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CODIFICACION DE CONTRATOS

)

1 Afio en el que se firma el contrato ( 2 nGm)

2 Tipo de contrato

a)

b,

c)
a)
e)
£)

3 Giro (

a)

by

c)
d)
e)

f)
g)

Precio alzado

Precio unitario

Administracién

FPideicomiso

Arrendamiento

{ letfa )

Trabajo individual

letra )

Urbanizacidn
Edificacién

Servicios técnicos

Mobiliario Urbano °

Instalaciones de captacibébn y desecho

Terrenos
Indirectos

Falad

4 Numeracidén progresiva

0C4/73.

"ml.in.
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( 4 nlmeros )



- A o~ URBANIZACION

- A Red de agua
- B Red de drenaje y alcantarillado |
_‘ ’
i o Terracerias, pavimentos, banquetas y andadores
!
~ N | . |
o D Red de distribucibn eléctrica y alumbrado
. |
) T Red de teléfono 8 |
- |
s T Red de gas |
- ‘ G Jardinerfa : |
{ .
{ : ;

H Equipo e instalaciones especiales

L-.1

I Varios woras exteriores

Lot

|
J Proteccidn contra precipitacidn pluvial P
. |

W
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CONCEPTOS GENERALES

eg

URBANIZACION

EDIFICACION

SERVICIOS TECNICOS

EQUIPAMIENTO URBANO

L

INSTALACIONES DE CAPTACION Y DESECHO

TERRENCS

INDIRECTOS.
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AGUA

|9

AA .- RED D

Térracerias

Tuberia . !

a3

Piezas especiales

Tomas domiciliarias

.

Bocas de riego

Trabajos de albafileria

Conexibn del sistema municipal
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i AAA .~ TERRACERIAS
7 _—
! S
A Limpieza de.terreno
]

B Trazo y nivelacién

L.
O

Demoliciones

o v .
— D Carga y acarreos
B B Excavaciones
] F  Afines
1
- ¢
' G Rellenos
1 H Proteccidn colindancias
. I Consolidacién
J

J Control de aqua
1
f
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AAB .- TUBERIAS

De asbesto cemento

De cobre

¢
1

f

De galvauizado
De polietileno o PVC
De otros materiales

Cama de arena
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AAC .- PIEZAS ESPECIALES

"0

™

.

Cruces

Tees

Extremidades

Tapas cilegas
Carretes
Codos

Reducciones ~

Tornillos Y tuercés
Plato quiebra chorro
Céspol, bola y codo
Vélvulas

Juntas gibaul£

Mangueras
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AAD 4= TOMAS DOMICTILIARIAS :
Tomas de Agqua ,
.
Insertoc '
Tubo de polietileno
A4
Llave de banqueta
Caja para llave de banqgueta
i
i
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AAF o=~ TRABAJOS DE ALBANILERIA

I

A Atraques
y

B Cajas :
C Registros
D Ductos o trincheras <>
E Soporteria

'
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AR .- RED DE DRENAJE Y

L
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ALCANTARILLADO

'

PIEEEIRES

: X
Terracecias
Tuberia o ‘
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Descargas domiciliarias y conexidn a

atarjeas |

Trabajos de albafiileria

[N

Fosas- sépticas v pozos de absorcidn

!

Ccnexidbdn del sistema municipal - &
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ABA .- TERRACERIAS

Liwmpieza de terreno
Trazo vy nivelaciég
Demoliciones

Carga y acarreos
Excavaqiones
Afines

Rellenos

Proteccidn colindancias

G

~

Consolidacidba -

Control de agua

O
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ABE <~ TRABAJOS DE ALBANILERIA

A Pozos de visita y de caida

B Alcantarillas

®
C Areneros
D Drenes
+ ',r -‘ {‘;‘ ; \
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AC .- TERRACERIAS, PAVIMENTOS,

omap v o BANQUETAS ¥ ANDADORES
Obras preliminares
I A‘y-.“,.‘ P a e - . P e
’k‘.» et [ e -d i “ ~
Movimiento de tierra
mhoceS el oy 2o AL
Sub-base
Base a
TS TS Y snTal,
Carpeta
RSV 2
Guarniciones
il ot Ll s 3.t e ™
Banquetas .
\
Andadores
iy
Otros trabajos .de albafiileria
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ACA .~ OZRAS PRELIMINARES

Limpieza del terreno

Trazo ¥ nilvelacibn

Txcavacloanes

Proteccida de colindancias
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ACB’ .= MOVIMIERTO DE TIERRA

g
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Excavaciones ’
M ATAREN PR I ., o 2
Rellenos
& = NI o
Carga y acarreos
. 4,
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Consolidaciones

i

Conformacibn y afine
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AT .- VARIOS OZRAS BEATERIORES

A Ornamentacidn

4

3 Nomenclaotura y sciialamiento
Cc Bardas o
D Casetas vigilancia

a1
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AD .= RED DE DISTRIEUCION ELECTRICA
X ALUMBRADO

Terracerias

Tuberia

Acometida compafiia de luz
Posteria

Cableado

Lamparas y accesorios
Trabajos de albaﬁi}eria
Sub-estacibn

Transformadores

D
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AE .= RZD DE TZILEFONOS

Ductos

cléfonos de dxico, S.A.
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AF .- RED DE GAS

g

[N

Terracerias

Tuberias y pcuebas

Piezas especiales

Tomas domiciliarias

Trabajos de elbaifiileria
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AH.~ EQUIPO E INSTALACIONZS
' ESPECIALES
A Bombas. 3 o R
B..  Tanque elevado
I S
L B ‘ . N

