
nary conditions. The times shown represent cumulatis
number of days, or hours, not necessarily consecutiv.
during which the temperature of the air surrounding the
concrete is above 50 F. If high-early-strength concrete
is used, these periods ma; - = reduced as ap;--ov: ' vy
the engineer/architect. Cu.versely, if ambient temper-
atures remain below 50 F, or if retarding agents are
used, then these periods should be increased at the dis-
cretion of the engineer/architect.

C INCORRECT;

FORMS AND SHORING

ETRIPPED IN THIE MANNER witl CAUSE
oo STRESS REVERSAL 'N THE MDDLE STRWP.

BY BTRIPPING THE MIODLE S8TRIP
FIRAT, THE SLAD WA L DEFLECT
. AMD BE LOATED AS OESIONED.

Fig.

3.7.2.1—Stripping sequence for two-way slabs



J47R-14 ! *

walls*.......... e —— e e d2hr
Columns® .. ....oovevviinnennn rereeaeans treererieenes 12 hr
Sides of beams and girders® ...........cocevvvenn.n. 12 he
Pan joist forms' _
JOin. wide orless.....coooveiininnnn. crinenene.. 3 diys
Over 30 in. wide ..o 4 davs,
]
Stachest e Stoetinal live
luad ey Foad st =
i stectuiel  than strntieal
dead kiad dead load
Arch centers .. ...... e w...ld days 7 days

Joist, bewe o girder soffits

Unde ' ficlear span between
struciural supports..... Ceirsraeas 7 days' 4 days
10 10 20 [t ciear span between
" structural supports ... 14 dayst 7 days
Over 20 It clear span-between
-structural supports................. 21 days® 14 days
. One-way floor slabs
Under 10 ft clear span between c
structural supports...... erenreirae 4 days' 3 days
10 to 20 Ft ¢lear span between .
structural suports........ evverenes ..7days' 4 days
Over 20 ft clear span between -
structural supports................ .. 10 days*  7days

Two-way slab systems'.. . . Removal times arc con-
ungcm on reshore. where rcqmred being placed as

‘a‘éfon as practigabls 5. ter stripping operatinns are com-

“. - plerc but not- later than the end of the working day in
which strippire occurs. Where reshores are required to
implement carly stripping while minimizing sag or creep
(rather than Ot distribution of superimposed construc-
tion loads asrcovered in Section 1.8), capacity and
spacing of such reshores should be specified by the en-
gineer/architect.
Post-tensioned slab sysiem®,
tensioning has been applied.

" 3.8—Shoring and resharing of multistory
structures '

3.8.1 Discussion—Mullistory work represents special
conditicns, particularly in relation to removal of forms

" and shores. Reuse of form material and shores is an

‘obvious economy. Furthermore, the speed of construc-
- lion customary in this type ol work provides the addi-
tional advantage of permitting other trades to follow
concreting operations from floor to floor as closely as.
possible, However, the shoring which supports green
concrete is necessarily supported by lower floors which
may not be designed tor these loads. For this reason
shoring must be provided {or a sufficient number of
floors 1o develop the necessary capacity to support the
imposed {oads without excessive stress or deflection,

*Where such forms also suppurt formwork Tor slab or beam solits, the re-
moal times of the fatier should govern.
"OF the type which can be e ed witloun distarhing lonming or shoring.
Where forms may he removed withous disturbing shores, use hail of values
chown hut not less vthan 3 days. )
'See Seclion 3.8 for special conditinng aflfecting numiber of floors 16 feman
cshored or (eshored.

.As soon as full post- .
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Reshormg and hackshoring are procedures used to
distribute construction loads through the lower Moors.
Though load distribution anatysis is similar for the two,

there are significant differences in magnitude, dura-

tion, and timine of floor and shore loads for the two
provedures.

For purposes of this discussion the I'oIIOWing defini-
tior  aply:

rres—Vertical or inclined support members de-
sigred to carry ihe weight of formwork, concrete,. and
coustruction loads above.

Reshores—Shores placed snugly under a stnppcd
concrete slab or structural member after the original
forms and shores have been removed from a large area,
thus requiring the new slab or structural member to de-
flect and support its own weight and existing construe-
tion loads applied prior to the installation of the re-
shores. It is assumed that the reshores carry no load at
the time of installation, Afterward, additional con-

struction toads wiil be distributed among all members -

connected by reshores.

Buckshores—Shores placed snugly under a stripped
concrete siab or structural member after the originat
formwork and shores have been removed from a small
area without allowing the slab to deflect or support its
owi weight or existing construction loads from above.
it is assumed that the backshores carry the same load
as that carried by the original shores they replace:
Original shores izft in place with 0. without removai of
tne forms act 10 the same way as backshores. Added
construction loads will be distributed among all mem-
bers interconnected by backshores alter the first feval
support at grade is removed,

Table 3.8.1 compares key features of reshoring and
backshering. With backshoring, so long as the first
level siiores remain in place in comtact with grade, each
tier of shores must carry the weight of ail concrete and
construction loads above ii. This may be the weight of
severai lloors. Whilé reshoring remains in place at
grade level, accumulated shore loads are less because
each slab has been permitted to carry its own weight
before reshores were put in place. .

Cuce the tier of backshores'or teshores in contact
with grade has bcen removed, the assumption is made
that the system of slabs bchaves elastically. The slabs

_interconnected by reshores or backshores will deficct

Table 3. 8 1 — Comparison of reshoring and
backshoring

BACKSHORING _RESHORING
3tiip smabl arcas. ":lrip several entire bays.

Do not let slak dcllec_l:___ Allow slab to deflect.

__ Instal! backshore: before fastall reshores without:
any further stripping

reinoving deilection.
occurs,

Slab does nuwa carry s Slabs carry their own weight.

own weight,

Backshores ha\-..: an Reshores have no initiak
initial load. load.

Y
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equally during addition or removal of loads. Loads will
be distributed among the skabs in proportion to their
developed siiffness. Addition or removal of loads may
—-be- due-to*construction dctivity or fo removhig shores,
reshores, or backshores in the system.

3.8.2 Advumiuges of the rwe systents

Reshores-—Stripping forimwork is more economically
accomplished if all the material can be removed al the
sane tine and moved from the arven before placing re-
shoeres. Slabs are aflowed 10 suppoct their own weight,
thus reducing the lossl in the reshores, Reshoring usu-
ally reguires. fewer levels of interconnected slabs, thus
liull'l!‘ movre aréas lor.other trades, Ncar-aap'\u{y loads
i = usyally occur for shorter periods.

BmA.slmrcsTSmppmg of forms may be accom-
phished at an carlier age because large areas of concrele
are not required 1o carry their own weight. New slabs
varry less load, thus reducing the eflects of early creep.

Using the original shores in place of backshores avoids’

the special attention required to-assitre that backshores
aie placed uniformly tight under the slab. [ also pro-
vides better assurance that shores are placed in the same
pattern on cach flour.

3.8.3 Design—Refer 1o Chapter 2.

3.3.4 Placing reshores or backshores—When used in

this section, the word shore refers to eitlier backshores,
reshores, or original shores. ’

Roshoring or backshoring is one of the most critical
cperations in formwork: coasequentiy the procedure
should be planned in advaice and should be reviewed
or approved by the enginecer/architect. Operations
should be performed so that at no time will areas of
new construction be reqoired 1o support combined d ad
and construction {oads in cveess of their capability as
detcominicd by e zien foad il devebopd oo rele
streneth at the time of stripping and reshoring or back-
shoring. -

in no case should shores be so Io;aled as to slgmfn-

cauily -alter the pattern of stress determined in the’

structural analysis or to induce tensile stresses where
reinforcing bars are not provided. Size and number of
" shores, und-bracing if required, must provide a sup-
poitingsyster: capable of carrying any loads that «nay
possibly be iinposed on it.

Where possible, shores shuuld be located in the same
position on cach fioor so that they will be continuous
ia rheir support from floor to Moor, When shores above
are not directly over shores below, an analysis should

be made to determine whether or not detrimenial..

stresses are produced in the slab, This condition sel-
domn occurs in reshoring because the bending stresses
normally causzd-by the offset reshores are not large
enough to ovércome the stress pattern that has already
buen established as a rfesult of the slab carrying its own
dead load. When backshoring is used there is no initial
strass pattern estatlished. Therefore the stress pattern
set up by the offsel backshores becomes primary and
may produce tension stresses in arcas without reinforc-
ing bars. Where slabs are designed for light live loads,
or on long spans where the [oads on the shores are

]
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" heavy, care should be used in placing these shores so

that the loads on the shores do not cause excessive _

— - punching shear or-bending stress in the slab.”

While reshoring is under way, no construction fouds
should be permitted on the new construction unless the
new construction can safelv support the construction
loads. :

When placing reshores, care should be taken not to
preload the lower floor and also not to remave the nor-
mal deflection of the slab above. The reshore is simply
a strut and should be tightened only to the extent that
no significant shortening will take place under load.

3.8.5 Backshoring precautions—Stripping forms be-
fore slabs are strong enough to carry their own dead
load and construction loads above (if applicable) re-
quires knowledgeable supervision and extreme caution.
Care must be exercised (o insure that individuai shores
are not overloaded during stripping. Tlie following
procedure should be followed during stripping and
backshoring beam and girder construction. The proce-
dure does not apply to reshoring which requires that
structural members be strong enough to support their
own weight before stripping the formwork.

The forms should be removed in such a manner that
the individual structural ri;cmbers are not allowed 10
deflect and carry load. Members with clear spans of 10
ft or more should remain supported at approxnmatel
mid- or third-points as a minimum.

3.8.6 Removal of reshoring or backs:. -fng—-Shore .

should not be removed until the slab or member sup- + -

ported has attained sulficient strengih to support all
applied loads. Removal operations should be carried
oul in accordance with a planned sequence so that the
structure supported is not subject (o impact or loading
eccentricities.

1.8.7 Post-tensioning effecrs on shoring and reoure
ing—The design and placement of shores, reshores, wri!
backshores for post-tensioned construction requir .-
more conasideration than for normal reinforced con-

icrete, The stressing of post-tensioning steel can cause

overloads to occur in shores, reshores, or backshores or

- other temporary supports. Tlie stressing sequence ap-

pears to have the greatest effect. When a slab is po«-
tensioned, the force in the tendon produces downwaid
load at the beam. Il the beam is shored, the shorirg
must carry this added ioad: Magnitude of the load muy
approach the dead weight of the contributory area »f
the slab. If the Noor slab is tensioned before the sup-
portling beams and girders, a careful analysis of. the

"load transfer to the beam or girder shores, reshores, or

backshores will be required.
Similar load transfer problems occur in post-ten-
sioned bridge construction.

CHAPTER 4—MATERIALS FOR FORMWORK
4.1 —General

The selection of materials suitable for formwork
should be based on maximum economy to the contrac-
tor, cansistent with safety and the quality required in
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Table 4.2—Form materials with dala sources for design and speciﬂcalion

Item

l.umber

Plywand

. Srect

Abwminuny

Reconstinnted wouod
panel products’

Insulating board,
wood o glyss Hiber

Fiber o laminated
paper pressed 1nbes or
forns

Corrugared cardboard

Concrete

Fiberglass- rcmlorc:d
plastic

“Celtular plastics

Giher plastics: .
polysivrene,
polyethylene,
polyvinyl chloride

Rubber

Form ties, anchors
and hangers

Plaster
Coatings
Steel joists

Steel frame shoring

Forni insulation

Cotnrs

I-‘nnupal use

Form framing, sheathing, and shoring

{'orin sheathing and panels : '

‘Pauel framing and braving

Heavy forms and laisework

Column and joist furms

Suay-in-place forms

Lighiweight panels and I"rammg hracmg and hori-
zaival shoring

Form liner and sheathing

Stay-in-place liness or sheathing

nd-beam T.rms; void fonns for siabs,
beams, girders, and precast piles

Inteanal and ginder-slab voids; voids in beams and
gitders fnovmally ysed with imernatl ere crate”
s reners)

Immug‘ stay-in-place forms, molds for nrc;.af.t
umI\

- Ready-made colutnn and dome pan forms: cusiom-
. made forms for special architectural effects

Form litiing and insulation; permanent furms-

Form liners for decoralive concrete

Form lining and void forms

"For securing I‘ormwork agains: placing loads und

pressures
Wasie molds for archilectural concrele
Facilitare lorm removal

Formwork support

Formwork support

Cold weather protection of concrete

“Amcnmu Soltwood L umhcr
National Design Specification lor Wood Con-
struction (NFPA}
VWooodd flandborok !
Mereriul, Relerence 4.3

I'SZU

Waood as an Engineering

Woend Strvctural Design M, Rdcrcm.e 4.4
HWood Enginecring, Reference 4.5

Timber Construction Munual, Reference 4.6

“Cuode foe Engincering 1)esin in Wood** (Can-
adin), CANI-GRG
“"Concrete Fors,”' Reference 4.7
“Construction and ndustrial Plywaod,™ PSI
“Concrete Forming, " Refercnce 4.8
“IMywouod Design Specilication,” APA
Muanual of Steel Constructivn, Reference 4.9

Cuold-Formed Steel Design Manual, Reference
4.10

“Forms (or One-Way Conerete foist Construe-
tion,” ANSI A48,

“F arms for Two-Way Concrete J'ms: Canstrug-
tion,”" ANSE A48.2

“Cuie of Standard Praciice for Congrete Joist
Construction,”” part of Reference 4.1

ASTM A 464t (galvauized sieel)

Aluminum Construction Munual, Reference
4.11

“Mat-Formed Wood Particle-board,*
A8

“Hardboard C onerete Fortm Liners,"" LEB-
bl 195Y

ASTME C 532 (insulating formbaoard)

" ANSI

A Study ot Cardboard Voids for Prestresced:
Concrete Box Siabs,”” Refer=nce 4,12

ACI MR

“Precast Concrete Units Used ax Forms for
Cast-in-Place Cencerete,”” ACI 3J47.1R

“Reinforced Plastic Forms for Congrete,”” Ref-
erence 4. 14 :

Plustic Laminate Materials. Their Praperties
und Usepe, Reference 4.3

“Cellular Plastics in Construction,”” Relerence
4.15

“Cellular PIJSIIC! Ior Uualdmg." Kelerence
4.16 .

Sce Section 2.4 for recommended safery factors

“Siandard Specifications and Load Tables lor
Open Web Steel Joists,” Reference 4.(7

‘‘Recomnended Horizomal Shoring Beam
Erection Procedure,'” Reference 4.|8

*'Recommended Safety Reuuirements for Shor- |
ing Cutcrete Formwork,” Reference 4.19

" Design Manual for Structural Tubing, Refer-

ence 4.0
ACI 306-R; see also “C‘ﬂlnlar Plasiics™

«1n addition 10 ACl Special Publcation No, 4, Furmwork for Concrete. Haindbooks,

ences of Chapier 8.

Shatl be readily wekiable, nonieaciine to coucrete O cunvrete cuntaining culcium chlonide, and provecied againn galvanic action s paoinis of contact with deel.

‘Clweck surface reaciion wizh wet concrete.

sandards, m&&p«ilicaliﬁns cived here are lisied either in Chapter 4 refer-

50
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the finished work. Approval by the enginecr/architect,
il required, .should be based only on safety and quality
of finished work. Where concrete surface aesthetics are
critical,, the_architect/engineer-should make provision
for preconstruction mock-ups. See Chapter § for archi-
tectural concrete provisions.

4.2--Propertlies of materials

4.2.1 Genéral—FFormwark for Concrete’' describes
the formmwork materials commonly used in the United
States and provides exiensive related data for form de-
sign. Much useful specification and design-information
is also -available from manufacturers and suppliers of
materials, Table 4.2 indicates other specific sources of
design and specification data for formwork materials.
This tabulated information should not be interpreted to

exclude the use of any other materials which can meet

quality and safety requirements established for the f1n~
ished work.

4.2.2 Slieathiné—-5heathing is the supporting layer of

formwork closest to the concrete. 11 may be in direct

contact with the concrete or be separaled from it by a
form liner. Sheathing consists- of wood, plywood,
meial, or other materials capable of transferring the
foad of the-concrete to supporting members such as
juists or studs.

In selecting and using these materials, important
Lonmdcrals_ons are: (1) strength; (2) stiffness; (3) re-
lease: (4) reuse and cost per use; (5) surface character:
istics imparted 1o the concrete such as wood grain
transfer, gloss, painability; (6) resistande to mechani-
cal damage, such as from.vibrators and abrasion from
sliplonming: {3t workability for cutting, drilling; and
aitaching lasteners: (R) adaptability to weather and ex-
treme ficld conditions, sorature, and moistt 2 and
{10) weight and ease of handling.

4:2.3 Srrucrural supports—Siructural support sys-
iems carry ihe sheathing. Important considerations are:
(1) strength; (2) stiffness; (3) dimensional accuracy and
stability; (4) workability for cutting, drilling, and at-
taching fastencrs; (5) weight; {6) cost and durability.

" 4.3—Accessories . !

5

4.3.1 Form ties—A form tie is a Icnsnlc unit adapted
to holding concrete forms against the active pressure of
freshly placed plastic concrete. In general, it consists of

an inside tensile member and an external holding de-

vice, both made to.specifications of various manufac.
turers. These manufacturers also publish recommended
working loads on the ties for use in form design. There
are two basic types of tie rods, the prefabricated rod or
hand type, and the threaded internal disconnecting
type. Their sugpested wnrk:ng loads range l'rom 1000 io
over 50,000 |b.

4.3.2 Form anchors—Form anchors are devices used
to secure forinwork to previously placed concrete of
adeyuate strength. The devices norinalty are embedded
in-the concrete during placement. Actual load-carrying
capacity of the anchors depends on their shape and

material, the strength and type of corcrete in which

MIRA7

they are embedded, the area of‘contact’ hetween con-
crete and-anchor, and the depth of embedment and lo-
_cation .in. the member. Manufacturérs publish d design
dara and test information 10 assist in the sélection of
proper form anchor devices.

.4 3.3 Formn hangers—Form hangers are devices used
to support formwork loads from a structural steel or
precast conerete framework. _

4.3.4 Side form spacers—A side form spacer is a de-
vice that maintains the desired distance between a ver-
tical form and reinforcing bars. Both factory-made and
job-site fabricated devices have been successfully used.
Advantages and disadvantages of the several types are
explained in References 1.3, 4.1, and 4.2,

. 4.3.5 Recommendations

4.3.5.1 Recommended lactors of safety for ties,
anchors, and hangers are given in Section 2.4. Yiel!!
point of the material should .not be exceeded.

4.3.5.2 The rod or band type form tie, with sup-
plemental provision for spreading the forms and a
holding device engaging the exterior of the form, is the
common type used for light construction.

The threaded internal disconnecting type is more
often used for formwork on heavy construction such as
heavy foundations, bridges, power, houses locks dams,
and architectural concrete.

Removable portions should be of a type which can e’

readily removed without damage to the concrete 71d

which leave the smallest practicable. holes to be fi' . .
Removable portions of the tie should be removed un-
less the contract documents permit 1he|r remaining in
place.

A minimum specification for form ties should re-
quire that the bearing area of external holding devices
be adcquale to prevent excessive bearmg siress in fon'
lumber. :
4.31.5.3 Forrn hangcrs must supporl the dead loau
of forins, weight of concrete, and construction and -
pact loads. Form hangcrs should be symmcmcally ar-
ranged on the supporting’ ‘member to minimize twicting
or rotation of supporting members. .

4.3.5.4 Where the concrele surface is to be ex-
posed and appearance is important, the proper type of
form tie or hanger that will not leave cxposed metal at
the surface is essential. Otherwise, noncorrosive mate-
rials should-be used when tie holes are left unpatched,
exposing the tie to the elements.

-

4.4—Form coatings and release agents

4.4.1 C‘oauug.s-—-Form coatings ur sealers are usually .
apphed in liquid form to contact surfaces either during
manufacture oi in the {ield to serve one or more of the
following purposes:

a. Alter the texture of the contact surlace.

b Improve the durablity of the contact surface.

. To facilitate release from concrete during strip

pulg

d. Qcal the contact surface from intrusion of mois-
ture.

-
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4.4.2 Release agents—Form release agents are ap-
" plied to the form contact surfaces to prevent bond and
thus facilitate stripping. They may be applied perma-
nently to form materials in manufacture or applied 1o
the form before each use. When applying in the ficld,
be careful Lo avoid coating adjacent construction joint
surfaces or reinforcing steel,

4.4.3 Manufacturers' recommendations—Manufac-
turers’ recommendations should be followed in the use
of coatings, sealers, and release agents, but indepen-
dent investigation of their performance is recom-
mended before use. Where surface treatments such as
paint, tile adhesive, sealers, or other coatings are to be
“applied to tored concrete surfaces, be sure that adhe-
sion of such surface treatments will not be impaired or
prevented by use of the coating,sealers, or release
agent. Also, bonding of subsequent concrete place-
ments must be considered, .

4, 5 Referances . .
"*Manual of Standard Practice,”’ 24th Ediion, Concrete Rcm
I'uru-\g Steel Institute, Schaumburg, 1983, 82 pp.

4.2, Randalt, Frank A, Jr., and Courivis, Peter D., “*Side Forn
Spaun AC1 Journat, Prmeedmg.s V. 73, No, 2, Feb. 1976, pp.
116-120.
© 4.3, Woeod Hundhook: Wood as an Eﬂgincrring AMaterial, Agricul-
ture dlundbook No. 72, Furest Producis Laboratory, U.S. Depart-
ment of Agriculture, 1974, 421 pp. (Availabie from U.S. Govern-
meai Printing Office. Washingion, D.C)). .,

4.4, Wood Structural Design Data, N.uionul Forest FX- 'ucts As-
socialion, Washington, D.C., 1978, 236 pp. .

4.5 Gurfinkel, German, Hood Eneginecring, Kendall Flunt l’uhA
lishing Co., Dubuqgu=, 1981, 552 pp.

4.6, American fasitute of Timber Constuction, Timber Con-
struction Munead, 3rd Edition, Jahn Wiley & bons, New York, (986,
RI6 pp.

4.7, (‘nncrctr Forms,™
Poriland, Oregon, ,

4.8, “Concrete Forming."”
comna, 1985,

4.9 Munuaf of Stevl Cunsiruction, 8th Edmon American Institute

of Steel Construction, (‘huago.}‘)ﬂﬂ 804 pp.

4.1 Cold-Formed Stev! Dfmzn Manua! Amér.lc'an Iron and ‘Slcel

Instituie, New York -

L0t Alunrinum Coastruction Manual, Aluminum Association,

New York, ey,

4.12. Ziverts, bmrgc S NA Sludy of (.aldboard Yoids I'or Pre--

siressed Concrete Rox Slabs,' Journal,” Preslressed Concrete Insti-
:u:c.v 9, No. 3, June 1964, p. 6693 andV 9, No. 4, Aug. 1964,
Po. 33-68. C - TR

4.11. Ziveris, George J., “'Reinforced PIaslIc__FOI'mS for Con-
crete,” Proceedings, 2tst Annual Meeting, Sociely of 1he Plastics in-
dustry, New York, 1966,

4.14. Beach, Norman E., !‘fasnc Laminute Marerials, Their Prop-
erties wnd Usage, Foster Publishing Co., Long Beach, Calil. . ..

4.15, "*Cellelar Plastics in Fonstrucuon." Hunldmg Materials

Commm:e Cellular Plastics Division, Seciety of the Piamcs Indus-

try, New York.

4.16. Cellular Plastics {or Building," Digests 93 and 94, Building -
Research Seanion, Garston, Waitlord, May and June 1968. (Available

fiom Her ‘h,\sty s Siationery Office, London). S
.17, *Sandard Specifications and Load Tables for Open ch
Steel }uﬁls " Steel Joist Institnte, Arlington, Va,
$.18. “Recommended Horizontal Shoring Beam Frection Proce-
duss,” ScalTolding. Shoring. and Forming Institute, Cleveland,
" 4.19. "Recommended Safety Requirements for Shuring Concrete

. Vermwork,”" Scalfulding, Shoring, and Formml Institute, Lleve-,

land.

Western Woid Products Assosiation.

Amnerican Plywood Associalion. Ta--
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4.20. Design Mariual for Siruciural Tubding, Commitiee of Sieel
Pipe Producers, American Iron and Steel institute, New York, 1974,
§it pp.
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CHAPTER 5-ARCHITECTUHAL CONCRETE
5.1—-ntroduction

3. 1 Objecrive—General requirements for form-

-k presented in preceding chapters for_the most part
als-+ apply to architectural concrete. Auditional infor-
mation is available in ACI] 30IR.

This chapter identiflies and emphasizes additional
factors that may have a critical influence on formwork
for cast-in-place architectural concrete. Tilt-up and
other types of precast architectural concrete are not

cohsidered here.

5.1.2 Dejmmon.—/\rchilectural concrete is defined as
concrete that is exposed as an inlerior or cxierior sur-
face in the completed striicture, definitely contributes to
its visual characler, and is specially designated as such
in the contract documents. Particular care must be
taken in the selection of materials for and in the design
and construction of the formwork, ‘as well as in the
placing and consolidation of such concrete, to elimi-
nate bulges, offsets, or other unsightly features in the
finished surface and to maintain the integrity of the
surface texture or configuration. The character of the
concrete surface to be produced must also be consid-
ered when the forin materials are selected. Special at-
tention should be given (o closure technigues, conceal-
ment of joints in formwork materials, and to the seal-
ing of forins to make them watertight,

5.0.3 Factors in-addition to formwork—Many fac-
tors other than formwork affect the architectural ef-
fects achieved in concrete surfaces. They start at the
design stage and carry through to the completed proj-
ect. Fuctors alfecting the concrete can also include the
mix design or aggregale, the method of placing the
concrete, and the consolidation technique. Chemicals
riay have aweffect on the final product, whether used
as additives in the mix; applied duectly to the concrete,
such us i:uring compouns, or apptied indirectly, such
as form relcase agents. Even after ihie structure is com-
pleted; weathier and air pollujion will affect the appear-
ance of the concrete. These as well as other influencing
factors must be identified and their effects evaluated
during the initial design siages. However, the single
most important. factor for success of an architectural
concrete job is good workmanship. :

5.1.4 Uniform construction procedures—A major
objective of architectural concrete'is to obtain uni-
formity of color and surface finish. The best way for
the contractor to achieve this uniformity is to be con-
sistent in all construction practices. Forming materials
must be kept the same, and release agents must be ap-
plied uniformly and consistently. Placement and con-
solidation of the concrete should be standardized so
that uniform density is achieved. Stripping and curing
sequences must be held constant lhl’oughoul the work
to control color variations.
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5.2—Role of the architect ,
5.2.1 Preplanning—Much architectural concrete is

also structural, but the quality of surface generally de-__ ..
'sired"for architectural concrete is of a different level

from that which is satisfactory Tor structural concrete,
and is t]:crefor@: more costly. Thé architeet who keeps
abreast of the state of the art in forming and concrete
technology can use this information during the design
process (o keep his'plans in line with the budgel far (he
structure. Intricacies and irregularities may be costly far
out of proportion to their esthetic contribution. For
economy, the architect can make form reuse possible by
standardizing building elements such as columns,
beains, windows, and by making uninterrupted form
areas the same size wherever possible to facilitate use of -
standard form gangs or modules. Increased size of
these uninterrupted areas will contribute to forming
economy. A prebid conference with qualified contrac-
tors will bring out many practical considerations bel‘ore
the design is {inalized.

§.2.2 Contract documents and advance appromls—
The architect should prepare contract docuinents that
fully instruct the bidder as to the {ocation and desired
appearance of architectural surfaces, as welt as other .
specific requirements listed in Sections 5.2.3 through
5.2.7. On major work this is frequently achieved by
specilying a preconstruction mockup prepared and fin-’
ished by the contractor for approval by the architect,’
using pronosed form materials, jointing techniques,
and form surface treatmeits, such as wetting, oiling, or
lacquering. Once such.a mockup has been compteted to
the satisfaction of the architect. it remains at the site
for the duration of the work as a standard with waich
the resi, of the work must.comply, . ‘

Design reference samples—smaller specimens .. i con-
crete with the proposed surface appearance-—may also
be created for approval of the architect. Samples fike
these, kept at the job site for reference, are not as good
as a full-scale mockup but may be helpful. Samples
should be large enough to adequaltely represent the sur-

--face of the correrete. If the samples are to be used as a

basis for acceptance, several should be made to repre-
sent the variation that'may ocgcur in the finish.
In the absence of physical mockups or reference -

_samples, it may be helpful to specify viewing condi-

nions under which the concrete surfaces will be evalu-
ated for compliance with the specifications.

$.2.3 -Tolerances—The architect should specify di-
mensional tolerances considered essential to successful’
exezution of the design. ACI 117 can be consulted, but
the architect must realize that the tolerances therein are
for concrete construction in general, and more restric-
tive tolerances may be required for architectural work.
No numerical limits are suggested here since the tex-
ture, lighting, and configuration of surfaces will all
have an influence.

5.2.4 Camber—The builder can be expected to cam-
ber forms to compensaie for deflection of the lorms
themnselves during construction. However, the architect
must specify any additional camber required to com-
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pensate for structural deflection or optical sag (the il-
fusion that a perfectly horizontal tong span mcmber is
-sagging). The architect should bé& aware that it is cus-
tomary to check horizontal members for compliance
with tolcrances before removal of forms and shorcs,

5.2.5 Joinis and details—Location, nunber, and de-
tails of such items as openings, contraction joints, con-
struction joints, and expansion joints should be shown
on the design drawings or the architect should specify a
review of the proposed location of all of these details a~
shown on the formwork drawings.* Since.it is imposst-
ble to disguise the presence of joiats in the form face,
it is tmportant for their positions to be predetermined
and if possible planned as part of the arch:teuurai ef-
fect:

The architect can pian joint locations between sur-
face areas on a scale and module suitable to the size of
available materials and prevailing construction prac-

“tices. If this is not esthetically satisfactory, dummy
joints can be introduced to give a smaller pattern. Ac-
tual joints between sheathing materials can be masked
by means of rustication strips (splayed fillets) attached
to the form face. Rustication strips at horizontal and
vertical construction joints can also create crisp edges
accented by shadow lines instead of the potential rag-
ged edge of a construction joint -left exposed to fu’
view. |

Soietimes construction joints in beams can be co-

. cealed above the support columns, and jeints in floos s

above their supporting beams instead of in the more
customary regions of low shear.

5.2.6 Ties and inserts—Form ties and accompanying
tie holes are an almost inescapable part of wall sur-
faces. Recognizing this, architects frequently integrate
tie holes ino the visual design quality of the surface. [f
this is planned and any effects or materials other :can
those provided in Section 5.3.4 are desired, they sh ild
be clearly specified as to both location and type.

Wherc tie holes are (o be patched or filled, the arch.
tect should specify the treatmemt desired unless it 113
been shown on the preconstriction mockup.

5.2.7 Cover over reinforcing steel— Adequate cover
over reinforcement as requircd- by codes is needed Fo
protectioit of steel and long-term durability of the cor-
crete. Proper reinforcenient properly located is impor-
tant in control of surface cracking. For pusitive assur-
ance of maintaining requirced cover, it is reconuncuaed
that the archilect specily appropriate side {orin spacers
as delinred in Section 4.3.4.

There is no advantage in specifying more cover thius
required by code, since excessive vover can permit in-
creased cracking. However, the architect must specily
sufficient cover to allow lor any reduction that will re-
sult from incorporation ol grooves or indeated details
and from surface treatments such as apgregate expo-
sure and tooling. The maximum thickness.of any ma-
terial to be removed should be added to basic required
cover.

TSSone guidance on joint loumr,l! can be Tound in ACI 24R, JOIR, and 132,
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5.3—Materials and accessories
5.3.1 Sheathing or form facing— Architectural con-
crete form sheathing must be of appropriate quality to
maintain uniformity of concrete surfaces through mul-
tiple uses, and to conirol defllection within appropriate
limits. Plywood, steel, glass-fibes -reinforced plastic,
and aluminum may all be suitable as sheathing or lac-
ing matertals. Select the grade or class of material
needed for pressure, framing, and deflection require-
ments. Be sure that the chosen inaderial meets the spec-
ification requirements for concrete surface texture,
Procedures for controlling rusting of steel must be
carefully fol' - d.
5.3.2 §=rral framing—Form facing can be sup-
“ported witl, wumber, steel, or aluminum members
straight and rigid enough to meet the architectural
specifications.
5.3.3 Form liners—A Torm liner is a material, not
structurally required, attached to the inside face of the

form to alter or improve surface texture or quality of -

the concrete. Wood, rigid plastic, elastomeric mate-
rials, and glass-fiber-reinforced plastics are all suitable
liner materials when carefully detailed and fabricated.
Plastics must be handled and assembled with care to
avoid distortion caused by daily temperature cycles at
the job site. ' -
5.3.4 Form ties—Form tie assemblies for architec-
tieral conerete should permit tightening of forms and be
of such type as to leave no metal closer to the suifuce

than 143 in. for stect ties and 1 in. for stainless sieel

ties. Thev should not be fifted with lugs, cones, wash-
ers, or other devices that will lcave depressions in the
concrete less than tie diameter of the device unless
otherwise ‘:pt\.lfled Ties should be tight litting or hoies
sealed to prevent leukags at the holes in the form. If
textured sucfaces are to be formed, ties should be care-
fullv evaluated as to fit, pattern, grout lzakage, and es-
lhelics. '

5.3.5 Side form spacers—Side form spacers; as de-
.ned in Section 4.3.4. are particularly important in ar-
chitectural concrete to maintain adequate cover over
reinforcing steel and prevent development of rust
sireaking on concrete surlaces. Plastic, pl:islic pio-
tecied, rubber-tipped, or other noncorrodmg spacers
must be attached to the rei nromng har so thal they Jdu
not become dislodged during concrete placement and
vibration. The number and location of the side form
spacers must be adequate for job conditions. However,
they should never be more than 6 ft on cemen and al-
ways staggered.

5.4—Design -
5.4.1 Special considerativns—The general procedure
will foitow principles outlined in Chapter 2. However,
the form designer will frequently have limisasions un-
posed by the architectural design. Some of these con-
siderations are: tie spacing and size, form facing pref-
ercuces, location and special treatment of form joints,
_special tolerances, and use of admixtures. Since these
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factors can influence form design, they must be fully
reviewed at the beginning. ..

5.4.2 Lateral pressure of concrete— Architectural
concrcte may be subjected to external vibration, revi-
bration, sct rctardants, superplasticizers, and slumps
greater than those assutned for determining the lateral
pressure as noted in Section 2.2.2. Particular care must
be e*  cised in_these cases to design the fornis for the
inct .d lateral pressures arising from the aforemen-
ti  J suurces as noted in Section 2.2.2.

5.4.3 Structural considerations—Since deilections in
the contact surface of the formwork reflect directly in
finished surfaces under varying light conditions, forms
for architectural concrete must be designed carefully to
minimize deflections. Deflections may govern design
rather than bending {{lexural stress) or horizontal shear.

‘Dellections of sheathing, studs, and wales should be

designed so that the Mnished surface meets the archi-

tectural specifications. Wood forms bow with reuse, *

and hence more bulging will be reflected in the surface
formed after several uses. This effect should be consid-
ered when designing wood forms.

When tie size and spacing are limited by the archi-
tect, the form designer may have to reverse the usual
procedure to arrive at a balanced form design. Given:
the capacity of the available tie and the area it sup-.
pui.s, he can find the allowable pressure, design sup--
porting members, and establish a rate of placing.

Where wood forms arg used, stress-graded lumber
or eguivalent) free of Lwists and warps should be uscd
for structural members. Form material should be sized
and positioned to prevent deflections detrimental to the
surfaces formed. Joiuts of sheathing materials should
be backed with struciural members to prevent offsets.

5.4.4 Tie and re-anchor design—Tie layout should be
planned. I the holes are to be exposed as part of the
architectural concrete, tie placement should be sym-
metrical with the member formed. If tie holes are not
to be ¢cxposed, ties should be located at rustication
marks, control joints, or other points where the visual
eflect will be minimized. . )

Exieiaally braced forms may be uscd instead of any
of the above mentioned methods to avoid objection-
able blemishes in the finished surface. However, exter-
nally braced forms inay be 'more dlfflcull and more
costly to build. /

Consideration should be given to re-anchoring forms
into preceding or adjacent pours to achieve a tight fit
and prevent grout leakage at these points, Ties should
be focated within 18 in. of the construction joint wher.
ever possible to facilitate re-anchoring the form to ad-
jacent pours. Sheathing should not overiap the ad a-
ceat pour by more than 1% in.

5.4.5 Joints and details—in architectural concrete,
joints should, where feasible, be located at the junction .
of the formwork panels. At contraction or_consiruc-
tion joints, rustication strips should be pruvidcd and
fastened 1o the face of {orns.

Corners should be carefully detaited to prcvent grout -
leakage. Sharp corners shouid, wherever possible, be
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" eliminated by the use of chamifler strips.

5.4.6 Tolerances—The form designer must check for

specil'ied dimensional tolerances that may have.a bear-—-

—- ing-on what deMections can be permitted when design-
ing the forms. If no special tolerances are given, the
form designer may use ACi 117 tolerances lor struc-
tural concrete.

5.5—Constructlion

5.5.1 General—Forms should be carefully built (o
resist the pressures to which they will be subjected and
t+ luuit deflections to a practicable minunum within the
tol.iances specified.

Joints in structural members should be kept to a
minimum, and where necessary, should be suitably

spliced or otherwise constructed so as to maintain con-
tinuity.

Pour pockets for vibrating or placing concrete should -

be planned to facilitate careful placement and consoli-
dation of the concrete to prevent -segregation, honey-
comb, sanding, or cold joints in the concrete.

Attachiment of inserts, rustication strips, ornamental
reliefs, etc., should be pianned so that forms may be
reimmoved without exerung pressure on these attach-
ments.

W here special forming systems are specified by the
engineer for structural purposes (such as one-way and
Cxo-way joist systems) in areas that are considered ar-
¢ -tectural, the architect and engineer should coordi-
nate their requirenients to be sure the architectural ef-
fect is consistent to: be sure the architectural effect is
cousistent with the Iormmg method and malerlal spec-
ified. :

[orms which are to-be reused should be careiully in-
spected after each use to assure that they have nat be-
conle damaged, distorted, disassembied, or otherwise
unable to perform as designed. ' :

5.5.2 Sheathing and jeinting—Contact surfaces of
the formwork should be carefully installed to produce
neat and symmetrical joint paiterns unless otherwise

~specified. Joints shoulid be either vertical or horizontal

and, where possible, should be staggered so as to main-
tain structural continuity.

Nailing should be done with care using hammers wlth
smooth and well-dressed heads to preveni marring of
the form surfaces. Box nails should be used when re-
quired on the contact surface and should be p!aced ina
ueal pattern. )

+ Wherever possible, sheathing. or. panel joints should
be positioned at rustication strips or other embedded
features which may conceal or minimize the joint.

Where construction joints are necessary, they:should
be. formed with a grade strip attached to the form to
define a clean straight line on the joint of the formed
suriace. Eormwork should be tightened at a construc-

tion joint before the next placement to prevent seepage

of water between the form and prcvtously placed con-
crete surfaces.

An.hue-.lural concrete !‘orms should be ieakproof
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One method (o prevent loss of water from the concrete
at the joints between sections of the formwork and at

“'construction joints is to attach a gasket of flexible ma-

terial to the edge of each panet. The gasket is com-
pressed when the formwork is assembled or placed
against the existing concrete.

Textured surfaces on muiti-lift constructidn should
be separated with rustication strips or broad reveals be-
cause accumulation of construction tolerances and/or

-random textures prevent texture matching. Further-
‘more, the grout seal between the bottom of a textured

liner and the top of the previous pour is impractical
without the rustication strip.

5.5.3 Cleaning, coating, and release agents—Form
coatings or releasing agents should be applied before
reinforcing steel is placed and should be applied care- -
fully to avoid contacting adjacent construction joints <
reinforcing. No form coating should be used unless
can be guaranteed not to stain the concrete or impair
the adhesion of paints or other intended surface treat-
ments.,

_Form scalers should be tested to assure that they will
not adversely affect the texture of the form lining ma-
terial. '

Ties thal are to be pulled from the wall must be '
coated with nonstaining bond breaker or encased in
sleeves to facilitate removal.

Forms should be carefully cleaned and repaired be- -
tween uses to prevent deterioration of the quality -7
surface formed. Film or splatter of hardened concr:
should be thoroughly removed.

5.5.4 Ornamental liners and detail—Ornamental
concrete usually is formed by elastomeric molds or
wood, plastic, or plaster waste molds. Members mak-
ing up wood molds should be kerfed on the back wher-
ever such members may become wedged between pro.
jections in the ornament. Molds must he so constructed
that joints will not be opened by slight movement or
swelling of the wood. Joints in the molds shoul:l i
made inconspicuous by pointing.

The molds should be carcfully set in the form: aud
securely held in position to reproduce the design showan

" ‘on the drawings. Where woud forms adjoin molds, the
. wood should be neatly fitted to the profile of the niold

and all joints should be carefully puinted. The malds
and the adjacent wood forms should be so detailed 1hat
the wood forms can be stripped without disturbing the
molds. A slight draft on the edge of molids or pattzrn
strips should be provided 10 permit removing the detail
material without damaging the concrete. Special provi-
sions should be made for early form removal and/or
retardation when sandblasting, wire brushing, or et
ircalments are required.

Form liners should be attached securely with fas-
teners or glue recommended by the manufacturer. The
form behind the Yiner should be sound 1o hold the fas- -
teners. When gluing, the surfaces should be cleaned and
dried thoroughiy so that the glue will bond. Do not use
glue at temperatures lower than those recommended by
the manufacturer.



347822

“the concrete during its car's

5.6—Form removal ‘
5.6.1 Avoiding dumage—When concrele surfaces are

- to be left as cast, it is important not to damage or scar

the concrete face during stripping. Forms should be
supported so that they do not fall back or against the
architectural surface: The use of pry bars and othe:
strippigg tools should be strictly supervised. In no case
should pry bars be placed directly against the concrete.
Even the use of wood or plastic wedges does not insure
that damage wiil. not occur.

Once {formwaork is removed, the architectural sur-
faces mu<t be »rotected from continuing construction
orerativ:

5.6.2 Cnncrete strengrth—It is desirabie for architeg-
tural concrete to . have a higher compressive sirength
than normal for stripping. This can be accomplished by
adjusting the’'mix propoertions or leaving forms in place
longer. It concretg is not strong enough o overcome

“Lhe adhesion between the form suiface and the con-

crete, concrete may scaie or spail. Thus, a good quality
surface might require the forms to stay in place longer.
However, the longer the forins stay in place, the darker
the concrete will become. The architect/engineer should
specify what concrete strength is required before strip-
ping can take place.

5.6.3 Uniformity—To insure surface quahly, uni-
formity in stripping time and curing practices is essen-
tial. Where the objective is to produce as consistent an
appearance as possible, it wili be bcuehu.ﬂ to protect
life by Iuav:ug the form-
wuork in place somewhat longer than normal. Early ex-
pusure of concrete to the air affects the manner in
which the surface dries. The ambicnt conditions can
thus influence'the cventual cuior of the conerete,

5.6.4 Avoiding thermal shock--Cold weather con-
creting requires that special atiention be paid to the
sudden temperature change of concrete. To avoid ther-
mal shock and consequent crazing of the concrete sur-
face, the change in temperature of the concrete should
be controlled within the limits outlined in ACI 303R.
This can be accomplished by heating the work area,

*leaving the forpis in place in order to contain the heat

of hydration, or by insulating the concrete after the

forms have been removed (sce ACI 306R).

CHAPTER 6—SPECIAL STRUCTURES

6.1--Discussion

‘In general, forimwork for all structures should be.de-
sign.d. constructed, and maintained in accordance with
recommendations. in,Chapters 1 through 4. This section
deals with the additjonal requirements for formwork
for several special classes of work. Attention is directed
i ACT 4R for information on design and construc-

tion of circuiar prestressed concrete structures.

6.2—E -ldges and viaducts, inciuding high piers
6.2.1 Discussion—For bridges, the construction and
removal of {formwork must be planned in advance.
turms and supports should be sufficiently rigid 10 as-
sure that the finished steucture will fulfifl its intended
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structural function and that exposed concrete finishes
will present a pieasing appearance to the public.

6.2.2 Shoring and centering—¥Foliow recommended
practice in Sections 3.5 and 3.7 for erection and re-
moevab. I continuous structures, support should not be
rtensed in-ony span umtil the first and second adjoin-
ing st ns on cach side have reached the specified
strev

¢ .3 Forms—Forms may be of any of a large num-
ber -+f materials but most com tonly wood or metal.
They must be built mortar-tight of sound material suf-
ficiently strong to preveat distortion during placing and
curing of the concrete. '

6.3—Structures designed tor composite action

6.3.1 Recommendations—Structures or members that
are desigied so that the concrete portions act compos-
itely with other materials or with other parts of the
structure present special problems of forming which
should be anticipated in the design of the structure.
Requirernents for shoring or other deflection control of
the formwork should be clearly presented by the engi-
neer/architect in the specifications, Where successive
placemenis are to act compositely in the completed
structure, de{lection control becomes extremely criti-
cal. : . )

Shoring, with or without cambering of portions of
the structure during placement and curing of the con-
crete, she.+! be analvzed separately for the effects of
dead loau of newly. placcd concrete and for the effect
of other construction loads that may be imposed be-
fore the concrete altains its design strength.

6.3.2 Design—Formwork members and shores should

be designed 1o limit deflections to a practical minimum
consistent with the structural member being con-
structed..
" Where camber is specified for previouslv installed
components of the struciure, allowance should be made
for the resultant preloading of the shores before appli-
cation of the dead load of concrete,

“In. members constructed in several successive place-
mcents, such as box girder structures, formwork: com-
ponents should be sized, positioned, and/or supported
to winimize progressive increases in deflection of the
structure which would excessively preload the reinforc-
ing steei or other portions of the composite member.

In multistory work where shoring of composite
members is: required, consideration should be given to

. the number of stories of shores necessary, in conjunc-

tion with the speed of construction and concrete

_strengths, 0 minimize dellections due to successive.

loadings. Distinction should be made in such analyses
for shores posted to relatively unyielding support suzh
as foundations instead of to structures or members al-

-ready in efastic support (see Section 3.8).

Composite construction may have beams of refa-
tively iight:cross section that are fufly adequate when
construction is complete. However, during construc-
tion these beams may not be laterally supported by the
formwork, leaving them with a high slenderness ratio
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'md reduced beam strength The engineer/architect
should alert the contractor to this problem in general
notes on the structural drawings or in notes on appli-

___cable drawings-when this-condition-exists:-The form ™

designer should be alert to this possibility and provide
shoring or lateral support where needed.

6.3.3 Erection—Construction and/or erection of
formwork for composite construction follows basic
recoinmendations contained in Chapter 3. Shoring of
members that will act compositely with the concrete (-
be placed should be done with greal care to assure suf-
ficient bearing, rigidity, and tightness so as to prevent

settlement or deflections beyond allowable limits,

Wedpes, shims, jacks, etc., should be provided to per-
mit adjustment if required before or during concreting
as well as to permit removal withiout jarring or impact
ol the completed construction. Provision should be
made for readily checking the acturacy of position and
grade during placement. Even though adjustment of
forms may be possible during or after the pour, it is not
reccommended. Any required adjusiment should be
‘made prior to initial set of the concrete.

Where camber is required, distinction should be
made between that part which is an allowance for set-

tlement or deflection of formwork or shoring and that

which is provided for design loadings. The former
should generally be the responsibility of the contractor
who designs the forms and supports uniess such cam-
ber is stipulated by the engincer/architect. Measure-
ment of cawibe | -ovided for struv.ural design loadings
should be made after hardening ol the concrete but be-
fore removal of the supports [see also Section 1.4.5(f)].
5.3.4 Remcyval —In addition to meeting the provi-
sivas of Section 3.7, forms and/or supports should be
removed only alier le<ts and specified curing opera-
tions indicate to the satisfaction of the engineer ihat'the
most recently placed concrete has aitained the strength
required to develop composite action, and then only
after stated approval of Lhe engineer/architect. The se-
quence of such removal should-be approved by the en-
-gineet/architect. ' o o

.

6.4—Folded plates, thin shells, and iong span
roof structures

6.4.1 Discussion—For Iong span and qpace struc-
tures requiring a complex, three-dimensional design
analysis and presenting three-dimensional probieins in
formwork design, erection, and removal, formwork
plarning should be done by engineers having the nec-
essary special qualifications and experietice. These en-
gineers should consult and cooperate with ihe engi-
neer/architect to make sure that the resulting surfaces
. will conform to his desngn

6.4.2 Design

a. The engineer/architect should specify. lisniting val-
ues and directions of the reactive forces when the false-
work is supported by the permanent structure,

b. When applicable, the engineer/architect should
include a deceniering sequence drawing with the bid-
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ding documents as a basis for the design of the forming
and support system Lo be used by the contractor.

c. Lateral lvads—In ‘determining. the lateral forces-
acting on the “formwork, the wind load should be cal-
culated on the basis of a minimum of 15 psl of pro-
tected vertical arca as specified for wall forins in Sec-
tion 2.2.3. For sturctures such as domes, negative
forces due to suction created by the wind on the lee-
ward side of the structure should be considered.

d. Analysis—The provisions of Sections 2.1.1 and 2.3

.should he ¢losely adhered to in such formwork plan-

ning.

Assumed design loads should be shown on the form-
work drawings. Complete stress analyses should be
prepared by competent structural engineers, and the
maximum and minimum values of stress, including re-
versal of stress, should be shown for each member fur
the most severe loading conditions, Due regard should
be given to unsymmetrical or eccentric loadings thut
might occur during concrete placement and during
erection, decentering, or moving of traveler. The verti-
cal or lateral deflection of the moving forms or travel-
ers as well as the stabilily under various loads should be
investigated to insure that the formwork will function
satisfactorily and that the concrete tolerances will be
mct. :

Particular care must be taken in the design'and de-

~ tailing of individual members and connections. Where

trussed systems are used, conncctions must be designed
to keep eccentricities as small as possible to minim ¢ .
deflections of distortions.

Since the weight of the forms and falsework may. »
many cases, be equal to or greater than-the designlive
load of the structure, form details should be so de-
signed as to avoid hanging up the forin and falsework
and thus overloading the structure itsell during decen-
tering.

¢. Due fo the speclal shapes involved, toleranves
based on functions of these shapes should be specificd
by the engineer/architect in the bidding documents.

6.4.3 Drawings—When required, the contracior
should submit detailed drawings of the formwork .or
approval of the engineer/architect.

These drawings should show the proposed concrete
placing sequence and-the resulting icads. To insure that
the structure can assume its deflected shape without
damage, the decentering or handling sequence of the
formwork should be shown on the drawings.

Deflection of these structures may cause binding be-
tween the form and the concrete during decentering.
Formwork drawings and form details must be planned
to prevent binding and to facilitate stripping of forms,
Drawings should show such details as type of inserts
and joints in sheathing where spreading of the form
may rcsull in the form becoming keyed into the con-
crete.

6.4.4 Approval-—The formwork drawmgs and pro-
cedures must comply with federal and local safety laws
as well as with the contract drawings and specifications
and meet the general requirements for formwork to as-
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sure the integrity and stability of the permanent sirue-
ture itsell. The engincer/architect should check the de-
sign and shop drawings for the formwork to insure that
these requirements are met and approve them in writ-
mg:

6.4.5 Construction—In planning and erecling jorum-
work, provision should be made for adequate sieans of
adjustment during placing where necessary. Telllales
should be installed to check aligsiment and gradc dus-
ing placement, :

Where the forming system is based on a certain plac-
ing sequence, that sequence should be clearly defined
~and adhered e in the ficid.

6.4.6 Rerival of formwark— Formwork should be
removed i decentered in accordance with the proce-
dure and sequence specified on the form drawings or on
.. the contract documents. Decentering methods used

should be planned to prevent any concentrated reaction
. on-any part of the permanent structure. Due to the
large deflections and the high dead load-to-live load ra-

tio common to this type of structure, decentering and -

form removal should not be permitied until specified
tests demonstrate that the concrete strength and the
modutus of elasticity specified in coniract documents
have bcen reached. Moduli of elasticity may determine
time of decentering although required compressive
strengths may already have been attained. Generally,
decentering should hegin at points of maximum deflec-
tion and should progress toward poinls of minimum
deflection, with the decentering o edge members pro-
ceeding simultaneously with the wujoining shell,

6.5—Mass concrete structures

-6.5.1 Discussion—ACI] HI6R defines mass concrete as
“any vobune of concrete with dimensions large cnough
to require that measures be (aken to cope with geaera-
tion of heat from hydration of the cement and atien-
dant vojume change to minimize cracking.’” Mass
concrete generally ‘occurs in heavy civil engineering
construction, such as in gravity dams, arch dams, grav-
ity retaining walls, lock walls, power plant structures,
and Iarge building foundations. Special provisions usu-

"ally are made to control the temperature rise in the
mass by the use of cement or cementing material com-
-hinations possessing low or moderate heat-generating
characteristics, by postcooling, cooling the [resh con-
crete, or by placing sequence.

Formwork for mass concrete falls into two distinct
categories, namely, low and high lift. Low lift form-
work, for heigits 5 to 10 {t, usually consists of mul-
tiuse steel cantilever form units that incorporate their
awn scaffolding and, on occasion, lifting devices. High
liit formwork is strictly comparable to the single-use
wood forms used extensively for structural concrete.

- 6.5.2 Lateral pressure of concrete—The lateral pres-
sure formulas {or concrete placed in walls may be used
for mas- concrete. See Section 2.2.2.

Cons.Jeration should be given to placing sequence in
the determination of pressure. Freyueatly, concreie is
layered in such a way that a full liquid head is devel-
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oped against the form on the closure end. In addition,
the use of large concrete buckets may cause high im-
pact loads near the forms, -

6.5.3 Design considerations—Particular care must be
taken (o provide anchorage for forms with a barter and
will forins tied to a rock face. The uliimate strength of
the tie rods must not exceed the ultimate strength of the
anch - bar or bolt. The bending and welding of high
ter steel tie rods should be prohibited. Considera-
ti . should be given to form ties émbedded in previ-
ou 'y placed concrete to insure lhql such concrete has
attained sufficient strength to sustain design loadings
from the new placement as well as initial bolting
stresses.

6.5.4 Tolerances—See Section 3.3 and ACI 117,

6. B—Underground structures

6.6.1 Discussion—Underground structures differ
from corresponding surface installations in that the
construction tiakes place inside an excavation instead of
in the open, thereby providing unigue problems in han-
dling and supporting formwork and in the associated
concreie placing. As a resuit, the following four ractors
usually make the design of formwork for underground
structures entirely different than {or their aboveground
counterparts: First, concrete to fili otherwise inacces-
sibie areas may be placed pneumatically or by positive
displacement pump and pipeline; second, the rock

sometimes is utilized 2+ a form backing, lherebv per- -
mitting the use of roc' ~‘nchors.and tie rods in lieu of
exlernal bracing and shores; third, the limits of the ex-
cavation demand special handling equipment that adds
particular emphasis to the removal and reuse of forms;
fourth, rock surfaces sometimes can be used for at-
taching hoisting devices,

When placement is by pneumatic or positive dis-
placement pump and pipeline methods, the plastic con-
crete is forced, under pressure, into a void such as the
c¢rown of a tunnel lining. For more information on the
pumping process, see ACl 304 2R,

6.6.2 Design loads

6.6.2.1 Vertical loads—Vertical and construction
loads assumed in design of formwark for underground
structures are simiiar to those for-surface structures,
with the éxcep'ion of unusual vertical loads occurring
near the crown of arch or tunnel forms and of ﬂola-
tion effect bencath tunnel forms.

In placing congcrete in the crowns of tunnel forms,
pressures up 10 3000 psf have been induced in areas of
overbreak and near vertical bulkheads from conurete
placed pneumatically or by positive displacement
pump. Until more definite recommendations can be
made, the magnitude and distribution of pressure
should be deterinined by the design engineer. (n no casc
should the assumed pressure be less than 1000 psf act-
ing normally to the form plus the dead weight of the
concrete placed pneumatically or by pump.

6.6.2.2 Lateral loads—For shafts and exterior |
walls against rock, the values listrd in Section 2.2.2
shouid apply.
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When the shaft form relies on the single shear value
of embedded anchors in the previous placement as a

means of support, the mnumum time lapse between..

. -successive-placements (or minimum concreie strength)

o —~5

‘when some factor,
- introduction of reinforcing steei, or the location of
corstruction joints precludes the adv anung slope.

and maximum allowable loading additional to the dead
weight of the form should be specilicd.

For arch forias and for the portions of tunnel foris
above the maximum horizoatal dimension or spring line
ol the form, the pressure should be compatible with th-
p"cqsuru discussed under vertical loads in Section

6.6.2.1 -

6.6.3 Drawings—1In addmon to the provisions of
Chopinrs 1, 2, and 3, the following data should be in-
chi. "o on the drawings for specialized formwork and
fermwork for tunnels:

6.6.3.1 All pressure diagrains used in the design of
{he Torm including diagrams for uplift, for unbalanced
tateral or vertical loads, for pressurized concrete, or for
auy other Icad apgpiicable to the particular instailation.

6.6.3.2 Recommended unetliod of supplemental
strutting or bracing (o be employed in areas where form:

pressures may cxceed those just fisted due to abnormal
conditions.

6.6.3.3 Handling diagrams and procedures show- .

tng the proposed ethod of handling the form during
crection or installation for concrete placement plus the
method of bracing and anchorage durmg normal oper-
ation, . :

2.6.3.4 1n the cose = the tunnel arch fo,rm,
wheit-2r it is intended for o with the unit or bulkhead

sust2mn of concrete placement or is restricted to use with -

the comtinuously ::-;lvanuing slope method (see Section
U (1 -o) .

6 £.3.5 When p!m.emcnl of concrete by pumpmg
oir pmu.mm mcthieds is aniicipated, the capos .y and
working pressure of the prime mover. and. the size,
l=ngth, and maximum embedment of the discharge lise
should be as assumed in the design. Also, when the de-

sign provides for a method of plac-:mént other than by’
sustained pumping via a buried slick line,, it should be-
clearly stated that the design pressures would be ex-

ceeded il sustained pumping were adopted.

6.6.4 Construction—The two basic methods of plac-

tnig & tunnel arch entail problems in the construction of

the formwork that require special provisions to permit.

proper reuse. These two basic methods are commonly
known as the "bulkhead method’’ and the "“continu-
ously advancing slope” method.

The former is used exclusively where poor. grouud
conditions exist, requiring the lining 10 be placed con-
corrently with teanel driving operations. It is also used
such as the size of the (unnel, the

method. The advaacing slope method, a continuous
method of placement, usually is preferred for tunnels
“riven througn competent rock, rangiig between 10
and 25 ¢ in diameter and at least | mile in length.

The arch form for the butkhead method is usually

tabricated into a single unit between 50 and 150 {t long,

Y
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which is stripped, moved ahead, and reerected using
screw jacns or hydraulic rams. These are permanently

- --autached to the form and supporting traveling gantry.

The arch .form for the continuousty advancing slope
method asually consists of cight or more sections that
range between 15 and 30 1t in length. ‘These are succes-
sively stripped or collapsed, telescoped through the
olher sections, and reerected using a form traveler.
Although the minimum stripping time for tunnel arch
forms usually is established on the basis of experience,
it can be safely predetermined by tests. It is recom-
mended that at the start of a tunnel arch concreting
operation, the minimum siripping time be 12 hr for ex-
posed surfaces and 8 hr for construction joints. If the
specifications provide for a reduced minimum stripping
time based on site experience, such reductions should

be in time increments of 30 min or less and should be
cstablished by laboratory tests and visual inspection arui.

surface scratching of sample areas exposed by openiiyg

the form access covers. Arch forms should not be

stripped prematurely when unvented ground water
scepage could become trapped belwecn the rock sur-
face and the concrete lining:

6.6.5 Materials—The choice of malenals for under-
- ground formwork usually is predicated on the shapc
degree of rcuse and mobility of the form, and the mag-
niiude of pump or pneumatic pressures to which it I’
subjectid. Usually, tunnel and shaft forms are made .~

steel, or a composite of wood and'steel. Experience *«

of paramount importance in the design and fabricatic
of a satisfactory tunnel form, due to the nature of the

“pressures developed by the concrete, placing tech-.
“niques, and the high dcgree of mobitity usually re-

quired.

When reuse is not a factor, plywuod and tongue -z -
groove hunber sometimes are used for exposed suriace
finishes, but more consideration may be given to w..rd
sheathing because the high humidity often precludes the
norual shrinkage and warping,

.CHAPTER 7—FORMY/ORK FOR SPECIAI
METHODS OF CONSTRUCTION
7.1—Recommendations _
The applicable provisions of Chapters 1. 3, a
also apply to the work covered in this chapter.

d 4

7.2~-Preplaced aggregate concrete
7.2.1 Discussion—Preplaced aggregate concrei: is
made by injecting (intruding) mortar into the voids of
a preplaced mass of clean, graded aggregate. For nor-
mal construction, the preplaced aggregales are wetted
and kept wet until the injection of moriar into the voids
is completed. In underwater construction, the mortar
. displaces the water and fills the voids. In boih types of
construciion, this process can create a dense concrete
having a high content of coarse aggregaie.

- The injected mortar comains water, fine sand, port-
land cement, pozzolan, and a chemical adniixture de-
signed to increase the penetration and pumpahility of
the mortar. The coarse aggregate is similar 10 codrse

oo PR
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. aggregate, fﬂ{g convenuonal concrete It is:Wellswas
and gradeiEftom VA St mc‘ﬁﬂﬁuabﬁf
After comy ction?

content rangmg from*35 to 45 percent. Refer 1o AC
3J04.1R.

L

mortar- lighr forms of steel or plywood aré acceptable.
Teelabricated pancl-lype forms usually are not suitable

7.2.2 Design considerations—Due to the method of because of the dilficulty in making mortar-tight seals
placement, the lateral pressures on formwork are con- hetwe v panels. Absorptive form linings are not rec-
siderably higher than those developud for conventional oni ied because they permit the coarse aggrega:e to
concrete as given in Section 2.2.2. The form desigacer ing o tae lining and form an irreguiar surface. Form
should be alerted to the unique problems created by - iinings such as hardboard on common sheathing ate not
hnigh-density concrete, by mass placings where heat of successful because they. do not transmit the external
hydration and dryving shrinkage are critical, and by dif- form vibration normally employed for insuring a void-

ferential pressures in the form structue when mortar  {ree finished surface.
injection aties greatly from one formi face to an- ’
other.* Because of the pressure created during aggre-

) . 7. 3-Sliplorms'
gate. packing and mortar pumping, forms must be an-

: ) 7.3.1 Drvcuss:on—Formmg of concrete by the use of
chored and braced far more securely than for ordinary

. . . . slipforms is similar to an extrusion process. Plastic
concrele. Particular attention must be paid to uplift N .

- . .. - . concrete is placed in the forms, and the forms act as

_pressures created in battered forms. Provision must be moving dies-to shape the concrete. The rate of move
tinade to prohibit even the slightest uplift of the form. B p :

C . : ment of the forms is regulated so that the forms leave
injection piges spaced § to 6 ft apart, peneirating Lhe == e

o \ . the concrete only -after it is strong enough to retain its
face ol the form, require that the form be checked for . . .

: . . shape while supporting its own weight and the |ateral

structural integrity as well as a means of plugging or ‘ ) ..

. . . P R forces caused by wind and equipment. Formmwork of
shutting off the openings when the injection pipes are , . Y »
remioved. o this type can be used lor vertical structures such as
Lrmove silos, storage bins, building cores, bearing wail build-

i d T hc
Forms, ties. and bracing should be de'u;,m.d ort ings, piers, chimneys, shaft linings, communication and

s ol
a. The lateral pressure of lhe coarse aggregatc as du-

tecnined from the equivalent fluid lateral pressure of \ . . .
. . - Horizontal slipforming lends itself to concrete struc-
the dry ageregate using the Rankine or Coulomb theo-

ties for aranular materials; or a refiable bin action the- tures such as tunnel linings, water conduits, drainage
f = P T T channels, precast elements, canal linings, highway me-
vy and : 7 ) . .
- b :'llt'lhe jateral pressure of the injected mor!a;' as an dian barriers, and paving.
. ¢ H S5U Hecied , o . . - ) . Lot
. - . Vertical siipforms are usually moved in small incre-
cquivalent uid the morter normally weighs 130 [h per cal ship . a | th ’ v h |
cu ft, but may weigh as much as 2()0 b’ per cu ft for ments by jacks that propel themselves on sinaoth stee
higldensity mortars. rods or tubing emmbedded in or attached to the harc-
& lhn 111::e required for the initial set of the mortar _ened concrele. l-lqrizonlal slipforms generally move on
[ 61c 7 he) and th te of rise (I to 6 ft.per hr) a rait system, tractor teeads, wheels, or a shaped berm.
: i;g";d beoascerrta:u‘*d 'I’ilgan:axi:'r:ﬁm height of‘lrl‘uid'lo Working and stornge decks and finishier’s scaffolding
ou . 8 are attached to and carried by the moving formwork.
be assumed in determining the lateral pressure of the The vertical ot horizontal movement of forms may
. nd
::;rtxe: |so}hfn5::;.|slle‘it'zf;l‘ i:?r:‘“e of. rise (ft per hr) a be a continuous process or a planned sequence of finite
1 L} . o~ . .
lacements.
The lateral pressure for the design’ of formwork al p Slipforms used oh such structures as tunnels and
()I!l
gn po”;l Hdl:';)sx;? :(I)\i ”:c':‘r;tu:;s determiined f¢ shafts should comply with the applicable provisions of
L4 4 . - - [
teps (2} an 8 g Section 6.6. Siipforms used on mass concrete structures

1.2.3 Construction—In addition to the provisions of
such as dams should comply wnh the applu.able provi-
Chapter 3, the forms must be mortar-tight and effec- sions of Section 6.5

tively vented because preplaced aggregate concrete cn- 1.3.2 Vertical slipforms

iiliefc;:iing‘mortar into the voigs around the coarse 7.3.2.1°A vertical stipform system has five main
grhf increased lateral pressure usually requll‘Lu that fggﬁifi“:;rskhi?gt?? :t;oraa:eesc;ci::?I;dji::f;rd(injga.CL-

::Lear“ ‘:_r:(t:: 2";; :_’:1:'::kdf::';::e':’{i:ln‘:?lt::rzi better Th'e sheathing or ve-rtical fo.:msa can he mt‘:(;d,l glass:
7,2.4I A-Um.'pr-iuf.t for _formvv_:ork-fTon"gL'le-all.djgm‘"’e; - ::;b:s:r:::{:r::: ',l'l :it‘;t;n:'t(;g:"ocl)'rll?rc:hr::ll:ia::;oi ?j)

luinber is preferred !’or exposed surfaces; the joints be- contain ‘and shape the concrete.

twaen poards permit the escape of traces of mortar. Wales have theee maist functions:

Hewever, excessive biceding will cause sand streaking, 1. They support and hold the sheathing in place.

structures,

“tFar adduional informaiion see ACT 359, ACI m IR, aad Conerete for - N
N b -?n:raﬂrt:r:?)::, 1'\'1.:”5& “:.’!n' 2, Ne. For siky constyuction refer 10 ACI HY.

. aranqc'ul"lhc hmshed surface,

u}\

: iV, ve, ble ewdcm._caulkmg 3? sealmg{_':.'
- hu forms“fthsually ﬁi’?‘“ a’vol ; is recom%ndcd Formnexposed isurfaces,

H

ey

observation towers, nuclear shield \wils and similar -

Wl
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FORMWOAK

2. They transmit the lifting lorce {rom the yokes to
the sheathing.

3. They provide support for vanous plalforms and

_scaffolding. ————--— - R

Yokes transmit the lifting I'orccs from the jacks to
the wales and resist the latcral foree of plastic conerete
within the form.

The jacks, by climbing up thc Jackruds, provide lhc
force needed to raise the entire slipform systen:.

Various platforms, decks, and scaffolding complet -
the-slipform sysiem. They provide a space {or storage
of conerete, reinforcing steel, and emmbedments as well
as norving as a working area for placing and finishing

3.2.2 Design and construction considerations—
Shpiuris should be designed and constructed and the
sliding operation should be carried out under the un-
mediate supervision of a person or persons experienced
in stipform work,

7.3.2.2.1 Sheathing—should be a minimum of 3
It 6 in. high* and should be constructed of at least a
norinal -in. board (tongue and groove prcferred), by -
in., plywood with suitable bracing, 10-gage minimum
steel sheets, or other approved matevials. Caution
sliould be excrcised when using steel sheets in extreines
of heat or cold due to their lack of insulating capabil-
ity. Boili plywood aird boards should be designed with
their face grain running vertical. The }-in. boards
¢ 1o V2 in. apart to allow for expan-
sion when they brcome wet, Soaking of all wood with
a suitable form ot waterproofing cov ound is de-
sirable in order 1o reduce water absorption by shea-
thing. .

Forms should be constructed with slight draft, in the
runge ol S to vz tng, patticularly for the iustde faces so
that the distance between inside form amd outside form
is greater at the bottoan than at the top. This tag.er may
be applied to the inside or both (aces of the forin, The
true wall thickness is measured at the elevation where
hardened coucrete is maintained in the form. This ele-
vation may vary from [ to 2 it above the bottom of the
form. The taper can be established through use of bat-
ter sirips placed on the inside {ace of the upper set of
wales. The taper reduces friction resaslance to move-
menl of the forms during jacking. :

7.3.12.2.2 Wales may be made of nmbcr or
metal. Two sets of wales are traditionally used, and
they should be designed to hold the sheathing in place
against {ateral forces and friction forces, to transmit the
lifting forces from the yokes to the form, and to sup-
port various scaffolding and decks.

Timber wales should be’of 2- or 3-ply lumber at feast
one ply of which is nominal 2-in. material.

7.3.2.2.3 Latcral and diagonal bracing of furms

must be provided to insure that the shape of the struc- -

i '_T he vn'lmlmum height is a function of the raie of slipping (i1-ner hour) and
the tine lcqum:d lor the concrete 10 gain sulficient stiength 10 support itself
without <agging aiter leaving the slipfurm. A shightly higher farm will niovide

some warking space i the tup ol the form tor placing of concrae ainl rein- .

forcement. Forme ese (han Vo §t high are believed 10 be dangeroushy shailow,
Furms as high 8s § it may be required when low temperature of slow secting
voncrets i \peu[ned Ferms in excess of 6§ ft high can be used in speviai dr.-ph
canious such as picrs and single-sided shalt diplormse.”
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ture ‘will not be distorted beyound allowahle tolerances
during the sliding operation.

—. 7.3.2.2.4 The design of ‘the vokes must pr(mde
for adequale clearance to install horizontal reinforcing
hars and embedments in their correct locations prior to

their submiergence in the tising concrete. They should

also be designed with a minimum of deflection to
maintain the desired configuration and wall thickness.
The spacing of the yokes must be planned with consid-
eration for the reinforcing steel configuration, the lo-
cation of openings, exireme loading points, and condi-
tions of a similar nature.

1.3.2.2.5 A jacking system that provides for the
sitnultancous movement of the entire form in small tn-
crements of approximately 1 in. at 2- to 3-min intervais
is recommended. This available jacking capacity m. .
be desirable or necessary for short periods; forms oo
not usually maimiain such speed ol movement for cv-
teaded times. Special care must be taken o choosing
the capacity of the jacks and arranging them so that ihe
forms will draw straight and true without strain or
twist. Jackrods must be properly braced where not en-
cased in congrete,

Due to the number of variables such as friction and
unbalanced loads, it is essentiat that reserve jacking ca-
pacity be provided in the system. )

7.3.2.2.6 Working decks are supported direc iy
on the forms and rise with them. The-deck must be .’

signed 1o maintain the plan dimension throughout 11

height of the structure. Through the use of trusses,
corner bracing, tie rods, and similar items this can be
acccraplished.

7.3.2.2.7 Drawings should be prepared by a
competent and experienged engincer =mployed Gy the
contractor, showing the jack layvout, formwork, work-
ing decks, and scaffolds. A developed elevation of the
structure should be prepared, showing Tocation of all
openings and cmbedments.

1.3.2.3 Vertical lnads )

7.3.2.3.1 In additicn to the dead leads, Ti~
toads assumed for design i decks should rot et
than the following:

Sheatlnng

and joists.........0. 275 psf or concentraled bugy

o wheel loads, whichever is the zieatv

Biams,

trusses,

and wales...... TS UTPRUPUN L | - e
Light-rduty

finishers’

scaffolding..ooooeeenoe TP Sl b LY

7.3.2.3.2 The friction loads used in detennining
jacking requirements should normally be not iwis thun
X0 th per Hirear f1 of concrete wall when 4 nonuus 3
ft 6-in. 1o 4-1t two-sided slipform is used.
7.3.2.3.3 Where working decks wic
bottoin fora for cast-in-place construction, such as
floor siabs or roofl slabs, the deck must be d: asigned for
thie dead lvad of the concrete plus any superinipuscd

dased as a
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loads, and in no case less than the design loads given in
Section 2.2. Where the inside slipfoém becomes part of
the slab system, fixing of the form 1o the congrete must
be designed to withstand the vertical and lateral forces
assoviated with placing of the slab.

7.3.2.3.4 Vertical loads and torsional forees re-
salting from deck loads and friction must also be con-
. sidered. The forms must act as trusses for the vertical
loads between jacking points. Knee braces or other ap-
_propriale support systems should be provided for top

‘wales where span between yokes exceeds 6 ft or where’

vertical foads wie unusually heavy,

7.3.2.4 luzeral pressure of concrete—The lateral
pressure of {resh conerete to b2 used in designing
forms, bracing, and wales may be calculated as fullows
{s¢e Appendix for metric conversions of equation)

po=c o+ =

wiicre

¢, = 100*

i lateral pressure, psf - ) -

R rate ol concrete placement in ft per hr

A temperature of concrete in the lforms, deg F

YWales must be adequatcly nailed or bolied together
e tansmit shear dee Lo lateral pressuie ol concerete,
amd vertival posts should be placed between wales at lift
peings. '
TALS Tl ees—Sageested telerances for slip-
form constiuctiop are {ilsmd in ACL I,
7.3.2.6 Siiding oreration—Naximum rate of side
shoetd be limiied by the rate for which the lorms are
tesignzd. In addition, both maximum and minimum
rates of slide must be determined by an experienced
‘S'iipfurm supervisor v accommodate changes in
=ather, concrete slump, initial set of concrete, and
g -wli« ibility, and the many cxigencies which arise dur-
Cing a shide and which cannot be predu.led accurately
beforehand. A person experienced in shptorm con-
struction must be present on-the deck at all times dur-
ing the slide vperation.
During the initial placing of the concrete in slipfonin,
1" ¢ near rate should not exceed that for “hl\.h the form,
wus Jdesigned.
~ The level of the hardened: concrete in the form must
e checked frequently by the use of a probe to establish
safe fifting rates. Forms must be leveléd before they are
iilicd and must be maintained level unless otherwise re-
quired Tor out-of-tolerance corrections. Care must be
wken to pievent deiung of the forms from alignment
or designea dimensions and (o prevent torsional move-
HITGHE

1o Teil that ¢, = 100 e justified beray-e vibration ic slight in Jdiplorm work
wkce the conereie 1y placed in shallow lnvers of 6 1o 1¥ in. and broausw there is
‘B revinpation. However, tor owe applications such st gastight or comain-
et sieuctures, sdditional vibedtion mey be required 1o achitve maximuin
. ety of the comrerate. 1 such caves, che value of ¢, should be increased 10 150.
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Experience has shown that a plumb line, optical
plummet, laser, or combination of these used in con-
junclion with a water level system is effective in main-
taining the form on line and grade and for positioning
openings and embedded items.

Atignment and plumbness of structure should be
checked: at least once during every 4 Iir that the slide is
in opetwon and preferably every 2 hr. In work that is

donr 1 separate intermittent slipping operations, a
- check of alignment and plumbness should be made at

the beginning of each slipping operation.

More frequent readings should be taken on single tall
structures with relatively smail plan sections, as these
structures tend to twist and go out of plumb rore
readily.

Safficient plummeting should be provided to readily
detect and evaluate movements of the form for all slip-
formed structurcs so that appropriale adjustment can
be made by experienced personnel.

Detailed records of both vertical and lateral form
movements should be maintained throughout the slip-
form operation.

1.3.3 Horizontal slipforms

. 7.3.3.1 Design considerations—For major struc-
tures. this specialized formwork should be designed by
experienced, competent engineers einploycd or engaged
by the contractor or form supplier. A complete struc-
tural analysis, including stress diagrams of the str:.~-
tural members, must be made ‘o insure satisfa.:’ -
performance. Due regard should be given to unsym-
metrival and eccentric ioadings and the fact that the

machine must be regularly disassembled as it encoun-

.15 siphons, bridges, chutes, etc. The large machines
are usually hinged so that sections may be passed
through ur beneath structures. The vertical or lateral
deflections, particuiarly of long-span machines, must be
investigated, and sufficient rigidity provided to insure
that concrete tolerances will be met. The stability of the

‘mauchine under the aforementioned loading conditions

must be carefully investigated to insure satisfactory
periormance.

71.3.3.2 Drawings—The general provisions .of Sec-
tion 2.1.4 should be met and the contractor should
submit drawings of the slipform f{or review and ap-
proval by the engineer/architect. These drawings
should show the handling diagrams, the placing proce-
dure, and the provisions for insuring attainment of the

" required concrete surfaces.

7.4—Permanent forms

7.4.1 Discussion—Permanent forms, as the name
implics, are forms Jeft in place that may or may not be-
come an integral part of the structural frame. These
forns may he the rigid type such as metal deck, precast
concrete, wood, plastics, and various types of fiber-
board; oc the flexible type such as reinforced water-re-
pellent corrugated paper, or wire mesh wilh waterproof
paper backing.

When the permanent form is used as a deck form,; it
is gencrally supposted from the main structural frame
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with or without an intermediate sysiem of (emporary
supports. If temporary supports are required under the
structural frame members to support the weight of the
fresh concreté without excessive deflection, such infor-
mation should be specified by Lhe engincerZarchitect.
7.4.2 Design considerations—If the pevinanent type
form is not covered in the contract specilictions, (1) the
manufacturer’s specifications should be used; (2) the
manufacturer’s recommended practice* should be Ih !
lowed lor size, span, lastenings, and other special Ivo-
tures pertinent to this type of form, such as being wa-

. .ter repellent and protected against chemical attack from

wet concrete; and (3) the minimum requirements of
Chapters 2 and 3 shouid be followed. Particular care
should be taken in the design of such forms to mini-
mize distortion or deformation of the form or support-
ing members under the construction loads.

The engineer/architect who specifies or permits the
use of permanent rigid forms should consider in his
structural analysis dead and live loads lor the struc-
ture's intended usage, especially concentrated loads be-
tween supporting members,

When metal deck to become an‘integral part of the
structure is-used as a permanent form, its shape, depth
gage, physical dimensions, and properties should be as
called fof in contract documents, If structural continu-
ity is assumed in the design, the engineer should specify
the required number of supporis over which the form
material should be continuou....

7.4.3 Installation - ‘

7.4.3.1 Shop druwings—The countractor should
submit Tully detailed shop drawings for all permanent
deck Turms to the caginecr/achitect for review aud/or
approval. Shop drawings should show aft fore thick-
n2sses, metal gages, physical dimensions anu proper-
ties, accessorics, finishes, and :nethods of attachment to
the various classes of the work.

7.4.3.2 Fasrenings—The perinanent deck forin
must be properly fastened to supporting members and

1o adjacent sections of form and properly lapped to -

provide a tight joint that will prevent loss of mortar
during the placement of concrete. End closures for cor-
rugated or fluted forms should be provided, where re-
quired, together with fill pieces where a tight fit is re-

" . quired. To prevent buckling, allowance should be made

for expansion of-metal deck forms.

Flexible types of forms (those that depend for laterai

stiffness on supporting members) must be diawn tight

for proper installation. Adequate temporary bracing or
anchors must be provided in the plane of the top chord
of the supporting members to prevent lateral buckling
and rotation of these supports and 10 maintain the re-
quired tension in the flexible form. "

Paper or metal forms used to form voids int concréte
construction should be properly placed and anchored to
reinforcement and to side or deck forms with wire ties
or by other approved methods to prevent displacement

-

-...'_lnb;_m_t)ttcd by festy by a recognized commercial lesting Lihorainry
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or llotation during placing of concrete. End closures
should be properly vented where necessary to eliminate

~cracking of concrete by reason of expansion of air in

voids due to the heat of hydration of the concrete, Wa-
ter should be prevented from entering voids. Where
water intrusion is possible, weep holes should be pro-
vided to reduce its entrapment.