C Oficinas administrativas y vigilancia
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... EDIFICACICN

Uy
,

w

Obras pcelimlnares

Cimzntacidn
C

¢mpermoaollizacxon
Acabados especiales
Tnstalocida hidrauliica y sanitaria
Instalacidn ce gas v

.‘:--‘,.(' .2 ) P
;i acecfa v ocbaanlsterla

rusbles Jde Danos cocina y conexos
(

ol en Casas, dentro de
- hacdas ) -

robiliasio
Zquipo T
Limps -

Vacios .
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BA OBRAS PRELIMINARES

o -

A Linpleza del terreno

B Trazo Yy nivelacidn }

C Demoliciones ( del nivel de piso de banque-
ta para.abajo )

D Cacga y acarreos .

E Zxcavaciones

r Rellenos .

G  Proteccién de cqlindéncia

H Consolidacidn .

I Cont;ol de agua

. ) ]

considera que

ce arboles ),
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BAB ,- TRAZO Y NIVELACION

Trabajcs topogréficos



BAD .-~ CARGA ¥ ACARREQS

A En camibn

3 En carrqtilla
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méguina
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BAD .- CARGA Y AC

ARREOS

Ean camidbn

£n carretilla




DAF .- RELLEIOS

A Cor material producto de la excavacion

e fuera de la obra
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—~ DPROTECCTON COLINDANCIAS

BAG .
Ademes v .
Troqueles

Apuntalamiento
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B3 o~ CIMENDIACION

f e

! A
2iantilla
Ma.aaposterias
Concretos

Fiecro

Dalas, cadenas y cascillos

ILapermecioilizacidn

Precolados

darotres

Lastraes @
Regisc;;s ce cimantacidn,

pilas

Lge]
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Acabados en cimentacidn

4 .
peciales

Preparaciones Cs

juntas, anclas
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BBA .- PLANTILLAS

Frg—

De concrcto

de tabigue
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pedace
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BRC o= CONCRETOS

Resiteancia rdépida

Normal

Ciclbpeo

Curado

@
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A £y = 4,000 Kg/m2a
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BBE .~ CIMBRA

-~

Aparente

No eparente

Anhogada
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Obras preliminares

Estructura

.
, .
P

Impermeabilizacidn

Preparaciones especiales
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BCA .- OBRAS PRELIMINARES

Preparacibédn del terreno

ovimiento de tierra

Proteccidn de colindacias

Cornisolidacidn
Controi de agua
i



BCB .~ ESTRUCTURA

Fierro

Concreto

i

Cimbra

Aditivos

Y
I

Aplanados

Curado

Impermeabilizacibdn espgcial
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BD .- ESTRUCTURA

Columnnas
Trabes
Losas .

Otras cubicertas

7
t

Rampas ’ >
Estructura metilica
refabricados de concreto

Otros elementos estrgcturales de concreto
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BOA .= COLUMNAS

Fierro -
Concreto

Cimbira o .

L]
Aditivos
Curado .
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Fierrc

Concreto

Cimbra

Aditivos

Curado
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BDC .- LOSAS

t

Fierro

Concreto

Cimbra

Aditivos

Curado

Blocks o ductos aligerantes
Béveda catalana

Alslantes

S

-
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Fals

DDE o= RAMPAS

Escaleras

Estacionamiento
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BOP, o~ 'ESTRUCTURA METALICA

Fabricacibdn y montaje

Control de calidad

Piezas especiales
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BE .- ALBANILERIA GRUESA

Cadenas,; castillos y cerramientos
Azoteas

Colocaciones y amacizados

Registros ductos y aibafales
Escaleras
Chimeneas

Varios

a

~
o




A
s

BEA .~ PIsos |
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Firmes

Aditivos

i .

Losetas en patiogs - :

Sardineles
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BEB .- IMUROS

o

De tabique recocido

De barro prensado extruido

De block wvidrilado

De block de cemento .
De’ tabicbén

De mamposteria

Celosias

Bardas

Remates

N

3+
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BEC .~ CADENAS, CASTILLOS Y
~ 'CERRAMIENTOS

s
<

/

\.

Ahogados eé'el nuro

Con cimbra en uéa cara
Con cimbra en dés cafas
Con cimbry en tres caras

Replsones y cejas de concreto




A

r

BED .- AZOTEAS

Rellenos

Enladyrillados |
Tejas
Chaflanes

%
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BEE .~ COLOCACIONES Y AMACRADOS

<8

et

Herrcria

Accesorios para barfio
Instalac;ones en general
Tinacos y calcntadores
Domos y tragaluces

Muebles .

Piezas de aluminio

T

1
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BALP .- REGISTROS, DUCTOS Y ALRBANALES

Aeglstros, ductos, trincheras, etc.; de

instalacidén elé&ctrica,.

Registcoes y ductos teléfono

Registros y albafiales de instalacidn elég

CLiCae
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DG .= BUSCALLERAS

A Forjado o colocado de escalones

B Mesetas. i

c Colocacidédn de escaleras, barandales,
etc., metdlica.