7.4.4 Deflections—The vertical and lateral deflec-
tions of the permanent form be(ween supports under
the load of fre. v concrete should be investigated by the
designer. Temporary supports should be used, if nec-
essary, to keep deflection within desited tolerances.

7.5—Forms for prestressed concrete
consiruction .

1.5.1 Discussion—The engineer/architect should -
dicate in the contract documents any special requii:-
ments l'or prestressed construction.

It may be necessary to provide appropriate means of
lowering or removing the formwork before fuli pre-
stress is applied, to prevent damage due to upward de-
flection of resilient formwork.

Pretensioning or post-tensioning of strands, cables,

.or rods may be done with or without side forms of the

member in place, in accordance with Section 7.5.2.
Bottom forms and supporting shores or falsework mu::
remain in place until the member is cupable of suppo -

ang.its dead load and anticipated construction loads. s

well as any rormwork carried by the member, .
The concreting sequence for certain siructures s
also be planned so that concrete is not subjocted to

bending stress caused by deflection of the formwork.
7.5.2 Design

7.5.2.1 Where the side lorms caanot be o nve
niently removed from the boitom or seftit for  af
concrete has set, such forms shouid be designed .
ditional axial.and/or bending loads which may ¢. «n
perimposed an them during the prestressing operabon.

7.5.2.2 Side forms.that niust remain in piace Gar
ing the transfer of presiressing force shouid be e
signzd to ailow for vertice: and herizontal movements
of the cast member during the prestressing operation.
The form should be designed Lo mininiize restraing tw
elastic shortening in the prestressing operation, Fur ex-
ample, plan small components or wrecking sirips i.:at
can be removed or destroyed to relieve foad oa siile
forms as well as to eliminate their restraint during pre-
stressing. in all cases the restraint {o shrinkage of con-
crete should be kept 1o a minimum, and the deflections
of members due to prestressing force and the tiastic
deformation of form or talsework should be consid-
ercd in the design and removal of the forms.

7.5.2.3 Care should be exercised with post-ten-
sioned slabs to assure that suppurting shores do a.t =l
out due to {ifting of slab during tensioning. For luige
structures where the dead load of the inecmber reiniins
on the formwork during prestressing, displacement of
the dead load toward end supports should be consid-
ered in-design of the forms and shoring including sifls

“or other foundation suppert.
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7.5.3 Constrictivn accessories—Hold-down or push-
down devices for deflected cables or strands should be
prorvided in the casting bed or forms. All openings,
offsets, brackets, and all other items required in the
concrete work should be provided for in the formwork.
Bearing yiates, anchorage assenmiblies, prestressing stecl,
conduits, tube enclosures, and lifting devices shown or
specified to be set in concrete must be accurately lo-
caled with formwork templates and anchored to re-
main within the tolerances given on contract drawings
and specifications. Quality and strength of these acces-
sories should be as specified.

1.8.4 Tolrices—Suggested tolerances for job site

precast snd clant manufactured precast presiressed
conerete sncinbers are given in ACI 117 and the PCI
report ¢n tolerances.*

. 1.5.5 Special provisions for curing and for safety of
workmen—Where required to aliow early reuse of
forms, provisions shouid be made to use such acceler-
ated curmg processes as'sieam curing, vacuum process-
ing. ‘or other approved tnethods.

Safety shields should be provided at end anchorages
of prestressing beds or where necessary for the protec-
tion of workmen or equipnieni against possible break-
age of prestressing strands, cabtes, or other assemblies
Juring presicessing Or casting operation.

7.6—Forms for precast concrele construction

7.6.1 Discussion—This type of form is used for pre-

cast congrete items that mav be eitter load- or non-

loa:-bearing mcmbers for structural or architectural
uscs.,

7.0.2 Construction--Exterior braces only should be
uscd wheyp exposed metal or filled-in pockets resulting
trory the use of mgtal s wyeptd prrescnt an objection
able apnearance.

To assure uniformity cf appearance in the cast mem-
bers or units, particularly in adjacent units where dif-
ferences in texture and/or color would be visually ap-
parent, care shoula be :nken that the contact surfaces
or forms or tonn imcrn are of uniform quality and tex-
ture.

' _Formn oil or retardant coatings (nonstaining, if re-

“quired} should be applied uniformly and in accordance

“wiith wanufacturers' recommuendations for this particu-
Far class of work. :

1.4 X Accessories---1t is-particularly important in this
cluss of work that positive and rigid devices be used to
insure proper location of reinforcement. All openings,
cutouts, offsets, inserts, lift rings, and connection de-
vice; required to be set in concrete must be accurately
tocated and securely anchored in the formwork,

The linished surfaces cf members should b2 free of
lift rings and other .erection items where same will be
axposed, will interfere with the proper placing of pre-
cast members or other materials, or will be subject to

“lderances for Precast ard Pyosiressed Concrete,” 1985, available from
Peesirensed Concrate Institute, Chivogo,

_concrete,
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corrosion. Such items should be removed in such a
manner that no remaining mctal will be subject to cor-

© rosion.

Quality and strength of these accessories should be as
required by contract drawings and specifications, but
the 1ifting devices or other accessories not cailed for in
contract drawings are the responsibility of the contrac-
tor.

7. 4 Tolerances—Suggested tolerances for precast
¢« icte construction are listed in ACJ 117, ‘

7....5 Removal of forms—Precast members or units
should be removed from forms only alter the concrete
has reached a specified strength as determined by the
field-cured test cylinders or beams and job history of
coutcrete curing.

Where required to allow early reuse of forms, provi-

. sions may be made to use accelerated curing processes

such as steam curing, vacuum proccssing. or other ap-
proved methods.

Methods of lifting precasl units from forms should
be approved by the engineer/architect.

7.7—Use ol precast concrete for forms
1.7.1 Discussion—Precast concrete panels or molds
have been used as forms for cast-in-place and precast
concrete, either as permanent, integrated forms or as
removable, reusable forms. They have been used for
both structural and architectural concrete, designed
cither as structurally composite with the cast-in-place
material or merely to provide a desired quality of outer
surluce, and in some cases to serve both of these pur-
poses. Concrete form units may be either piain, rein-
furced, or prestressed, cast in the factory or at the job
site. The most vommon use of precast concrete form
units has been for elevated slabs at.tmg compositely
with Lopping cuncrete.
T.0.2 Design .

7.1.2.1 Responsibility for design—Where the inte-
grated fo n is to act compositely with the structure
he-form panel should be designed by the en-
gincer/architect who should also indicate what addi-
tional-external support is required lor the permanent
forms. For permanent forms intended principally .to
achieve a desited architectural effect. the engineer/ar-
chitect may specify surface'Tinish and desired minimum
thickness of architectural material. Design and layout
of temporary forms and supporting systems shou!d
normaily be the responsibility of the contractor.

7.7.2.2 Connections—Connectioa details should be
planned to cvercome problems of mating precast mem-

‘bers to each other and to the existing or cast-in-place

structure.

7.7.2.3 Bonding concrere Jorm (o concrete struc-
ture—Efective bond between precast form unit and the
structure coagrete is essential, and may be achivved by:
(1) special treatment such as grooviog or roughening
the form face in contact with the structure concrete; (2}
use of anchoring devices extending across the interiace
between formn panel and structure concrete; and (J) a
combination of (1) and (2). Lifling hooks in a form

b
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unit- mav be designed to serve also as anchors or shear
conpectarsT

7.7.2.4 Code requirements—Precast concrete

forme used in commposite design wiih cast-in-place con-

crete should be designed in aceordance witl “ Boiidig
Caode Reguairements fion Reinforced Conciere.” 1A |
J1E).
TS Duringt and after concreting
1.7.53.1 Vibration— Thorougit consolidation of +

Scust conerete s reguired 1o prevent veids which won |

inrerenpt the bond of the form to structure concrete,
but snflicient care must be exercised to prevent damage
of concreie panels by contact with vibrators.

1.7.3.2 Protection of architectural finish—Care
shiauld be taken to avoid spilling fresh concrete on ex-
posed surfaces, and any spilled or leaked concrete must

be thoroughly removed before it has hardened. After’

concreting, protection of precast architectural conerete

form facings may need to be considered,

.

7.8—Forms for concrete placed under water

7.8.1 Discussion—There are two basic approaches (o
the proldem of placing concrete under water. The con-
crete may be mixed in the conventional manner and
then placed by special methods, or the prenlaced aggre-
gate inethod may be used.

In the first approach, placement may be made by
either pump, underwater bucket, or the more common
tremie. The tremie is a steel pipe, suspended vertically
in the water, with a hopper attached to the upper end
above the water surfave. ‘The lower end of the pipe ex-
tznds (0 the boutom of the area to be concreted. This
pipe is charged with concrete from the surlace. taking
care to force any water from the pipe ahead ot «he con-
crete. Once the pipe is filled with concrete, it is kept full
and its bottom must be kept immersed in the fresh con-
ciete,

- In the second approach, the forms are filled with
coarse aggregate which is then grouted so that the voids
around the aggregate are filled. The grout is introduced
at the bottom and the water is displaced upward as the

.grout rises. . oo

7.8.2 Underwater bucke{ and tremie .
7.8.2.1 Design—Forms [or underwater concrelmg
are designed with the same considerations as other

forms covered in Section 2.2 except that the density of :

the submerged concrete may be reduced by the weight
of the water displaced. However, because of. iurge pres-
sures which can develop due to the head deveioped in
the tremie, loads should be evaluated by personnel ex-
perienced in this type of work. Some designs have ig-
nored the effects of submergence, because this results in
a practical design which is sturdy enough to withstand
the extra rigors of underwater conditions.

In tidal zones, forms should be designed for the low-
est possible water level. Changes in construction sched-
ules may transform a planned submerged placement to
one made above water, thus losing the offsetting water
pressure.
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-— 7‘.‘8.2.2‘C‘uiii‘lrur_fimr——-Uud'n;rwatcr forins should

be built on the surface in lagge units insofar as pos- -

sible, because final positioning and litting when done
underwater by divers is slow and costly. For this rea-
som, Toundations shoukd be kept simple in shupé, and
furins shouid be fice of complex bracing and connec-
tion details. Through-ties, which could interfere with
the concrete placing should be "wmded, insofar as pos-
sible.

Fortns must be carefully litted and secured to adja:
cent materials and/or construction to avoid loss of
mortar under pressure developed. [f there is any (low
past the form, small openings in the form should be
avoided as they will permit washing or scourmg ol' lhc
fresh concrete.

When it is intended to perinit concrete to overflow
the form and screed it off to grade, it is essential that
the form is positioned to the proper grade and is de-
tailed so that the overflow will not interfere with the
proposed method and devices for stripping. |

Forms should.be well detaiied, and such delails
should be scrupulously followed so that divers en-
ployed to remove the form ‘may visualize and plan their

-work before de<cending.

Multiuse forms may have special devices for posi-
tioning forms from above water and special stripping

.devices such as hydraulic jacks which r*’rmn releasing
* the form from the surface.

7.8.3 Preplaced aggregate
1.8.3.1 Design—The formwork should be designed
with the same considerations as mentioned previously
in Section 7.2.2, keeping in mind the submerged con-
dition. )
1.8.3.2 Construction—It is important to assure
that silt is excluded from the forms because silt chokes
the voids in the aggregate and interferes with the flow
of grout. If left adhering to the aggregatle, it may re-
duce the bond between the aggregate and the grout.
The inspection of the forms before concrele place-
ment should verify that the perimeters of the forms are
elfectively sealed against the leakage of grout or the in-
trusion of silt or other fincs.

CHAPTER 8—REFERENCES
8.1—Recommended references -

Documents of the various standards-writing organi-
zations whose procedures are recommended in this
guide are listed below with their serial designation, i
cludmg year of adoption or revision. The documcnls
listed were the current versions at the time this guide
was prepared. Since some of the cited recommenda-
tions are revised frequently, generally in minor detail
only, the user of this guide should check with the spon-

. soring organization if it is desired to refer to the latest

revision,

American Concrete [astitute

Cement and Concrete Terminol-
ogy

116R-85
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117-81- Standard Tolerances l[or Concrete
Construction and Materials
207.1R-70 Mass Concrete for D‘ams and

{(Reapproved 1980} Other Massive Structurcs

" 224R-80 Control of Cracking in Concrete
(Revised 1984) Structures
"303R-74 Guide to Cast-in-Place Architec-
(Revised 1982) tural Concrete Practice
304.1R-69 Preplaced Aggregate Concrete for
o " Structural and Mass Concrete:
. 304.2R-7! Placing Concrete by Pumiping
(Revised 1982) Methods
305R-77 ) Hot Weather Concreting
{Revised 1982}
* 306R-78 " "Cold Weather Concreting
(Revised 1983) -
309.2R-82 ldentification and Contral of
Consolidation-Related Surface
Defects in Formed Councrete
313.77 Recommended Practice for Design

(Revised 1983) and Construction of Concrete
_Bins, Silos, and Bunkers for Stor-

ing Granular Materials

318-33 Building Code Reyuirements for
Reinforegd Concerete

332R-84 Guide to Resichatinl Cast-in- Plac.c
_CUI]LRIL Construction |

344R-70 Design and Censtruction of Cir-

(Reapproved 1981) cular Prestressed Concrete Struc-
‘tures

347.IR-.69 ‘ i’recast Concrete Units Used as

' Forms for Cast-in-Place Concrete

Code for Concrete Reactor Ves-

©359-83
: sels and Coutaiumen!s i

" Arherican National Standards Institute
© A48.1-1985

Forms-for One-Way Concrete
. _ Joist Construction
A48.2-198% Formns for Two-Way Concrete
Joist Construction
ASR.1-1982 Minimum Design Loads for
' Buildings and Other Structures
A208.1-1979

Mat-Formed Wood Pa_rlii:lé Board

American Plywood Association
Plywood Design Specification,
1985
ASTM :
A 346-76 Standard Specification for Steel
(Reapproved 1981) Sheet, Zinc-Coated (Galvanized)
' by the Hot-Bip Process, Structur-
- al (Physical) Quality

ACI CO WITTEE REPORI

C 532-66 Standard Specification for Siruc-
(Reapproved 1979) tural Insulating Formbaard (Cel-
lulosic_ Fiber)

Canadian Standards Association
CAN3-086-MR0O Code for Engincering Design in
Wood

N onal Forest Products Association
. National Design Specification for
Wood Construction, 1982 -

U.S. Department of Commerce

LLB-810a Hardboard Concretle Form Liners
{(Simplilied Practice Recommen-
dation) .
PSI1-8) Construction and Industrial Ply-
) wood
PS20-70 American Soltwood Lumber

These publications may be obtained from the follow-
iug organizations:

American Concrete Institute

P.O. Box 19150
Detroit, M1 48219-0150

American National Standards [nstitute
1430 Broadway ..

" New York, NY 10018

American Plywood Association
P.O. Box 11700

~Tacoma, WA 98411

ASTM
- 1916 Race St.

Philadelphia, PA 1910¥

Canadian Standards Assocnanon
178 Rexdale Bivd,

Rexdale, Oatario M9W 1R3
Canada

Natronal Forest Products Association *
1250 Coennecticut Ave,, NW
Washington, DC 20036

LI.S. Department of Commerce
publications available from:
U.S5. Government Printing OfTice

Washington, DC 20402

8.2—Cited relerances _ )
Additional information sources on which the com-

* mittee recommendations are based are listed i Seu-
tions 1.5, 2.9, and 4.5

'

_ﬁ.; r;;oﬂ was webmirted 10 derier ballod of Lhe committee and was ap-
proved in aucord: ice with AC| ballciing procedures. &\Q
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APPENDIX—METRIC AND Si EQUIVALENTS

Conversion factors

To converni from

inches (in.)

lo. - -

centimelers (oin)

*One newton per square meler is a pascal,

muhiply by =
2.54

-inches (in.}, millimeters (inmy) 254
fect (M) meters (m) 0. 3048
miles kilomerers (ki) 1.609
pounds-force (Ib) kilograms-force (kg 0.4536
Lilograms-force newons {(N) 9.8u7
pounds-force {Ity) newtons (N) 4.44R8
pounds-force per kilogramns-furce 1.488
lineuk Toor (Ib/ 10 per meter (kgl'/m)
pouirds-force per newlons per meter 14.59
lineal foot (ib/11) {(N/m)
pounds-force per kilograms-force per 0.0703
square inch (Ib/in.%) square cenfimeter

. (kgf/em'y
pounds-{orce per kilopascals® 6.895
square inch (Ib/in.?) (kPa)
pounds-force per kilograms-force 4.882
square foot {Ib/M1%) per square meler
X © kgl )
pounds-force per - kilograms-furce 00004782
square fool {ib/N1%} sguare cenlimeler '

(kgf/cm?)

pounds-force per ‘ kilopascals 0.04788
square foot (Ib/{tY) (kPa)
pounds-mass per kilograms per 16.02
cubic foor (lb/NY) cubic meter (kg/m')
temperire, fomprratiee, uset = .
Fahrzaheit (F) Celsics (L) (G — I LR

Conversions of nonhomogeneous equations
Section 2.2.2 — [.areral pressure of concrete (mefne equivalents)

Pu = 024k, 2N
a. For ¢columns
N
BUR,
v = 007 4 REP3
p T. + 11.8 =
{maximuir of 1 .47 kpf/cny’ or 0.24h,, whichever is Icnsl).
b..For walls. rate of placement not exceeding 2 m/h_r
° ‘ S-ORu
= 0.07 —— 2-la)
D 003+1}+|1.8 {
(maximum of U.58 kgl-cm or 0.244,,, whichever 18 least)
¢. Fur walls, raie of placement 2 10 3 mobr
, 1 2.49R,
w = 0073 b =me N i 123
g 00 I, + I7.R I + 118

(maximum .98 kgl/cny’ or 0.24k,,, whichever iv {east)

| .where _ - . - S e e T T T
p. = lateral pressure, kef/Zow
K, - ate ol placeinemt, m/hr

7, = tempaature of concrete in the. furms, deg €
h, Lieight of fresh concrete above puint considered, m

[

Section 2.2.2— L uteral pressure of concrete (31 equivalenisj

P = ZJShu
For colutnns
. TBSR,
o= 1.2 o =
r Te + 178

(maximum of 144 kPa or 23.5hk,,, whichever is least)
For walls, rate ol placement not exceeding 2 m/hr

85R.

e = T2 4
’ T+ 17.8

{maximum of 95.8 kPa or 23.5h,, whichever is feast)
~For walls, rate of placement from 2 to 3 m/hr

1156 244R,,

7.2+
Y I s T s

lpu=

(maximuim 95.8 kPa or 2J.Sh-“_ whichever is least)

wlhere

= lateral pressure, kPa |

= rate of placement, m/hr

T, = (emperature of concrete in the {orms, deg C
lweight of fresh concrele above point considered, m

347R.32
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Section 1.3.2.4—Lateral pressure of concrete !meir.c equivalens:
The lateral pressuce of fresh concrete 1o be used in designing forms,

_ ties. bracing, and wales may be calculated as fullows:

where
¢, = D08
po = lmieral pressure, kgf/cm!

R, -
7. =

rate uf placement,*myhr
temperature of concrete in the forms, deg C

Section 1.3.2.4—Lateral pressure of concrete (S{ eqGuivalen:v)
Tlse latera) pressure of fresh concrete to be used in designing P e,

ties, bracing, and wales may be caiculared as follows:

o SR
P s et T TS
where
v, = 479
p.. = lareral pressure, kPa
R, = rate of placement, m/he

I, icmperature of concrete in the forns, Jeg C
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Batching, Mixing, ind Job Control of
. Lightweigiat Concrete

Reported by AClI Committee 304

o

AUl Committee Reports, Guides, Standard Practices, and
Commentaries are intended for guidance in designing. plar-
ning, executing, ~r ingpecting cunstruction and in preparing
specilications. Heterence Lo these documents shall not be
made in the Project Documents. If items found in these doc-
uments are desired Lo be part of the Project Documents,
they should be phrased in mandatery language and incor-
porated into the Project [locuments, : .

This report covers many of the practical aspects ~f hatch-
ing of lightweiyht aggregate concrete and incl. s com-
ments on mixing and job controls. Procedures for batching
are covered in detail, enabling the user to achieve proper

yield under varying conditions of moisture and unit weight

of aggregates. Absorbed water and [ree waler are ex-
plained. Pertinent details of mixer operation and job con-
trols are also covered (o assure a quality product meeting

.applicable job specifications.

Eeywords: absorption: aggregates: air enlrainment; batching; bulk
density; coarse aggregales; density (mase/volume); line aggre-

© gates; lightweight aggregate comcretes; lightweight aggregates;

mixers; mixing; mix proportioning; moisture content; quality con-
trol: saturation; slump tests; voids; waler; weight messurement;
wetting. ’

1 — INTRODUCTION, page 88

2 — MEASURING AND BATCHING,
page 88
2.1 — Free water and ahsorbed water
2.2 — Absolute volumes
2.2.1 ~ Bulk specilic gravity ispecilic gravity factor, dry) of
coarse and [ine aggregate - . :
+2.2.2 — Unit weight variations
© 2.3 — Batching coarse aggregale
2.3.1 — Mix proportions
2.3.2 — Calibrating the weighing hopper
2.3.3 — Batching chart
2.4 ~ DBatehing lightweight line aggregate

3 — MIXING, page 93

3.1 - Charging mixers :
3.1.1 - Pls~t mixers
31.2 — Truck mixers

3.2 - Mixer opetation
3.2.1 « Transparting and wailing time
3.22 - Temperature elfects
3.2.3. - Adding water al jobsite

4 — JOB CONTROLS, page 94
4.1 — Slump ‘
4.2 ~ Unit weight
4.3 - Air cuntent
4.4 — Yield adjusiments
4.5 - Test cylinders

1 — INTRODUCTION

Measuring, mixing, traniporting, and placing op-
erations for lightweight cancrete are similar to cem-
parable procedures for normal weight concrete. How-
ever, Lthere are certain di{ferences, especially in pro-
portioning. and batching procedures, that should be
considered in order to produce a finished product of
the highest quality. The weight and absorptive prop-
erties of lightweight aggregates are different and
should be properly considered. Every effort has been
made to coordinate these batching methods with the
basic principles set forth in ACI 211.2. Other batching

-

CopyTight©® 1982 American Concrete [nstitute. All rights reserved including
righta of reproduction and use in any form or by any means including the
making of copies by any photo process, or by an electronic or mechanical de-
vice, prifited or written or oral, or recording for sound or visual reproduction
or for use in any knowledge of retrieva! system or device, unless permiasion
in writing ia nbtained from the copyright proprietors. ¢ :
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methods currently being used in various locations
may also be employed. This report also describes
batching methods developed over 15 years ago in
Southern California and used in several other loca-
tions for the coarse lightweight aggregales to correct
for changes in weight and moisture content Lo insure
proper yield. It also covers batching of lightweight
fine aggregates using a modilication of the method
used for coarse lightweight aggregales.

Quality control for plastic lightweight conerete re-
_ quires special emphasis with regard to yield, aggre-
gale measuring. and batching methods along with the
control of water lor slump and for aggregate absorp-
tion.

2 — MEASURING AND BATCHING

2.1 — Free Water and Absorbed Water

One. of the first considerations in batching light-
weight concrete mixtures is a proper understanding
of the water used in the mixture. The total water
used per unit volume is divided into two components
or paris. One part is the water absorbed by the ag-
gregates while the other is similar to thal in normal
weighi aggregate concrete and is classified as free
water. Free walter controls the slump and, when
mixed with a given quantily of cement, establishes
the strength ol the paste. The amount of absorbed
sater will vary with different lightweight materials,

rresoaking, and mixing times, Absorbed water does -

not change the voluine of the aggregates or concrete
because it is inside the aggregale, MosL importantly,
ahsorbed water does not aifecl the water-cement ra-
tin or the slump of the roncrete,

2.2 — Absolute Volumes
Lightweight concrete uses lightweight aggregate
particles in place of normal weight aggregates to the
extenl necessary to achieve the total weight desired
in the hardened concrete. The space thal the aggre-
gates occupy within the: concrete is calied their ab-
selute volume. The sum of the absolute volumes of all
the ingredients including air must equal the required
volume of mixed concrete. . :
. By definition, the absolute volume of a loose gran-
" ular material is the net volume of solid material after
removing the voids or_air spaces between the parti-
cls. The absolute volume may be calculated by either
ai the following formulas:

Abs. Vol in cu ft =
Weight »f toese muterial inlb
Speciie gl:a#ily of material x 62.4

oAl v inm' =

o Vg,

' L]
Weight of loose material in kg
Specific gravity of material x 1000

. 2.2.1 - Buik Specific Gravity {Specilic Gravity Fac-
or, Dyl of Coars_e and Fine Aggregale

AC) COMMITTEE REPORT

The methods used Lo determine the buik specific

gravity of normal weight aggregates cannol be ysed

with lightweight aggregates because of their variable
ahsorplion rates and the resuiting difficulty of deter.
mining their displaced volume in water. Methods d..-
seribed in Appendix A and B of ACI 211.2 for mea.
suring Lhe specific gravity factor idry) and the mois-
ture  alent give reliable results,

I'.i coarse lightweighl aggregate, this method con-
sisis essentially of immersing a suitably size:’ sample
{(about 1000-1500 g} for 24 = 4 hr in water, allowing
it to surface dry in air or spin drying it in a centri:
fuge, and then measuring its apparent specilic grav-
ity in this saturated surface dry (SSD) condition with
either a pycnometer or by the displacement method
described in ASTM C 127. Half of the S8D sample is
aven dried to determine its percentage of absorption.

The SSD specilic gravity is then reduced by the per-

centage of ahsorption to obtain the oven dry bulk
specific gravity or the specilic gravity factor (dryl.
For example, if the SSD specific gravity is 1.41 and
the absorption is 13.6 percent, the oven dry bulk spe-
cilic gravity is:

L4l 141
1.0 + 0.136 1.136

1.24

For lightweight fine aggregate, the oven dry bulk

- specific gravity is determined in mu- " .the same man-

ner as for the coarse lightweight materiai, However,
it is difficult to visuaily determine the SSD condition
and the spin dry procedure (Reference 12) or the
ASTM C 128 may give more satisfactory resuits. An-
other precedure for determining the bulk specific
gravily using all dry materials, which employs a flow
cone sand testing apparatus, is described in Refer-
ence 10,

2.2.2 — Unit Weight Variations

The unit weight of lightweight aggregate varies.

depending on the raw materials usad and the size of

‘the aggregate. Smaller particles usually have higher

densitivs, specilic gravities, and unit weights than
larger particles. Linit weights also vary due to
changes in absorption’ or moisture content. If the
lightweight aggregales are batched without adjusting
for these variations in unit weight, problems of over

“or under vicld of the eancrete can result. To prevent

such problems, various field adjustments are sug-
gested in the standard on Proportioning Lightweight

"Conerete, ACI 211.2. Essentially these field adjust-

menls conaists of changing the batch weights of the
lightweight aggregates, hoth coarse and fine, to in-
sure Lhal the resuiting concrete produces the in-
tended volume or yield. .

The dry louse unit weight of aggregate depends on

" its specific gravity, on the grading. and on the shape

and size of the particles. Angular shaped crushed ag-
gregates have more voids or unfilled spaces between
the aggregate particles than rounded or spherically
shaped pieces. Poorly graded aggregate (i.e., all one

67
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TABLE 1 — Lightweight concrete laboratory mix proportion — ~ -~ = 7 i
- Quuntities per cubic yard
. 1
- Item Rateh wi. Lwose vol. Absol. val.
Coemaent Al b ' .00 akn. 2.8k ¢t
Free water S0 365.6 yal, 4.8Y
Entr'd air by AEA per Mig. 6% 1.62
Coarse ltn L, 1dry} 771 170l 8.84
" Fine Jtwt, idryi un2 15.9 cf 8.77
Ahsorbh. water max. 224 26.9 gal. -
. TUTALS del oo
“el pla:lu unit we:ghl ol concrete = 2821’27 00 - I04 5 pel ~
Quanlities per cubic meter
Cement 335 kg T 0222 m? 0.106 m
Free waler 18} 0.181 0.181
Entr'd air by AEA per Mlig. 6% 0.u6G
. Coarse ltwt, (dry) 454 0.630 ¢.528
Fine ltwt, {dry) 565 - 0.590 0.325
Absurb. water max. 134 0.134 -
TOTALS 1674 1.000

Wet plastic unit weight of concrete = 1674/1.000 = 1674 kg/m’

size) generaily has more veids than a unilormly |

graded mai-.ial which has enough smaller pieces to
fit into the voids between the larger particles.
Numerous routine Lests of bolh natural and light-
weight aggregates show an amazingly close correli-
tion of the void content for specific products bring
produced by a given plant over a long period. If
changes are made in the source of raw materinls, in
crushing or screening equipment, or in prouuction
methods, this could result in a different void content.
With no such major changes, the variation in.the void

content will generally result in less than 1.0 percent.

change in yield of the mixture. Different sized ma-
terials from the same production facility may have a
diflerent but also a relatively constant void content.
Each production facility -has its own characteristic

void content value for each size aggregate being pre-

duced, and this mformntton can usually be obt.amed
from the source.

The.absolute volume of the specific lightweight ma-
terials in a given container would be the volume of
material remaining after the volume of voids- has
been suuiracted from it. In other words, if the un-
filled void space was 44 percent or 0.44, then the ab-
solute volume would be 1.00 — 0.44 = 0.68 or 66 per-

cent. Every loose unit volume of lightweight aggre- .

gate in this case will add -only 56 percent of that vol-
ume as net solids or absolute volume to the total

" volume of the concrete. The absolute volume, or the

displaced volume in the concrete, for a given light-
weight material will remain the same even though its
density changes or its moisture absorption changes.

The proper usage of these basic principles makes
it possible for any ready-mixed concrete producer to

batch an-’ ..elwer lightweignt concrele at the proper
slump and yield for any job.

2.3 — Batching Coarse Agg'regate

2.3.1 — Mix Proport:ons

For illustration. purposes, a typu:al hghtwelght con-
crete mixturé prepared in a labaratory is shewn in
Table 1. This mixture was proportioned by the
weight method described in ACI 211.2. The quantities
per cubic-yard and per cubic meter of concrete are
~shown separately. The specification requirements for
the lightweight concrete and the properties of the
lightweight coarse and fine aggregate are given as
foliows:

Specifications; 3000 psi 120.7. MPa) at 28 days,
-slump 3-4 in. (75-100 mm), air entrainment 6 x 1 per-
cent, air dry weight max. 100, pcf (1802 kg/m’}, wet
plastic weight max. 105 pef (1682 kg/m’), max. ag-
gregate % in. (19 mm).

Aggregate Properties on Laboratory Samples:

- Ltwt, coarse: Gradation meets ASTM C 330, oven dry

loose weight = 45.5 pef (730 kg/m'}, Sp. Grav. lactor
(dry) 1.40, 24 hr absorption 12.6 percent. Ltwt. fines:’
Gradation meets ASTM C 330, oven dry loose weight
= 59.7 pef (956 kg/m’), Sp. Grav. factor (dry) 1.74, 24
hr absorption 13.4 percent.

- The quantity of lightweight aggregate is shown in
Table 1 on an oven dry basis with the absorbed water
shown as a separate item. In this example, the batch
weights {(based on the given dry loose unit weight)
are tabulated and the loose volume of the dry coarse

. and fine aggregates is shown. The absolute volume is

calculated from these batch weights using the oven 7
dry specitic gru\nty factor.



R4 " ACICO MITTEE REPORT

To obtain proper yield of concrele, il is necessary

{0 maintain the same absolute volumes of lightweight

aggregates in each batch of concrete by adjustirig the
batch weights to compensate for changes in unit
weights. This may be done by making standard unit
weight tests on the lightweight aggregates fre-
quently during batching operations and adjusiing the
batch weights to reflect any changes that may occur
in these unit weights. Although this practice is fol-

lowed successfully in many areas of the country, it
may be rather time-consuming in a busy production -

facitity. The alternate batching system described in
this repor! has been developed as a faster method.

Either mothod produces satisfactory results. The’

principal difference in the two systems is that the lat-

ter method uses a much larger container for measur- -

‘ing the unit weight — the weighing hopper. In ad-
dition, it provides automatic yield adjustments for
--evary single batch ol lightweight concrete.

2.3.2 — Calibrating the Weighing Hopper

The system can be set up for virtually any batching
facility that employs a hopper or bin for weighing ma-
terials. The first operation is to determine the volume
of this weighing hopper.

When the discharge gale in the overhead bin con-
taining the lightweight coarse aggregate is opened,
the material will flow into the weighing hopper until
it huilds up to the level of the discharge gate. Some
plants may be slighily different than-others but suit-
able niudilicatinns, as shown in Fig. 1, can be made
iu Lhe overhead bins, in the weighing hopper, or both
to allow the weigi:ing hopper. to be hlled to a pre-
seribed level each time.

The volume of lightweight aggregate in his [fille”

' woighing hopper can be calibrated for most batching -

plants in the following manner. The total weight of
the material (either dry or containing absorbed wa-
teri in the {illed hopper can be read directly from the
weight scales. The hopper is then discharged into a
Jd:amp truck and the unit weight of three or four sam-
ples of loose material is determined in a suitable con-
““tainer. The total hopper weight divided by the av-
crage unit weight will give thé total volume of the

'\_fna(_erial in the weighing hopper in cubic feet or in

cubic melers. As an example, if.the net weight of the
" tilled hopper is 1650 ib i2110 kg)} and the average unit
weight of the material in it is 48.2 pef (772 kg/m’),
the volume is simply 1650/48.2 = 96.5 cf, or, 2110/
Tie = 2,73 m’. This calibralion procedure should be
‘puriormed three times to insure valid measurements,

"

bzhtweight aggreguaie is changed, since the angle of

renose could vary, which would change the overall: '

volume in the weighing hopper. I no major changes
occur in the lightweight aggregates, then one cali-
Wration will sulfice for several months. ‘

223 - Batching Chart
For the purpuses of illusiration, assume that the

catibrated volume of a given weighing hopper was

UVERHEAD
LIGHTWEIGHT
BN

OVERHEAD
LIGHTWEIGHT
BIN —-

____ ,ANGLE OF
- '/aeposg

EIGHING HOPPER

OVERHEAD

OVERHEAD
LIGHTWEIGHT
BIN

LIGHTWEIGHT

FIXED OR
TELESCOPED
EXTENSION

REMOVABLE OR
HINGED QAFFLE

WEIGHING HOPPER

A new calibration might be nccessary if the source of .

Fig. I — Overhead bin and weighing hopper arringe-
ments.

1

found as shown to be 96.5 cf {2.73 m’) and that each
truck mixer is to be loaded with 7.0 yd® or with 3.0
m' of the lightweight mixture shown in Table 1. In
this case the total loose volume of lightweight coarse
would be 7.0 x 17.0 = 119 cf or 5.0 x 0.63 = 3.15 m".
A simple chart is prepared for the batch plant op-
erator such as Table 2 to mix 7.0 yd’ or Table 3 to
mix 5.0 m"

To prepare -this chart, t.he possible range of full
hopper weights is listed in the first or left hand col-
umn. Since the loose volume in the full hopper is 96.5
el (2,73 m’), the loose unit weight per cubic foot cr
per.cubic meter {either damp or dry).may he calcu-
lated by taking the weight in the first column and

, divididg this by 96.5 cf (2,73 m"). These values are

shown in the second column of Table 2 or Table .
The remaining volume ol loose material needed to
complete the 7.0 yd® batch is simply 119 minus 96.5
or 22.6 of in Table 2, or 3.156 minus 2.73 or 0.42 m’' in
Table 3.

To batch the concrete, the weighing hopper is first
filled with lightweight coarse aggregate. and its
weight is determined on the scales. The line of the
chart on which the weight in the first column is clos-
est Lo this scale weight is noted and the contents ol
the weighing hopper are discharged. The additional
volume of 22.5 ¢f or 0.42 m’ is added to the hopper
based upon the calculated weights shown in the third
column on the same line of Table 2 or 3. The calcu-
lated weights shown in the third column are obtained

7/
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-----::‘eBI:E 2 — Batching chart for 7.0 cu yd-of-con-- - TABLE 3= Batéhing chart for 5.0 m* of concrete
Full weighing hopper volume = 96.5 cf Full weighing hopper volume = 273 m?

il @ 7 om T {5 i 2) K]] i) Y
.Weight-nf thmse Weight in 'I'o.ul wt, iy ol Weight of Laoose Weighl in Tutsal wi, kg of
flra.t hopper | -unit wt. second . | of aggreg. Agpregale first hopper unit wt. sweeond uf aggreg. BRRrEEILE
LAled 1o pel | hopper b h for 1 cu yd (filled kg | _kg/m®_ | hopper kg | kg | for 14 m?

R T O T T B T I R (U 1800 658 277 2071 a5

s | 20 | aas 495 T4 125 | 668 | 281 2106 @
W0 | 425 | e | ses6 | a2 “is0 | e | 285 | _Eﬁgﬁj—_]z?
ase | 430 968 | 518 731 1ats | | es7 289 | 2164 433
_oatw | ass T eme | m [ e 1900 6% w2 | aer | 48

e | a0 1 eee I sae 48 1925 705 296 2221 e
R T 1006 |. 5304 158 1980 | 1 300 2250 450
w1 esa 1015 5065 | 187 G 123 304 2279 155
40 | 456 | 1028 5426 75 2000 733 308 2308 a62

4450 48.1 1037 5487 784 " 2025 742 312 | 2337 | 467
4500 46.6 w9 | 5549 192 2050 751 315 2365 43
50 | 412 | w0e2 5612 | a2 Tats | 180 | 319 | 23 | a19

1600 477 1073 5673 811 210 769 323 IR
__ 4650 | 482 | 1085 5735 819 2125 L az 2452 190

a700 | 487 | 1086 | 5196 828 . 2150 788 331 2481 | av6

4750 49.2 10 5857 836 _ s 191 335 | 2510 502
4800 49.7 1118 5918 845 T 2200 806 339 2539 508

Cams0 | 503 | anaz 5962 | 885 2225 815 342 2567 513
a9 | 508 1143 8043 864 2z 824 e 2596 5t¢

by multiplying the unit weight shown in the second
celumn by the required volume of 22.56 cf or 0.42 m".

Other tables similar to Table 2 or 3 can be pre-
pared in advance for any mix proporiion assuliing
the basic full hopper vulume will remain the same.
The batch plant operator simply notes the scale
weight of the first full hopper and from this table can
immediately determine the weight needed to com-
plete the batch. This same table can be programmed
into an automatic electronically contirolled batching

- facility or it could be used in a semi-automatic piant
where all of the ingredients except the lightweight
aggregates are batched electronically.

If it is desired to record the total weight of coarse
lightweight aggregate on the dellvery ticket for any
given truck, the total weights as batched are shown
in the fourth column of gither Table 2 or Table 3. Also

if the unit weight' of the aggregate is required on the -

delivery ticket, the value shown in the second column
provides this information. .

If batches less than a full truckload might be
needed, these could be batched in one cubic yard {or
one cubie meter) increments using the unit weight of

aggregale determined on the immediately preceding
" batch multiplied by the loose volume shown on the
mix proportion. These batch weights are shown in
the fifth column of Table 2 or Table 3.

2.4 — Batching Lightweight Fine Aggregate

It is not practical to batch the lightweight fine ag-
gregate by this same method since its volume

changes due Lo variable bulking wilth dilferent
amounts ol surface water. For this reason, the light-
weight fines are batched by weight in much the same

‘manner as natural sand with allowances made for to-

tal moisture content.

" Since the moisture in lightweight fines may be

partly absorbed water as weli as surface or Iree wa-
ter, the moisture meters used in batch plant storage
bins for natural sand have not been satisfactory for
lightweight sand. Satisfactory balching results have
been obtained by drying a small sample (about 500 g)
of the lightweight sand being used in a suitable con-

- tainer to-a constant weight at a temperature of 212

to 230 F {100 to 110 C). The total moisture {absorbed
plus surface moisture) is calculated by comparing the
moist weight of the sample to its dry weight. Mois-
ture tests shouid be conducted at least once per day
or whenever a fresh supply of lightweight sand is in-
troduced which has s different moisture content.

To adjust for the proper amount of lightweight
fines, the oven dry unit weight of the material being
used is determined as indicated above. If this dry unit
weight differs from that shown on the laboratory mix
proportion [59.7 petf (956 kg/m’) shown in the exam-
ple] then the dry batch weight is changed by multi-
plying the loose volume [15.9 cf (0.590 m’)j by the new
dry unit weight just determined. This dry batch

" weight is increased by the moisture content as pre-

viously determined to give the actual scale weight to
be used.
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s 3 — MIXING

The absorptive properties of lightweight aggre-
gates should be given consideration during mixing,
The time rate of absorption as well as the maximum
total absorption' must be properiy integrated into the
mixing cycle in order to ¢ontrol the slump accurately.