D Escaleras precoladas.
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BEI .- CHIMGMNEAS

Tiros

Consiruccidbn chimeneas

Pl

Land

o
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BEI .- VARIGCS

Gargolas

Lavaderos

Juntas

Résames

Jardineria

Muebles de mamposteria, en bafos y cocina

Rellenos y entortados en baiios

Preparaciones pasos, tubos, ductos, etc.
-t

¢ -

i
Cajillos




BF .- ALBANILEZRIA ACABADOS

Pisos

Prefabricados ornamentales

gcscaleras
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BFA .- PISOS

mosaicog, terrizos, etCo,
De barro

De cerdmica
De piedfé

De madera

Soclos : sl

[y

Recubrimiento sardineles




ta

1

B3 - MUROS

Acapados aparentes

Aplanados de mezcla

Recubrimientos de fachada

Pastas

i“artelirldos
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: A Alfombras
3 Mérmoles
o Losetas vinlilicas y lineoleums

D De madera
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0L .- INSTALACION IIIDRAULICA ¥
SANITARIA

A Allmentacidn de muebles con agua fria ¥

calience

B Desagle de agua negras, jabonosas y plu
viales
C Lineas contra incendio
’
D Otras instalaciones
MO Fosa séptica y pozo de absorcida
“..o0of

bn vy cuando de edificacidn, creyendo -
~u= siempre en conjuntos habitacionales, debe-

4 estar en la primera. o

e m—
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BJ .= INSTALACION Dii GAS

Lineas de alimentacidédn y distribucidn

Tangques, medidores y accesorios
[~}
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TALACION ELECTRICA

Slectricidad .

Electricidad

—a

en alta
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AR .= ELECPRICIDAD EN BAJA

2 ! N ~ 4
Acomctida compafila de luz
Tableros ¢ interruptores

Ductos, cableado vy placas “ .

Alimenteacidn a distintos equipos

Alarmas
do sin instalaciones i especializadas
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BL .~ INSTALACION=S ESPLCIALES

©

Alre acondicionado
clevadores

Alarmas SRR u

~t

Teléfonos

—

Intercomunicacibn'y sonido




RREZRIA
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Aplanados de yeso
- a
Varios de Yeso
“irol y n Saclstico
Falsos Plafones
J
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A Piceado de¢ concreto

B Aplanados

C Boquillas vy esquineros
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VARIOS . DE YiESO

A /Cajillos

t

Y

S Molduras y estucados
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BP .-~ CARPINTERIA Y'EBANTSTZIRIA
— ! .
A Pucrtas
A\
. B Closets.
e
- c Muewles
_ D Canceles
i
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E Lanmbrines
N Iy platoney:
_ G Escaleras
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1

DRew VIDRTERIA

dga tr e

A vVidrio

3 BlLock |

c £spejos ”

D Dounios

E Plasiicos, ac:ili;o;

F Placas vidriadas ( porcewall,..)

G Lirinas de asbesto ( cucndo estd en lujas
de vidrio )

%_ Lnmasticado y sgllado



A

t

BS .- MNUEBL

©S Do
CONEKOS .,

BANQ

cocCl

ey
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AY

Muebles de Dbaiio

vuelles de cocina

Accesorios de baio

Calentdacras
Tinacos
i
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Proparacidn

e

Culcivo
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: Y SANITARIA
!

HIDRAULICA
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Bombas

Equipo hidroaeumatico
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ANALYSIS OF TIME-LAPSE CONSTRUCTION VILMS

By Howa:d B. Spriakic,* M. ASCE

INLRGDUCTION

Conslrection labor cosis have boen steadily 1iswg along with & warked

decrease inproductivity, Hisrecessary thel nanawemcat scacch for new wivs
o reduce cosis, One approrch has hees seneially tenored. Tt is the cosis
savings technigue lnown a5 methads faprovement, or os itis mole commaaly

l.nowns time and mouon ﬂx.(i\"q Methods :mprl)\cmm-f 17 e systemaiic eiferd
to accomplish rouluie operations w the nost 2eonosnceal neoner, This mothod
has Jong heen inuse in the newfacturing ondustry.

Time and molioastudies occ easier o perform and cost saviyy adjustinents
are easier to make in 2 [aciocy set-vp than in coustruction woik. jn the facs
fory, equipment and mes are perforndng the sme vorh at the same pontor”
dayalierdoy. Inconstrvection, cachnow comlact or 1ab i more or less witque
However, ther eare certahi coLstruction oporations which aic esser bally
ticol ai’d repotitious f1om job to 1ob, This is wiere management shoul’ oo
ceniraie its effor s toapply meelhods improvement techmves H the constiuchi o
mil".?a[.'_f‘l ccograzes that certam construction operations ai ¢ repctitions, thea
the question becones how tonprove these operations in tmn 18 6l costs, } i

(=

he must colicel data about a particulzr operation, Sceandly, he nust ansly 7o
that data ond reach conclusions about fmrpiovemcnts, Last, he uat e
changes mm the operationte reflccthis conclasioas, Tne [ollawing revies conver

5
song b the \m\ sthat data coflected b, the vse of Lol pholo - aphvy ey
[ U)fnc“ 2d Lo varniees fo rns of vocie?

LOMICHL ‘“‘15,ru‘~ AN Oty s,

Noto.~-Disvussivonopenunhl b v 1,107 1 Te r“.mnxl fhe Clonn b e o
Worilionpend cfoauste Dol wdn the E \uu fue Muirector, ASCE, Thos paper s poctaf
the conyrighied Jourpal af the C \..\u.mn Dadston, Proeoo o of the e '1( N
vef Ol Engineers, Yol 63, L CO2, September, 19720 Aamiseddpd woas ot I ted
" r« view for pos<ablio po 1:11(‘1!\..!!1 o AP l:, RN

Yuakos Enger,, Lee Turzillo Contractuing Co., Atiaula, G
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DATA COLLFCTION AND EQUIPMENT

data collection is a major problem.
of collecting job data caonsists of using an observer
h and a clip board. This consumes the time of one
the number of workers and the complexity of the
A way around this problem is the use of photog-
raphy. A camera can take the place of several observers. The camera set-up
takes only a fow minutes each day. The film provides an irrefutable record
which can be reviewed as often as desired, photography relieves manage-
mentof the tedivm of data collection while producing an accurate record which
can be used for yarious purposes in addition to methods 'xmprovement. For
example, the film can be uscd for training purposes, job progress records,
costvornﬁc;\t'mn,nnd even as evidence in contract disputes and liability suits.
If photography is selected as the means of collecting data, the camera and
the projector should be carefully considered, Any compromise with regard to
equigment operationat fealures can result in increased analysis time. An ex-
ample is the us¢ of conventional motion picture equipment. The analysis of
conventional motion plcture film is much more tedious and time consuming
than the analysis of time~lapse film., When filming with a time-lapsc camera,
kenevery 3sec to4scc. The shutter is tripped automatically
by a device known as an intervalometer (manual tripping is possible but re-
quires manpower). Wwith a special projector the time-lapse film can be viewed
at onc of several speeds. An operation which was filmed at an exposure rate
of one frameevery 4 sec andprojected at the speed of two frames per sec can
pe viewed in onc-cighth of the actual event time. Thus, an g-hr work day can
pe viewed in 1hr. The same 8-hr day photographcd with conventional equip-
ment would require 8 hr to revicw. Inherently, there is some loss of detail
with ti me-lapse ilming. If the exposure rate is maintained in the range of oné
frame cvery 4 sec oT less, then the loss of detail is not serious enough to
affect analysis of the film. A 1-sec interval provided adequate detail for the
analysis of the case studics presented herein.
The equipment used in this study consists of the Time-lapse Analyst 1
System manufactured by Timelapse Inc., palo Allo, calif, The 8mm camera
s portable, automatic, cartridge loaded with zoom lens, automatic tripping
device, and tripod. The projector is flickerless, with automatic 1oading and
forward and reverse control, Several projection rates are possible, For more
detail with 1egard to both selection and use of time-lapse equipment, refer to

Rel. 4.

Fot theaverfie conutruction company,
The ceaventional method
equiprad wath a stop waltc
or several men depending on
operation under obscrvation,

phologmphs areta

DATA ANALYSIS

The objective of the film analysis is to find ways to improve operations.
Wwhen viewing the film, 2 complete cycle of work must be identified. The cycle
may then be proken into a number of work clements. It is rocommended that
the analysi first review the whole operation at 2 {ast projection rate (the
motion will resemble an old silent movic) for general famiharization. The

e — ey e

co2
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pr0|CCtlon rale can U [t ]) . «
‘. « NCNn bc Cdl t 0 H
. l I ]CC(’ 1S5 “\(} sScopt ()f ntlcn 0n RArrows to a
AS asin g na y 9] Iy ra n (}r’ll a ro [(:h(fs
k4 plod l S1S f const p AY < ])p
tRl¢] 1 ruclionope
Hl.ly he US(’([ tor ed 1 . llOnS,{IS..O 0[ se
educec observations into USC[U[ Ch'll ls ﬂnd tﬂ.blc‘s Ih f ]. o
« 3 - c [} owingz

SOCQJOI]S dLSCI‘ll)O so0me o 1cse ads, ‘:‘.IS(} f}(jld St];[‘hes h'] ve h(:en ”N:l"d(‘d to
f u id . .
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denlOllSU-llC UICII l\]lDllCa“On Where I)OSSIDIC

Tiize
Operat ¢
Rp :Sxor (nin) Truck (IEIT:) € (zin
I:; hovel 1.5 |5 Idle 1.5 inad o =
. inad 7
o 2.5 | Truck out and in, }2.5 3 PGy e o |
Run Shovel [3.,0 [ Idlo ] : o
- : , 3,0, Imd Truock 3.0 {
hove 3.5 p! Truck in a Foidia 1
| nd o ead In
Run Shovel 1.5 ! Idle v :}'2 1 s:;. o
Chook Grade 5.0 Truck out and 1n 2:0 P; 4 Truck il
I,
Run Shovel [2.0 }. Tdle 2+0 i o
o1 Pruck out o I L:ad Truek 2,0 |
. - L -4 1
Idle 7.0 ¥o Trucks (idle) | S.0
~{ Truck 1 3
Tighten B 20 -
Olutch 5.0 ] 4 a al
Run Shovel [2.0 _: Tdle 6.0
Lmad Truck 2.0 i
TOTAL |33 33 |
- 33
l S LOADS l
Operator f
Truok
Idle Tize 9.5 -
. 22.0
Working Time 23.5 -
. 11,0
Total Cycle Ta. 33.0 ==
33.0
Utilization >
(%) | 23.5/33 = 1% 11/33 = 33% L1z.5/
= «5/33 = 4!‘