3.1 — Charging Mixers
The sequence of intreducing the ingredients for
“lightweight concrete into a mixer may vary from one
plant to another. Once acceptable procedures for both
wetting and batching huve been established, it is im-
';' crtant o repreat these as closely as possible at all
times to azsunie uniformily. Weather conditions such
as ambient temperature and humidity can exert sig-
nificant influences on any concrete production and
should be ‘properly considered.

3.1.1 - Plant Mixers
Stationary plant mixers are commonly used in pre-
--casting or prestressing operalions and occassionally
on building sites where concrete is not moved a great
distance. They may aiso be used at a ready-mixed
production plant for complete premixing or for partial

premixing (shrink mixing) with the concrete later

being fully mixed and transporled to the jobsite in
mixer trucks. .
Dry or muaist lightweight aggregates should be

“placed in the mixer first. followed by the required

water, cement, and any speeified “additives. .Light-
weight Tines siwuid be added siter the coarse aggre-
gates when ligintweight sand is being used in the con-
crete. ‘ o ) ‘ '
After all of the ingredients have been fed into the
ilant mixer, it should be rperaled al mizing sp.ced .
produce a comptete mix that will meet the evaluation
tests as deseribed in ASTM C 94, When stationary
mixers are used for the purpose-of partial or shrink
mixing, they are ordy required to blend the materials
-logether since mixing is completed in the truck
Ctmiver, I the lightweight aggregate has not reached
ils full saturation, further aborption during and aller
mixing may cause the mix to quﬂenv

]
" !

S3.42 - Truck Micers )
" Charging or loading a truck mixer “lollows the same
L,unc-ral practice used in stalionafy mixers. Larger
velimes of lightweight conerete ean sometimes be
hauied in truek micers without exceeding the legal
weight or axle load Fraits, ilowever, the volume of
conieete in Lhe drum should not (x(.eed 63 percent of
the drum volume when used as a rmxer nor 80 per-
cent of this volume when used’as an agitator in ac-
cordance with ASTM € 34, -

-

3.2 — Mixer Operation-

S:nve most copercie, bolin normal and lightweight,
15 hundled in track miseres, it is imporiant to yoder-
slanid some aspects ol truch Gperation. Delivery time
aud weather effects have an impertant role in slump

ACI COMMITTEE REPQRT

control. These variables may require changes in the
amount ol water needed to produce the desired
slump.

3.2.1 — Transportation and Waatmg Time
Construetion -jobs at dilferent distances from the
hatch plant require” longer or shorter haul periods,
and it is nol uncommon to have a delay in unloading.
Th factors make it dillicult to determine the total
t ¢ that a mixture wiil be in the drum for any par-
1 ular load. Some lightweight aggregates may con-
tinue to absorb water with time even Lhough pre-
welted. Prewetting slows the rate of absorption but
does not necessarily eliminate abhsorption. Some op-
erators hold back 2 to 3 gal. of water per cu yd (10

~to 15 liters per m’) to make certain that the batch is

not too wet upon arrival. It is olten necessary and
entirely permissible to add water to a lighlweight
concrete mix on the job to replace free waler which
has been absorbed by the lightweight aggregate in
order to bring the concrete back up to the desired
slump.

Truck mixers. should be operated at prescribed

. 'mixing speeds for the range of total revolutions re-
quired to produce complete mixing, normally 70 to.
'100 revolutions, and then be slowed to agitating

speed Just prior to unloadmg it is suggested that
the mixer he rolated at mixing speed for one or two
min. It is also desirable to stop the unloading oper-
ation when th drum is about k»If empty and Lo re-
verse the dru.. in the mixing direction for three or
four revolutions at mixing speed to assure continued

. unilormity of the mixed material being delivered.

:8.2.2 - Temperature Elfects

The temperature of the individual ingredients and
the resuiting temperature of the concrete mixture al-
‘fect total water requirements. Temperatures from £0
to 85°F {10 to 30 C) generally have no adverse effects
on the mix. Higher temperatures generally increase
mixing water requirerients. During hot weather con-

:.struction, prewetting of the coarse lightweight ag-
-gregale will help to reduce the temperature of the
sconcrete and will ‘also reduce the amount of water ab-

sorbed from the mix by this matetial. Premature
stillening or loss of stump may be caused by high mix
temperature and relative huridity and have nothing
to do with a shortage of water in the mix. Water
added under these conditions could produce serious
losses in strength and other properties.

3.23 — Adding Water at the Jobsite

Water to replace that lost through absorption may
be added to the mix at the jobsite to produce the
specilied slump withoul endangering the streagth
and uther properties of Lthe mix and without.changing
the volume of the concrete. Approximately 1 gal. or

_about 10 ib of water per cu yd {5 to 6 liters per m")
" will increase the slump by 1 in. (25 mm). When water

is added, the mixer should be operated at mixing
speed for a mm:mum ol 30 revolutions before it is
discharged.

: 72 \U'6
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4 — JOB CONTROLS’

Control tests discussed here pertain primarily to_
- the mixed-lightweight concrete. However, there are

other tests which-can be muade on the individual in-
gredients, particularly on Lhe lightweighl ageregales.
The latier tests are covered in ASTM C 330, “Spec-
ilications for Lightweight Aggregate for Structural
Concrete.” :

Samples of conerete {or Tield or jobsite tests shouls
always he taken from the midportion of the load as
it is delivered. Individual samples taken after dis-

‘l“lili"'\.‘ of approximately 15 percent and before 85

pi =t ol the load has been discharged will satisfy
this requirement, follewing ASTM C 172. All lesting
methods should be performed in accordance with cur-
rent ASTM test methods. '

4.1 — Slump

The stump test for lightweight concrete is per.
[ormed exactly the same as for normal weight con-
crete. The slump of lightweight concrete should bhe
about two-thirds that of normal weight concrete to
produce equal workabhility. This is because Lhe light-
weight agpregides weigh less and this reduces the
elfect of gravily.

The slump’ of concrete hetwec 50 to 85 F (10 to
Oy is controlled by the free water in the mix and
is indenendent of the absorbed water, [ the specified
slumip is oblained at the time and point of placement,
it can be aszumed that the strength and olher pt"u[;-
erbies of the mix, as ceginally designed, have
Within these staled mix Lemperstures,
additivnal waler arriva' 1L Lhe
jobsite unly if needed 1o produce the specified slump
as delivervd in accordance wilth ASTM C 94, Where

mauiatained,

ey be aildded upon

"the councrete is Lransported somre distance from the

truck, particularly -if pump placement is used, it is
advisable to have comparative slump tests made at
the puint of .placement. In this case, it -is important
to meation thal such samples shonld be remixed in
accordance with ASTM C 172 before conducling the
slummp tests as deseribed in ASTM C 143

4.2 — Unit Weight

The unit weight of Lhe plastic concrete is impartant

in the control ol lightweight mixtures and in verify. -

ing compliance with structural design criteria. In
most cases, the job specifications place an upper limit
on the air-dry unit weight in accordance with ACI 301
and with ASTM C 567. Since the air-dry weight can-
not be measured at the time of placement, Lhe plastic
unit weight should te used’ as a liek) conlrol.

The unit weight of [resh concrete is determined in
a =suitably sized and ealibrated container according to
ASTM C 138. Cylinder cans or molds should not be
used as unit weight containers since their volumes
are not always equal, If the measured unit weight in
the lield does nol agree within 2 b pcr cu fL 30 kg

een |

“air content also produce
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per m’) above or below the original mix design weight
lincluding the absorbed waler in the aggregates), cor-

rective action should be taken. The various correclive

measures are desecribed in Seclion 4.4 on Yield Ad-
justments.

In addition to the unit weight of the plastic ron-
crete, il is also advisable to monitor the unit weight
uf the oven dry lighlweight aggregates at the hatch
plant. The current ASTM C 330 provides thal Lhese
aggregales shall not differ more Lhan 10 percent from
the weight used in the mix proportion. A change in
dry unit weight ol the aggregates of 10 percent on
the coarse Iraction only would produce a varialion of
2 to 3 1b per cu ft (30 to 50 kg per m’) in the plastic
unit weight of Lhe concrete.

If lightweight concrele is to be pumped, the mo.s.

"lure content should be checked to make certain that

suflicient saturation has heen achieved to avoid «x
cessive ahs‘orplmn as a result of pumping pressure
applied to the concrete.

4.3 — Air Content

In conjunction with lightweight concrete, entrained
air is frequently used, and ils control nn the job is an
important consideralion in the final quality of the
concrete. ln addition to providing increased résis-

tance Lo freezing and thawing, air entrainment helps

lo reduce the weight of these' n.-es. More impoz;
tantly, air entrainment produces a-niore cohesive mix
which improves workability and minimizes segrega-
tion of the heavier martar from the lighter aggresate
particles. : ! .

ASTM € 173, “Measuring the Air Contenl
Freshly Mixed Concrele by the Volumetric Meothod
is preferred to ASTM C 231.."Measuring the Air Uon-
tent of Freshly Mixed Concrele by the Pressure
Method.” If the. pressure method is used, it will mea-
sure some of the air within the pores of the iight-
weight aggregate in addition to the air in the m +tar.
The usually accepted tuievances on air contenr also
apply Lo’ lighweight concrete. However, variaticns in
variations in plastic unil
weight. Air contents excensively above Lhose - eui-
fied, can produce spbslantial reductions in stremictin
especially in the richer high-strength mixes. As in-
crease in air content of 2 percent can cause a redtuc-
tion in unil weight in excess of 2 b per cu L W) Kg
per m*). This increase in air content- should pre. duce
only a relatively small strength reduction in i tn
mixes using a cement content of less than 500 ib per
cu yd (300 kg per m?} but could result in 10 percent
strength reduction for richer mixes using 300 Ib per
cu yd (500 kg per m*} or more of cement. Therefore,
it is imperative to maintain tight controis on air con-
tent.

4.4 — Yield Adjuntments

Field control of the yieid of l1ghtwe|ghl concrele is

most important, Overyield produces a larger vulum_g‘
{
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of concrete than intended while underyjeld produces
less. Overyield is nearly aiways associated with a loss
in strngth due to a reduction in the net cement con-
tent. Underyield results in less concrete being deliv-
ered than was expecied or ordered.

The unit weight of Lhe plastic concrete is used (o
measure Lthe yield of a mixture. The weight of all the
ingredients that are placed in a mixer drum as given
on the delivery ticket is added, or, the entire truck
may be weighed before and after discharging. The to-
tal weight includes all of the cement, the aggregates,
whether wet or drv, and all of the water added. The
.fresh plastic nnit weight divided into thé weight of
all the in “onts will give the total volume of con-
erete in Lthe mixer drum. When the ealculated volume
is more than 2 percent ahove or below the volume
shown on the delivery ticket. an ndjustrnvnl is re-

" guired.

-If the change in nohl is due to entrained air con-
tent, then an adjustment in the amount of air-enirain-
ing agent may correct this condition.

[T the unit weight mieasured in the field is greater
. than the unit wet weight shown' on the mix propor-
tion -see Table b, this would indicate an underyield,
conversely il the weight is less, an overyield may oc-
cur. When there have heen no appreciable changes in
the weights of Lhe original lightweight aggregates
themselves, in all probability the differences in vield
can e autributed Lo an inecorrect amount or an iRcor-
reel assoiute volume of lightweight aggregates. In
this case. steps should be taken at the hutch plant to
carrect the absidute volume of lirhtweight aggre-
gates v in tite conerete as il s being batched.

4.5 ~ Test Cylinders

Making, storing. and testing concrete cylinders is -
extremely important on every job. Standard methods

shouid be carefully observed. Failure Lo follow these
standardized procedures m::lead to lower Lest val-
nes which may not follect'the'trué‘strenglh of the
concrete. Emphasis should be placed on this most im-
‘po"tant facet of concreté joh comrols to avoid sub-
wquem dmputﬁs or dela)s

Relerences - .

L. Standards aad AC] D.:ocliment.sﬂ prescribed or men-’

tioned in this Report ,

The standards of the various standard-producing
organizations and ACI documents referred to in this
decament are listed belew with their serial designa-
tion, including year of adoption or revision. The stan-
dutds ad reports listed were the latest effort at the

“thme this document was revised. Since some of these
pubiw itions are revised fruequently, generally in mi-
avr setails only, the user of this document should
chesk directly with ihe sponsoring group if’ nt is de-
sired Lo refer Lo tho latest revision.
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Standard Test Method for

Unit Weight and Voids in Aggregate

-+ This standard is issued under the fixed designation C 29: the numher immediately following the designation indicates the year of
original adoption or, in the case of revision, the vear of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsifon (¢) indicates an editonal change since the last revision or reapproval

and Standurds. .

. This test method has been approved for use by agencies of the Departmeny of Defense and for listing in the DoD Index of Speciﬁmrwns

hl

1. Scope

1.} This test method covers the determination of unit
weight in a compacted or loose condition and calculated
voids in fine, coarse, or mixed aggregates based on the same
determination. This test method is applicable to aggregates
not exceeding 4 in. (100 mm) in nominal maximurm size. .

NoTe |—Unit weight is the traditional terminology used to describe -

. the property determined by this test method. Some believe the proper

term is unit mass, or density, or bulk density, but consensus on this
alternate terminology has not been obtained.

1.2 The values stated in inch-pound units are to be re-
garded as the standard except in regard to sieve sizes and the

" size of aggregate which are given in SI umts in accordance

)91

with Specification E 11.

1.3 For other units of measure, the values stated in either
inch-pound units or acceptable metric units are to be regarded
separately as standard. The values stated in each system are
not sract equivalents; therefore each system must be used

" independently of the other.

4

1.4 This standard may involve hazardous materials, oper-
ations. and equipment. This standard does not purport to
address all of the safety problems associated with'its use. It is

" the responsibility of the user of this standard to establish
‘appropriate safety and health practices and determine the

applicability of regulatory limitations prior to use.

2. Referenced Documents -

2.1 ASTM Standards: ~ '
C 127 Test Method for Specific Gravity and 'Absorption of
Coarse Aggregate’

C 128 Test Method for Specific Gravity and Absorptlon of ‘

Fine Aggregate?

C 670 Practice for Preparing Precision and B:as Staternents -

for Construction Materials? -

C 702 Methods for Reducing Field Samples of Aggrcgatc
to Testing Size?

D 75 -Practice for Sampling Aggregates?

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes*

' This test method is under the jurisdiction of ASTM Committee C-9 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.03.05 on Methods ofTatin;lndSpmiﬁuﬁomforPhnia!Gnmuiniuof
Concrete Aggregates.

Curremt edition approved July 13, 1987. P\lbluhd Au;us! 1987. Originally

-publl.llmdll C29- 20 T. Last previous edition C 29 - 78, This edition of C 29 was

extensively revised. It is recommended that users of this standard review this edition
thoroughly.

* Annual Book ofASTMSmndam’: Vol 04.02.

? Annual Book of ASTM Stondards, Vol 04.03,

* Annual Book of ASTM Standards, Vols 04.02 and 14.02.

2.2 A4SHTO Slandard
T19 Method for Unit Weight and Voids in Aggreg,ates

3. Significance and Use

3.1 This test method is often used to determine unit weight
values that are necessary for use for many methods of select-
ing proportions for concrete mixtures.

3.2 The unit weight may also be used for determmmg
mass/volume relationships for conversions in purchase agree-
ments. However, the relationship between degree of compac-
tion of aggregates in a hauling unit or stockpile and that
achieved in this test method is unknown. Further. aggregates
in hauling units and stockpiles usually contain absorbed and
surface moisture (the latter affecting bulking), while this test

- méthod determines the unit weight on a dry basis.

3.3 A procedure is included for computing the percentage
of voids between the aggregate particles based on the unit
weight determined by this test method..

4, Apparatus

4.1 Balance—A balance or scale accurate w1thm 0.1 % of
the test load at anv point within the range of use, graduated
to at least 0.1 Ib or 0.05 kg. The range of use shali be
considered to extend from the weight of the measure empty
to the weight of the measure plus its contents at 120 Ib/ft’ or
1920 kg/m>.

4.2 Tampmg Rod—A round, straight steel rod, % in. or
16 mm in diameter and approxithately 24 in. or 600 mm in
length, having one end rounded to a hem:sphcnca! tip of the
same diameter as the rod.

4.3 Measure—A cylindrical metal measure, preferably
provided with handles. It shall be watertight, with the top and
bottom true and even: and sufficiently rigid to retain its form
under rough usage. The measure shall have a height approx-
imately equal to the diameter, but in no case shall the height
"be less than 80 % nor more than 150 % of the diameter. The
capacity of the measure shall conform to the limits in Table
1 for the aggregate size to be tested. The thickness of metai
in the measure shall be as described in Table 2. The top im
shall be smooth and plane within 0.01 in. or .25 mm and
shall be paralle! to the bottom within 0.5* (Note 2),

NoTte 2—The top rim is satisfactorily plane if a 0.01-in. or 0.25-mm
feeler gage cannot be inserted between the im and a piece of Ye-in. of 6-
mm or thicker plate glass laid over the measure. The top and bottom are
satisfactorily parallel if the slope between pieces of plate glass in contac:
with the 10p 2nd bottom does not exceed 0.87 % in any direction.

$ available from American Association of State Highway and Transportatio:
Officials. 444 N. Capitol S1. NW, Suite 225, Washington, DC 20001,

79
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TABLE 1 Capacity of Measuros

TABLE 3 Dontity of Water

Nominal Maxi- Temperature
mal Size of Ag- ' Capacity of Measure” _— ot kg/m?
gregate . °F ¢ :
- 50 156 62.368 999.01
n _mm i Lt 65 18.3 62.336 998.54
v (12.5) Via 2.8{0.0028) 70- 211 62.301 887.97
1 {25.0) . 9.3{0.0093) i73.49) . {23.0) {62.274) {997 54)
1% (37.8) 2 14 (0.014) 75 239 62 261 997 .32
4 (100) 1 <8 (0.028) 80 257 62.216 996.59
* The indicated size of measure may be used to test aggregates of a nominal & n4 62166 99583

maxmum size squal 10 of smatier than that Ii.ied. The actual volume of the
measure shak be at laast 85 % of the nominal volume listed,

TABLE 2 Requirements for Measures

Thickness of Metat, min

. Capacity of Upper 1% in.
Measure Bottom of 38 mm Remainder
of walt of wall
Lass than 0.4 1t* 0.20 in, 0.10in, 0.10n.
0.4 it or more 0.20in, 0.20in. 0.12in.
Less than 11 L 5.0mm, 2.5 mm . 2.5 mm
11 L or mora 5.0 mm 5.0mm 3.0 mm

“ The added thickness in the upper portion of the wat may ‘be obtained by
placing a renferaing band around the top of the measwre.

4.4 Shovel or Scoop—A shovel or scoop of convenient suze .

for filling the measure with aggregate.

4.5 Caiibration Equipment—A piece of plate glass pref-
erabiy at least s in. or 6 mm thick and at least | in. or 25
mm larger than the diametar of the measure.to be calibrated.
A supply of water—pump or chassis grease that can be placed
on the rim of the container to prevem leakage.

5. Sampling

5.1 Sampling should generally be accomplished in accord-
ance with Practice D 73 and sample reduction in accordance
with Methods C 702.

6. Tust Sample

6.1 The size of the sample shall be approximately 125 to
200 % of the weight required to fiil the measure, and shall be
handied in a manner to avoid segregation, Dry the aggregate
sample 1o essentially constant weight, preferably in an oven

atzi0 = ¥For 110 £ 5°C.

7. Calibration of Measure

7.1 Fill the measure with water at room temperature and
cover with a piece of plate glass in such a way as to ehmmate
‘bubbies and excess water.

7.2 Determine the wen,ht of the water in the measure using
the bulznce described in 4.1,

7.3 Measure the 1emperau.’1re of the water and determine
1ts uensity from Table 3. interpolating if necessary.

7.4 Calculate the volume, ¥, of the measure by dmdmg

the weight of the water required to fill the measure by its -

. density. Alternatively, calculate the factor for the measure {1/
1% by div :d.ng the density of the water by the welghl required
to (il the measure,

~ove j--For the calculation of unit-weight. the volume of the mea-
siire tn acceptable metnc umits shoukd be ¢xpressed 1n cubic metres. or
the factor as 1/m’. However. for convenience the size of the mezsure
raay be eapressed in litres,

7.5 Measures shall be recalibrated at least once a year or
whenever there is reason to question the accuracy of the
calibration.

8. Selection of Procedure

8.1 The shoveling procedure for loose unit weight shatl be
used only when specifically stipulated. Otherwise, the com-
pact unit weight shail be determnined by the rodding procedure

{or aggregates having a nominal maximum size of 37.5 mm -~

or V2 in. or less, or by the jigging procedure for aggregates
having a nominal maximum size greater than 37.5 mm or
L'/2 in. and not exceeding 100 mm or 4 in.

9. Rodding Procedure

9.1 Fili the measure one-third full and level the surface
with the fingers. Rod the layer of aggregate with 25 strokes of
the tamping rod evenly distributed over the surface. Fill the
measure two-thirds full and again level and rod as above.
Finally, fill the measure to overflowing and rod again in the
manner previously mentioned. Level the surface of the aggre-
gate with the fingers or a straightedge in such a way that any
slight projections of the larger pteces of the coarse aggregate
approximately balance the larger vonds in the surface beiow
the top of the measure.

9.2 In rodding the first layer, do not allow the rod to strike
the bottom of the measure forcibly. In rodding the second
and third lavers. use only enough force to cause the tamping
rod to penetrate the previous layer of aggregate.

9.3 Determine the weight of the measure plus its contents,
and the weight of the measure alone, and record the \alues
10 the nearest 0.i Ib or 0.05 kg.

10. Jigging Procedure

10.1 Fil the measurc in three approxirmately equal layers
as.described in 9.1, compacting each layer by placing the
measure on a firm bass.-such as a cement-concrete floor,
raising the opposite sides aitermately about 2 in. or 30 mm,
and allowing the measure to drop 11t such a manner as to hit
with a sharp. slapping blow. The aggregate particles, by this
procedure. will arrange thems:ives in a densely compacted
condition. Compac! =ach laver bv dropping the measure 50
times in the manner described. 23 times on each side. Level
the surface of the aggregate with the fingers or a straightedge
in such a way that any slight projections of the larger pieces
of the coarse aggregate approximately balance the larger voids
in the surface below the top of the measure.

10.2 Determine the wetght of the measure plus its contents.
and the weight of the measure alone, and record the values
to the nearest 0.1 Ib or 6.05 ka.
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. Shoveling Procedure

1.1 Fill the measure to overflowing by means of a shovel
or scoop. discharging the aggregate from a height not to
exceed 2 in. or 50 mm above the top of the measure. Exercise
care to prevent. so far as possibie, segregation of the particle
sizes of which the sampie is composed. Level the surface of

- the aggregate with the fingers or a straightedge in such 2 way

that any slight projections of the larger pieces of the coarse
aggregate approximately balance the larger voids in the sur-
face below the top of the measure.

I'1.2 Determine the weight of the measure plus its contents,
and the weight of the measure alone, and record the values
to the nearest 0.1 1b or 0.05 kg.

12. Calculation
12.1 Unit Weighr—Calculate the unit weight f'or the rod-

- ding, jigging, or shoveling procedure as follows:

M=(G~-Tyv ' )
={(G=-TxF (2)
where ' '
M = unit weight of the aggregate, Ib/ft* or kg/m>,
& = weight of the aggregate plus the measure, Ib or kg,
T = weight of the measure, Ib or kg,
J' = volume of the measure, fi* or m’, and
F = factor for measure, ft~* or m™*.

“12.1.1 The ur': weight determined by this test method is

- for aggrega\. in an oven-dry condition. If the unit weight in

terms of saturated-surface-dry (SSD) condition is desired, use
the exact procedure in this test method, and then calculate

" the SSD unit weight using the following formuia:

i MSSD = M1 + (4/100)] %))
where: .
MSSD = unit weight in SSD condition, 1b/ft’ or kg/m®, and
A = % absorption, determined in accordance with Test

Method C 127 or Test Method C 128.
12.2 Void Content—Calculate the void content in the ag-
gregate using the unit weight determined by either the rod-
ding, jigging, or shoveling procedure, as follows:

where:
M
S

unit weight of the aggregate, 1b/ft’ or kg/m>,

‘bulk specific gravity (dry Basis) as determined in ac-
cordance with Test Method C 12'? or Test Method
C 128, and

W = deusity of the water, 62.3 Ib/fi* or 998 kg/m>.

II I

~13. Report
13.1 Report the results for the unit weight to the pearest |

Ib/R? or 10 kg/m?* as follows:
13.1.1 Unit weight by rodding, or

% Voids = {(§ x W) — M/S x W]100 4).

13.1.2 Unit welght by jigging, or '

13.1.3 Loose unit weight. :

13.2 Report the results for the void comcm to the nearest
I % as follows:

13.2.1 Voids in aggregate compacted by rodding. %, or

13.2.2 Voids in aggregate compacted by jigging. %. or

13.2.3 Voids in loose aggregate, %.

-l 4. Precision and Bias

14.1 The following estimates- of precision [or this test
method are based on results from the AASHTO Maienals
Reference Laboratory (AMRL) Reference Sample Program.
with testing conducted using this test method and AASHTO

.Method T19. There are no significant differences between

the two test methods. The data are based on the analyses of
more than 100 paired test results from 40 to 100 Iaboratones

14.2 Coarse Aggregaie (unit weight):

14.2.1 Single-Operator Precision—The smgle-operamr
standard deviation has been found to be 0.88 1b/ft* or 14 kg/
m? (18S). Therefore, results of two properly conducted tests by
the same operator on similar material should not differ by
more than 2.5 1b/ft? or 40 kg/m* (D2S}.

_14.2.2 Muliilaboratory Precision—The multilaboratory
standard deviation has been found to be 1.87 Ib/ft® or 30 kg/
m’ (1S). Therefore, results of two property conducted tests
from two different laboratories on similar material should
not differ by more than 5.3 Ib/ft? or 85 kg/m? (D28S).

14.2.3 These numbers represent, respectively, the (18) and
(D2S) limits as described in Practice C 670. The precision
estimates were obtained from the analysis of AMRL reference
sample data for unit weight {(unit mass) by rodding of normal
weight aggregates having a nominal maximum aggregate size
of 25 mm or 1 in., and using a 'A-ft* (14-L) measure.

14.3 Fine Aggregate (unit weight):

14.3.1 Single-Operator Precision—The ‘single-operator

standard deviation has been found to be 0.88 ib/ft’ or 14 kg/ -

m?® (1S). Therefore, results of two properly conducted tests by

the same operator on similar material should not differ by.

more than 2.5 1b/ft? or 40 kg/m* (D2S).

14.3.2 Multilaboratory’ Precision—The mulnlaboraton
standard deviation has been found to be 2.76 Ib/ft* or 44 kg/
m® (18). Therefore, results of two properly conducted tests
from two different laboratories on similar material should
not differ by more than 7.8 Ib/ft* or 125 kg/m? (D28).

14.3.3 These numbers represent, respectively, the (15) and
{D2S) limits as described in Practice C 670. The precision
estimates were obtained from the analysis of AMRL reference
sample data for fcose unit weight (unit mass) from: laborato-
ries using a Vio-ft* or 2.8-L measure. _

14.4 No precision data on void content are available.

14.5 Bias—The procedure in this test method for measur-
ing unit weight and void content has no bias because the
values for unit weight and void content can be defined only

in terms of a test method. ,

The American Socisty for Testing and Materialy takes no posiion respecting the validity of eny patent rights assertea in connection
with any item mentioned in thiz standard, mamm-wmnummdmmmydwm
petant rights, and the rigk of infringament of such rights, are entirely theic own responsibiity.

This standard is subject 10 revision & any time by the responaible technical committes and must ba reviewed every five yeers and
# not revised, sither reapproved or withdrawn. Your cormments are invited either for revision of this standard or for sdoitional stancards
and should be addressed (0 ASTM HosoQuarters, Your comments wil receive careful considerstion &t 8 meeting of the responsitle
techmical committes, which you may sitend. If you fesl that your comments have nol received a fair heering you shouid make youwr
views known to the ASTM Committee on Standards, 1916 Race St., Philadeiphia, PA 19103.
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IScope . -

1.1 This practice covers proccdurcs for making and curing
cvlindrical and prismatic specimens using job concrete that
can be consolidated by roddmg or vibration as described
herein.

1.2 The concrete used to make the molded specimens
" .shall have the same levels of slump, air content, and
percentage of coarse aggregate as the concrete being placed in
the work.

1.3 The values stated in inch-pound units are to be
regarded as the standard.

1.4 This standard may involve hazardous materials, oper-
otions, and equipment. This standard does not purport (o
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to estabiish
appropriate safery and health practices and determine the
applicability of regulatory ’rmuauons pno' to use.

2. Referenced Documems
2 ASTM Smndards

"C 143 Test Mcthod for Slump of Portland Cement

Concrete®
C 172 Method of Sarnplmg Freshly Mixed Concretc
C 173 Test Method for Air Content of Freshly Mixed
Concrete by the Volumetric Method?
C 192 Method of Making and Curing Concrete Test
Specimens in the Laboratory®
C 231 Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method?
_-C 470 Specification for Molds for Formung Concrete Test
. Cylinders Vertically?
C 511 Specification for Moist Cabinets, Mmst Rooms, and
© Water Storage Tanks Used in thc Tcsung of Hydraulic
Cements and Concretes?
C6i7 Praciicer for Capping Cylindrical Concrete
. Specimens® ' '
C 1084 Test Methods for Temperature of Freshly Mixed
Portland-Cement Concrete?

3. Significance and Use
3.1 This practice provides standardized requirements for

* Tors practice is under the junsdiclion of ASTM Committee C-9 on Concrete
awd Concrete Aggregates and is the dJirect responsibility of Subcommitiee
C09.03.0! on Methods of Testing Concrete for Strength,

Current edition approved May 27, 1988, Published July 1988, Originally
publ:shed as C 31 - 20. Last previous edition C3l-87.

* dnnual Book of ASTM Siandards, Vol 04.02.

making, curing, protecting, and.transporting concrete test
specimens under field conditions.

3.2 If specimen preparation is controiled as stipulated
herein, the specimens may be used to develop information
for the following purposes:

3.2.1 Checking the adequacy of laboratory mixture pro-
portions for strength,

3.2.2 Serve as the basis for comparison with laboratory,
field or in-place tests as the basis for safety and in-structure

" performance evaluation, and as the basis for form and

shoring removal time requiremenits, .

3.2.3 Determination of compliance with strength specifi-
cations, and

3.2.4 Determination of time when a structure may be put
in service.

4, Apparatus

4.1 Molds, General—Molds for specimens or fastenings
thereto in contact with the concrete shall be made of steel,
cast iron, or other nonabsorbent material, nonreactive with
concrete containing portland or other hydravlic cements.
Molds shall hold their dimensions and shape under condi-
tions of severe use. Molds shall be watertight during use as
judged by their ability to hold water poured into them.
Provisions for tests of watertightness are given in Section 6 of
Specification C 470. A suitable sealant, such as heavy grease,
modeling clay, or microcrystalline wax shall be used where
necessary to prevent leakage through the joints. Positive
means shall be provided to hold base piates firmiy to the
molds. Malds shall be lightly coated with mineral oil or a

'suitable nonreactive form release material before use.

4.2 Cylinder Molds:

4.2.1 Molds for Casting Specimens Vemcally—Molds for
casting concrete test specimens shall conform to the require-
ments of %pecnﬁcanon C 470.

4.3 Beum Molds—Beam molds shall be rectangular in
shape and of the dimensions required to produce the
specimens stipulated in 5.2. The inside surfaces of the molds
shall be smooth. The sides, bottom. and ends shall be at right
angles 10 each other and shalil be straight and true and free of
warpage. Maximum vanation from the nominal cross sec-
tion shaill not exceed V4 in. (3.2 mm) for molds with depth or
breadth of 6 in. {152 mm) or more. Molds shail produce
specimens not more than Ve in. (1.6 mm) shorter than the
required length in accordance with 5.2, but may exceed it by
more than that amount

4.4 Tamping Rod—The rod shall be a round. straight
steel rod % in. (16 mm) in diameter and approximately 24

¢!
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i, (610" mm)- long, with the tamp:ng end rounded to a
hemisphenical tip of the same diameter. Both ends may be
rounded. if preferred.

4.5 Fibrators—Iniernal vibrators may have rigid or flex-
ible shafts. preferably powered by electric motors. The
frequency or vibration shall be 7000 vibrations per minute or
greater while in use. The outside diameter or side-dimension
of the vibrating element shall be at least 0.75 in. (19 mm)
and not greater than 1.50 in..(38 mm). The combined length
of the shaft and vibrating element shall exceed the maximum
depth of the section being vibrated by at least 3 in. (76 mm).
When external vibrators are used. they should be the table or
plank type. The trequency of external vibrators shall be at
least 3600 vibrations per minute. For both table and plank
vibrators. provision shall be made for clamping the mold
securely "to the apparatus. A vibrating-reed tachometer
should be used to check the frequency of vibration.

4.6 Mallet—A mallet with a rubber or rawhide head
weighing 1.25 £ 0.50 b (0.57 £ 0.23 kg) shall be used,

4.7 Small Tools—Tools and items which may be required

~ are shovels, pails. trowels, wood float. metal float, blunted

trowels, straightedge, feeler gage, scoops, and rules.

4.8 Slump Apparaius—The apparatus for measurement
of slump shall conform to the reqmrements of Test Mcthod
C 143,

4.9 Sampling and Mixing Receptade-—The rcceptaclc
shall be a suitable heavy gage metal pan, wheelbarrow, or
flat, clean nonabsorbent mixing board of sufficient capacity

-10 all - easy remixing of the entire sample with a shovel or

trow *
4.10 A4ir Coment Apparatus—The apparatus for mea-

suring air content shall conform to the requirements of Test
Methods C'173 or C 231.

5. Test Specimens

5.1 Compressive S".rrengrh Specimens—Compressive
strength specimens shall be cylinders of concrete cast and

hardened in an upright position, with a length equal to twice

the diameter. The standard specimen shall be the & by i2-in.
(152 by 305-mm) cylinder when the maximum size of the
coarse aggregate does not exceed 2 in. (50 mm). When the
maximum size of the coarse aggregate does exceed 2 in. (50
mm), either the concrete’ sample shall be treated by wet

sicving as described in Method C 172 or the diameter of the
"cylinder shall be at least three times the nominal maximum

size of coarse aggregate in the concrete. Unless required by
the project specifications, ¢ylinders smaller than 6 of 12 in.
shall not be made in the field.

NoTE | —The maximum size is the “smaliest sieve opening through
which the entire amount of aggregate is required o pass.

5.2 Flexural Strength Specimens—Flexural strength spec-

" imens shall be rectangular beams of concrete cast and

hardened with long axes horizontal. The length shail be at

least 2 in. {50 mm) greater than three times the depth as .

tested. The ratio of width to depth as molded shall not

. exceed 1.5. The standard beam shall be 6 by 6 in. (152 by

152 mm) in cross section, and shall be used for concrete with
maximum size coarse aggregate up o 2 in. (50 mm). When
the nominal maximum size of the coarse aggregate exceeds 2
in. (50 mm), the smaller cross sectional dimension of the
beam shall be at least three times the nominal maximum size

of lhe coarse aggregate. Unless required by project specifica-
tions. beams made in the field shall not have a width or
depth of less than 6 in.

6. Sampling Concrete

6.1 The samples used to fabricaie test specimens under
this standard shall be obuined in accordance with Method
C 172 unless an alternative procedure has been approved.

6.2 Record the identity of the sample with respect 10 the
location of the concrete represented and the time of casting.

7. Slump, Air Content, and Temperature

1.1 Slump—Measure the stump of each batch of concrete,
from which specimens are made, immediately afier remixing
in the receptacle. as required in Test Method C 143,

7.2 Air Content—Determine the air content in accord-
ance with either Test Method C 173 or Test Method C 231,
The concrete used in performmg the air content test shall not
be used in fabricating test specimens.

1.3 Temperarure—Determine the temperature in accord-
ance with Test Method C 1064.

8. Molding Speﬂmens

8.1 Place of Molding—Mold specimens promptly on a
level, rigid, surface, free of vibration and other disturbances.
at a place as near as pracucab!e 10 the Iocauon where they are
to be stored.

8.2 Placing the oncrete—Placc the concrete in the moids
using . a scoop, blunted trowel, or shovel. Select each
scoopful, trowelful, or shovelful of concrete from the mixing
pan to ensure that it is representative of the batch. Remix :heé
concrete in the mixing pan with a shovel or trowel to prevent
segregation during the molding of specimens. Move the
scoop, trowel, or shovel around the perimeter of the mold
opening when adding concrete to ensure an even distribution

‘of the concrete and minimize segregation. Further distribute

the concrete by use of a.tamping rod prior to the start of
consolidation. In placihg the final layer the operator shall

" attempt to add an amount of concrete that will exactly. fill

the mold after compaction. Do not add nonrepresentative
concrete to an underfilled mold. .

8.2.¢ Number of Layers—Make specimens in layers as
indicated in Table 1.

8.3 Consolidation: "

8.3.1 Methods of Consohdauon-—Prepamnon of satisfac-
tory specimens requires different methods of consolidation.
The methods of consolidation are rodding, and internal or
external vibration. Base the selection of the method of
consolidation on the slump, unless the method is stated in
the specifications under which the work is being performed.
Rod concretes with a slump greater than 3 in. (75 mm). Rod

- or vibrate concretes with slump of | to 3 in. (25 to 75 mm).

Vibrate concretes with stump of less than 1 in. (25 mm).

~ Concretes of such low water content that they cannot be
_ properly consolidated by the methods described herein, or

requiring other sizes and shapes of specimens to represent
the product or structure, are not covered by this method.
Specimens for such concretes shall be made in accordance
with the requirements of Method C 192 with regard to
specimen size and shape and method of consolidation.



Ca

TABLE 1 Mb«duMﬂmmW

Speamen Type and Size, Mode of Number of Approximats Depth of

28 Depth, in. (mm) ‘Compaction Layers . Laywr, In. (mm)
' Cylinders: : '

12 (305) roading 3 squed 4100y - -
Over 12 (308) roading &% reguired 4 (100)
12 (305) to 18 (480) vitration 2 oqual half depth of specimens
Over 18 {460) vibrgbon 3 or more 8 (200) as near a3 practicable

Boams - .

- 8(152) to 8 (200} rodding 2 aqual. half depth of specimen
Over 8 (200) roading J or more 4 {100)
8(152) 1o & (200) vibration 1 ) depth of specimen
Qver 8 (200} vibration 2 or more 8 (200} as naar as practicable

TABLE 2  Number of Roddinga to be Used in Ilddlng Cy“ndor

Specimens
Diamater of Cytinoer, Number of
n. (mm) Strowes/Layer
8 (152) 25
8 (200) 50
10 (250 7%

8.3.2 Rodding—Place the concrete in the mold, in the
required number of layers of approximately equal volume.
For cylinders, rod each layer with the rounded end of the rod
using the number of strokes specified in Table 2. The
number of roddings per layer required for beams is one for
each 2-in.2 (13-cm?) top surface area of the specimen. Rod
the bottom layer throughout its depth. Distribute the strokes
uniformly over the cross section of the mold and for each

upper laver ailow the rod to penetrate about 2 in. (12 mm).

into the underlying layer when the depth of the layer & ;s
than 4 in. (100 mm). and about 1 in. (25 mm) whew ne
depth is 4 in. or more. After each layer is rodded. tap the
outsides of the mold lightly 10 to 15 timeg with the mallet, to
close any holes left by rodding and to release any large air
. bubbles that may have been trapped. Tap light-gage single-
use molds, susceptible to damage if tapped with the mallet,
using an open hand. After tapping, spade the concrete along
the sides and ends of beam molds with a trowel or other
suitable tool.

8.3.3 Vibration—Maintain a uniform time period for

duration of vibration for the particular kind of concrete, .

vibrator. and specimen mold involved. The duration of
vibration required will depend upon the workability of the
concrete and the effectiveness of the wibrator. Usually
sufficient vibration has been applied as soon as the surface of
-the concrete has become relatively smooth. Continue vibra-

“tion only long enough to achieve proper consolidation of the”

concrete. Overvibration may cause segregation. Fill the
molds and vibrate in the n:qulred number of apprommalelv
squal layers. Place all the congrete for each layer in the mold
hefare starting vibration of that layer. When piacing the final
laver, avoid overfilling by more than Y in. (6 mm}. Finish
the surface either during or after vibration where extermal
vibration 15 used. Finish the surface after vibration when
internal vibration is used. When the finish is applied after
vibration, add only enough concrete with a trowel 1o overtiil
the mold ahout %4 in. (3 mm). Work it into the surface and
then unke it off.