FIG. 1.—CREW BALA} CF C”a‘“tl. ORIGINAL ODSERVATN (h() n Construction
. . AN = e

stimating and J ‘ N
S T oh Preplannin T h\ 1IPOUre [:. cathera: p
E { I Prepla T Geo Deat) are, MeGraw Thil Be ok Com-

pany, New Yark, 1965, Used with peurmissior VeGraw =T Dook Co npan
’ . } tmi 1on of McGia Tl )
)

Creiw B
alarice Chart.—7T .
machine chart. The Ch‘lr.lizlzot cxlow balance chartisalso kzown as the
the wo : satool whieh d e as man and
1k of the m vdemonstrates
» members ates the relations ,
equipment is not involved of a crew and the cquipaent tiey 1*'“1) between
ed, the chart may be used to §‘10~~ y are using, When
5 show man-to-nran 12l
< Q-

tionshi
ps. Figs. 1 and
Jand 4 rs. 1 and 2 are exampl
: are ox ples of man -
¢ examples of man-to-man charts 1and mactame operations, igs



186

FIG. 2.—CREW B.ALANCE CHART, IMPRCVED OPERATION (from Censiruction Es-

[

September, 1972 CO 2
Iine Tioe Time
Cperator (:1in) Truck {ain) Snovel A {ntr )
“Run Shovel -11.5 L T1Te 1.5 }f Toad iruck . 1.5 I
ldle. 1.5 {.f Truck out snd in, (1.5 Idle ﬂ.S'P
1d1e 1.9 |.d Load Truck s v
KR Truck out and in. |t.5 b4 Yove Aheed In. | . !}
Run Shove) (6.9 Idle 2.0 Cut. . . 3.5
R ’ L { Idle 1.5 ] § Load Truck 1.5 1]
"1d41e 1 1.5 1} Truck out and lu. |1,5 Idle 1.5 {]
Run Shovel-§1.5 L3 Ydle 15 s Lead Truek: 1.5
Idle | 1.5 { Truck out and in,.[1.5 [.{ Tdle T L ¥
Run Shovel- [1,5 f4:I¢le . . 115 b Load Truok * "]1.5 -
‘Idla . 15} Truck out and in. {1.5 3y 1. .o
4 il A ; ,
Iightan’ "f -7 Idle 5.0 Idle 6.5 .
Olutch | -15.0. 1. . ; N - B
,Run Shevel 1.5 L Idie 1.5 1 § Load fTruek 1.5 {1
Idle “{1.6:1] Truck out and im..j1.5 [} Idis 1.5 1)
an - ' b - B3 1dle 1.5 L Load ’ . 1.5 F
Run Shovel 15,5 {1 Truck out aud in. {1.5 £ Move Ahead In .
. Lt Idle 2.0 Cut | ’ 365
-4 Idlo 1.5, Load Truck > i1.5 }
R
‘goTAL 31,58 { 31.5 3.5
g & LOADS !
Operator Truek - Shovel
- . ]
Idle Time 7.5 21,0 12.5
‘Yorking Time 25.0 10.5 19.9 '
‘Total Cyclc Tm. 3.5 . 31.5 315
ttilizatton{?) | 24/31.5 = 75¢ 10.5/31.5 = 33 19/31.5 = 604

<

timating and Job Prcplanning, by George E, Deatternge, MceGraw Hill' Book Com-

pany, New York, 10465, Uscd with permission of McGraw-Hill Book Company)
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‘ Fig. 1 is a chart of an
observation afler out an
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' a:. chart o5 q later
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loada) b éboutu;hrefse in:the excavation yardage-{eight loads versus ‘f‘ive;
e same time period, Though these data are hypothetical;’
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it desonstiates the u.efutiness of such chails, Fig.
shinel nhalisation §s needed, The 41 o utilization 1s
sive and ey preceof equipment, Fuyr 2 shows that by specding
of cruply truths

A hypothetieal exnaniple of
Fig. 5. This type of chavt 1s 2 (
broaldown, It may be thoughtof as 2 summation of the

a man-to-man

, the ahovel was better hilized and production was
crew hatance chart is shown in
raphical representation of the work clement
activities of each crew

—

cO 2

1 shows that fruproved
too low for this expen-
up thepositlon‘.ng
improved.
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Activity Study.—An acl
~An activity study 1s ¢ C i
vork time of ' y 15 conductied o determine the ;
o Produstive w(;lr"]cwt.or individunls during a specific time intf~rv11pir(l)d”cme
D e ”< ime _to posstble work tinie & 2 mC'Hu;l‘ (;f. ooy
. sxample, if 2 man has been producuvely a(‘lu.'é V[or (;“;1“90‘-:“1'_
3 routo

niember,
Under the scction titled Case Studics herein, man-to-man crew balance Job Life S
charts (Figs. 3 and 4) were used in the amalysis of Case 1. These show the e Science Building
relative percentages of time each man spent performing each work element. Contractor D 6/9/
These were uscd to compare the performance of individuals and crews, Fig. Frome Interval _4 _ sc ate L2
3 shows that Man 1 spent much more time working on the forms than did Man , R c e Filuw Lo, 1
2. This indicates that the two men were not working well as a team. This is I enarka onstruction of column forzs, Crew |
especially obvious when checking the performance of the sccond crew as shown i Process Ch
in Fig. 4. Withinthis sccond crew, Man 1 and Man 2 performed the same work ; Frato FAN 1 - =
elements at nearly equal percenlages. The result was the performance of the } 5 MAN 2
same amount of work in about 70 % of the time. | :2
The man-to-man chart is uscful where the manager wishes to check per- t 20 " -
formance in scarch for ways to improve crew productivity. He may wish to 5 25 orking Working
observe the crew before andafter a trainingor instruction session. Case lisa ' gg Foraa Fz;s
good example of how one crew can learn from another, The manger could ' 40 i Idle
point out the advantages of having materials close at hand and the need for '33
more team work. An added usc for this typc of information is the verification 55
of costs. An exact number of man-hours can be equated to a known quantity gg Awny
of column form work. . 70 bray
Process Chart.—The process chart is a graphical or tabular analysis 75
method. This is 2 scquence chart which traditionally shows the operations, g?
transportation, tnspection, delays, and storage which occur during an opera- 90 Tdle
. tion. Symbolsor hatched graphs may be used to represent yarious actions and - 95
the relative times of each, Fig. 6 is an example of a process chart. Fig. 6(a) }82
shows the original position?of an unloading ramp at one end of a rail side 110 )
stockyard. In order to fill the far half of the yard, travel by a forklift equals "~ :;g Working dway
anaverage distance of about 325 ftbothways. By moving the ramp to the center 125 Fon
of the yard, traveldistance 1s reduced by approximately two-thirds [Fig. 6(0)]. :30 orzs
Travel time could be further improved by locating the ramp at the center of '28 Lile
the unfilled area. Though a process chart might not be used for problems this 145
simple, more complicated situations require this type of analysis chart. :gg
Figs. 1 and 2 were calied crew balance charts, When the work is shown in 160
sequence these charts are in a sense process charts also. The major distinc- }%
tion between the two types of charts is that crew balance charts tend to em- 175 Ifle

phasize crewan
charts tend to emphasize work flow.
Figs.7 and

These charts depict graphically
charts may be used to iltustrate the work of crews when it

ghow the film. They may also be used to develop the crew
supporting data. A process chart is not always 2
work cycle, It may be
of the analyst, However, some

order to calculate the times each man spends performing eac

!

] -
] N

d cquipment or man-to-man work relationships where

g arc extracts of process charts used In the analys
the work motions recorded on film,
is not possible to
balance chart and

necessity In evaluating 2
d exparience

eliminated dependingon the requirements an
sary in

form of time sequence record is neces
h work element.

is of Case 1.

A

process

[P,

FIG. 7.—PROCESS CHART (CREW )

Such

O S D

an 8~hr . s

boen 75\%0?;3:3;;;1:3:h1: utilization percentage or efficiency as a worker has
agement. for the y. 'dUCh st.udlcs should be of interest to construction m:t;1-
e-‘PCrien’ced cu g!r‘plt‘:)w ¢ basic information with regird to productivity. One
""cp*‘oductivepsol; ;’;‘ﬁ‘;nt.told the writer that he ot fortunatc if his men
ton percentage wh’loch N etime, Every-mnnagershoukﬂmvein mind a utiliza-
under varlous worki e wants to achieve at various working operations and

working cc‘tiditlons. Obviously 100 % utilization is not possible
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cecifhicall heck the
C 4 io an cvampic of collection of dnl uscd ;‘lrmtlht(t‘(;i[t?lc,;n( ke
"o an o 1 sipated thataatw ake d
e c -tor had anticipacec
‘ { sher on e contiactor : ke o
Co‘t‘ ('“ :[\(l:v-t"\ crew and crane to pick up and resct a portable [1‘(;2d o e
30 1:\\\l—1‘ cxc\:\. thme for the several operations ob'iexvcdlllc&un'rhc op,;ra“ons
?\:‘X.CL;“‘U{“ raphie cquipment was used to co[lcc[' u;f{cr <’.rhc_ Tl o akon
:’;Ll:‘en L:<l lniﬂ: plhie withtn 2 period of about 6 wee ;..cctundcr e The
?:)m the film as information in addition to the m:\‘ln i%ul)j e informa-
il formaticuwascasily accumulited 2s the job progt css‘ect.ch s e however,
!il 1cm‘|ld have beencollected using conventional stf)p wathUICd 0 bé o ab
totx\c fultui was a pioblem. while the forms u:ex'e s<:f duled 1o b as some-
o ('hc tints in the overall job segquence, the tujnng, J ‘u\e oS amalyst
ipeC\ ffp'm muchas 48 hr. By taking the information fnt)m vty t0,0bscwe o
et have o be ' i late or too €d
bout being too : ot
have to be concerned 2 arly o o en all o
i:zrr:gon and thus waste his time. Instead, the camera wa j
the time gathering data.