. trowel.

P

8.3.3.1 Internal Vibration—The diameter of the vibrating
element, or thickness of a square vibrating element, shall be
in accordance with the requirements of 4.5, For beams, the
vibrating clement shall not exceed V3 of the width of the
mold. For cylinders, the ratio of the diameter of the cylinder
to the diameter of the vibrating element shall be 4.0 or
higher.. In compacting the specimen the vibrator shall not be
allowed to rest on the bottom or sides of the mold. Carefully
withdraw the vibrator in such a manner that no air pockets
are left in the specimen.

8.3.3.2 Cylinders—Use three insertions of the vibrator at
different points for each layer. Allow the vibrator to pene-
trate through the layer being vibrated, and into the layer

below, approximately 1 in. (25 mm). After each ilayer is’

vibrated; tap the outsides of the moid lightly 10 to 15 times
with the mallet, to close any holes left by rodding and t0
release any large air bubbles that may have been trapped.

Tap light-gage single-use rsolds, susceptible to damage if

tapped with ...e maliet;-usi..5 an open hand.

8.3.3.3 Beam—Insent the vibrator at intervals not ex-

ceeding 6 in. (150 mm) along the center line of the long
dimension of the specimen. For specimens wider than 6 in.,
use alternating insertions along two lines. Allow the shaft of
the vibrator to penetrate into the bottom layer approxi-
mately | in. (25 mm). After each layer is vibrated, tap the
outsides of the mold lightly 10 to 15 times with the mailet to
close any holes left by vibrating and 1o release any large air
bubbles that may have been trapped.

8.3.4 External Vibration—When external vibration is

" used, take care 10 ensure that the moid is rigidly attached to

or secugely held against the vnbraung element or vibrating
surface.

8.4 Finishing—Afier consolidation. unless the finishing
has been perfurmed during the vibration (8.3.3), stnke off
the surface of the concrete and float or trowel it as required.
Perform all finishing with the minimum manipulation
necessary to produce a flat even surface that is level with the
rim or edge of the mold and that has no depressions or
projections larger than ¥ in. (3.2 mm}.

8.4.1 Cylinders—After consolidation, finish the top sur-
faces by striking them off with the tamping rod where the
consistency of the concrete permits or with a wood float or
if-desired, cap the top surface of freshly made
cylinders with a thin layer of stiff portland cement paste
which is permitted 1o harden and cure with the specimen.
See section an Capping Matenals of Practice C 617.

R.47 Beams—After consolidation of the concrete, strike

off the top surface to the required tolerance to produce a flat

g5
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_even surface. A_wood float may be used— ~- == -- ~

8.5 Initigl Storage—Immediately after being struck off,
the specimens shall be moved to the storage place where they
will remain undisturbed for the iniual curing penod. i
specimens made in single use mold are moved, lift and
support the specimens from the bottom of the molds with a
large trowel or similar device.

9. Curing

9.1 Covering After Finishing—Immediately after fin-
ishing, precautions shall be taken to prevent evaporation and
loss of water from the specimens. Protect the outside surfaces
of cardboard molds from contact with wét burlap or other
sources of water. Cardboard molds may expand and damage
specimens at an early age if the outside of the mold absorbs
water. Cover specimens with a nonabsorbent, nonreactive
plate or sheet of impervious plastic. Wet burlap may be used
over the plate or plastic sheet to help retard evaporation, but
the burlap must not be in contact with the surface of the
concrete.

9.2 Curing Specimens for Checking the Adequacy of
Laboratory Mixture Proportions for Strength or as the Basis
for Acceprance or Quality Comrol
©9.2.1 [nitial Curing:

9.2.1.1 [nitial Curing in Air—-During the initial 24 = 8 h
after molding, the temperature immediately adjacent to the
specimens shail be maintained in the range of 60 to 80°F (16
to 27°C), and loss ¢, moisture from the specimens shall be
prevented (Note 2. remperature differentials in and be-
tween specimens shall be controlled by shielding from the
direct rays of the sun and from radiant heating devices.
Specimens not 10 be transported shall be removed from the
molds after the initial 24 * 8 h and standard curing shall be
started as required by 9.2.2. Specimens to be transported
prior to 48 h after molding shall not be demolded, but shall
continue initial curing at 60 to 80°F (16 to 27°C) until time
for transporting. Spec:mens to be transporied afier 48-h age

shall be demolded in 24 + 8 h. Curing shall then be:
. continued but in saturated limewater at 73.4 + 3°F (23 =

1.7*C) unuil the time of transporting,

NoTE 2—It may be necessary 1o create an environment during the
initial curing in air period to provide satisfactory moisture conditions
and to contrel the temperature in the range of 60 to BOF (16 to 27°C).
The specimens may be stored in tightly, constructed wooden boxes,

damp sand pits, temporary buildings at construction sites, under wet .
burtap in favorable weather or in heavyweight closed plastic bags, or use. |

other suitable methods, provided the foregoing requirements limiting
specimen temperature and moisture loss are met. The temperature may
be controlled by ventilation, or thermostatically controlled cooting
devices, or by heating devices such as stoves, light bulbs or thermostat-
ically controlled heating clements. Temperature record of the specimens
may be established by means of maximum-minimum thermometers.

9.2.1.2 Initial Curing of Cylinders in Water—Immedi-
ately after molding, immerse the specimens in saturated
limewater at 60 to 80°F (16 to 27°C) for 24 £ 8 h. This curing
is not acceptable for specimens in cardboard molds or molds
which expand when immersed in water. Remove specimens
from molds at 24 + 8 h, protect from loss of moisture, and

~within 30 min start standard cunng at 7. 4 + IF (23

1.7°C) as required in 9.2
9.2.2 Srandard C urmg
9.2.2.1 Cylmders—Upon completion of initial cunng and
within 30 min after removing the molds, store specimens in a
moist condition with tree water maintained on their surfaces
at ail times at a temperature of 73.4 + 3°F (23 £ 1.7°C).
Temperatures between 68 and 86'F (20 and 30°C) are

- permitted for a period not to exceed 3 h immediately prior to

test if free moisture is maintained on the surfaces of the
specimen at all times. except when capping with s Huf

- mortar capping compound. When capping with this mate-

rial, the ends of the cylinder will be dned as descnibed in

Method C 617. Specimens shall not be exposed to dripping

or running water. The required moist storage can be ob-
tained by immersion in saturated limewater and may be
obtained by storage in 3 moist room or cabinet meeting the
requirements of Specification C 511.

9.2.2.2 Beams—Beams are to be cured the samed as
cylinders, see 9.2.2.1, except for a mimimum of 20 h prior to
1esting, thev shall be stored in saturated limewater at 73,4 +
3°F (23 £ 1.7°C). Drying of the surfaces of the beam shall be
prevented between removal from limewater and complenon
of testing.

Note }—Relatively small amounts of surface drying of flexura

specimens can induce tensile stresses in the extreme fibers that wiil -

markedly reduce the indicated flexural sirength.

9.3 Curing for Determining Form Removal Time or When
a Structure May be Put into Service:

9.3.1 Cyvlinders—Store cylinders in or on the structure as

near to the point of deposit of the concrete represented-as

possible. Protect all surfaces of the cylinders from the
elements in as near as possible the same way as the formed
work. Provide the cylinders with the same temperature and
moisture environment as the structural work. Test the
specimens in the moisture condition resulting from the

specified curing treatment. To meet these conditions, speci- |,
mens made for the purpose of determining when a structure

may be put in service shall be removed from the molds at the
time of removal of form work.

9.3.2 Beams—As nearly as pracucable curc‘beams in the
same manner as the concrete in the structure..At the end of
48 + 4 h after molding, take the molded specimens to the
storage location and remove from the molds. Store speci-
mens representing pavements of slabs on grade by placing

themn on the ground as molded, with their top surfaces up. -
Bank the sides and ends of the specimens with earth or sand -

that shall be kept damp, leaving the top surfaces exposed 10
the specified curing treatment. Store specimens representing
structure concrete as near the point in the structure they

represent as possible, and afford them the same temperature

protection and moisture environment as the structure. At the
end of the curing period leave the specimens in place
exposed to the weather in the same manner as the structure.
Remove all beam specimens from field storage and store in
limewater at 734 + S$°F (23 = 2.8°C) for 24 £ 4 h
immediately before time of testing to ensure uniform mois-
ture condition from specimen to specimen. Observe the
precautions given in 9.2.2.2 to guard against drying between
time of removal from cunng to tcstmg

F



10. Transportation of Specimens to Laboratory

10.1 Specimens shall not be transported from the field to
the laboratory before completion of the initial cufing,
Specimens to be transported prior to an age of 48 h shall not
be demolded prior 1o completion of transportation. Prior 1o
transporting, specimens shall be cured and protected as
required in Section 9. During transportation, the specimens

c3

must be protected with suitable cushioning material to
prevent damage from jarring and from damage by freezing
temperatures, or moisture loss. Moisture loss may be pre-
vented by wrapping the specimens in plastic or surrounding
thern with wet sand or wet saw dust. When specimens are

‘received by the laboratory, they shall be removed from

molds if not done before shipment and placed in the
required standard curing at 73.4 = 3°F (23 £ 1.7°C).

The American Saciety for Testing and Materigis takes no position - sapecting the validity of any patent rights asserted int connection
with any item mentioned in this standard. Usars of this standard are expressly advised that determination of the velidity of any such
patent rights, and the risk of infringament of such rights, are entirely their own rasponsibility.

This standard is sub]oct fo revision &t &ny time by the rasponsiblie lechnical committes and must be raviewed overy live yoars and
if not ravised, either rospprovad or witharawn. Your commants are invited sither for revision of this standard or for additional stancards

and shouid be addressad to ASTM Headgquarters. Your comments wil receive carelul Consideration st & meeting of the responsible
rechnical committes, which you may aftand. if you feel that your comments have nol received a lair hearing you should make your

views known [0 the ASTM Committee on Stancargs, 1916 Race St., Philadeiphia, PA 19103..



QH") Desugnation' C 94 - 86b

Standard Speclﬂcation for
Ready-Mixed Concrete’

This standard is issued under the fized designation C 94; the number immediately following the designation indicates the year of
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon («} indicates an editorial change since the last revision or reapproval.

This specificativn has beer approved for use by agencies of the Depurimeni of Defense and for listing in the D!’JD Index uf Specrf carivns
and Standards.

1. Scope C 260 Specification for Air Entraining Admixtures for
1.1 This specification covers ready-mixed concrete manu- Concrete’

factured and delivered to a purchaser in a freshly mixed and C 330 Specification for Lightweight ABBTCSBICS for Struc-

unhardened state as hereinafier specified. Requirements for tural Concrete’

quality;of concrete shall be either as hereinafter specified or C 494 Specification for Chemical Admlxtures for Cori-

as specified by the purchaser. In any case where tlie crete?

. requirements of the purchaser differ from these in this - C 567 Test Method for Unit Weight of Structural Lnght-

specification, the purchaser’s specification shall govern. This weight Concrete?

spcc:ﬁcauon does not cover the placement, consolidation, C 595 Specification for Blended Hydraulic Cements*

curing, or protection of the concrete after delivery to the C 618 Specification for Fly Ash and Raw or Calcined

purchaser. : Natural Pozzolans for Use as a Mineral Admixture in
1.2 The values stated in mch-pound units are to be Portland Cement Concrete?

regarded as the standard. .

1.3 As used throughout this spec:ﬁcanon the manufac-
turer shall be the contractor, subcontractor, supplier, or
producer who furnishes the ready-mixed concrete, The
purchaser shall be the owner or reii sentat’ . thereof. i

C 989 Specification for Ground Granulated Blasl-Fumace
" Slag for Use in Concrete Mortars®
C 1017 Specification for Chemical Admixtures for Use in
Producing Flowing Concrete?
D 512 Test Methods for Chloride Ion in Water*
A D 516 Test Methods for Sulfate lon in Water*
3. Referenced Documents ' E 329 Recommended Practice for Inspection and Testing

Agencies for Concrete, Steel,-and Bituminous Materials
2.1 ASTM Standards:

C 31 Practice for Making and Cunng Concrete Test
Specimens in the Field?

C 33 Specification for Concrete Aggregates®

C 39 Test Method for Compmve Strength of Cylindrical
Concrete Specimens®

C 109 Test Method for Compressive Stmngth of Hydraulic
Cement Mortars (Usmg 2-m or 50-mm Cube Spec:

_ mens)
C 138 Test Method for Umt t, chk!, and Alr
. Coatent (Gravimetric) of Con

C 143 Test Method for Stump of Pon.land Cement Con- ‘

C 150 Speaﬁeatlon for Portland Ccrment2

C 172 Method of Sampling Freshly Mixed Concrete?

C 173 Test Method for Air Content of Freshiy Mixed
Concrete by the Volumetric Method?

C 191 Test Method for Time of Settmg of Hydrauhc
Cement by Vicat Needlé® -

, C231 Test Method for Air Contem of Freshly Mlxed

Concrete by the Pressure Method?

' This specification is under the jurisdiction of ASTM Commitiee C-9 on

Concrete and Concrete Aggregates and is the direet responsibility of Subcommittee
+"09.03.09 on Methods of Testing and Specifications for Ready-Mixed Concrete,

Current edition approved Oct. 31, 1986. Published Decerber 1986. Originally

published as C 94 - 33 T. Last previous edition C 94 - 86a.

1 Annual Book of ASTM Siandards. Vol 04.02.
> Annual Book of ASTM Standards, Vol 04.01.

as Used in Construction®

2.2 American Concrete Institute Standards:*

CP-2 Concrete Field Testing Technician, Grade I

211.1 Recommended Practice for Selecting Proportions

for Normal-and Heavyweight Concrete .

211.2 Recommended Practice for Selecting Proportions
for Structural Lightweight Concrete

214 Practice for Evaluation of Strength Test Results of
Concrete

- 305R Hot Weather Concreting

306R Cold Weather:-Concreting

2.3 National Bureau of Standards Document.”

Handbook 44 Specifications, Tolérances, and other Tech-
nical Réquirements for Commercial Weighing and Mea-
suring Devices

2.4 Other Documents:’

- Bureau of Reclamation Concrete Manual’

AASHTO T 26 Method of Test for Quality of Water to be

Used in Concrete®

4 Annua! Book of ASTM Standards, Yol 11.01.

S Annual Book of ASTM Siandards, Yol 14.02.

¢ Available from American Concrete Institute, P.O. Box 19150, Detroiv, Ml
48219,

7 Available at Superintendent of Documents, U, S. Government Printing
Office, Washington, DC 20402.

' Available from the American Association of State Highway and Transporia-
tion Officials, 444 N. Capitol 5L, NW, Suite 228, Washingion, DC 20001.
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3. Basis of Purchase

3.1 The basis of purchase shall be the cubic yard or cubic
metre of freshly: mixed and unhardened concrete as dis-
charged from the mixer.

3.2 The voiume of freshly mixed and unhardened con-
crete in a given batch shall be determined from the total
weight of the batch divided by the actual weight per cubic
foot of the concrete. The total weight of the batch shail be
caiculated either as the sum of the weights of all materials,
including water, entering the batch or as the net weight of the

-concrete in the batch as delivered. The weight per cubic foot -

shali be determined in accordance with Test Method C 138
from the average of at least three measurements, each on a
different sample using a Y2-f1® (14 160-cm?} container. Each
sample shall be taken from the midpoint of each of three

different truck loads by the procedure outlined in Method
Ci72

NoTte |1t should be undersiood that the volume of hardened
concrete may be, or appear to be, less than expected due to waste and

spillage. over-excavation, spreading forms, some loss of entrained air, or
* settlement of wet mixtures, none of which are the responsibility of the
producer.

4. Materials

4.1 In the absence of designated applicable specifications
covering requirements for quatity of materials, the following
specificoions shal! govern: -

4.1.1 Cement—Cement shall conform to Specification .

C 150 or Specification C 595. The .purchaser should specify
the type or types required. but if no type is specified, the
requirermnents of Type [ as prescnbed in Specificati-
shall apply.

NOTE 2—These different cements will produce concretes of different
properties and should not be used interchangeably,

4.1.2 4geregates—Aggregates shall conform to Speciﬁca-
tion C 33 or Specification C 330 1f lightweight concrete is
specified by the purchaser

4.1.3 Water:

4.1.3.1 The mixing water shall be clear and apparently
clean. If it contains quantities of substances which discolor it
or make it smell or taste unusual or objectionable or cause
suspicion, it shall not be used unless service records of
concrete made with it or other information indicates that it is
not 1njurious to the quality of the concrete. Water of
questionable quality shall be subject to the acceptancc
bntend of Table .

1.3.2 Wash water from mixer washout operations may
be used for mixing. concrete provided tests of wash water
comply with the physical tests of Table i. Wash water shail
be tested at a weekly interval for approximately 4 weeks, and
thereafter at 2 monthly interval provided no single test
exceeds the applicable limit (Note 3). Optional chemical tests
in Table 2 may be specified by the purchaser when appro-
prate for the construction. The testing frequency for chem-
ical limits should be as given above or as spcc:ﬁed by the
purchaser,

NOTF 3—When recycled wash water is used, attention should be
given 10 cifects on the dosage rate and heiching sequence of air-
entraining and other ¢hemical admixiures, and a uniform amount
should be used 1n consecutive batches.

C 150

4.1.4 Admixtures—Admixtures shall conform to Specifi-
cations C 260, C 494, C 618, C 989, and C 1017, if appli-
cable,

NOTE 4—-In any given instance, the required dosage of air<en-
training, accelerating, and retarding admixtures will vary. Therefore, a
range of dosages should be allowed which will permit obtaining the
desired effect.

S. Ordering Information

5.1 In the absence of designated applicable general speci-
fications, the purchaser shall specify the following:

5.1.1 Designated size, or sizes, of coarse aggregate,

5.1.2 Slump, or slumps, desired at the point of delivery
(see Section 6 for acceptable tolerances),

5.1.3 When air-entrained concrete is specified, the air
content of the samples taken at the point of discharge from
the transponauon unit (see Section 7 and Table 3 for the
total air content and tolerances) (Note 4).

5.1.4 Which of Alternatives 1, 2, or 3 shall be used as a
basis for determining the proportions of the’ concrete to
produce the required quality, and

5.1.5 When structural lightweight concrete is specified,
the unit weight as wet weight, air-dry weight, or oven-dry

weight (Note 6).

NoTe 5—1In selecting the specified air content, the purchaser should
consider the exposure conditions 1o which the concrete will be subjected.
Air contents less than shown in Table 3 may not give the required
resistance to freezing and thawing, which is the primary purpose of
air-entrained concrete. Air contents higher than the levels shown may

reduce strength without contributing any further improvement of
durability.

NOTE 6—The umt vrsight of fresh concrete, which is the only unit
weight determinable :+. " 2'time of delivery, i. .lways higher than the
air-dry or oven-dry \m.A;;,'.t. Definitions of, and methods for determining
or calculating air-dry and oven-dry weights, are covered by Test Method
C 567,

5.2 Alternative No. 1:

5.2.1 When the purchaser assumes responsibility for the
proportioning of the concrete rnlxturc he shall also specify
the following:

5.2.1.1 Cement content in bags or pounds pcr cubic yard
of concrete. or equivalent units,

5.2.1.2 Maximum allowable water content in gallons per
cubic yard of concrete, or equivaient units, including surface
moisture on the aggregates, but excluding water of absorp-
uon (Note 7), and

5.2.1.3 If admixtures are required, lhe type, name, and
dosage 10-be used. The cement content shall not be reduced
when admixtures are used under Alternative No. 1 without
the written approval of the purchaser. ‘

Note 7—-The purchaser, in selecting requirements for which he

. assumes responsibility shouid give consideration to requirements for

workability, placeability, durability, surface texture, and density, in
addition to those for structural design. The purchaser is referred Lo
American Concrete Institute Standard 21{.1 and American Concrete

Institute Standard 21 1.2 for the sclection of proportions that will result

in concrete suitable for various types of structures and conditigns of
exposure. The water->ement ratio of most structural lightweight con-
cretes cannot be determined with sufficient accuracy for use as a
specification basis.

§.2.2 At the request of the purchaser, the manufacturer
shall, prior to the actual delivery of the concrete, furnish a
statement to the purchaser giving the sources, specific

8‘4



W

@b coa

- - - -~ TABLE 1~ Accepunce Criteria for Questionabie Water Suppllas '
} R s Test Metnod L
Cornpresswe strengm mn x controh at 7 days 90 C109*
Time ot set. deviation from contred, h: min rom 1:00 early o Cint
. to 1:30 later

- Cpmpansons shall be based on hxed proportions and the same volume of lest water compared 10 CONtrol Mix using City water or distileq water.

TABLE 2 Chemical Limitations for Wash Water

~ Limits Test Method*
Chemical mqulrumonls. MAXVMUM Concentration in mixing
. water, ppm 2
_ Chlorige as Cl, ppm: D532
Prestressed concrete or in bﬂuge decks 500¢ .
Other reinforced concrete M Mmoist environments of 1000¢
containing aluminum embedments or dissimilar metals
‘or with stay-in-place galvanized metal forms
Sulfate as SO, ppm 3000 D 516
Alkaties as (Na,0 + 0.658 K,0), ppm . Goo
Totai soids, ppm 50 00O AASHTO T28

A Other test methods that have been demonstrated 1o yiedd comparable resuits may be used.

8 Wash water reused as mixing water in concrete may exceed the listed concentrations of chioride and suifate if it can pe shown that the concentration caiculated in
the total mixing water, including mixing water on the sggreqgates and other sources does not exceed the stated limits,

£ For conditions aliowing use of CaCl, accelerator as an admixture, the chioride limitation may De waived by the purchaser.

gravities, and sieve analyses of the apgregates and the dry -

weights of cement and saturated-surface-dry weights of fine
and coarse aggregate and quantities, type and name of
admixture (if any) and of water per cubic vard or cubic metre
of concrete that will be used in the manufacture of each ciass
of concrete ordered by the purchaser '

3.3 Alternative No. 2: .

5.3.1 When the purchaser requires the ma.. -.4cturer to
assume full responsibility for the selection of the proportions
for the concrete mixture (Note 7), the purchaser shall also
specify the following:

5.3.1.1 Requirements for compressive strength as deter-

. mined on samples waken from the transportation unit at the
- point of discharge evaluated in accordance with Section 17,

The purchaser shall specify the requirements in terms of the
compressive strength of standard specimens cured under

'standard laboratory conditions for moist curing (see Section -

19). Unless othemsc specified the age at test shall be 28
days.

5.3.2" At the request of the purchascr the manufacturer
shall, prior to the actual delivery of the concrete, furnish a

" statemnent to'the purchaser; giving the dry weights of cement

and saturated surface-dry-weights of fine and coarse aggre-
gate and quantities, type, and name of admixtures (if any)
and of water per cubic yard or cubic metreof concrete that
will be used in the manufacture of each class of concrete
ordered by the purchaser. He shall also furnish evidence
satisfactory to the purchaser that the materials to be used and
proportions seiected will produce concrete of the quahty
specified.

5.4 Alternative No. 3

5.4.1 When the purchaser requires the manufacturer to
assume responsibility for the selection of the proportions for
the concrete mixture with the mimimum allowable cement
content specified (Note 7), the purchaser shall also specify
the following:

5.4.1.1 Required compressive strength as determined on
samples taken from the transportation unit at the point of

discharge- evaluated in accordance with Secion |7. The
purchaser shall specify the requirements for strength in terms
of tests of standard specimens cured under standard labora-
tory conditions for moist cuning (see Section 19). Unless
otherwise specified the age at test shall be 28 days.

5.4.1.2 Minimum cement content in bags or pounds per

cubic yard or kilograms per cubic metré of ~ Jcrete.

5.4.1.3 If admixtures are required. the type. name, and -

dosage to be used. The cement content shall not be reduced
when admixtures are used.

NoTte 8—Alternative No. 3 can be distinctive and useful only if the
designated minimum cement content is at about the same level that
would ordinanly be required for the strength. aggregate size, and slump

et

specified. At the same time, it must be an amount that will be sufficient .

to. assure durability under expected service conditions, as well as
satisfactory surface texture and density, in the event specified strength is -
attained with it. For additional mfon'nanon rel'cr to ACI Standards
211.1 and 211.2 referred to in Note 7.

5.4.2 At the request of the purchaser, the manufacturer
shall, prior to the actual dchvery of the concrete, furnish a
statement to the purchaser, giving the dry weights of cement
and saturated surface-dry weights of fine and coarse aggre-
gate and quantities, type, and namre of admixture (if any) and
of water per cubic yard or cubic metre of concrete that will
be used in the manufacture of each class of concrete ordered
by the purchaser. He shall also furnish evidence satisfactory
to the purchaser that the materials to be used and propor-
tions selected will produce concrete of the quality specified.
Whatever strengths are attained the quantity of cement used
shall not be less than the minimum specified.

5.5 The proportions arrived at by Alternatives 1. 2, or 3
for each class of concrete and approved for use in.a project
shall be assigned a designation to facilitate identification of

" each concrete mixture delivered to the project. This is the
designation required in 16.1.7 and suppiies information on
concrete proportions when they are not given separately on
each delivery ticket as outlined in 16.2. A certified copy of all
proportions as established in Alternatives 1, 2, and 3 shall be
on file at the batch plant.

£5
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TABLE 3 Recommended Total Air Content for Alr-Entrained Concrete*-<

Total Air Content, %

E!‘mw. Nominal Maximum Sizes of mmfﬂ. n. ‘I'l'l'l'l) y
Condition® % (9.5) 1 (12.5) ¥ (18.0) 1{25.0) 112 (37.5) 2 (50.; 3(75.0)
Mid 45 4.0 T35 a0 25 20 15
Moderate - 6.0 5.5 50 45 45 4.0 as
Severe 75 7.0 6.0 6.0 55 50 4.5

4 For air-entrained concreta, when specified.

2 For description of expasure conditions, refer to ACI 21° 1. Tabe 5.3.3, with attention 1o accompanying footnotes.
‘thessexposurocondmmsdnctateomemsu umtmurmmmumnmew1:mmmmwﬁsdmwsm fc,

of 8000 psi (34.5 MPa) or above.

6. Tolerances in Slump

6.1 Unless other tolerances are included in the project
specifications, the following shall apply.

6:1.1 When the project specifications for slump are writ-
ten as a “maximum” or “not to exceed” requirement:

Specified slump:
If 3in. (76 mm) I more than 3 in.
or less {76 mm)
Plus tolerance: 0 0 -
Minus tolerance: 172 in. {38 mm} 2\4 in. {63 mm)

This option 15 te be used only if one addition of water is
permitted on the job provided such addition does not
increase the water-cement ratio above the maximum per-
mitted by the specnﬁcanons

6.1.2 When the pro;ect specxﬁcanons for slump are not
wrilten as a “maximum” or “not to exceed” requirement:

Tolerances for Nominal Slumps

For Specified Slump of!: Tolerance

7 in. (31 mm) and less
More than 2 through 4 in. (51 to 102 mm)
More than 4 in. (102 mm)

x4 i {13 mm)
=l in. (25 mm)
=1z in. {38 mm)

6.2 Concrete shall be availabie within the permissible
range of slump for a period of 30 min starting either on
arrival at the job site or after the imitial stump adjustment
permitted in 11.7, whichever is later. The first and last Vs yd?
or 2 m* discharged are exempt from this requirement. If the
user is unprepared for discharge of.the concretes from the

. vehicle. the producer shall not be responsible for the limita-

tion of minimum slump after 30 min have elapsed starting
either on arrival of the vehicle at the prescribed destination

" or at the requested delivery time, whichever is later.

7. Air-Entrained Concrete

7.} When air-entrained concrete is desired the purchaser
shall specify the total air content of the concrete. See Table 3

. _mr —memulded total air contents (Note 4).

7.2 The air content of air-entrained concrete when sam-
chJ from the transportation unit at the point of discharge
shall be within a tolerance of % 1.5 of the specified value.

R. Measuring Materials

8.1 Except as otherwise specifically permitied. cement
shall be measured by weight., When Hy asn or -other

- pozzolans are specified in the mix design, they may be

waghed cumulatively with cement. Cement and pozzolan
chall be weighed on a scale and in a weigh hopper which is
sepatate and distinet from those used for other matenals,

‘quantity of aggregate used in ¢

Cement shall be weighed before pozzolan. When the quan-
tity of cement exceeds 30 % of the full capacity of the scale,
the quantity of cememt, and the cumulative quantity of
cement plus pozzolan, shall be within £1 % of the required
weight. For smaller batches to a minimum of 1 yd? (1 m?),
the quantity of cement, and the quantity of cement pius
pozzolan, used shall be not less than the required amount
nor more than 4 % in excess. Under special circurnstances,
approved by the purchaser, cement may be measured in bags
of standard weight {Note 9). No fraction of a bag of cement
shall be used unless weighed.

Note 9—In the United States the standard weight of a bag of
portland cement is 94 ib (42.6 kg) +3 %.

8.2 Aggregate shall be measured by weight. Batch weights
shall be based on dry materiais and shail be the required

. weights of dry materials plus the total weight of moisture

(both absorbed and surface} contained in the aggregate. The
batch of concr. ' as
indicated by the scale shall be w...in +2 % of the required
weight when weighed in individual aggregate weigh batchers.
In a cumulative aggregate weigh batcher, the cumulative
weight after each successive weighing shall be wathin +1 % of
the required cumulative amount when the scale is used in
excess of 30 % of its capacity. For cumulative weights for less
than 30 % of scale capacity, the tolerance shall be 0.3 % of
scale capacity or £3 % of the required cumulative weight.
whichever is less. )

8.3 Mixing water shall consist of water added to the batch,
ice added to the batch, water occurring as surface moisture
on the aggregates, and water introduced in the form of
admixtures. The added water shall be measured by weighi or
volumie to an accuracy of 1 % of the required total mixing
water. Added ice shall be measured by weight. In the case of
truck mixers, any wash water retained in the drum for use in
the next baich of concrete shalt be accurately measured; if
this proves impractical or impossible the wash water shail be
discharged prior to loading the next batch of concrete. Total
water (including any wash water) shall be measured or
weighed. to an accuracy of +3 % of the specified total
amount.

8.4 Powdered adm:xtur:s shall be measured by weight,
and paste or hquid -admixtures by weight or volume.
Accuracy of weighing admixtures shall be within 3 % of the
required weight. Volumetric measurement shall be within an
accuracy of £3 % of the toial amount required or plus and
minus the volume of dose required for one sack of cement.
whichever is greater.

¥
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. NOTE. 10—Admixture dispensers of* the-mechanical type capable of

adjustment for variation of dosage, and of simple calibration, are
recommended. ,

9. Batching Plant

9.! Bins with adequate separate compartments shall be
provided in the batching plant for fine and for each required
size of coarse aggregate. Each bin compartment shall be
designed and operated so as to discharge efficiently and
freely. with minimum segregation, into the weighing hopper.
Means of control shall be provided so that, as the quantity
desired in the weighing hopper is approached. the material
may be shut off with precision. Weighing hoppers shall be

. constructed so as to eliminate accumuiations of tare mate-

rials and to discharge fully.
9.2 Indicating devices shall be in full view and near
enough to be read accurately by the operator while charging

the hopper. The opcrator shall have comemem access to all
controls,

9.3 Scales in use shall bc accurate when static load tested

. to £0.4 % of the total capacity of the scale.

9.4 Scales for batching concrete ingredients may be either
beam or springless dial scales and shall conform to the
applicable sections of the current edition of the National
Bureau of Standards Handbook 44, except as may be
otherwise specified. -Methods for weighing (electric, hy-
draulic, load cells, etc.) other than beam or springless dial
scales which meet the above weighing tolerances are also
acceptable,

9.5 Adequaie s.andard test weights shall be available for
checking accuracy. All exposed fulcrums, clevises, and sim-
ilar working parts of scales shall be kept clean. Beam scales
shall be equipped with a balance indicator sensitive enough
to show movement when a2 weight equal to 0.1 % of the

nominal capacity of the scale is placed in the batch hopper. '

Pointer travel shall be a minimum of § % of the net-rated

capacity of the largest weigh beam for und:rwclght and 4 %
for overweight.

9.6 The device for the measurement of the added water
shall be capable of delivering to' the batch . the - quantity
required within the accuracy required in 8.3. The device

shall be so arranged that the measurements will not be -
- affected. by variable pressures in the water supply line.
Measuring tanks shall ‘be equipped with outside taps and-

valves to provide for checking their calibration unless other
means are provided for readily. and accurately determining
the amount of water in the tank,

NoOTE |1—The scale accuracy limitations of the National Ready
Mixed Concrete Association Plant Certification meet the nequutmcnts
of Specification C 94

. 10. Mixers and Agitators

10.1 Mixers may be stationary mixers or truck mixers.

Agitators may be truck mixers or truck agitators.

10.1.1 Stationary mixers shall be equipped with a metal
plate or plates on which are plainly marked the mixing speed
of the drum or paddies, and the maximum capacity in terms
of the volume of mixed concrete. When used for the
complete mixing of concrete, stationary mixers shali be

equipped with an acceptable timing device that will not

.\\’7.

" permit the batch to be dmcharged unul thc specnﬁed mixing

time has ¢lapsed.

10.1.2 Each truck mixer or agitator shall have auttached
thereto in a prominent place a metal plate or plawes on which
are plainly marked the gross volume of the drum, the
capacity of the drum of container in terms of the volume of
mixed concrete, and the mimmum and maximum mixing
speeds of rotation of the drum, blades, or paddles. When the
concrete is truck mixed as described in 1 1.5, or shrink mixed
as described in 11.4, the volume of mixed concrete shall not
exceed 63 % of the total volume of the drum or container.
When the concrete is central mixed as described in 11.3, the
volume of concrete in the truck mixer or agitator shall not
exceed 80 % of th: total volume of 1the drum or conuiner.
Truck mixers and agitators shall be equipped with means by
which the number of revolutions of the drum, blades, or
paddles may be readily verified.

10.2 All stationary and truck mixers shall be capable of
combining the ingredients of the concrete within the speci-
fied time or the number of revolutions specified in 10.5. into
a thoroughly mixed and uniform mass and of d:scha.rgmg the
concrete so that not Jess than 5 of the.6 requirements shown
in Table Al.1 shall have been met.

NOTE |2—The sequence or method of charging the mixer will have
an important effect on the-uniformity of the concrete.

" 10.3 The agitator shall be capable of maintaining the

mixed concrete in a thoroughly mixed and uniform mass
and of discharging the concrete with a satisfactory degree of
xniformity as defined by Annex Al.

10.4  Slump tests of individual samples taken atter dis-
charge of approximately 15 % and 85 % of the load may be
made for a quick check of the probable degree of uniformity
{Note 13). These two samples shail be obtained within an
elapsed time of not more than 15 min. If these slumnps differ
more than that specified in Annex Al, the mixer or agitator
shall not be used unless the condition is corrected, except as
provided in 10.5.

NoTE 13—No samples should be taken before 10 % or after:50.% of
the baich has been discharged. Duc'10 the difficulty of determining the
actual quantity of concrete discharged, the intent is 1o provide samples
that are representative of w:dcly scparated porticns, but oot the
beginning and end of the load. -

105 Use of the equipment. may be permitted when
operation with a longer mixing time, a smailer load, or a

more efficient charging sequence will permit the require-
ments of Annex Al to be met.

10.6 Mixers and agitators shall be examined or weighed

" routinely as frequently as necessary to detect changes in

condition due to accumulations of hardened concrete or
mortar and examined to detect wear of blades. When such
changes are extensive enough to affect the mixer perfor-
ma ce, the proof-tests described in Annex Al shall be
performed to show whether the correction of deficiencies is
reqmtad

i1. Mi.xing and Delivery
‘11.1 Ready-mixed concrete shall be mixed and delivered

. to the point designated by the purchaser by means of one of

the following combinations of operations:
11.1.1 Central-Mixed Concrete.

11.1.2 Shrink-Mixed Concrete. 72
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11.1.3 Truck-Mixed Concrete.

11.2 Mixers and agitators shall %c operated within the
limits of capacity and speed of rotation designated by the
manufacturer of the equipment.

11.3 Central-Mixed Concrete—Concrete that is mixed
completely in a stationary mixer and transported to the point
of delivery either in a truck agitator, or a truck mixer
operating at agitating speed, or in nonagitating equipment
approved by the purchaser and meeting the requirements of
"Section {2, shall conform to the following: The mixing time
shall be counted from the time all the solid materials are in
the drum. The batch shall be so charged into the mixer that
some water will enter in advance of the cement and
aggregate, and all water shall be in the drum by the end of the
- first one fourth of 1he specified mixing time.

11.3.1 Where no mixer performance tests are -made, the
acceptable mixing lime for mixers having capacities of 1 yd®
(0.76 m*) or less shall be not less than I min. For mixers of
greater capacity, this minimum shall be increased 15 s for
‘each cubic vard or fraction thereof of additional capacity.

[1.3.2 Where mixer performance tests have been made on
given concrete mixtures in accordance with the testing
program set- forth in the following paragraphs, and the
mixers have been charged to their rated capacity, the
acceptable mixing time may be reduced for those particular
circumstances 1o a point at which satisfactory mixing defined
in 11.3.3 shall have been accomplished.- When the mixing
time is 50 reduced the maximum time of mixing shall not
exceed this reduced“time by more than 60 s for air-entrained
congcrete.

11.3.3 Sampling for Siintformity Tests of Stationary
Mixers—Sampies of concrete for comparitive purposes shall
be obtained immediately after arbitrarily designated mixing
times. in accordance with one of the following procedures:

11.3.3.1 Alternative Procedure !—The mixer shall be
stopped. and the required samples removed by any suitable
means from the concrete at approximately equal distances
from the front and back of the drum, or

11.3.3.2 Alrernative -Procedure 2—As the mixer is being
emptied. individual samples shall be taken after discharge of
approximately 15 % and 85 % of the load. Any appropriate
method of sampling may be used, provided the samples are

- representative of widely separated portions, but not the very
_ ends of the batch (Note 13),
~11.3.3.3 The samples of concrete shall be tested in accor-
dance with Section 19, and differences in test results for the
two samples shall not exceed those given in Annex Al.
" Mixer performance tests shall be repeated whenever the
appearance of the concrete or the coarse aggregate content of
samples selected as outlined in this section indicates that
adequate mixing has not been accomplished.

11.4 Shrink-Mixed Concrete—Concrete that is first par-
tially mixed in a stationary mixer. and then mixed com-
pletely in a truck mixer, shall conform to the following: The
time of paniai mixing shall be minimum required to
intermingle the ingredients. After transfer to a truck mixer
the amount of mixing at the designated mixing speed will be
thal necessary to meet the requirements for uniformity of
concrete as indicated in Annex Al. Tests to confirm such

- performance may be made in accordance with 11.3.3 and

. 11.3.3.3. Additional turning of the mixer, if any, shall be at a

designated agitating speed.

11.5 Truck-Mixed Concrete—Concrete that i is completely

mixed in a truck mixer, 70 to 100 revolutions at the mixing
speed designated by the manufacturer to produce the unifor-
mity of concrete indicated in Annex A}l. Concrete unifor-
mity tests may be made in accordance with 11.5.1 and if
requirements for uniformity of concrete indicated in Annex
Al are not met with 100 revolutions of mixing, after all
ingredients including water, are in the drum, that mixer shall
not be used until the condition is corrected, except as
provided in 10.5. When satisfactory performance is found in
one truck mixer, the performance of mixers of substantially
the same design and condition of blades may be regarded as
satisfactory. Additional revolutions of the mixer beyond the
number found to produce the required uniformity of con-
crete shail be at a designated agitating speed.

11.5.1 Sampling for Uniformity of Concrete Produced in

Truck Mixers—The concrete shall be discharged at the

normal operating rate for the mixer being tested, with care
being exercised not to obstruct or retard the discharge by an
incompletely opened gate or seal. Separate samples, each
consisting of approximately 2 ft* (0.1. m® approximatety)
shall be taken after discharge of approximately 15 % and
85 % of the load (Note 13). These samples shall be obtained
within an elapsed time of not more than 15 min. The
samples shall be secured in accordance with Method C 172,
but shall be kept separate to represent specific points in the
batch rather than combined to form a composite sampie.