CASE STUDIES

i ations. At the
i i f actual construction opera
owing are case studies o ! : : OpeTlIenS: sbser-
T}:JL;' ttjc\);l:c stu%hcs only building construction “ork}?ats”arv"u‘l]'ilc e
tin‘_c All\dih was collected using the timc-lnps? pho o? ;;gnstmcunn oy
Y s 1 -—"ﬂ.\e work observed n this study consisted c;\ A :bo“t -
e !L;mn form complete with steel form clamEJS. Thtid LT 8 the form
A c?'t t. The work was concluded when the workmgn f LIS the con-
. inkh:ct‘nic‘i\ c'cntered the reinforcing steel in p:epnr:tlt(;oir;eroenxs G o the
erete S red working at di ¢
' ows were observe Il ! win
crett':.dT“ Ofli‘l”?;:ir:s\r';“::nﬂysls, the operation was divided into the fo g
same day. To ta al
activities oT work elcments:

i -ithin about
i ;ement of materials within abC
S forms: This included mov?m f ma S oreing
o ‘:grkci::%u::i ‘phcing plywood sheets, nailing, ad,x;s!;i:ttieng T olding,
o 1 1::eing forr;\ clamps, placing metal keyways, an ) | :
cage, pla amps,
. 1dle, doing nothing. |
: Clirx’1bllxgt:1p or down scaffolding. e workmen Were cearching
i- Away, out of picture area. In most cases e
. ]

for materials.

’ : w 2 shows an even dist.ribution of‘ac-
tivi'f:ces vt';g:\‘:'ci:\e !:;eer:ibt::;a:(io:\l ocfrcésf.d?s ii?{)ultegcrqf; Z ::3 , ;}.'ext:; nacr; sol%:néz
dilferes o Wﬂ’S e lomen reakdown is' tnbulatf:d ix} Tables 1 an

2 Th:szi%: tz :nngv: I:eT: :t:‘tlo:ok stsﬂigt%‘e;vr:;lsan;?ggh? :tlsn ;18};15: cit:;r;ié 'of

. Prgiisris c"llixgtjgl\lvtehree ;:)x}gé::esds f::’txx.atxj'ct) was 'no; ;le!;:ﬁisnstit{i ::egl.is'r;x;a;);s;:é Sist
?EE:t:eiipcfusll;:;? etlklmttn:)}:s‘:l ::'ionri gnoc“l"\ or;l:({',‘nr’cfw“; fvas smoother and petter coordi-
nat;d :‘tt:xedr;icnc:;xxwtizér:ge:m;li;zg cll;:drts and tche ;:vr(;cclist;::l;rsts&i;zﬁr-\;;eq:sr;é
»;Ieurdfgcxlﬂx:’:liecsr:f:;eza“x;?su?to;f \fxf)[ri}(:::et;?lsu}lzndefriiitel;' the case, as shown in the

following paragraphs.

CcoO 2 * CONSTRUCTION FILAS

Crew 1.—2 men X 183 min = 300 nun = 5,16 man-hr.
Crew 2.—1man x 93 min + 1 man X 9% mwm + Iman X 9 nun + 1 ma
%X 4 min = 205min =

1¢

3.42 man-hr. (Man 3and Man 4 on Crew 2 spent most ¢
their time extending the metal scaffolding.) Note that Crew 1 expended almos

50 % more man-hours than Crew 2 when performing an identical wor
operation. )

The ratio of productive time to possible work time is a ineasurc of cres
effectiveness. Work elements No. ! (working om forms) and No. 3 {climbing
are considered productive activities, The summation of the productive time:

TABLE 1.—WORK ELEMENT BREAKDOWN, CREW 1, CASE 1

Crew 1 Time, In scconds
Work elcment Man 1 Man 2
a @) _ ®)
1. Working on forms 8,268 3,456
2. Idle 202 - 3,372
3. Climbing 218 h1d
4. Away 364 2,248
Total 9,172 9,172
9,172 sce = 153 min

" TABLE 2.—WORK ELEMENT BREAKDOWYN, CREW 2, CASE 1

Crew 2 Time, fa scconds
Work clement Man 1 Man 2 Man 3 Man 4
) (2) ) ) {5)
1. Working on forms 4,708 5,241 . 280 224
2. Idle 3214 40 164 -
3. Climbing 248 236 68 23
4. Away 264 408 - -
Total 5,544 5,928 - 512 252
5,928 sec = 99 min,

of Crew 1 is 201 min, The summation of the productive time of Crew 2 is 184
min, Thus, in terms of crew elfectiveness, the crews performed as follows:

Cx;rew 1 Effectiveness: 201 (Productive time)/306 (Total possible time) =
65.7 0.

Crew 2 Effectiveness: 184 (Productive time)/205 (Totl possible time) =
89.8 %,

This case is a good example of the contrast between two different crews
performing identical jobs. Crew 2 worked as a team apparently with some
Freplnning since most of their materials were close at hard, The team work
of Crew 1 was erratic and too much time was spent searching for materials.

O

-
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The obwious advontuzes of planned and coordinated work cycles are reflectod
In the man-haurs expended by both crews and the crew effectivencss ratings,

Case 2.—The worl. observed for this case study consisted of the general
preparation of a floor areca for pourmmg, This included the cleamng and the
olling of portable (fiying) forms, layout and placenient of side and end bulk-
heads, placementof steel, and construction of a built-in-place floor form over

a small area.