Between samples, where necessary to maintain slump, the -

mixer may be tumed in mixing direction at apitating speed.
During sampling the receptacle shall receiv:. 2 full dis-
charge of the chute. Sufficient personnel must e available to
perform the réquired tests promptly. Segregation during
sampling and handling must be avoided. Each sample shall
be remixed the minimum amount to ensure uniformity
before specimens are molded for a panticular test.

11.6 When a truck mixer or truck agitator is used for -

transporting concrete that has been compietely mixed in a
stationary mixer, any turning during transportation shall be
at the speed designated by the manufacturer of the equip-
ment as agitating speed.

.11.7 When a truck mixer or agitator is approved [or

- mixXing or delivery of concrete, no water from the truck water

system or elsewhere shall be added after the initial introduc-
tion of mixing water for the batch except when on arrival at
the job site the slump of the concrete is less than that
specified. Such additional water 1o bring the slump within
required limits shall be injected into the mixer under such
pressure and direction of flow that the requirements for
uniformity specified in Annex Al are met. The drum or
blades shail be turmed an additional 30 revolutions or more if
necessary, at mixing speed. until she uniformity of the
concrete is within these limits. Water shall not be added to

" the batch at any later time. Discharge of the concrete shall be

completed within |2 h, or before the drum has revoived 300

. revolutions, whichever comes first, after the introduction of

the mixing water to the cement and aggregates or the
introduction of the cement to the aggregates. These limita-
tions may be waived by the purchaser if the concrete is of
such slump afier the 142-h time or 300-revolution limit has

gl



water, to the batch. In hot weather. or under conditions
contributing. to quick stiffening of the concrete, a time less
than L' h'may be specilied by the purchaser.

1.8 Concrete delivered in cold weather shall have the
applicable minimum temperature indicated in the following
table. « The purchaser shall inform_the producer as to the type
ol construction for which the concrete is intended. )

Minimum Cencrete Temperature

Thin Sections and
Unformed Slabs

|.F

Heavy Secuans

Air Temperalure " and Mass Concrete

3010 45 60 50
0w 30 - ©bs ' ©oss
Below O 07 50
. ‘C

{17 16 10
—1& w0 ~] “1% 13
Below 138 B | 16

4

The maximum temperature of congcrete produced with
heated aggregates. heated water, or both, shail at no time
during its production or transportation exceed 90°F (32°C).

NOTE 14—When hot water is used rapi.d stiffening may occur if hot
water 15 brought in direct contact with the cement. Additional informa-

-tion on cold weather concreting is contained in ACI 306R.

11.9 The producer shall deliver-the ready mixed concrete
during hot weather at concrete temperatures as low as

. practicable, subject to the approval of the purchaser.
NoTE 15—In some situations difficulty may-be encountered when'

cancrete temperatures approach 90°F (32°C). Additional information
may be found in the Bureau.of Reclamation Concrete Manual and in
ACT JO5R. N

12. Use of Nonagitating Equipment

-

12.1 Central-mixed concrete may be transported in suit-
able nonagitating equipment approved by the purchaser. The
proportions of the concrete shall be approved by the pur-
chaser and the following limitations shall apply:

12.2 Bodies of nonagitating equipment shall be smooth, -

watertight, metal containers equipped with gates that will
permit control of the, discharge of the concrete. Covers shall

be provided for protection against the weather when reqmred )

by the purchaser

12.3 The concrete shall be delivered to the site of the work -~

in a thoroughly mixed and uniform mass and discharged
with a satisfactory degree. of umniformity as prescribed in
Annex Al.

12.4 Slump tests of individual samples taken afier dis-
charge of approximately 15 % and 85 % of the load may be

" made for a quick check of the probable degree of uniformity

{Note 13), These two samples shall be obtained within an
elapsed time of not more than 1§ min, If these shumps differ
more than that specified in Table Al.1, the nonagitating
equipment shall not be used unless the conditions are
corrected as provided in 12.5.

12.5 If the requirements of Annex Al are not met when

the nonagitating equipment is operated for the maximum

time of haul, and with the concrete mixed the minimum
time, the equipment may still be used when operated using
shorter hauls, of longer mixing times, or combinations

thereof that will result in the requirements of Annex Al

being met.
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__been_reached_that_it.can besplaced.-without -the-addition-of —

13 "Inspéction: Materials, Produmou, Delner\

13.1 The manufacturer shall afford the inspector all -

reasonable avcess, without charge, for muking necessary
checks of the production facilities and for securing necessary
samples 10 determine if the concrete is being produced in

accordance with this specification. All tests and inspection

shall be so conducted as not to interfere unnecessarily with
the manufacture and delivery of the concrete,

‘Inspectinn of Fresh Concrete and Sampling

14.1 The contractor shall atford the inspector all reason-
abie access. without charge. tor the procurement of sampies
of fresh concreie at time of placement to determine conform-
ance of it to this specification.

14.2 Samples of concrete shall be obtained in accordance
with Method C 172, except when taken to determine unifor-
mity of slump within any one batch or load of cuncrete

" {10.4,11.3.3, 11.5.1. and 12.4).

14.3 . The individual who samples and tests concrete to
determine if the concrete is being produced in accordance

* . with this specification shall have demonsirated a knowledge

and ability to perform the necessary test procedures equiva-
lent to the minimum guidelines for certification of Concrete
Field Testing Technicians, Grade 1 in accordance with ACl
CP-2 (Note 16). .

NOTE 16—Personnet of laboratories accredited for Testing Freshly
Mixed Field Concrete under the Nationat Voluntary Laboratory Accred-
itation Program (NVLAP) should be considered equivaient to AC!
Grade-|. :

14.4 Whei. e swrength of concrete is used as 4 basis for

acceptance, the manufacturer shall be entitled 10 cop:es of all

1est reports.

15. Slump and Air Content

15.1 Slump and air-content tests shall be made at the time
of placement at the option of the inspector as often as is
necessary for control checks and acceptance purposes, and
always when strength specimens are made (17.2). .

15.2 If the measured slump or air content falls outside the
‘specified limits, a check test shall be made immediately on
another portion of the same sample. In the event of a second

. :failure, the .concrete. shall be considered to have failed the

requirements -of the spcciﬁcation.

16. Batch Ticket Information

16.1 The manufacturer of the concrete shall furnish to the
purchaser with each batch of concrete before unloading at
the site, a delivery ticket on which is printed, stamped, or
written, information concerning said concrete as follows:

16.1.1 Name of ready-mix batch plant,

16.1.2 Serial number of ticket,

16.1.3 Date, .

16.1.4 Truck number,

16.1.5 Name of purchaser,

16.1.6 Specific designation of job (name and location).

16.1.7 Specific class or designation of the concrete in
conformance with that employed in job specifications,

16.1.8 Amount of concrete in cubic vards (or cubic
'metres),

16.1.9 Time loaded or of first mixing of cement and

tes, and
aggrega /o
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16.1.10 Water added by receiver of concrete and his
initials,

16.2 Additional information for certification purposes as
designated by the purchaser and required by the job specifi-
cations shall be furmshed when requested; such information
may include:

16.2.1 Reading of revolution counter at the first addition
" of water,
"16.2.2 Type and brand, and amount of cement,
16.2.3 Type and brand, and amount of admixtures,
16.2.4 Information necessary to calculate the total mixing
water.added by the producer. Total mixing water includes
free water on the aggregates, water, and ice batched at the
' plant, and water added by the truck operator from the mixer
tank,
16.2.5 Maximum size of aggregate,
~16.2.6 Weights of fine and coarse aggregate,
. 16.2.7 Ingredients certified as being previously approved,
and

£6.2.8 Signature or initials of ready-mix representative.

" 17. Strength

.17.1 *When strength is used as a basis for accemance of
concrete. standard specimens shall be made in accordance to
‘Method C 31. The specimens shall be cured under standard
moisture and temperature conditions in accordance with
Sections 8.2 and 8.3 of Method C 31 (see Section 19).

17.2 Strength tests as well as slump and air content tests
shal! generally be made with a frequency of not less than one
"est for each 150 yd? (115 m?). Each test shall be made from
a separate batch. On each day concrete is delivered, at least
one strength test shall be made for each class of concrete.

17.3 For a strength test, at least two standard test speci-
mens shall be’ made from a composite sample secured as
required in Section 14. A test shal!l be the average of the
strengths of the specimens tested at the age specified in 6.3.!
or 6.4.1 (Note 17). If a specimen_shows definite evidence

other than low strength. of improper sampling. molding, -
handling, curing, or testing, it shall be discarded and the

strength of the remaining cylinder shal} then be considered
the test result,

NoTe !7—Additional tests may be made at. other ages to obtain

information on the adequacy of the strength development or to check.

the adequacy of curing and protection of the concrete, Specimens made

w0 check the adequacy of curing and protectign should be cured in )

accordance with 8.4 of Method C 31.

17.4 The representative of the purchaser shall ascertzin

‘and record the deliverv-tickét number for the concrete and
the exact location in the work at which each load represented
* by a strength test is deposited. -
_ 17.5 To conform to the requirements of this specification,
the average of all of the strength tests (see 17.3) representing
each class of concrete shall be sufficient to ensure that the
following requirements are 'met (Note 18 dand Note 19).

17.5.1 For concrete in structures designed by the working

siress methed and all construction other than that covered in
17.5.2. nct more than 20 % of the strengthtests shail have

values less than the specified s -agth, /' and the average of
any six consecutive strength tests (Note 18} shall be equal 10
or greater than the specified strength.

17.5.2 For concrete, in structures designed by the ultimate
strength method and in prestressed structures, not more than
10 % of the strength tests shall have values less than the
specified strength, /', and the average of any three consecu-
tive strength tests (Note 19) shall be equal to or greater than
the specified strength.

Note 18—Due to vaniations in materials, operations. and testing, the
average strength necessary to meet these requirements will be substan-
tially higher than the specified strength. The amount higher increases as
these variations increase and decrease as they are reduced. This is a
function of the coeificient of variation and other tactors of control
explained in ACI 214. Pertinent data will be found in Tabie 4.

Note |9—When the number of tests made of any class of concrete
total six or less, the average of all the tests shall be equal to or greater
than shown in the following table:

Required Average Strength of
Consecutive Tests, /.

No. of Tesis. Section 17.5.) Section 17.5.2
: 1 0.79 0.36
2 0.90 0.97
3 0.94 1.02
4 0.97 1.05
5 0.99 1.07
6 .00 1.08

18. Failure to Meet Streagth Requirements

18.1 In the event that concrete tested in accordance with
the requirements of Section 17 fails to meet the strength
requirements of this specification. the manufacturer of the
ready-mixed concrete and the purchaser shall confer to

determine whether agreer nt can be reached as to what .
adjustment, if any, shall e made. If an agreement on a’
mutually satisfactory adjustment cannot be reached by the

manufacturer and the purchaser, a decision shail be made by
a panel of three qualified engineers. one of whom shall be
designated by the purchaser, one by the manufacturer, and
the third chosen by these two members of the panel. The
question of responsibility for the cost of such arbitration
shall be determined by the panel. Its decision shall be
binding, except as modified by a court decision.

19. Methods of Sampling and Testing

19.1 Test ready-mixed concrete m accordance with the
following methods: )

19.1.1 -Compression Test Speamens-—Method C 31, us-

" ing standard moist curing in accordance with 9.2 and 9.3 of -

Method C 31,
19.1.2 . Compression Tcsts—]'est Melhod C 39

. 19.1.3 Yield Weight per Cubic Foor—Test Method
C 138
19.1.4 Air Conlen:—'l'est Methed C 138; Test Method

C 173 or Test Method C 231.

19.1.5 Slump—Test Method C 143.

19.1.6 Sampling Fresh Concrete—Method C 172,

19,2 The testing laboratory performing acceptance tests of
concrete shall meet the requnrements of Recommended
Practice E 329,

73
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AVERAGE STRENGTH REQUIREMENTS FOR LIMITiNG PROBABILITY OF TESTS FALLING BELOW THE SPECIFED STRENGT=. ! ., TO Ome Out OF Eveny Ten ﬂ;rs T

COEFFICIENT QF VARIATION

5

0

15

20 75
RecuireD OvERDESIGN FACTOR .07 1.18 1.24 V34 L
DesiGn STRENGTH REQUIRED AVERAGE STRENGTH*

2000 PS5 2140 f=1k] 2480 2880 2va0

' 2500 PSI 2675 2875 10g 1350 1615

3000 PSI ane 3450 70 030 4420

1500 PSI 1745 w25 4340 800 Stas

4000 PSI 4210 4590 4860 5382 5880

4500 PSI s 7s 5580 6030 85:5

5000 PSI 5340 $740 8200 6720 7360

AVERAGE STRENGTH REQUIREMENTS FOR LIMITING PROBABILITY OF TESTS FALLING BELOW THE SPECIFIED STRENGTH, f ‘., TO One OuT OF EveRy Fivg Tests

COEFFICIENT OF VARIATION

10

15 20 25
RecuineD. OvERDESIGN FACTOR 1.04 1.08 ) T1.04 v L2
DESIGN STAENGTH REQUIRED AVERAGE STAENGTH*
2000 PS5 2080 180 2280 : 2400 2050
2300 PSI 2600 2128 2850 3000 - 240
- 3000 PSI 20 e T 3420 3600 3819
3500 PSI 3040 3820 3990 4200 4450
4000 P8I 4180 4260 4580 800 5080
4300 PSI 80 910 510 5400 5720
3000 PS5 5200 5450 5700 8000 5350

4 Computed from Eq 4-1 and values of *t” for more than 30 sampies from Table 4.1 (ACI 214-T7). in the sbsence of statistical experierce a coefficient of vanation of

20 % shall be assumed.

~

i.J

ANNEX

(Mandatory Information)

Al; CONCRETE UNIFORMITY REQUIREMENTS

Al.} The variation within.a baich as provided in Table
Al.l shall be determined for each property listed as the
difference between the highest value and the lowest value
obtained from the different portions of the same batch. For
this specification the comparison will be between two sam-
ples, representing the first and last portions of the batch

. being tested. Test results conforming to the limits of five of

the six tests listed in Table Al.l shall indicate uniform
concrete within the limits of this specification.

A1.2 Coarse Aggregate Content, using the washout test, .

shall be computed from the following relations:
‘ . . Pa(c/b)x 100
where: '

P = weight % of coarse aggregate in concrete,

¢ = saturated surface-dry-weight in 1b (kg) of aggregate

retained on the No. 4 (4.75-mm) sieve, resulting from
washing all material finer than this sieve from the fresh
concrete, and

b = weight of sample of fresh concrete in umit weight

container, Ib (kg).

Al.3} Unit Weight of Air Free Moriar shall be calculated as
follows: ‘

Inch-pound units:

rof¥xd, _ o
‘ ( 100 Y Gx 62.4)
Metric units: .
M = ” b =C
: xA ¢
V‘_( 00 * 10000)

where: T

M = unit weight of air-free mortar, 1b/fi* (kg/m?),

b = weight of concrete sample in unit weight container, b
(kg), :

¢ = saturated surface-dry-weight of aggregate retained on
No. 4 (4.75-mm) sieve, Ib (kg),

V = volume of unit weight container, ft> (m?),

A = air content of concrete, %, measured in accordance
with 18.1.4 on the sample being tested, and

G = specific gravity of coarse aggregate (S5D).

44
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TABLE A1.1 Requirements for Uniformity of Concrote

Requirement. Expressed as

Maximum Permisaible Difference in |

Test - Resuits of Tests of Semgies
Taken from Two Locations
in the Concrete Batch
Weight per cubic 100t (weight per cute: metre) caiculated to &n air-free basis, b/t (kg/m?) 1.0 (1€)
Air content, volume % of concrete 19
Sump: .
If average siump 15 4 in, (102 mm) or less, in, (mm) 1.0 (25)
Il average siump is 4 to 8 n. (102 to 152 mm), i . (mm) 1.5 (38)
Coarse aggregate content, portion by weight of aach sample retsined on No. 4 (4,75-mm) sieve, % 6.0
Unit weight of air-free mortar pased on average for ail comparative sampies tested, %. 1.6
Average comprassive strength at 7 days for each sampie,” basad on average strength of all comparative test specimens, % 7.5¢

4 *Test for Vanabidity of Constituents in Concrete,” Designation 26, Bursau of Reclamation Concrefe Manusi, Tth Eonm Availabla from Superintendent of Documents,

U. S. Government Printing Office, Washington, DC 20402,
BNotmmacwmwmmmmmwummwwm
€ Tentative appmvalonhe mxermaybug‘mtedpuﬂmmsﬁboﬂ'u?daywmamm tests,

.

The American Sociaty for Testing and Matoriais takes no position respecting the validity of any patent rights asserted in cﬁnnccrion
with any itern mentionad in this standard, Users of this standerd are expressiy advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, are omrw their owr responsibility.

This slanoard is subject to revision at any time by the roqpmubb tachnical commime and must be reviewed every five years and
i not revised, either reaporoved or withdrawn. Your comments are invited efher lor revision of this standard or for additional stanaards
and shou/d be addrassed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
tecnnical commiltes, which you may attend. if you foel that your commaents have not raceived a fair hearing you should make your

views known to the ASTM Committes on Standards, 1916 Race St., Philadeiphia, PA 19103,
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i. Scope

I.1 This method covers determination ot the weight per
cubic foot or cubic metre of freshly mixed concrete and gives
formulas for calculating the vield, cement content, and the
air content of the concrete. Yield is defined as the volume of
concrete produced. from a mixture of known guantities of
the component materials.

1.2 The values stated in mch pound units are 1o be
regarded as the standard.

2. Referenced Documents

2. ASTM Standards:
“C 29 Test Method for. Unit Weight and Voids in

Aggregate

C 150 Specification for Portland Cement??

C 172 Method of Sampling Freshly Mixed Concrete?

C 188 Test Method for Density of Hvdraulic Cement’®

C 23t Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method?

3. Symbols

= air‘content {percentage of voids} in the concrete
actual cement content, Ib/yd® or kg/m?
g weight of cement in the batch, Ib or kg
v refative yield '
theoretical weight of the concrete computed on an
airfree basis, Ib/ft* or kg/m? (Note 1)
= total absolute volumc of the component mgrcdncms
in the batch, fi* or m?
unit weight of coacrete, 1b/ft* or kg/m3 '
total weight of all materials batched, Ib or kg (Note
2) N
volume of concrete produced per batch, yd* or m?
volume of concrete which the batch was designed to
" produce, yd* (m?)
Y, = volume of concrete produced per batch, ft?

NoTE |—The theoretical weight per cubic foot or cubic metre is,
customarily, a laboratory determination, the value for which is assumed

Rz
oo

' This method is under the jurisdiction of ASTM Committee C-9 an Concrete
and Concrete Aggregates and 1s the direct responsibility of Subcommittes
C0%.03.03 on Methods of Testing Fresh Concrere.

Current edition approved June 26, (981, Published August 1981. Originally
published as C 138 - 38 T. Last previous edition C 138 - 77.

* Annual Book of ASTM Standards, Vol (4.02.

* Annial Book of ASTM Standards. Yol 04.01.

we by e Dopartment of Deterse, ¢ ot the Dodv Endos of Npeciiic W
st vear of sone w el bas e o Jr.".npn_r bt otk Depurtonent o Deicnse

utddids Jor the

to remain constant for all batches made using identical camperes:
ingredients and proporstions. It is calculated trom the equatan.

T=w,v .
The absolute volume of each ingredient in cubic fect is equal o the

" quotient of the weight of that ingredient divided by the prodact ol its

specific gravny times 62.4. The absolute volume of eact: ing-edient in
cubic metres is equal 10 the weight of the mgredlenl in kilograrns divided
by 1000 times its specific gravity. For the aggregate cGraponents. the
bulk specific gravity and weight shouid be based on the saturated.
surface-dry condition. For cement. the actual specific gravity should te
determined by Test Method C 188. A value of 3.15 mav be used for

-cements manufactured 1o meet the requirements of Specification C | 5.

NOTE 2—The iotal weight of all materials batched is the sum of the
weights of the cement, the fine aggregate in the condition usel, the
coarse aggregate in the condition used. the mixing water added to the
baich and any other solid or liquid materials us

4. Apparatus

4,1 Balance—A balance or scale accurate to within 0.3 ¢
of the test load at any point within the range of use. The
range of use shall be considered to extend from the weight of’
the measure empty to the weight of the measure pius its
contents at 160 1b/ft? (2600 kg/m?).

4.2 Tamping Rod—A round, straight steel rod, ¥ in. (16
mm) in diameter and approximately 24 in. (600 mm) in
length, having the tamping end rounded to a hemisphericai
tip the diameter of which is ¥s in. :

4.3 “Internal Vibrator—internal vibrators mav have rigid
or flexible shafts, preferably powered by electric motors. The
frequency of vibration shall be 7000 vibrations per minute or
greater while in ‘use.” The outside diameter or the side

-dimension of the vibrating element shall be at least 0.75 in.

{19 mm) and not greater than 1.50 in. (38 mm). The length
of the shaft shall be at least 24 in. (600 mm).

4.4 Measure—A cytindrical container made of steel or
other suitable metal (Note 3). It shall be watentight and
sufficiently rigid to retain its form and calibrated volume
under rough usage. Measures that are ma- hined to accurate
dimensions on the inside and provided with handles are
preferred. The minimum capacity of the measure shall
conform to the requiremenis of Table 1. All measures.
except for measuring bowls of air meters which are also used
for Test Method C 138 tests, shall conform to the require-
ments of Test Method C 29. When measuring bowis of air
meters are used, they shall conform to the requirements of

Test Method C 231. The top rim of the air meter bowls shall

be smooth and plane within 0.01 in. (0.25 mm).
Fé
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TABLE 1 Minimun Capacity of Maasures

Nomunal Maximum Size
of Coarse Aggregate *

Capacity of Messure. min %

. mm f?

1 25.0 0.2 ]
14 37.5 0.4 1
2 . 50 0.5 14
3 75 1.0 28
42 114 2.5 . 71
L] 152 3.5 99

“ Aggregate of a gven nominagl Maumum SZe may contan up 10 10% of
particies ;etained on the sieve re‘erred 1o

8 To provide for wear, measures may be up to 5 T smafler than indicated in this
tabia.

NOTE J—The metal should not be readily subject to attack by
cement paste, However, reactive matenals such as alurmnum alloys may
te usad :n instances where as a consequence of an initial rzaction, a

“su-facs film s rapidly formed which precects the mieral against further
C()lT:)SlOI’l

NoTe 4-—The lop rim is satisfactority plane if 4 0.01-in. {0.25-mm)
leeler gage cannot be inserted between the nim and a piece of '4 in. (6
.mm; Jr thicker plate glass laid over the 1op of the measure,

4.5 Strike-Off Plate—A flat rectangular metal plate at
least 2 1n. {6 mm) thick or a glass or acrylic piate at least /2

in. (12 mm) thick with a length and width at least 2 in. (50

mm} greater than the diameter of the measure with which it
is 10 be used. The 2dges of the plate shall be straight and
smooth within 2 tolzrance of 6 10, {1.5 mm).

4.6 Calibration Equipmeni—A piece of plate glass. prefer-
ably at least s in. (6 mm) thick and at least 1 in. (25 mm)
larger than the diameter of the measure 1o be calibrated. A
supply of vater pump or chassis grease that can - placed on

hc r:m of the container to prevent leakage.

Mailei—a mallet {with a rubber or rawhide head)
wnghms aporoximately | 25 *=0.5C b (0.57 £ 0.23 kg) for
use with measures of 0.5 ft? {14 dm”) or smaller, and a matlet
weighing approximately 2.25 = 0. 50 Ib(l1.02 £ 0. 73 kg) for

“use with measures larger than 0.5 fi*.

§. Calibration of Measure

5.1 Calibrate the measure and determine the factor used
t convert the weight in pounds or kilograms contained in
the measure 10 weight in pounds per cubic foot or kilograms

per cubic metre, Follow the procedure. outlined in Test

Methad C 29, Measures shali be recalibrated at least once a
veur oT whenever there 1s reusor to question the accuracy of
the ¢al.hration. .

" 6. \ample
6.1 Obtain the sample of ftreshly mixed Lor.crete in
accondz :nee with Method C 172.

T Pmccdure

7.0 Compact measures smailer than 0.4 ®° (i1 dm¥) by
rxiding because of the danger of excessive loss of entrained

zir. For measures 0.4 ft* or larger. hase the selection of the

methad of 2onsoli-dinion on the slumn, unless the merthod is
stz ir the specificanons under which the wark is being
nertormed. The mathods of consolidation are roddineg and
aterral vibration. Rod conceretes with a slump grzater than 3
e (75 mm), Rod or vibrate concrete with a sfump of 1o 3
in. (2% 10 7% mm). Con<olidate concretes with a slump less

than 1 in. (25 mm) by vibration.

NoTe 5—The nonplastic concrete, such as is commonly used in the
manufacture of pipe and unit masonry, is not covered by this method.

7.2 Rodding—Place the concrete in the measure in th. ee
layers of approximately equal volume. Rod each layer with
25 strokes of the tamping rod when the 0.5 fi® (14 dm’) or
smaller measures are used and 50 strokes when the | fi® (28
dm*) measure is used. Rod the bottom layer throughout its

depth but the rod shall not forcibly strike the bottom of the

measure. Distribute the strokes uniformly over the cross
section of the measure and for the top two layers, penetrate
about | in. (25 mm) into the underlying layer. After each
layer is rodded, tap the sides of the measure smartly 1010 5
times with the appropnate mallet (see 4.7) to close any voids
left by the tamping rod and to release any large bubbles of air
that may have been trapped. Add the final layer so as o,
avoid overfilling.

7.3 Internal Vibration—Fill and vibrate the measure in
two approximately equal lavers. Place all of the concrete for
each layer in the measure before starting vibration of that
layer. Insert the vibrator at three different points for each
faver. In compacting the botiom layer. do not allow the
vibrator to rest on or touch the bottom or sides of the
measure. In compacting the final laver; the vibrator shall
penetrate into the underlying laver approximately | in. (25
mm)}., Take care that the vibrator is withdrawn in such 4
manner that no air pockets are left in the specimen. The
duration of vibration required will depend upon the work-
ability of the concrete and the effectiveness of the vibrator
{Note 6). Continue vibration only long enough to achieve
prop-r consolidation of the concrete (Note 7). Observe a

* constant duration of vibration for the particular kind of

concrete, vibrator, and measure invoived,

Note 6—Usually, sufficient vibration has been applied as soan as the
surface of the concrete becomes relativelv smooth. -

Note 7-—Overvibration may cause segregation and loss of appre-
clable quantities of intentionally entrained air. _

7.4 On completion of consolidation the measure must not
contain a substantial excess or deficiency of concrete. An
excess of concrete protruding approximaiely /2 in. (3 mm)
above the top of the mold is optimum. A small quantity of
concrete may be added to correct a deficiency. If the measure
contains a great excess of concrete at completion of consoli-
dation, remove a representative portion of the excess con-
crete wiith a trowel or scoop immediately following comple-
tion of consolidation and before the measure is strick-off.

7.5 Strike-Off—afier consolidation, strike-cff the top sur-
face of the concrete and finish 1 smoothly with the flat
strike-off plate using great care 10 leave the measaru just level
full. The strike-off is best accomplished hy pressing the
strike-off plate on the top surface of the measure 1o cover
about two thirds of the surface and withdrawing the plate
with a sawing motion to finish oniv the area originally
covered. Then place the plate on the top of the measure to
cover the original two thirds of the surface and advance it
with a vertical pressure and a sawing motion to cover the
whole surface of the measure, Several tinal strokes vath the
inctined edge of the plate will produce a smooth finished
surface. .

7.6 Cleaning and Weighing—After strike-off. clean all
excess concrete from the exterior of the measure and
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-~ ~— ——= determini€ the niet weight of the concrete in the measure to an

accuracy consistent with the requirements of 4.1,

8. Calculations

8.1 Unit Weight-—Calculate the net weight of the concrete
in pounds or kilograms by subtracting the weight of the
measure from the gross weight. Calculate the unit weight, W,
by multiplying the net weight by the calibration factor for the
measure used, determined according to Test Method C 2

8.2 Yield—Calculate the yield as follows:

' Yo%) = W,W
or,
Nyd*) = W1/(27 W)
or,

Y(m’) W /W

8.3 Relative Yield—Relative yield is the ratio of the actual
volume of concrete obtained to the volume as designed for

9, Precision

the batch caléulated as i'ollows '
R, =¥/,

NOTE 8—A value for R, greater than 1.00 indicates un ewcess of
coucrele being produced whereas a value iess than nis ansdicates the
batch to be ~“short™ of its desighed volume,

8.4 Cement Content—Caiculate the actual cement con-
tent as follows:

N=N/Y
8.5 Air Content—Caliculate the air content as foliows:
A =T~ Ww)T]x 100
or, ,
A =[(¥,— ¥)/¥,] x 100 (tnch-pound units)
or,
A= [(Y - /Y] x 100 (81 units)

9.1 Data are being compiled and developed that will be
suitable for use in developing precision statements for this
test method.

ThnAmork:m Society for Testing and Materials takes no posgion respecting the vaiidity olmypatémragm.s asseried in ccnnection
with &ny item mentioned in this standard. Users of (his standard are expressly advised that determination of the vaﬂd:ry of any such
patent rights, and the risk of infringement of such rights, are etmrdy fhur own responsibility. - .

This stendard is subject (o revision at any lime by the responsidie technical commitiee and must be reviewsd every five years and
it not revized, either respproved or withdrawn, Your comments are invitad either for revision of this standard or for acdditional standards
and shouid be addressed (0 ASF-Headquarters. Your comments will receive careful considerstion at a meeting of the respon'nbra
tochnical committes, which you may attend. i you feel that your comments have not received a lair hearing you shouid make -
views known (0 the ASTM Committee on Stendards, 1916 Race St., Philadeiphia, PA 19103.
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Standard Test Method for

An Amencan National Standard

¥  Slump of Portland Cement Concrete’

This standard is issued under the fixed designation C 143; the number immediately following the designation indicates the year of
originiad adoption or, in the case of revision, the year of Jast revision. A number in parcntheses mdlcau:s the year of last reapproval. A
SUPCErsCIIpl cpsx!cm (¢) indicates an editorial change since the last revision or reapproval,

Standards.

This method has been upproved for use hy agencies of the Depariment of Defense and for listing in the DoD Index of Sp«::f cations and

L NoTE—Section 2 was added cf'.litot'ially and subsequent sections renumbered in August 1985,

1. Scope

1.1 This test method covers detérmination of slump of
concrete. both in the laboratory and in the field.

. NOTE |—This test method is considered apphcable 1o plastic con-
crete hawng OaTse ARTERALE UP 10 1% in. (38 mm) in size. If the coarse
aggrogate is larger than 14 in. in size. the method is applicable when it is
made on the fraction of concreie passing a 1%-in. sieve with the larger
aggregaie being removed in accordance with Section 4 of Method C 172,
This test metnod is not considered applicable to nonplastic and
noncohasive concrete.,

1:2 The values stated in inch-pound units are to be
regarded as the standard. The metric equivalents of inch-
pound units may be approximaie.

1. Referenced Document

2.0 ASTM Srundard:
€172 Me..d of Sumpling Freshly Mixed Cancrete?

5. Apparatus

3.1 Aold—The test specimen shall be formed in a mold
mad« of metal not readily artacked by the cement paste. The
mazal shall not be thinner thar No. 16 gage (BWG) and if
formed by the spinning process, there shall be no point on

" the moid at which the thickness is less than 0.045 in. (1.14
mm}. The meld shall be in the formn of the lateral surface of
the trustum of a cone with the base ® in. (203 mm) in
diamater. the top 4 in. ((02 mm) in diameter, and the height
17 in. (3035 mm), Individua diameters and heights shall be
withir +% in. (3.2 mm) of the prescribed dimensions. The
tase a ud the op shal be open and parallel to each other and
at night angles 1o the axis of the.cone. The mold shali be

. .prowdcd with foot pieces and handles similar to those shown

irn Fig. 1. The mold may be constructed either with or

' This wst method is under the jurisdiction of ASTM Committee C-9 on
Cuacrste and Concrete Aggregates and is the direct responsibility of Subcommittee
C 0303 on Mathods of Testing Fresh Concrete. &

Current edition appraved June 30, 1973, Published August i978. Originally
juhished as D 138 - 22 T. Last previous edition 143 - 74,

S tanudd Bovk af ASTM Standeras, Vol 04.02.

without a seam. When a seam is required, it should be
essentially as shown in Fig. 1. The interior of the mold shail
be relatively smooth and free from projections such as
protruding rivets. The mold shall be free from dents. A mold
which clamps to a nonabsorbent base plate is acceptable
instead of the one illustrated provided the clamping arrange-
ment is such that it can be fully released without movement
of the mold.

3.2 Tamping Rod—The tamping rod shall be a round,.
straight steel rod % in. {16 mm) in diameter and approxi-
mately 24 in. (600 mm) in length, having the tamping end
rounded to a hemispherical tip the diameter of which is % in,

4. Sample

4.1 The sample of concrete from which test specimens are
mace shall be representative of the entire batch. It shall be
obtained in accordance with Method C 172,

S. Procedure

5.1 Dampen the mold and place it on a flat, moist,
nonabsorbent (rigid) surface. It shall be held firmly in place
during filling by the operator standing on the two foot pieces.
From the sample of concrete obtained 1n accordance with
Section 4, immediately fill the mold in three lavers, each
approximately one third the volume of the mold.

NoTE 2—One third of the volume of the slump mold fills it to a
depth of 2% in. (67 mm); two thirds of the volume fills it 10 a depth of
6% in. (155 mm).

5.2 Rod each layer with 25 strokes of the tamping rod.
Uniformly distribute the strokes over the cross section of
each layer. For the bottor layer this will necessitate inclining
the rod slightly and making approximately half of the strokes
near the perimeter, and then progressing with vertical strokes
spirally toward the cenier. Rod the bottom layer.throughout
its depth. Rod the second layer and the top laver each
througnout its depth, so that the strokes just penetrate into
the underlying layer. '

5.3 In filling and rodding the top layer, hewp the concrete

"above the mold before rodding is siarted. If the rodding
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FIG. 1 Mold for Slump Test

+

operation results in subsidence of the concrete beiow the top

. S S
--- -—~ -edge-of-the mold, add-additional concrete 10 keep an ex ess

of concrete above the top of the mold at all times. After the
top layer has been rodded.-stnke off the surtace of the
concrete by means of a screeding and roliing motion of the
tamping rod. Remove the mold immediateiv from the
concrete by raising it carefully in a vertical direction. Raise
the mold a distance of 12 in. (300 mm) in 5 = 2 5 by a steac
upward lifl with no lateral or torsional motion. Compxete the
entire test from the start of the filling through removal of the
mold without 1merrupt:on and Lomplete it within an elapsed
time of 2 min.

5.4 Immediately measure the slump by determining the
vertical ‘difference between the top of the mold and the
displaced onginal center of the top surface of the specimen.
If a decided falling away or shearing off of concrete from one
side or portion of the mass occurs (Note 3). disregard the test
and make a new test on another portion of the sample.

‘NotE 3—If two conseéutive tests on a sample of concrets show &
falling away or shearing off of a portion of the concrete from the mass of

the specimen, the concrete probably lacks ‘necessary plasticity and
cohesiveness for the slump test to be applicabte.

6. Report

6.1 Record the slump in terms.of inches (millimetres) to
the nearest ' in. (6 mm) of subsidence of the specimmen

- dunng the test as follows:

. Slump = 12 — inches of hcight after subsidf:ﬁce

7. Precision and Bias

7.1 Data are bemg compiled and developed that mll he
suitable for use in developing prccxslon statements for this
test method.

The American Society for Teating and Materials takas no Dosition respecting the validity of any patent rights assertsd in connection
with any dem mentioned in this standard. Users of this standard ere expressly acvised that determination of the validiy of any such
paterx rights, and the risk of infringement of such rights, are entirely their own responsibility. :

t This stancard i subject (0 revision af any time by the responsible technical committes and mus? be reviewed every five years and
if not revised, sither reapproved of withdrawn. Your COMMants ara invited either for revision of this standard or for agditional standards
and showd be addressed to ASTM MHeadquerters. Your commeants will receive carefui consideration at a meeting ol the rasponsibie
technical committos, which you may attend. If you feel that your comments have not received a air heering you should make your
mmmmmmcmamm 1916 Race St., Philacieiphia, PA 19103,

't
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qﬂ]}’ Designation: C 172 ~ 82

- ©tandard Method of

Sampling Freshly Mixed Concrete'

This standard is issued under the fixed designation C 172; the number immediately following the designation indicates the vear of
originaj adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon’ (¢) indicates a0 editorial change since the last revision or reapproval.

This method has been approved for use by agenrtes of the Department of Defense and for listing in :he DoD Index of Specifications and

Srandardf

1 Scope ’ .

.} This method covers proccdurcs for obta.lmng repre-
sentative samples of fresh concrete as delivered to the project
site. on which tests are to be performed to determine
compliance witn guality requirements of the specifications
under which the concrete is furnished (Note 1), The method
insludes sampling from stationary, paving and truck mixers,
- and from agltaung and nonagitaiing equipment uscd to
transport central-mized concrete.

{ 2 The values siated in inch-pound units are to be
regarded as the standard. The metric equivalents of inch-
pound units may be approximate,

NnTe | —Composite samples are required by this method. unless
saecifically excepted by procedures governing the tests to be perfonmed
such as tests 10 detzrmine uniformity of consistency and mixer
efticiency. Procedures used to select the specific test batches are not
dzscribed in this method. but it is recommended that random sampling
De used to Jdewermine over-all specification compliancc

1.3 Th - sethod also cover< the prrJt.cdures to be used for
prepaiis. .. saniple of concrete for further testing where it is
desirable or necessary to remove the aggregate larger than a

designated size. This removal of larger aggregate particles is
preferably accomplished by wet-sieving.

2. Referenced Document

.Ii ASTM Standard.

Ei1 Specification for Wire-Cloth Sieves for Testing
Pufpows

3. Sempling

*. 3.1 The efapsed time between obtaining the first and final
.cortions of the composite sample shall be as short as
possicle. but in no instance shall it exceed |5 min.
i.i.1 Trancpon the individual samples to the place where
fresh concrete tests are to be performed or where test
‘specimzus.are to be molded. They shall be combined and
remived with a shovel the minimum amount necessary to
CRAUTC uni!'ormity and compliance with the minimum time
lrnus spu:m-'d in 3.1.2
2 Start tests for slump or air coment or both, within 3
min vu obtaining the final portion of the composite
camiie. Complete these tests as expeditiously as possible.

Tai micthod o5 under the surisdiction of ASTM Committee C-9 on Concrete
Gfd wenerets Aggregaws and is the direc: respynsibality of Subcommaties
€8 203 Lk Matheds of Testing Fresh Concrete.

Turert edition approved May 38, (1982, Published Yuly- 1982, Driginally

Cpubbshet A C 172 - 420 Last previous élinon € 172 - 71 (197D,

P onnicd Book of 1STAL Standurds, Vobs $4.02 and 1401,

Start molding specimens for strength tests within 15 min

after fabricating the composite sample. Keep the elapsed

time between obtaining and using the sample as shonrt as
possible and protect the sample from the sun, wind, and
other sources of rapid evaporation, and from contamination.

4. Procedure

4.1 Size of Sample—Make the samples to be used for
strength tests a minimum of 1 ft* (28 L). Smaller samples
may be permitted for routine air content and slump tests and
the size shall be dictated by the maximum aggregate size.

4.2 The procedures used in sampling shail include the use
of every precaution that will assist in obtaining samples that
are truly representaiive of the nature and condition of
concrete sampled as follows:

NoTe 2~Sampling should normally be performed as the concrete is
delivered from the mixer ta the conveying vehicle used to transport the

concrete to the forms; however, specifications mav require other points *

of sampling, such as the discharge of a concrete pump.

4.2.1 Sampiing from Stationary Mixers, Except Paving
Mixers—Sample the concrete at two or more regularly
spaced intervais during discharge of the middle portion of
the batch. Take the samples, so obtained, within the time
limit specified in Section 3, and composite them into one
sample for test purposes. Do not obtain samples from the
very first or last portions of the batch discharge. Parform
sampling by passing a receptacle completely through the
discharge stream, or by completely diverting the discharge
into a sample container. If discharge of the concrete is too
rapid 1o divert the compiete discharge stream, discharge the

concrete into a container or transportation unit sufficiently

large 10 accommodate the entire batch and then accomplish
the sampling in the same manner as given above. Take care
rot to restrict the flow of concrete from the mixer, contairer.
Or iransportation unit so as to cause segrcganon These
requirements apply to both tilting and nonulnng mixers.

4.2.2 Sampling from Paving Mixers—Samplé the con-

crete after the cootents of the paving mixer have been
discharged. Obtain samples from at least five different
portions of the pile and then composite into one sample tor
test purposes. Avoid contamination with subgrade material
or prolonged contact with and absorptive subgrade. To
preclude contamination or absorption by the subgrade,
sample the concrete by placing three shallow containers on
the subgrade and discharging the concrete across the con-
tainer. Composite the sampies so obtained into one sample
tor test purposes. The containers shall be of a size sufficient
to provide a composite sample size that is in agreement with
the maximum aggregate size.

iof
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Note—3—In-some-instances,~the containers may have 1o be sup-
ported above the subgrade to prevent displacement during discharge.

4.2.3 Sumpling ﬁom'Remh*ing Drum Truck Mixers or

Agitators—-Sample the concrete at two or more regularly
spaced intervals dunng discharge of tie middle portion of
the batch. Take the samples so obtained within the time limit
specified in Seciion 3 and composite them into one sample
for test purposes. In anv case do not obtain samples until
after all of the water has been added 10 the mixer: also do not
obtain samples from the very first or last portions of the
batch discharge. Sample by repeatedly passing a receptacle

through the entire discharge stream or by completely di- -

verting the discharge into a sample container. Regulate the
rate of discharge of the batch by the rate of revolution of the
drum and not by the size of the gate opening.

4.2.4 Sampling from Open-Top Truck Mixers, Agitators,

Nonagitaiing Equipment, or Qther Types of Open-Top Con--

tainers—Take samples by whichever of the procedures
described in 4.2.1, 4.2.2, or 4.2.3 is most applicable under
the given conditions.

5. Additional Procedure for Large Maximum Size Aggregate
Concrete

5.1 When the concrete contains aggrcgate targer than that

"appropriate for the size of the molds or equipment to be

used, wet-sieve the sample as described bélow except make
unit-weight tests for use in yield computations on the full
mix. g T

NoTe 4—The effect of wet-sieving on the test results should be
considered. For example, wet-sieving concrete causes the loss of a small
amount of air due to additional handiing. The air content of the
wet-sieved fraction of concrete is greater than that of the total concrete
because the larger size aggregate which is removed does not contain air.
The apparent strength of wet-sieved concrete in smaller specimens is

. usuaily greater than that of the total concrete in larger appropriate size

specimens. The effect of these diferences may need tu be considerad or
determined by supplcmcmary testing for quality conurcl or test result
evaluation purposes.

5.2 Definition: ‘

3.2.1 wet-sieving concrele—ihe provess of removiny zgpre-
gate larger than a designated size from the fresh concrere by
sieving it on a'sieve of the designated size.

5.3 Apparatus:

5.3.1 Sieves, as demgnatcd conforming to Specification
E 1.

5.3.2 Wer-Sieving Eqm'prﬁemu-Equipmem for wet-
sieving concrete shall be a sieve as noted in 5.3.1 of suitable
size and conveniently arranged and supported sc that one
can shake it rapidly by either hand or mechanical means.
Generally, a horizontal back and forth motion is preferred.
The equipment shall be capable of rapidiy and effectively
removing, the designated size of angregate,

5.3.3 Hand Tools—Shovels,. hand scoops. plastering
trowels, and rubber gloves as requm.-d

3.4 Procedure:

5.4.1 Wet-Sieving—Afier samphng the concrete, pass the
congcrete over the designated sieve and remove and discard

" the aggregate retained. This shall be done before remixine.

Shake or vibraie the sieve by hand or mechanical means
until no_undersize material remains on the sieve. Mortar
adhering 10 the aggregate retained on the sieve shall not be-
wiped from it before it is discarded. Place only enough
concrete on the sieve at any cne time.so that after sieving, the
thickess of the layer of retained aggregate is not more than
one .ricle thick. The concrete which passes the sieve shall
fall into a batch pan of suitable size which has been
dampened before use or onto a clean, moist. nonabsorbent
surface. Scrape any morar adhering to the sides of the
wet-steving equipment into the batch. After removing the
larger aggregate particles by wet-sieving remix the batch with
a shovel the minimum amount necessary to ensure unifor-
mity and proceed testing immediately,

The American Society for Testing and Matarialy (mkas no position respecting the velidty of any patent rights asserted in connection
with any #em mentioned in this standard, UMdmmmwmmmammmmonmmydmmn .
puwnafla mmmkdmmmdmmnmwmwnwm

mmbmmmummwmwmmmmummmmm
# not revised, wither reapproved or withdrawn. Your comments are invited eithar for revision of this standard of for soditional standards
and shouid be sddrassed 10 ASTM HeadQquarters. YOUr COMments will receive carelul consideration &t a meeting of the responsibie
technical committee, which you may sitend. Hmumummmmmammmywﬂnudmkom
‘views known fo the ASTM Committes on Standerds, 1918 Rece St., Phitadeiphis, PA 19103.
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Standard Test Method for

An Amencan Nationel Standard

Air Content of Freshly Mixed Concrete by the Volumetnc

Method'

This standard is issued under the fixed designation C 173; the number immediatety fdlcwin;-ﬁe designation indicaies the year of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscnpt cpsilon (¢} indicates an editorial change since the last revision or reapproval.

This method has been approviea for use by agencies af the Deparnment of Defense and for !Lmng in the DoD Index of Specifications and

Srandards.

B Scope
1.1 This test method covers determinatiop of the air

content of freshly mixed concrete containing any type of
" aggregate, whethier it be dense, cellular, or lightweight.

2. Referenced Documents

2.1 ASTAS Standards:

C29 Test Method for Unit Weight "and Voids in
Aggregate?

C 138 Test Method for Unit Weight, Yield, and Air
Content (Gravimetric) of Concrete® |

C 172 Method of Sampling Freshly Mixed Concrete?

C 231 Test Method for Air Content of Frﬁh]y Mixed
Concrete by the Pressure Method?

3. Apparatus ' _ _ .
3.1 dirmeter—Ar.. cmeter consisting of a bowi and a top
section {Fig. 1) conforming 1o the following requirements:
3.1.i Bowi—The bowl shali be constructed of machined

metal of such thickness as 1o be sufficienty rigid to withstand -

normal field use and of such composition as not to be readily
attacked by cement paste. The bowl shall have a diameter
equal to | to 1.25 times the height and be constructed with a
flange at or near the top surface. Bowls shall not have a
capacity of less than 0.073 &* (0.02 m?).

3.1.2 Top Section—The top section shall be constructed
of machined metal of thickness sufficiendy rigid to withstand
normal field use and of composition not readily attacked by
cement paste. The 1op section shall have a capacity at least
20 % larger than the bowl and shall be equipped with a
flexible gasket and with hooks'or lugs to attach to the flange
on the bowl 10 make a watertight connection. The top

" section shall be equipped with a glass-lined or transparent
plasiic neck. graduated in increments not greater than 0.5 %
from 0 at the top to 9 %, or more, of the volume of the bow!.
Craduations shall be accurate to £0.1 % by volume of the
bowl. The upper end of the neck shall be threaded and
equipped with a screw cap having a gasket to make a
watertight fit.

' This test method is under the judsdiction of ASTM Joumintee C-9 on
{ancre: and Concrete AZETegares an 1 the rlizect res ponsbiiny of ‘iubco'nrnmce
CN9.03.03 on Methoas of Testing Fresh Concrete,

Current edition approvea April 27. 1978. Published June 1978. Originally
puthshed as C 173 - 42, L ast prevacus sdition  £73 - 77,
2 {nnuat Book of ASTM Stundurds. Vol 04012

3.2 Funnel—A metal funnel with a spout of a size
permitting it to be inserted through the neck of the top
section and long enough to extend to a point just above the
bottom of the top section. The 'discharge end of the spout
shall be 50 constructed that when water is added to the

container there will be a minimum disturbance of the

concrete.

3.3 Tamping Rod—A round, straight steel rod, % in. or
16 mm in diameter at least 12 in. or 300 mm long with both
ends rounded to a hemispherical tip of the same diameter,

34 Smke-oﬁ" Bar—A flat, straight steel bar at least 4 by
¥a by 12 in. or 3 by 20 by 300 mm long.

3.5 Measuring Cup—A metal cup having a mpacity equal
1o 1.0} £ 0 04 % of the volume of the bowl of the air meter.

Note I—The volume of the measuring cup is slightly larger than 1.0
% of the volume of the bow! 10 compensate for the volume contraction
that takes place when 70 % isopropyl alcohol is mixed with water. Other
alcobols or ¢ “xaming agents may b= "sed if calculations show that their
use will res. .. 1n an error in indicated air content less than 0.1 %.

3.6 Syringe—A small rubber bulb syringe having a ca-
pacity at least that of the measuring cup.

3.7 Pouring Vessel—A metal or glass container of approx-
imately 1-qt or 1-L capacity.

3.8 Trowel—A blunt-nosed brick mason’s trowel.

3.9 Scoop—A small metal scoop.

3.10 Isopropyl Alcohol—Use 70 % by volume isopropyl
alcohol (approximately 65 % by weight). (Notes 1 and 2).

Nore 2=Seventy % isopropy! alcohol is commonly available as
rubbing atcohol. More concentrated grades can be diluted with water to
the required concentration.

3.11 Mallet—A mallet'(ﬁith a rubber or rawhide head)

weighing approximately 1.25 + 0.50.1b (0.57 + 0.23 kg) for.

use with measures of 0.5 ft* (14 dm?) or smaller. and a mallet
weighing approximately 2.25 + 0.50 Ib (1.02 £ 0.23 kg) for
use with measures larger than0.5 ft’.

4. Calibration

4.1 The volume of the bowi of the airmeter. in cubic feet
or cubic metres shall be determined by accurately weighing
the amount of water required to fill it at room temperature,
and dividing this weight by the unit weight of water at the
same ternperature. Follow the calibration procedure outlined
in Section 7 of Test Method C 29,

4.2 Determine the accuracy of the graduations on the
neck of the top section of the airmeter by filling the
assembied measuring bowl and top section with water to the
level of the mark for any air content. Add a quantity of water

y <
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" at room temperature, equal to 1.0 % of the volume of the
bowl. to the water already in the neck. The height of the

water column shall increase by an amount equivalent to 1.0
% of a*

4.3 Determine the volume of the measuring cup using —

. water at 70°F (21.1°C) by the method outlined in 4.1. A

quick check can be made by adding one or more cups of .

water to the assembled apparatus and observing the increase
in the height of the water column after ﬁlhng 1o a given level
as described in 4.2.

5. Sample

.5.1 Obtain the sample of freshly mixed concrete in
accordance with applicable provisions of Method C 172. If
the concrete contains coarse aggregate particles that would be
retained on a 1Vz-in. (37.5-mm) sieve, wet sieve a represen-
tative sample over a I-in. {25-mm) sieve to yield somewhat

more than enough material- to fill the measuring bowl. The '

wet sieving procedure: is described in Method C 172, Carry
out the wet sieving operation with the minimum practicable
disturbance of the mortar. Make no atiempt to wipe ad-
hering mortar from coarse aggregate particles retained on the
sieve,

~6. Procédure

6.1 Rodding and Tappmg—Unng the scoop, aided by the
trowel if necessary, fill the bowl with freshly mixed concres
in three layers of equal depth. Rod each layer 25 times wit
the tamping rod. Atfter each layer is rodded. tap the sides of
the measure 10 to 15 ttmes smartly with the mallet to close
any voids left by the tamping rod and 10 release anv large
bubbles of air that may have been trapped.

6.2 . Striking Off—After placement of the third iayer of
concrete in accordance with 6.1, strike ofT the excess concrete
with the stnnke-off bar untii the surface is flush with the top o
the bowl. Wipe the flange of the bowl clean.

6.3 Adding Warer—Clamp the top section into positicn
on the bowl, insert the funnel, and add water unti! it apnears
in the neck. Remove the funnel and adjust the water level.
using the rubber syringe, until the bottom of the meniscus is
level with the zero mark. Altach and tighten the screw cap.

6.4 Agitating' and Rolling—Invert and agitate the unit
until the concrete settles free from the base; and then, with
the neck elevated, roll and rock the unit until the air appears
1o have been removed from the concrete. Set the apparatus
upright, jar it lightly, and allow it to stand untii the air rises
10 the top. Repeat the operation until no further drop in the
water column is observed.

6.5 Dispelling Bubbles—When all the air has besn re-
moved from the concrete and allowed to rise to the top of the
apparatus, remove the screw cap. Add, in 1-cup increments
using the syringe, sufficient isopropyl alcohol to dispel thz
foamy mass on the surface of the water. o

6.6 Reading—-Make a direct reading of the liquid in the ..
neck, reading to the bottom of the meniscus, aad estimating
to the nearest 0.1 %.

7. Calculation

7.1 Calculate the air content percent of the concrete in the
measuring bowl in percent by adding to the reading from 6.6
the amount of alcohol used in accordance with 6.5. -

7.2 When the sample tested represents that portion of the
mixture obtained by wet sieving over a l-in. (25-mm) sieve.
calculate the air content of the mortar or of the full mixture
using the formulas given in Test Method C 231, Us:
appropriale quantities coarser or finer than the l-in. sievz
instead of the 1'4-in. (37 S5-mm) sieve spcuﬁed in Test

‘Method C231. - :

8. Precision

8.1 Data are being compiled and dcvelOped that will be

" suitable for use in developing precision statements for this

test method.
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: Air Content of Freshly Mixed Concrete

by the Pressure Method"

This suandard is Luued under the fixed designation C 231; the number immediately following the designation indicaies the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the Jear of last reappraval. A
superscript epsilon (e} indicutes an editorial change since the last revision or reapproval.

This method has been appraved for use by agencies of the Deparrmem of Defense and for listing in the DoD Index of Specifications and

Srandards.

*i Nore—Editorial changes were made throughout in january 1983.

2 NoTe—Section 3.2 was correcied editorially in June 1988,

1. Scope
1.1 "This method covers determination of the air content

"of freshly mixed concrete from observation of the change i in

volume of concrete with a change in pressure.

1.2 This method is intended for use with concretes and
mortars made with relatively dense aggregates for which the
aggregaie correction factor can be satisfactorily determined
by the techrique described in Section 5. It is not. apphcable
to concretes made with lightweight aggregates. air-cooled
blast-furnace slag, or aggregates of high porosity. In thase
cases, Test Method C 173, should be used.

1.3 The values stated in inch-pound units are to be

"regarded as the standard.

2. Referenced Documents

2.1 ASTM Standards:

C 138 Test Method for Unit Weight,
Content {(Gravimetric) of Concrete?

C 143 Test Method for Slump of Portland Cement
Concrete?

C 172 Method of Sampling Freshly Mixed Concrete?

C 173 Test Method for Air Content of Freshly Mixed
Concrete by the Volumetric Method?

C 192 Method of Making and Curing Concrete Test
Specimens in the Laboratory®

Yield, and Ai'r

SR Apparatus

- L1 dir Meters—There are available sansfanlor) apparatus
of 1o basic operational designs emploving the principle of

Bavie's law. For purposes of reference herein ‘these are

. dﬂﬂgwau 2d Meter Type A and Meter Type B.

3,11 Meter Type A—An air meter consisting of a mea-

“suning bowl and cover assembly (see Fig. 1) conforming 0

the requirements of 3.2 and 3.3, The operational principle of
this meter cousists of introducing water to a predetermined
height above a sample of concrete of known volume, and the
upplication of a predetermined air pressure over the water.

P lives etk s under the junsdiction of ASTM Commitize &0 an Concrste
md Conerste Aggregates, and is the direct responsibilitg of Subcommitter
ST AHL03 un Methogs of Taating Fresh Concrete. :

Lurrent edition approved May 18, 1982, Published July 1981,
publisned as C 231 - 49 T, Last previous echion C 231 - %1,

 Annual Bovk of ASTM Stundards. Voi (4.0,

C.)n'p'a.sﬂy

“The determination consists of the reduction in volume of the

air in the concrete sample by observing the amount the water
leve! is lowered under the applied pressure, the latter amount
being callbmtcd in terms of percent of air in the concrete
sample.

3.1.2 Meter Type B—An air meter consisting of a mea-
suring bowl and cover assembiy (see Fig. 2) conforming to
the requirements of 3.2 and 3.3. The operationai principle of
this meter consists of equalizing a known volume of air at a
known pressure in a sealed air chamber with the unknown

.volume of air in the concrete sample, the dial on the pressure

gage being calibrated in terms of percent air for the observed
pressure a1 which equalization takes place. Working pres-
sures of 7.5 to 30.0 psi (51 to 207 kPa) have been used
satisfactonly,

3.2 Ueasurmg Bowi—The measuring bowl shall be essen-

tially cylindricat in shape. made of steel or other hard metai
not readily attacked by the cement paste, having a minimum
diameter equal to 0.75 to 1.2§ times the height, and a
capacity of at least 0.20 ft> (0.006 m?). It shall be flanged or
otherwise constructed to provide for a pressure tight fit
between bowl and cover assembly. The intenior surfaces of
the bowl and surfaces of rirns, flanges and other component
fitted parts shall be machined smooth. The measuring bowl

“and cover assembly shall be sufficientlv rigid te limit the
expansion factor, D, of the apparatus assembly (Appendix .
X5) to not more than 0:! % of air content on the indicator .

scale when under normal operating pressure,

3.3 Cover Assembh=

3.3.1 The cover assembly shiall be made of steel or other
hard metal not readilv attacked by the cement paste. 1t shall
be flanged or othenwise constructed to provide for a pressure -
tight fit between bow! and cover assembly and shall have
machined smooih interior surfaces contoured to provide an
air space above the level of the top of the measuring bowl.
The cover shall be sufficiently rigid to limit the expansion
factor of the apparatus assembly as prescribed in 3.2.

3.3.2 .Fhe cover assembly shall be fitted with a2 means of
direct reading of the air content. The cover for the Tvpe A
meter shall be fitted with a standpipe, which mayv be a
transparent graduated tube or may be a metal tube of
uniform bore with a glass water gage attached. In the Type B
meter. the dial.of the pressure gage shall be calibrated to
indicate the pcrcenl of atr. Graduations shall be provided (or

J
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a range in air content of at least 8 % casily readable 10 0.1 %
as determined by the proper air pressure calibration test.
" 3.3.3 The cover assembly shall be fitted with air valves, air
bleeder valves, and petcocks for bleeding off or through
which water may be mtroduced as necessary for the partic-
ular meter.design. Suitable means for clamping the cover to
the bowl shall be provided ‘to ‘make a pressure-tight seal
without entrapping air at the joint between the flanges of the
cover and bowl. A suitable hand pump.shall be provided
with the cover cither as an attachment or as an acoessory.
3.4 Calibration. Vessel—A measure having an internal
volume equal to a percent of the volume of the measuring
bowi corresponding to the approximate percent of air in the
concrete to be tested; or, if smaller, it shall be possible to
check calibration of the meter indicator at the approximate
percent of air in the concrete to be tested by repeated filling
of the measure. When the design of the meter requires
placing the calibration vessel within the measuring bowl to
check calibration, the measure shall be cylindrical in shape

 and of an inside depth 2 in, (13 mm) less than that of the

bowl. A satisfactory measure of this type may be machined

lilustration of the Pressure Method for Air Content—Type-A Meter

- from No. 16 gage brass tubing. of a diameter 1o provide the
volume desired, to which a brass disk ' in, in thickness s
soldered to form an end. When design of the metzt requires

withdrawing of water tfrom the water-filled bow! zod cove:
assembly to check calibration. the measure -mav he un
integral part of the cover assembly or may be a szparate
cylindrical measure similar to the above described cyvlinder.

3.5 The designs of various available types of airmeters are
such that they differ in operatmg techniques and theretore,
all of the items described in 3.6 through 3.14 may not be
required, The items required shall be those necessary for use
with the panicular design of apparatus used to satsiactonly
determine air content in m.cordance with the prou:durcs
prescribed herein.

3.6 Coil Spring or Giher Device for Hulding Calibrarion
Cylinder in Place.

3.7 Spray Tube—A bras tube of appropnate diameter,
which may be an integral part of the cover assembly or whicn
may be provided separatcly It shail be so constructed that
when water is added to the container, it is spiayed to the
walls of the cover in such a manner as to flow down the sides
causing a minimunr of disturbance to the concrete.

3.8 Trowel—A standard brick mason’s trowel.

3.9 Tamping Rod, as described in Method C 143,

3.10. Malfer—A mallet (with a rubber or rawhide head)
weighing approximately 1.25 + 0.50 1b (0.57 +.0.23 kg) for
use with measures of 0.5 ft? (14 dm”) or smaller, and a mallet
weighing approximately 2.25  0.50 1b (1.02 £ 0.23 kg) for
use with measures larger than 0.5 fi®.

3.11 Strike-Off Bar—A flat straight bar of steel or other
suitable meual.

3.12 Funnel, with the spout fitting into spray tube,

3.13 Measure for Water, having the necessary Japacity to
fill the indicator with water from the top of the concrete o
the zero mark.

- /:5
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3.14 Vibrator, as described in Method C 192,
313 Sie"es 1'a-in. (37.5-mm) wuh not less than 2 fi*
{0.19 m") of sieving area.

4. Calibration of Apparatus

4.1 Make :alibration. tests in accordance with procedures
prescribed in the appendix. Rough handling wiil affect the
calibration of both Types A and B meters. Changes in
barometric pressure will affect the calibration of Type A
meter bui not Type B meter, The steps described X 1.2 to
"X1.5. 25 applicadble 1o the meter type under consideration,
are prerequisites for the final calibration test to determine the
operating pressure, P, on the pressure gage of the Type A
rneter as described in X 1.7, or to determine the accuracy of
the graduations indicating cir content cn the dial face of the
presstre gagz of the Type B meter. Normally the steps in
X 1.2 10 X .6 need be made valy once (at the time of initial
calibratiza), or only occasionally to check volume constancy
of the calibraticn cvlinder and measuning bowl. On the other
hand. the calibration tesi described in X1.7 and X1.9, as
appiicable 1o the meter 1ype being chacked, must be made as
frequently 135 necessary (0 ensure that the proper gage
pressure. s being used for the Type A meter or that the
varress 2ir contents are being indicated on the pressure gage
air content scale tor the Type B meter, A change in elevaiion
~f mere than 600 Ft (1¥3 ) frem the location at which a
Jype-ioraeter wos st calibrated wall reqmre recalibration in
accurdancs with X 1.7,

5. Determination of Aﬂgregate Correction Factor

5.1 Procediwre—~Determine @ . aggregate correc’

direoted in 22 to 34, Ir s determined independently by
anplving the calibrated pressure to a sample of inundated
fins and coarse aggregate in approximately the same mois-
- wore condition, amount. and nreportions occumng in the
concrets samrple under test, |

VI wregale Samply Niz ¢—Calculate the weights of fine
and noarse agzregate present in the sample of fresh concrete
whose air content 1S to be determined. as follows; ‘

L]
(0]
whorg;
| S

F.o= ekt ob mC aggregate in CO']C!’"[C sample under

th 1y
visliina of "'mcrﬂe o mple {(same as volume of
'.*.c_isur.ng howil. ft* (m’)..
: )n\i:)"!u oi concrete produced per batch (Note 1), i
{7,
.= otal weight of fine aggregate in the moisture condi
ticn used ir batch, b (kg),
= weight of coarse aggregate in concrete samplc under
st fhorkge, and
= taral weight of coarse °ggrr'9.ate in the moisture
rencdition used 1m batch, I (ke).

1264,

NEHE b= e voluine ol voncrete priaduced per baich can be
Lerr e o accordin e with appticable poovisions of Test Methied

[Nt .
-—The term “weght™ is temporadly used mothis standa:d

Ntk
herabw of esiablished fiade wsage. The ward iy used o micun hoth

- factor -
on i comnbined sample of fine and coarse ag,. .gate as’

“force™ and “mass,” and care must be taken to determine which is
meant in cach case (SI unit for force = newton and for misy =
kilogram),

5.3 Placement of Aggregate in Measuring Bowi—Mix
representative samples of fine aggregate F,, and coarse
aggregate C,, and place in the measuring bowl filled one-
third full with water. Place the mixed aggregate, a small
amount at a time. into the measuring bowl: if necessary, add
additional water so as to inundate all of the aggregate. Add
each scoopful in a manner that wiil entrap as little ai. as
possible and remave accumulations of foam promptly. Tap
the sides of the bowl and lightly rod the upper 1 in. (25 mm)

_ of the aggregate about ten times. Stir after each addition of

aggragate to eliminate entrapped air.

5.4 Aggregate Correction Factor Determination:

5.4.1 [nitial Procedure for Types A and B Meters—When
ali of the aggregate has been placed in the measuring bowl,
remove excess foam and keep the aggregate inundated for a
period of time approximately equal to the time between
introduction of the water into the mixer and the time of
performing the test for air content before proceeding with the
determination as directed in 5.4.2 or 5.4.3.

5.4.2 Tvpe 4 Meter—Complete the test as described in
7.2.1 and 7.2.2. The aggregate correction factor, . is equal
10 hy — hy isee Fig. 1) (Note 3).

5.4.3 Type B Meter—Perform the procedures as described
in 7.3.1. Remove a volume of water from the assembled and
filled apparatus approximately equivalent to the volume of
air that would be contained in a typical cencrete sample of a
size equal to the volume of the bowl. Remove the water in
the manner described in X1.9 of the appendix for the
caiibrerion tests. Complete the test as described in 7.3.2. The

- aggregate correction factor, &, is equal to the reading on the

air-content scale minus the voiume of water removed from
the bowl expressed as a percent of the volume of the bowi
(see Fig. 1)

NOTE 3—The aggregate correction factor will vary with different
aggregates, It can be Jetermined only by test, since apparently it is not
directly reluted to absorption of the particles. The test can be casily made
and must not be ignored. Ordinarily the factor will remain reasonably
constant tor given aggregates. but an occasional check test is recom-
mended,

6. Preparation of Concrete Test Sample

6.1 Obuain the sample of freshly mixed concrete in
accordance with apphicable procedures of Method C 172. If
the concrete contains coarse aggregate particles that would be
retained on a 2.in. (50-mm) sieve, wet-sieve a sufficient
amount of the represcatative sample over a |vx-in. (37.5-
mm) sieve, as described in Method C 172, to yield somewhat
more than enough matenat to fill the measuring bowl of the
size seiected for use. Carry out the wet-sieving operation with
the minimum practicable disturbance of the mortar. Make
no attempt 10 wipe adhering mortar from coarse aggregate

particles retained on the sieve.

7. Procedure for Determining Air Content of Concrete

7.1 Placement and Consolidation of Sample.

7.1.1 Place a.representative sampie of the concrete, pre-
pared as descnibed in Section 6, in the measuring bowl in

cqual lavers. Consolidate each layer by the rodding proce- -
“dure (7.1.2} or by vibration (7.1.3). Strike-off -the finally

o7
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consolidated layer. (7.1. 4\ hbrauon shall not bc ;mnloved
o consolidate concrete having a slump greater than 3 in. (76
mm).

7.1.2 Rodding—Place the concreie tn the measuring bow|
in three layers of approximately equat volume. Consolidate
each layer of concrete by 25 strokes of the tamping rod
evenly distributed over the cross section. After each laver i3

_ rodded. 1ap the sides of the measure smartly 10 to 15 times

with the mallet to close any voids left bv the tamping rod und
to release any large bubbles o1 air that may have been

trapped. Rod the bottom layer throughout its depth, but the

rod shall not forcibly strike the bottom of the measure. In
rodding the second and final fayers, use only enough force 10
cause the rod to penetrate the surface of the previous laver
about | in. {25 mm]). Add the final laver of ‘concrete in a
manner to avoid excessive overfilling (7.1.4).

7.1.3 Vibration—Place the concrete in the measunng
bowl in two lavers of approximatety equal volume. Place all
of the concrete for each layer before starting vibration of that
layer. Consolidate each layer by three insertions of the
vibrator evenly distributed over the cross section. Add the
final layer in a manner to avoid excessive overfilling (7.1.4).
In consolidating the bagtom laysr. do not allow the vibrator
to rest on or touch the bottom or sides of the measuring

no air pockets are left in the specimen. Qbserve a standard
duration of vibration for the particular kind of concrete,
vibrator, and measuning bowl involved. The duration of
vibration requir~ will depen® upon the workahility of the
concrete and " effectiven.ss of ..ie vitwator. Continue
vibration only iong enough 10 achieve proper consolidation
of the concrete. Overvibration may cause segregation and
loss of intentionally entrained- air. Usually, sufficient vibra-
tion has been applied as soon as the surface of the concrete
becomes relatively smooth and has a glazed appearance.

Never continue vibration fong enough 10 cause escape of -

froth from the sample.
7.1.4 Strike Off—After consolidation of the concrete,
strike off the top surface by sliding the strike-off bar across

motion until the bowl is just level full. On completion of
consolidation, the bowl must not contain a great excess or

- defictency of concrete. Removal of approximately 4 in. (3

mm) during strike off is optimum. A small quantity of
representative concrete may be added to correct a deficiency.

If the mcasure contains a great €xcess, remove a representa-

tive ponion of concrete with a trowel or scoop before the
measure is struck off. ’

7.1.5 Apphcanon of Test Merhod—-—Any poruon of the test
method not specifically designated as pertaining to Type A
'or Type B meter shall apply to both types.

7.2 Procedure—Type A Meter: '

7.2.1 Preparation for Tesi—Thoroughly clean the flanges
or nms of the bowl and of the cover assembly so that when
the cover is clamped in place a pressure-tight seal will be
obtained. Assemble the apparatus and add water over the
concrete by means of the tube until it rises 1o about the

~ bowl. Take care in withdrawing the vibrator to ensure that

" the top flange or rim of the measuring bowl with a sawing

halfway mark in the standpipe. Incline the apparatus as-

sembly about 30° from vertical and, using the bottom of the
bowl as a pivot, describe several complete circles with the
upper end of the column, simultaneously tapping the cover

A

llgh(!y to remove any cntrapped dir huhbles above lh

concrete sample. Return the apparatus assembiy 10 a vertical
position and fill the water column shightly above the zvrn
mark. while lightly tapping the sides of the bowl, Bang the
water level 1o the zero mark of the graduated tube befnr:
closing the vent at the top of the water column {sce Fig. | A).

NOTE 4—The internal surface of the cover assembly shoul? he kupt

clean and free from oil or grease: the surface should be wet o prevent

" adherence ‘of air bubbles that might be Jifficult to disioage after
) assembly of the apparatus.

7.22 Test Procedure—Applv sllghlly more than' the de-
sired test pressure, P, (about 0.2 psi (1380 Pa) more) to ihe
concrete by means of the small hand pump. To relieve local

" restraints, tap the sides of the measure sharply ang. when the
pressure gage indicates the exact test pressure. . as deter-
mined in accordance with X !.7, read the water level. A, and

-record to the nearest division or half-division on the gradu-

ated precision-bore tube or gage glass of the standpipe {see
Fig. | B). For extremely harsh mixes it mayv be necessary 1c
tap the bowl vigorously until further tapping produces neg,
change in the indicated air content. Gradually release the air .
pressure through the vent at the top of the water column and
tap the sides of the bowl lightly for about | min. Record the
water level, 4. to. the nearest division or half-divisior. (see
Fig. ! C). Calculate the apparent air contert as follows:

~ .4|=h[—{13. '

apparent air content, '
water level- reading a1 pressure, P {see Note 3y dlld
water level reading at zero pressure after -zleass
pressure, P.

7.2.3 Check Tesi—Repeat the steps descnbed in 7.2.2
without adding water to reestablish the water level at the zero
mark. The two consecutive determinations of apparent air
content should check within 0.2 % of air and. shall be
averaged 10 give the value 4 1o be used in calculating the air
coantent, A4,, in accordance with Section 8. '

7.2.4 In the event the air content exceeds the range of the
meter when it is operated at the normal test pressure P,
reduce the test pressure to the alternative test pressure P, and
repeat the steps outlined in 7.2.2 and 7. 2.3

of

Nott S—See X 1.7 for exact calibration procedures. An approximate
value of the alternative pressure. P,, such.that the apparent air content
will equal rwice the meter reading can be computed from the tol]owm!,
relauonstupr

P, = P_P/(zP_ + P)

where:
Pi =
P, =

alternative test pressure, psi-(or kPa),

atmospheric pressure, psi (approximately 14.7 psi

(101 kPa) but will vary with altitude and weather
- conditions}-(or kPa), and

P ‘= normal test or operatmg gage pressure, pS| {or kPa).

7.3 Procedure— Type B Meter.
1.3.1 Preparation for Test: Thoroughly clean the flanges
- or rims, of the bowl and the cover assembly so that when the
cover is clamped in place a pressure-tight seal will be
obtained. Assemble the apparatus. Close the air valve be-
tween the air chamber and the measuring bow! and open
both petcocks on the holes through the cover. Using a rubber

I
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syrings, inject water through one petcock unui water emerges
from the opposite: pm Jar.themeter gemtly until all air is
expelled from. this sagis. pntmck

7.3.2. Test Procedure—Clase the airbleeder valve on the -

'alr chamber and pumgp air into the air chamber until the gage
hand is on the imtial pressure line, Allow a few seconds for
the compressed air to codl to normal temperature. Stabilize
the gage-hand at - the-imitial pressure dine by pumping or
bleeding-off air as necessary, tapping the gage lightly. Close
both petcocks on the holes through the cover. Open the ai.
valve between the air chamber and the measuring bowl. Tap
the sides of the measuring bowl sharply to relieve local
restraints. Lightly tap the pressure gage to stabilize the gage
hand and read the.-percentage of air on-the dial of the
pressure gage. Failure to close the main air valve before
releasing the pressure -from cither the container or the air

chamber will result -in-waler being drawn into the air |

chamber. thus imtroducing-error in subsequent measure-
~ments. In the event water enters the air chamber it must be
" bled from the air chamber through the bleeder valve followed
by several strokes of the pump to blow out the last traces of

water. Release the pressure by opening hoth pctcocks (Fig: I,

A and B) pefore removing the cover.

8. Calculauon

8.1 Air Comtent of Sample Tested—Calculatc the air
content of the concrete in the measuring bowl as follows:

A4, =4, -G (3)

where: -

A4, = air content of the sample tested, %

A; = apparent air content of the s"mple tested. % (-ee
7.2.2 and 8.3.2), and b

; = aggregate correction factor, % (Sccnon 5.

8.2 Aiwr Content of Full Mixture—When the sample tested
represenis that portion of the mixture that is obtained by wet

sieving 10 remove aggregate particles larger than a |'4-in.’

(37.5-mm) sieve, the air content of the full mixture may be
caiculated as follows:

C 201

A= 10048 /100 V, -4 V) {(4)
(Nolc 6)
air content of the full mixture, %,
V. = absolute volume of the ingredients of the mixture
passing a [Y2-in. sieve, airfree, as determined from
the original batch weights, ft° (m’)
absolute volume of all mg;ruhenls of the .mixture,
- airfree, ft* {(m?), and
V., = absolute volume of. the aggregate in the mixture
coarser than a |'4-in.- sieve, as detcnnmed from
original batch weights, ft* (m?).
8.3 Air Content of the Mortar Fraction—When it is
desired to know the air content of the mortar fraction of the
mixture, calculate it as follows:

Ay = 100 AV, 1100V, + ALV, - V)] (3)
where: (Note 6)
A, = air content of the mortar fraction, %, and

¥,, = absoiute volume of the ingredients of the mortar
fraction of the mixture, airfree, i® (m™).

where:

NoOTE 6—The values for use in Eqs 4 and 5 are most conveniently
obtained from data on the concrete m:xturc tabulated as follows for a
batch of any Sl.zc

Abso!ute
. Volume.
ﬁ“](m") I
Cement Vo v
Ve [
Fine aggregate

Coarse aggregate (No. 4 (4.75-mm)
) 1'A-in. (37.5-mm)}
' Coarsc aggregate {1-in)
Total :

9. Precision

9.1 Data are being compiled and developed that will he

suitable for use in developing precision statements: for this
method.

w o APPENDIX

\l C. —‘\LIBRATION OF APPARATUS

X (’:.hbrauon tests shall be performud in ac;ordance

mn. thy fyaawing procedures as dpphcable to the meter type

SR 2mpoved.

(l 3 Culibration of the C alibration Vessel—De‘ermine
w, required to iili the

ascurawly the weight of water,
valibration vessel, using a scale accurate to 0.1 % of the
werght of the vessel fiiled with water. This, step shall be
perfarmed for Tvpe A and B meters.

- K13 Cahoration of the Measuring Bowi-—-Determine the
wergt of water, W, required 10 till the measunug bowl, using
1 Erale 30wl O.I %z wt'the weight of the bowi filled with
waler. Saue 2 giass plaw carefully over the llange of the bowl
i 4 neser 19 ¢nsure that the bowl is coinpietety filied with
water. A thin fiim of cup grease smeared on the flange of the
how! will make a waternght joint betwesn the glass plat: and

the top of the bowl. This step shall be performed for Type A
and B meters.

X1.4 Effective Volume of the Calihration Lesm’ R—The
constant R represents the effective volume o the calibrolion
vessel expressed as a percentage of the volume of the

~ measuring bowl.

X1.4.1 For meter Types A, calculate R as follows (Note
Xl1) )
R=098 w/W (XD
where: '
w o=
and

"W = weight of water required to fill the messuring bowl.

weight of water required to fill the calibration vessel,

A
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" aggregale correction factor on cor .

- ¢oncrete,

NOTE X 1—The factor 098 is used to correct for the reciction if the

volume of air in the calibration vessel when it is compressed by 4 depth
ofmerequaltomedepthofthemmmn;bowi This factor is
approximately 0 98 for an S-in. (203-mm) deep measuring bowl at sea
level, lts value decreases to approximately 0.97% at S000 f (1524 m)
above.sea ievel ana 0.970 a1 13 000 ft (3962 m) above sea level. The
value of this constant wiil decrease by zbout 0.01 for zach 4-in.
{102-mm) increase in bow! depth, The depth of the measuring bow! and
atrosphenc pressure do not affect the effecuve volume of the calibra-
tion vessel for meter Types B.

X1.4.2 For meter Typcs B calculale R as ful‘ov»s {Note
X1y

R= /W X2
X1.5 Derermmauon of, or Check af. Aﬂonance Jor Expan-

“sion Factor, D:

X1.5.1 For meter assemblles ‘of Tvpe A d:termine the
expansion factor. D (Note X2)-by filling the apparatus with
water only (making certzin that all entrapped air has been
removed and-the water level is exactly on the zero mark
(Note X3).and applying an air pressure approximately equal
to the operating pressure, P, determined by the calibration
test described in X 1.7. The amount the water column lowers
will be the equivalent expansion factor. D, for that particular
apparatus and pressure (Note X35). -

NoTE X2—although the bowl, cover. and clamping mechanism of
the apparatus must of necessity be sturdily constructed so that it wili be
pressure-tight, the apptication of internal pressure will result in a small

, increase in volume. This expansion will not aifect the test results
" because, with the procedure described in Sections 5 and 7. the amount

of expansion is the same for the test for air in concrete as for the test for
ed fine and coarse aperegates, 2nd
is thercby automatically cancell:. lowever, it does emwer into the
calibration test to determine the airT)ressuu 10 be, used in testing fresh

NoOTE, X3—The water columns on some rneters of Type-A design are
marked with an initial water kvel and a zero mark, the difference
between the two marks being the allowance for the expansion factor.

- This allowance should be checked in the same manner as for meters not

so marked and in such a case,'the expansion factor should be omitted in
computing the calibration readings in X 1.7,

NoOTE X4—It will be sufficiently accurate for this purpose to use an
approximate value for P determined by making a preliminary calibra-
tion test as described in X 1.7 except that an approximate value for the
calibration factor, X, should be used. For this test X = 0.98 R which is

the same as Eq XZcxcept!hnthecxpanson reading, D, a ya
unknown, is zssumed to be zero. :

X1.5.2 For meters of Type B design, the allowance for the

- expansion factor, D, is included in the difference between the .
initial pressure indicated on the pressure gage and the zero

percent mark on the air-content scale on the pressure gage.

This allowance shall be checked by filling the apparatus with.

water (making certain that all entrapped air has been

removed), pumping air into the air chamber until the gage.

hand is stabilized at the indicated initial pressure line, and
then releasing the air to the measuring bowl (Note X5). If the
initial pressure line is correctly positioned, the gage should
read zero percent. The initial pressure line shall be adjusted if
two or more determinations show the same variation from
zero peroent and the test repeated to check the adjusted

. initial pressure line.

. Note X5—This procedure may be accomplished in conjunction
with the calibration test described in X1.9. )

X 1.6 Calibration Reading, K—The calibration reading,
K, is the final meter reading to be obtained when the meter is

.

operaied at the Correct calibration pressure,” ™7, -

X1.6.1 For meter Types A, the calibration readmg. K, is
as follows:

- K=R+D UK
where: .
R = effective volume of the calibration vessel (X4.1). and

D = expansion factor (X5.1. Note X6).

X16.2 For meter Types B the calibration reading, X,
equals the effective volume of the calibration vessel {X4.2) as
follows: .

s . K=R (X4

NOTE X6—If the water column indicator is graduated to include an
initial water level and a zero mark, the difference between the two marks
being cquivalent to the expansion factor, Lhc term D shall be omitted

from Eq X3.

X1.7 Calibration Test to -Determine Operating Pressurc.
P, on Pressure Gage, Type 4 Meter—If the im of the
calibration cylinder contains no recesses or projections, fit it
with three or more spacers equally spaced arcund .the
circumference. Invert the cylinder and place it at the center
of the dry bottom of the measuring bowl. The spacers will
provide an opening for flow. of water into the calibration
cylinder when préssure is applied. Secure the inveried
cylinder against displacement and carefully lower the cover:

. assembly. After the cover is clamped in place, carefuily

adjust the apparatus assembly 10 a vertical position and add
water at air temperature, by means of the tube and funnel.’
until it rises above the zero mark on the st- ~dpipe. Close the
vent and pump air into the apparatus t* .ne approximate
operating pressure. Incline the assembly about 30* from

- vertical and, using the bottom of the bowl as a pivot. describe
" several complete circles with the upper end of the standpipe,

simultanecusly tapping the cover and sides of the bowi
lightly to remove any entrapped air adhering to the inner
surfaces of the apparatus. Return the apparatus to a vertical
position, gradually release the pressure {to avoid loss of air
from the calibration vessel), and open the vent. Bring the
water. level exactly to the zero mark by bleeding water

. through the petcock in the top of the conical cover. After

closing the vent, apply pressure uniil the water level has
dropped an amount equivalent to about 0.1 to 0.2 % of air

. more than the value of. the calibration reading, K, deter-

mined as described in X 1.6. To relieve local restraiats, lightly
tap the sides of the bowl, and when the water level is exactly
at the value of the calibration reading, K, read the pressure,
P, indicated by the gage and record to the nearest 0.1 psi (690
Pa). Gradually release the pressure and open the vent 10
determine whether the water level returns to the zero mark
when the sides of the bowl are tapped lightly (failure 1o do so
indicates loss of air from the calibration vessel or loss of
water due t0 a leak in the assembly). If the water levels fails
to return to within 0.05 % air of the zero mark and no
leakage beyond a few drops of water is found, some air
probably was lost from the calibration cylinder. In this case.
repeat the calibration procedure step by step from the
beginning of this paragraph. if the leakage is more than a few
drops of water, tighten the leaking joint before repeating the
calibration procedure. Check the indicated pressure reading
promptly by bringing the water level exactly to the zero
mark, closing the vent, and applying the pressure. P, jusi

Ho
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determined. Tap the gage lightly with a finger. When the
gage indicates the exact pressure, P, the water column should
read the value of the calibration factor. K, used in the first
-pressure application within about 0.05 % of air. Caution—
The apparatus assembly must not be moved from the
vertical position until pressure has been applied which will
force water about one third of the way up into the calibration
cvlinder. Anv loss of air from this cylinder will nullify the
calibration.

X1.8 Calibration Tesi v Determine Alternative Operating
Pressure P—Meter Type A—The range of air contents
which can be measured with a given meter can be doubled by

determining an alicrnative operating pressure P, such that .

the meter reads half of -the calibration reading., K, (Eq. X3).
_ Exact calibration will require determination of the expansion
factor at the reduced pressure in X 1.5. For most purposes the
change in expansion factor can be disregarded and the
alternative operating pressure determined during the deter-
mination of the regular operating pressure in X1.7.

X1.9 Calibration Test to Check the-Air Content Gradua-
tions on the Pressure Gage. Tvpe B Meter—Fill the mea-
suring bowl with water as described in X 1.3. Screw the short

-+ piece of tubing or pipe furnished with the apparatus into the-

threaded petcock hole on the underside of the cover as-
sembly. Assemble the apparatus. Close the air valve between
the air chamber and the measunng bowl and open the two
petcocks on holes through the cover assembly. Add water
through the petcock on the cover assembly having the
extension below until all air is expelled from the second
petcnck. Pump air into the air chamber until the pressure
rzi - ws the indicated initial pressure line.- Allow a lew
“seconds for the compressed air to coot to normal tempera-
ture. Stabilize the gage hand at the initial pressure line by
pumping or bleeding off air as necessary, tapping the gage
hghtly. Close the petcock not provided with the tube or pipe
extension on the under side of the cover. Remove water from
the assembly to the calibrating vessel-controlling the flow,
depending on. the particular meter design. by opening the
petcock provided with the tube or pipe extension and
cracking the air valve between the air chamber and the
measuring bowl, or by opening the air valve and using the

~ petcock to control flow. Perform the calibration at an air

content which is within' the normal range of use. If the
calibration vessel (X 1.2} has a capacity within the normal
range of use, remove exactly that amount of water. With
some meters the calibrating vessel is quite small and it will be
necessary to remove several times that volume 10 obtain an
air content within the normal range of use. [n this instance,
carefully collect the water in an auxiliary container and
determine the amount removed by weighing to the nearest
0.1 %. Calculate the correct air content, R, by using Eq X2.
Release the air from the apparatus at the petcock not used
for filling the calibration vessel and if the apparatus employs
an auxiliary tube for filling the calibration container, open
the petcock to which the tube is connected to drain the tube
back into the measuring bowl (Note XB). At this point of
procedure the measuring bowl contains the percentage of air
determined by the calibration test of the calibrating vessel.
Pump air inio the air chamber until the pressure reaches the
initial pressure iine marked on the pressure gage, close both

. petcocks in the cover assembly. and then open the valve

between the air chamber and the measuring bowl. The
indicated air content on the pressure gage dial  should
correspond o the percentage of air determined to be in the

-.measuring bowl. If two or more determinations show the

same vanation from the correct air content. the dial hand
shall be reset to the correct air content and the test repeated
unti! the gage reading corresponds to the calibrated air
content within 0.1 %. If the dial hand was reset to obtain the,
correct air content, recheck the imitial pressure mark as in
X1.5.2. If a new initial pressure reading is required. repeat .
the calibration "2 check the accuracy of the graduation on
the pressure ga- . lescribed earlier i..-.his section. 1f difficulty
is encountered n obtaining consistent readings, check for
leaks. for the presence of water inside the air chamber (see
Fig. 2), or the presence of air bubbiles clinging 1o the inside
surfaces of the meter from the use of cool aerated water. In
this latter instance use deaerated water which can be
obtained by cooling hot water to room temperature.

NOTE X7—It the calibrating vessel is an integral part of the cover
assembly, the petcock used in filling the vessel should be :closed

imrnediately after filling lhe calibration vessel and not opened until the
test is compiete. .-

The Amaerican Socsety for Testing and Materials takes no position ros"aocmig the validity of any patent nghts asserted in connection
with any iem mentioned i this standard. Users of thi3 standard are exprassiy advised that determmanon of the vaﬁdrry of aﬂy such
patent rights, and me risk of mfrmgemem of such rights, gre entirely tneir own responsibiity.

-

This standard is subject to revision at any tr'me by the responsible technical commurtea and must be reviewed avery live years and’

#f NOt r@viSea. BB 16apProved O withdrawn, Your COMMENts are vited other furrevision, of this stangard or for additional standards

- and shouig be acdressed 1o ASTM Headquarters. Your comnunis wiil recave caran,i considerahon at a meeting of the responsibie

technical commiites, which you may attend. if you feel LRl your ComniENts have nst recenved 3 fair hearing you' sl‘wuld make your
views known fo the ASTM Ccmmm;-e on Standards, 1916 Race St.. Phlcdeiphia, &4 153103,



qmb_oesignation: C1064-86 _

' Standard Test Method for

Temperature of Freshly Mixed Portland-Cement Concretei

This standard is issued under the fixed designation C 1064; the number immediately foliowing the designation indicates the vear of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the vear of last reapproval, A
sitperseript epsilon (¢ indicates an editonal change since the last revision or reapproval.

1. Scope

i.1 This test method covers the determination of temper-
ature of freshly mixed portland cement concrete.
1.2 The values stated in inch- pound units are to be

‘regarded as the standard.

1.3 This standard may involve hazardous materials, oper-

. ations, and equipment. This standard does not purport to

address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-

mine the applicability of regulatory limitaiions prior to use.

2. Referenced Documents

2.1 ASTM Swandards:

C 172 Method for Sampling Freshly Mixed Concrete”

E "1 Specification for ASTM Thermometers®

E 77 Method for Verification and Ca.hbra'ron of Liuid-
in-Glass Thermometers?

2.2 NBS Siandard:

N.B.S. Monograph 150 quuld-m-Glass Thennometry

3. Significance and Use

3.1 This test method provides a means for measuring the
temperature of freshly mixed concrete. It may be used to
verify conformance to a specified requirement for tempera-

~ -ture of concrete.

3.2 Concrete containing aggregate of a nominal max-
imum size greater than 3 in. {75 mm) may require up to 20
min for the transfer of heat from aggregate to mortar. (See
ACI Committee 207.1R Report.”)

4. Apparatus -
4.1 Container—The container shall be made of

nonabsorptive material and large enough to provide at least 3
in. (75 mm) of concrete in all directions around the sensor of

‘the temperature measuring device; concrete cover must also

be at least three times the nominal maximum size of the
coarse aggregate.

! This test method is under the jurisdiction of ASTM Committee C-9 op

ConcmeandComAgnpmmdmmedxmmuhmyofSuhmm- '

mittee €09.03.03 on Methods of Testing Fresh Concrete,

Current edition approved July 7, 1986. Published July 1985.

2 Annual Book of ASTM Standards, Vol 04.02.

} Annual Book of ASTM Standards, Yol 14.01.
. *Availabic from National Bureau of Standards, US. Department of Com-
merce, Washington, DC 20234,

3 Available from American Concrete Institute, Box 19130, Redford Station,
Detroit, MI 48219. Other relaied documents also availsble from American

" Concrete Institule are Commitice Reports 305, (Hot Weather Concreting) and 306

(Cold Weather Concreting).

4.2 Temperature Measuring Device—Th2 temperature
measuring device shall be capable of measunng the temper-

ature of the freshly mixed concrete 10 =!°F (x0.5°C)

throughaut the entire temperature range likelv 10 be encoun-
tered in the fresh concreie. ASTM liquid-in-giass thermom-
eters having a range from 0 to 120°F (—18 to 49°C}),and
conforming to the requirements for ASTM thermometer No.
36°C as prescribed in Specification E 1 are satisfactory. Other
thermometers of the required accuracy, including the metal
immersion type, are acceptable.

4.3 Partial immersion liquid-in-glass thermometers (and

possibly other types) shall have a permanent mark to which
the device must be immersed without applying a correction
factor.

4.4 Reference Temperature Measuring Device—The refer-
ence temperature measuring device shall be a liquid-in-glass
thermometer readabie to 0.5°F (0.2°C) that has been verified
and calibrated in accordance with Method E 77. The calibra-

--231 ceiluiicate or report shall be available for inspection.

5. Calibration of Temperature Measuring Device‘

5.1 Each temperature measuring device used for deter-
mining temperature of freshly mixed concrete shall be
calibrated dnnually, or whenever there is a question of

accuracy. This calibration shall be performed by companng.

the readings on the temperature measuring device at two
temperatures at least 30°F (15°C) apart.

5.2 Calibration of the temperature measuring devices may
be made in oil or other suitable baths having uniform density
if provision is made to: .

5.2.1 ‘Maintain the bath temperature constant within
0.5°F (0.2°C) during the period of the test.

5.2.2 Have both the temperature and reference tempera-
ture measunng deyices maintained in the bath for a min-
imum of $ min before reading temperatures.

5.2.3 Continuously circulate the bath liquid to provide a
uniform temperature.

5.2.4 Slightly tap thermometers containing liquid 10 avoid
adhesion of the liquid to the glass if the temperature

* exposure is being reduced.

5.3 If a limiting temperature is specified, calibrate the
measuring device at a temperature within +5°F (2°C) of the
limiting temperature permitted.

6. Sampling Concrete .

6.1 The temperature of freshly mixed concrete may be
measured in the transporting equipment provided the sensor
of the temperature measuring device has at least 3 in. (75
mm) of concrete cover in all directions around it.

11 P
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6.2 - Temperature of the freshly mixed concrete may be
- obtained following concrete placemem using the forms as the
container.

6.3 If the transporting equipment or placement forins are
not used as the container, a sample shall be prepared as
follows:

6.3.1 Immediately, prior to sampling the freshly mixed
concrete, dampen (with water) the sample container.

~ 6.3.2 Sample the freshly mixed concrete in accordance
-with Method C 172, except that composite samples are not
required if the only purpose for obtaining thc sample is to
determine temperature.

6.3.3 Place the freshly mixed concrete into the container.

6.3.4 When concrete contains a nominal maximum size
of aggregate greater than 3 in. (75 mm), it may require 20
min before the temperature is stabilized after mixing.

7. Procedure
7.1 Place the temperature measuring device in the freshly
mixed concrete so that the temperature sensing portion is

C 1064

submerged a minimum of 3 in. (75 mm). Gently press the
concrete around the temperature measuring device at the

surface of the concrete so that ambient air temperature does

not affect the reading.

1.2 Leave the temperature mezsuring device in the {reshiy
mixed concrete for 2 minimum period of 2-min or until the
temperature reading stabilizes, then read and record the
temperature.

7.3 Complete the temperature measurement of the freshly
mixed concrete within 5 min after obtaining the sample.

8. Report

8.1 Record the measured temperature of the freshly
mixed concrete to the nearest °F (0.5°C).

9. Precision and Bias

9.1 The precision and bias of this test method have not
been determined. A precision and bias statement will be
included when sufficient test data have been obtained and
analvzed.

The American Sociaty for Testing and Materials fakes no position respecting the vafidity of any patent righis asserted in connection
with any item mentioned in this standard, Users of this standarg are expressly advised that determination of the validity of any such
patertt rights, and tha risk of infringement of such rights, are erirely their own responsibility.

This standerd is subject 1o ravision &t any time by the responsible technical committee and must be reviewed every live years and
if not revised, either reapproved or withdrawn. Your commaents are invited either for ravision of this standarg or for additional standards
ana should be addressed to ASTM Headguarters, Your comments will receive careful consiceration at a meeting of the responsible
technical committee, which you may attend. f you feei that your commaents have not received a fair hearing vou shouid make your
views known to the ASTM Committee on Standards, 1918 Race S! Philadeiphia, PA 19103,
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qmr) Designation: E 329 - 77 (Reapproved 1383)

" Standard Recommended Practice for - .

inspection and Testing Agencies for Concrete, Steel and

| Bntumlnous Materials as Used in Constructlon

This standard is issued under the fined designation E 129 the number ‘immediutely following the designation indicates the year of
ongmal adoption or, in the case of revision. the year of last revision. A number in parentheses indicates xhc year of last reapprovai, A
suprrscnpt epuilon () rndmalcs an editorial change since the last revision or reapprovak.

This ~ecommended poactice has been approved for use hy agencies of the Department of Defense ard for lisuing 1 the Dal) index of
Spedificanions and Standards.

INTRODUCTION

Purpose "

The purpose of inspection and testing of materials, composites, -and practices is to determine
whethcr or not their charactensncs and qualmes as used in construction comply with the contract
documents.

This recommmended pracnce is mtcndcd not only to descnbe the requirements. and functions of
the agency in achieving this purpose mcludmg complete reliability reports, bul also to indicate
relationships between the agency and the other parues concerned.

Relatlonshlps

The agency shall be selected and authorized by.the owner or hls represemanve to perform the
prescribed tests and mspectxon

The agency must be glven written authonty by the owner or his rcprcscntatwe to perform the
prescribed tests and inspections. The agency shall be authorized in wnnng by the owner or his
representative to have free access to the sit. to the shops"c wards wliare materials are being
prepared or stored as well as to any releva..l data on previous testing and investigations of the
materials. The agency shall be provided with all applicable plans, spemﬁcatlons addenda, change

- orders, shop drawmp, and other necessary information.

Full cooperation between the .agency and the other parties concerned is necessary to ensure

,,.-.

proper inspection and testing with minimum interference or delay in the work

1. Scope

1.1 This recommended practice defines duties and re-
sponsibilities and establishes minimum requirements for

- personnel.and equipment of public and independent com-

mercial matertals inspection and testing agencies engaged in

. inspection and testing of comcrete, steel, and bituminous -

materials as used in construction.

1.2 This standard may r‘nyo{vehaz&rdous materials, oper-
ations, and equipment. This standard does not purport to -
add Il of the safety problems associated with its use. It is | ?
ress all of the safety pr i of this recommended practice, bituminous materials, as used

the responsibility of whoever uses this standard to consult and

‘establish appropriate safety and heaith practices and deter- .

mine the applicability of regulatory limitations prior to use.
2. Description of Terms

2.1 Concrete—For the purpose of this recommended

practice, concrete, as used in construction, embraces all

| This recommended practice is under the jurisdiction of ASTM Committee
E-36 on Criteria for the Evaluation of Testing and Inspection Agencies.

ﬁnmmmeﬁdmmumhmfmmmbdmmmﬂz
American Concrete Inst.; American Society of Civil Engincery. American Council

of Independent Laboratories; Comstruction Specifications lost; and a joim

AIA-ASCE-AC] Commitiee on Quality in Concrete.
‘Current edition approved Nov. 10, 1977, Published February 1973. Originally
pubtished as E 329 - 67 T. Last previous edition E 329 - 72,

'

portland cement concrete used in construction, parucularly
. reinforced concrete.

2.2 Steel—For the purposes of this rccommendcd prac-
tice, steel, as used in ceastruction. embraces structural steel
plates and shapes used wholly or in part for structures. It also
includes mnforcmg steel used in concrete. It is not intended
1o include steels-used in conjunction with mechanical.
electrical, heating or air-conditioning eqmpmcm except for
the supporting steel structures.

2.3 Bituminous Materials and Mixes—For the purposes

in construction, include all types of asphalts and tars for
pavements. Bituminous mixes are bituminous stabilized soil.
base course, binder, leveling, surface course, and mastic
mixes. Bituminous mixes may contain either tar or asphah
binder material which, in some cases, may be furthe:
modified with other additive materials to produce specia.
properties. -

2.4 Agency—The orgamzatmn authorized by the owner
or his duly authorized represéntative, to inspect or tes:
concrete; steel, or bituminous matcnals as requm:d by the
specifications.

‘2.5 Authority—The owner, lhe engineer, or the architec'

‘in responsible charge of the work or his duly rccogmzcd G

authorized rcpresemanve

, e
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2.6 Technician—An employee of the inspection and
testing agency assigned to perform the actual operations of

inspection or testing.
© 2.7 Nondestructive Testing—For the purpose of this rec-

ommended practice nondestructive testing inctudes all test
" methods that do not impair the serviceability of the material,
part, or assembly under test. Nondestructive tests are spe-
- “cific. They usually reveal only the specific kinds of defects
and conditions for whose detection they were designed.

- “Consequently they must be selected in accordance with the

specific materials, the specific condmons to be detected, and
the specific job to be done.
3 Responsibllities and Duties

3.1 It shatl be the reéponsibility of the agency to ensure
that it performs only inspections or tests for which it is

‘adequately equipped and staffed and that its employees -
perform only inspections and tests for which they are

. adequately trained.

3.2-The follovnng dutlcs are those usually. pcrformed by
the agency:

3.2.1 Obtain representative samples of those matenals
required by project specifications to be tested and evaluated.

3.2.2 Ascertain that there is proper protection, curing,
handling, and storing of the samples to assure that they
remain representative of the material being used at the time
of sampling.

3.2.3 Ascertain that the samples are identified wnh the
respeciive portions of the work in which the rnatenal
represented was or will be used,

3.2.4 Perform all testing and inspection operations in
accordance with appropriate standards.

3.2.5 Call to the attention of the proper authomy at once
any irregularity or deficiency. |

3.2.6 Submit promptly to the proper authority formal
reports of all tests and inspections which indicate compliance
or.noncompliance with the specifications. The reports shall
be complete and factual, citing the methods used in ob-

taining samples, the tests performed, the specified values for
the measured characteristics, the values obtained, the parts of
the structure involved, and similar pertinent data. The

3.2.7 Ascertain that the construction plant and equipment
meet the specifications and are operated in conformity
therewith.

3.3 Uniess specifically authonzed the agency does not
have the right of rejection.

_agency, realizing the seriousness of its reports, shall be
_ prepared to substantiate them to the fullest extent.

3.4 The agency shall have its iaboratory procedures and -

equipment inspected at intervals of not more than 3 years by
a qualified nationa! authority as evidence of its competence
to perform the required tests.

Note 1—The Materials Reference Laboratories at the National
Bureau of Standards are such quahﬁcd naiional authorities,

3.5 The qualified pational authority, when making an
inspection, shall obtain an affidavit as to the qua.llﬁcauon of
the personnel as listed in Section 4.

4, Management and Supervision

4.1 The inspection and testing services of the agency shall

be under the direction of a person charged with engineering
managerial responsibility. He shall be a reglstered engineer
and a full-time employee of that agency. He shall have at
least 5 years' engineering experience in inspection and testing
of construction and materials. _

4.2 A supervising laboratory technician shali have at least
3 years’ experience performing tests on construction mate-
riz'= He shall be abte :o demonstrate hi; ability to perform
the tests normally required in the mayr:. “stipulated unde:
ASTM or other goven:ung procedures.

4.3 A supervising field technician shall have at least 3
years' inspection experience in the kind of work involved on
construction projects. He shall be able to demonstrate either
by oral or written examination, or both, his ability to
perform correctly the duties required of him, = - -

CONCRETE INSPECTION AND TESTING

5. General

5.1 Concrete inspection -and testing services will aormally
include some or all of the following: sampling and testing of
ingredients: mix design; checking of production equipment

“and procedures; inspection of placement:and- curing: and
“laboratory testing of hardened specimens. The provisions of
Sections 1 1o 4 supplement these sections.

& Fauipment for Concrete Inspection and Testing
w1 Labu'ramry Equipmem'—The,laborator} of the agency

responsible for testing concrete shall be equipped with at

ieast the following:
- 6.i.1 A screw- or hvdraulic-type of compression testing

. machine of sufficient capacity to test any specimen which

may be involved 1n the coné_lruction {normally a machine
with at least 200 000-1b (%1 000-kg) capacity). It shall
conform to ail requirements of ASTM Practices E 4, Load

-Vcnﬁcauon of Tstmg Machmes, and ASTM Tut Method

C 39, for Compresswe Strength of Cylindrical Concrete
Specimens.> The machine shall be verified annually in

_accordance with Practices E 4 and a report giving details of

the vcnﬁcauor‘ shalt he readily available.
6.1.2 cu.tequah: facilities for preparing concrete test spaci-

mens in accordance with ASTM Method C 192, Makmg and.

Curing Concrete Test Spcc*mcns in'the Laboratory

6.1.3 Reusable cylinder molds conformms to Method
C 192 or single-use molds conforming 1o ASTM Specifica-
tion C 470 Molds for Forming Concrete Test Cylinders
Verticaily.? -

6.1:4 Adequaie facilities for curing concrete spec1mens in
accordance with Mcthod C 132. These facilities may consist
of either » thermostatically controlled fog room with re-
quired temperature and humidity controi or thermostatically

L e
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2 4npual Bovk of ASTM Standards, Vols 03.01, 04.02, 07.0, and 03.03.
Y Aanial Buwk of ASTA! Standards, Yol 04,02,
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-+ controlled tanks containing saturated lime solution.’

6.1.5 Adequate facilities for capping test specimens in

accordance with Method C 617, Capping Cylindrical Con--
crete Specimens.’ 1

€.1.6 Adequate facilities for performirig the test for flex-

ural strength of concrete in accoirdance with Test Method

C

78, for Fiexural Strength of Concrete {Using Simpie Beam

-with. Third-Poimt Loading).?

6.1:7 -Equipment for ‘esting ingredient materials con-

- forming to the following ASTM methods:

C 131, Test Method for Resistance Degradation of Smali

.~ Size Coarse’ Aggregate by Abrasion and lmpact in the

Los Angeles Machine,*",

C 142, Test Method for Clay Lumps and Friable Particles

i Aggregates.?

*"C 123, Test Method for Lightweight Pieces in Aggregate,’

:a

........
e

.....
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7.

C 117, Test Method for Materials Finer Than 75-pm {No.
200) Sieve in Mineral Aggregates. by Washmg,

C 40, Test Method for Organic Impurities in Fine Aggre-
* -gates for Concrete,’

C 136, Method for Sieve Analysns of Fine and Coarse

- Aggregates.’

C 88, Test Method for Soundnm of Aggregatcs by Use of
*-Sodium Sulfate or Magnesium Sulfate,?

C 127, Test Method for Specific Grav:ty and Absorpuon
of Coarse Aggrcgale, -

General

“i..0 . 7.1 Steel inspection and testing services will normally
.'include one or more of the following general functions:

-« inspection at source of base material (the steel mill); inspec-
tion at fabrication shop; inspection at erection site; labora--
tory testing to determine physical and chemical properties of
steel; laboratory tests of paints for use on steel structures;
qualification of welding procedures and pérsonnel; nonde-
. structive testing (radiographic, magnetic particle, dye pene-
‘trant; ultrasonic, ctc.); and inspection of cutting and bendmg

© of reinforcing bars and testing of same. The provmons of *

[

\%)

Secuons 1to4 supplemcnt these secuons.

Eqmpment for Steel lnspection and Testing
gy Laborarory Eqmpmem—‘l'hc laboratory of the agency

responsible for testing steel shall be equipped with at least the .

sufﬁcxem capacity to test any specimen which may be

' followmg_

"8.1.1 Suitable facxlmu for prepa.nng test specimens.
"8.1.2 A screw- or hydraulic-type of testing machine of

“t.involved (normaily a multiple-range machine with at least
- 200 000-Ib (9% 000-kg) cnpac:ty). The machine. shall be

< equipped with suitable gripping and bending tools and with
'-variable speed . control.

it shall be verified annually in

accordance with a procedure specified by Practices E 4 and
shall meet the accuracy requirement of these methods. A
" ‘ rreport giving detail of the vcnﬁmuon shail be readily
available.

8.1.3 Hardness measuring device (Rockwell or Brinell).

‘ ‘ .-.  STEEL INSPECTION D ";"7TING

C 128, Tcst Method for Specific Gravm and Ahsorplum
of Fine Aggregate,’

C 360. Test Method for Toal Mcusmre Content of Apgre-

gat2 by Drying,* and

C 29, Test Mclhod for Unit We:ght and  Voids e

Aggregatc
6.1.8 Access to facilities for physical and LhemJLaI anal-
ysis of cement. : - -
6.1.9 Access to facilities for teatmg of curing ‘.ompounds
admixtures, and reiated -materials.”
6.2 Field Inspection Equipment—A pocket thermometer
and equipment conforming Lo requirements of lhe follomng
ASTM methods:
“C 231, Test' Method 'for Air Content. of Freshlv M:xed
Concrete by the Pressure Method?

C ‘173, Test Method- for Air Content of Frcshl\. Mmd
- Concrete by thé Volumetric Method,* e

C 360, Test Method for Ball Penetrauon in Fresh Portland
Cement Concrete,’ k

C 31, Makmg and Cunng Concrete'Tesl Spcc:mens in the

: Flcld 3o

C 172, Method of Sampling Freshlv Mixed Concrete,’

C 143, Tcst Method for Slump of  Portland Cement

Concrete,’ and .
C 138, Test*Method: for Unit Weight. Yield, and Air

+ Content (Gravimetric) of Concrete.’

'

8.1.4 Appropriate measuning equipment such as mi-
crometers, rules, dividers, etc.

8.1.5 "Access to a chemical laboratory suitably equipped
for the analysis of- constituents and ailoying elements of
structural steels, and for analys:s of paints to applicable
specification.

8.1.6 AWS standard guided-bend test jig.

8.1.7 Bend test jig for reinforcing steel.

- 8.2 Field Equipment (Mill, Fabrication, and Erection)—

At least the following items of equipment appropriate to the
service to-be rendered shall be readily available: '

8.2.1 Steel tape, rule, calipers, and other appropriate
measuring equipment. = . .

8.2.2 Weld dimension gage. -

8.2.3 Weld viewing shield. . C

~8.2:4 Hammer for weld testing. =~ ~

8.2.5 Hammer and ball for nvet testing.

8.2.6 Strong hand light. : -

8.2.7 Paint thickness gage. "

8.2.8 Thermometer (or ternpcraturc-measunng crayons).”

8.2.9 Inspector's identification stamp or tags.

8.2.10 Calibrated torque wrench for high strength bolts.

8.2.11 Device for calibrating lmpact and torque wrench.®
" 8.3 When nondestructive testing is required, the agency
performing the testing shall meet the requirements of Prac- .

. tice E 543, for Determining the ngliﬁcation of Nondestruc-

* Tempilstiks available ﬁ'om Tempil Corp.. 132 W 22 St., New York. NY, have
been found satisfactory for this purpose.
3 Skidmore-Wilhelm o equivalent.

/&
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tive Testing Agencies,® in their entirety, The requirements of
-4

"% Anmual Book of ASTM Siandards, Vol 03.03.

Practice E 543 supersede Sections 3 and 4 of this recom-
mended practice with respect to nondestructive testing.

8.4 Unless otherwise specified, the tests performed shall
be in accordance with the test methods specified in Section 2
of Practice E 543.

BITUMINOUS INSPECTION AND TEST[NG

9 Genernl )
9.1 Bltummous mSpecuon and tcsung will normally in-

clude some or all of the foliowing services:
9.1.t Samplmg of the bituminous matcnal at the:refinery, '
Jcrmmal mix plant, or project site,

9.1.2 Testing of bituminous matcnals and mlxtures in the
. laboratory, o

-9.1.3 Investigation of aggregate at source for. comphance

" with' the specification requirements, -

9.14" - Preparation of mix design with or w1thout stability
determinations such as Marshall, Hubbard-Field, ‘Hveem, or
others,

9.1.5 Inspection of proportioning and mixing at Lhe plant

~ 9.16 Determination of percent bitumen and grading of

" aggregates in plant mix,

9.1.7 Determination of stabllny in plant mix,

9.1.8 Inspection of spreading and rolling,

9.1.9 Determination of thickness of compacted mix, and

9.1.10 Determination of density of samples from com-
pacted surface.

9.2 The provisions of Sections | to 4 supplement these
sections.

Lo

10, Equipment for Bitﬁminbﬁs iﬁspection and Testing

10.1 Test Methods Applicable to Asphaltic Materials:
10.1.1 Penetrometer and Auxiliary Equipment:
- D3, Test Method for Penetration of Bltummous Ma-
terials.’
10.1.2 Viscometer and Awxiliary Equrpmenr
D 88, Test Method for Savbolt Viscosity.® = -
D 2170, Test Method for Kinematic VlSCOSlty of Asphalts
(Bnumens) i
2171, Test Method l'or Viscosity of Asphajts by Vacuum
Capnllarv Viscometer.” :
" E 102, Test Method for Saybolt Furol Vtscosny of Bitumi-
nous Materials at High Tempcratures
10.1.3 Float Test Equipment: e ad
" D139, Method of Float Test for Bnummous Matcnals
" 10.1.4 Softening Point Equipment: , . .
T 36. Test Method for Softening Pomt of Bltumen (Ring-
and-Ball Apparatus).'® .
D 2398, Test Method for Softening Pomt of Bltumen in
Ethvlene Glycol (Ring-and-Balh).'? - - .-~
_10.1.5 Ductility Machine and Molds v
D113, Test Method for Duculny of Bltummous Ma-
- terials.’ L .. R

s 4nm..n Boxrk of 4§TH’ Standardy,"Vol (4.03.
" Annual Book of ASTM Standards, Vols 04.04 and 10. 03
" Aanual Book of ASTM Standards. Vols 04.03 and 04. 08
 ianu Bouk of ASTM Standards, ’\ral 04(,\4

1

10.1.6 Flash Point Equipment:*

D92, Test Mcthod for Flash and F:re Pomts by C!eveland
Open Cup.!!

D 3143, Test Method for Flash Pomt of Cutback Asphalt
with Tag Open-Cup Apparatus.”

10.1.7 Effect of Heat and Air on Asphalﬂc Marenals (Thin

Film Test):

D 1754, Test Method for Effect of Heat and Air on
Asphaltic Materials (Thin-Film Oven Test).” -

D 2872, Test Method for Effect of Heat. and Air on a
Movmg Film of Asphalt: (Rollmg . Thin- Fnlm Oven
Test).”

10.1.8 Distillation Equipment: . ': - .

D 95, Test Method for Water in Petrolcum Products and
Bituminous Matenals by Distillation.'? . "

D 402, Test Method for Dlsnllatlon of Cut-Back Asphalllc
{Bituminous) Producis.’

10.1.9 Solubility Equipment:

D 2042, Test \de'hod for Sotubility of Asphalt Matenals in
Trichloroethylene.”

10.1.10 Specific Gravity Equipment: .

D 70. Test Method for Spccnﬁc Gravuv of Seml-Sohd

1 ‘:"l

Bitum: . 5us Materials.’ wE o
D 3142. Test Method for Specific Gravity or API Grg\ A

of Liquid Asphalts by Hydrometer Method.” -
10.1.11 Equipment for Residue of Specified Penetrauon
D 243, Tcst Method for Residue of Specified Pene-
tration.’
10.1.12 Equipmen: for Spot Test:
"AASHTO T102; Spot Test of Asphaltic Matenials,
© 10.1.13 Equipment for Testing Asphalt Emulszons
The following tests of i
D 244, Methods of Testing Emulsified Asphalts:” Residue
by Distillation, Particle Charge, Saybolt Viscosity, De-
mulsibility, Settlement, Cement Mixing; Sieve Test.
Coating Ability and Water ‘Residue, Examination of
Residue by P:netration. Ducullty, and Solubihty
10.2 Test Methods ipphcable 10 Tar Products:
10.2.1 Viscometer und Auxiiiary Equipment:
D i665. Tesl Mcl.hud 10: tngler Specnﬁc VISCOSlly of Tar
Procucts.’ _ i
10.2.2 Floar Test F Jmpmem T :
"D 139, Method of Floal Test for Bltummous Matemﬂs
10.2.3 S.ftening Puint Equipment: | "7
D 16, Test Method for Softening Pomnof Bltumuu(R.lng-
and-Ball Apparstus).'® -
© D 2398, Test Method for Softening Pomt of Bliumen in
Ethylene Giycol tRing-and-Ball).'0’" -
10.2.4 Distiilation Equipnment:
D 20. Test Methad for Dmlllauon of Road Tars

SXIRE

It {nmm! Bnnk of ASTM S‘tandards Yols 05 ul and 10, 0'! ‘.
Anrizedd Hook of ASTM Swindards, Vols U5.01, D6.01, and 06(,3.
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-D 95, Test Method for Water in Pelroleum Products and
Bituminous Matenals by Distillation.**

10.2.5° Sultonarion Index Equipment:

D 872, Test Method for Sulfonation Index of Road Tars.?

10.2.6 Ductility Machine and Malds:”

D 113. Test Method for Ductility of Bituminous Ma-
tepals.’ - -~

10.2.7 Solubiticy Equipment:

D 4. Test Method for Bitumen Content.'®

. D 2042, Test Method for Solubility of Asphait Matenals i

Trichloroethylene,'?
10.2.8 Specific Gravuv Equipment:
D 70, Test Method for Spec:ﬁc Gravity of Semi-Solid

‘Bituminous Materials.”

10.3 Bituminous Mixes:
"10.3.1-" Extraction and Mix Gradation Equipment:
' D 2172 Test Methods for Quantitative Extrac.tlon of

- Bitumen from Bituminous Paving Mixtures.’

AASHTO T30 Mechanical Analv51s of Extracted Aggre-
Lo gatessTT
10.3.2 Stabrluy and Compressrve Sireng!h Equipment
" (Note 2):

D 1074, Test Method for Compressive Strength of Bitumi-

. nous Mixtures.®
© D 1075, Test Method for Effect of Water and Cohesion of

Compacted Bituminous Mixtures.’

.. .D 1138, Test Method for Resistance to Plastic Flow of
o, Fine-Aggregate Bituminous Mixtures by Means of the
-2., . ,Hubbard-Field Apparatus.’> .

) D 559, Test Method for Resistance to Plastic Flow of

' Bituminous Mixtures Using Marshall ‘Apparatus.’

.-~ D 1560, Test Method for Resistance to Deformation and
' Cohesion of Bituminous Mixtures by Means of Hveem
Apparatus
10.3.3 Equipment for Specific Gravity of Mixes:
‘D 1188, Test Method for Bulk Specific Gravity of Com-
pacted Bltummous Mixtures Using Paraffin-Coated
et Specnmens
"D 2041, Test Method for Theoretical Maxnmum Specific
Gravity of B:tummous Paving Mixtures.”

a4
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D’7’6 Test Method for Bulk Specific Gravity of Com-
pacted Bnummous Mu—.tum Using . Saturated Surface-
Dry bpecnmens

10.3.3 Equipment for .-Iggregare._oradauon Texx

C 117, Test Method for Materiais Finer Than 7°. wm (N
200) Sieve in Mineral Aggregates by Washmg

C 136, Test Method for Sleve or Screen Analvs1s of Fine
and Coarse Aggregates.”

10.3.5 Other aggregate testing equipment’as listed in

Section 6 of this recommended practice or access 16 outside

facilities furnishing such testing facilities is also*régiiired.

Note 2--The standards in 10.3.2 are alternative methods for_evalu-
auon of mix design, some common in some geographical areas, some in
others. It is unlikely that any one laboratory would need to be, #quipped
for all of thesc procedures. In certain areas still other .mix dcs:gn and
stablluy tcst equipment may be required. The laboratorv sho.J!d ba
equipped [or the locally prevalent practice.

10.4 General Equipment—Drying oven, thermometers.
hot plates, glassware, scales, balances, mixing bowls. pans.
miscellaneous laboratory tools, and special equipment which
may be required for testing either bituminous materials or
bituminous mixes to specifications under which the agency is
operating or offers to operate,

10.5 Batch and Mixing Plamt Equipment—Equipmen:
needed in the bituminous mixing plant will, in general, be
identical with that listed for the laboratory testing of bitumi-
nous mixes and agg:-ates for bitumen content and grada-
tion. ASTM Recor ::snded Practice s 290, Bituminous
Mixing Plant Inspection.” provides a detailed discussion of
services normally. required.

10.6 Field Inspection Equipment (at Job Site;—Inasmuch
as service at the project is usually confined to inspection of
spreading and rolling of pavement and seldom involves any
actual testing, little if any equipment is normally required at
this point. The inspector should be provided witi. thermom-
eters of appropriate ranges, steel rule, " 100-ft tape, and, where
required, facilities for removing samples for density tests and
for checking thickness of pavement.

e v : REFERENCE MATERIAL

11. Reference Material

‘11 ’Appropriate refererices, relevant to the construction
__being inspected, including project plans and specifications,
shall be readily available to the technicians at all times. The

. following are particularly essentiz .
1111 Apphmble parts of Annual Book of ASTM Stan-
dards,
11.1.2 ACY Manual of Concrete lnspecuan
1'1.1.3 Bureau of Reclamation Concrete Manual,
11.1.4 AISC Manual of Steel Construction,
11.1.5 ‘Applicable building codes, '

A

I l 6 ASME Weldmg Code,

11.1.7 AWS Code for Welding in Building Construction.

i1.1.8 AWS Specifications for Welded Highway and
Railway Bridges,

11.1.9 AWS Recommcuded ‘Practice for Welding Rein-
forcing Steel, Metal Inserts, and Connections in Reinforced

Concrete Construction,

11.1.10 AWS Special Ruling, Gas Metal Arc Welding
with Carbon Dioxide Shielding,

I1.1.11 CRSI Recommended Practice for Placing Rein-
forcing Bars, and . .

11.1.12 AASHTO standards.
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The American Society for Testing and Materials lakes no posttion respecting the validity of ety petent rights asserted in CONNeGHon
with arry em mentioned in this stancard. Users of this stancard ere expriasly advised thal determinetion of the validity of any such
patert rigits, mmmamamm are sntirely their own responsibilty.
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