TABLE 3,—~MORNING WORK FELEMENT BRUAKDOWN, CASE 2

Breakdown, as a Percentage
Werk eicment

Man 1 Man 2 Man 3

) (2 (4} (4)
1. Work 80.C 79.5 62.0
2. ldle 8.2 13.5 35.7
3. Instructional 10.3 1.7 1.1
4. Break 1.4 6.3 1.2

Total time, in minutcs 155 163 161

Rumber of calepory changes® 54 67 59

& Number of thines worker chanred {rom one of the five woirk efements to another,

Lo A 2

TARLE 4. —-AFTERNOOX WORK ELEMINT BREAKDOWN, CASE

Breakdawn, as a Percentege
Work element

Man i Man 2 Man 3

{t) {2) &) (4}

1, Work 50.4 61.5 43,0 7

2, Idle 38.8 30.9 45.4
3. Instructionni 8.9 1.2 0.0
4, Break 1.9 1.2 5.5

Total time, In minutes 101 121 81

Number of category charges®? 53 93 54

2 Number of times worker changed from one of the five work elements to another

This study

workedas a team, Atother times, they worked:

of aworkmg carpenter foreman (1 ian 1), carpenter (Man 2), and heiper (Man 3.

into the foliowing five work clements:

A~

The work activities were subdivided

1, Working--actual physical production such as carrying materials, v
suring, nailing, placing forms, etc.

\_ '
\\—“\77?‘

wns conducted to observe and analyze the activity of a crew for

a fullday. Theworkday was divided into two 4-hr periods, mormng and after-

noon. The same three men were observed for the entire day. At umes the men
wndependently. The crew consisted

Mo

[ S
- ——— e

L T
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2. I(”C, dmng nothinr
3 Insty teti - he S S

. i 3 onal cithe: givi 3

VI O recegvine R

Cw : & Ving anstrucitons
4 “Oll‘: BI‘CJL—.U] obvious brief rest: C.gt a stop for W.L Cr
5. A\Vﬂ), out of the piclure area ’ ? ' l e

During the (i

g ime the men were t

could notbe an R, out of the work area faway) thei g
consideredin ;’lli:;‘sd-zl‘m] t4hls reason, the first four \\c:}r elr)tr)wcnctxsrt‘ncméhc3
° ables 3 and 4. Thus, the t . = elen ave been

of the work day ¢ - 2aus, te tolal time represents
Ao - - only that por

ythat the men were withinthe work area Covered b;{f‘hel(cw“lon
: amera,
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TOTAL UNITS 72
—————————

TOTAL EFFECTZ s UNITS 37

EFFECTIVENESS (37/72) 1,5%

FIG, 9,—FIVE- { {
FIVE-MpN RATING (REINFORCING DAR CRLu)
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rying materials could have been

2. Much of the time ¢ poent walking and car
trally located.

cirmiptted if the materials had been more cen

qhe following arc obhaervations with regard to the preceding work clement
broakdewn:
the morning. In the morning,

1. The workers were more productive in
ined time of the three

element 1 (wotk} represented 73.4 G of the total comb
men. For the afteraonn, the same calculation yiclds 54.0 %.

Job. The Place Arartrents

Contractor:

Filn ho.; 9

pate: 7/8/70
coruEnTs

,___A..-___;__’__‘___._.———————————*
Yorring, cen cleanin
flying forcs, layouts

TOTAL URITS 35

TOTAL EFFECTIVE UNITS 16 . )
EFFECTIVELESS (16/35) _L&F

FIG. 10.—FIVE-MIN RATING (FIRST FORMING CREW)

2. Man 2 received more {nstructions than Man 3 and was also more ac
in elements 4 and L.
3. The number of th

percentages.

o eloement changes appears to have no influence ©

t 1lan 1 and Man 2w
structions and after taking &

d received more instructions v

&

snteresting to observe tha
15 after reeeiving in
sore break time an

It was
uninterrupted periot
Further, Man 2 ook N

Q)

tive
n the
worked for the Jongr<’

prest

30
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Man 3 while out
petforming Ran 3 by ¢ i
lomont. With thes ming an & by a considerable percentag
el OUtpc“Ol)obel Linnted statistics, it may not be accurate to“(czoln Imo St
: Sl 1 . ind ‘ ‘
Petibinty of SSCEL aMé\(:x flon_ the basis of Instruetions and bx'c:lkjltxsﬁze ’[;‘tat
Fortainly seoms ro»lsonr?[:l:dtlon may cncourage furter stady m tl.ns "1.0'1 ]]QL
Y C h o assume tl el Les o
e momit 2t : 5 > that improved work peic
, s Fenson e wo ik peicenlages are
sl Bl oSt g};oux),';oif[)ro;Jcr instruction ard rest periods )
¢ : G B roen were observed 2 d '
rating ettty ' rved aod riated using U y
fain Sixnmartl)r;z:fnph{]g technique, Fig. 9 s the fabalstion of a Sum;i X {hm
orcingbar crew, The crew was glacing st erets
acing steel for a concrete

Job: The Place Apart~ents

Coniracter:

Films No.: 10

/ Date: 7/8/70
[ CCXSENTS
})hy}:{? -
j‘\,gl(\x 2] Afteramon, 33scat, pilacing
/y\ J} rcide ferrs, rlacirsg
4 reinfcrciniy steel,

o0
K
452

Total = 19

TOTAL UNITS 32
TOTAL EFFECTIVE UNITS 19

EFFECTIVENESS (19/32) _59%

Fl — N
G. 11.—FIVE-MIN RATING (SECOND TORMING CRzW)

floor, The effectiveness of this
foor. Th crew was 51.5 %. It was noted th

E}igs, elroe :rfdthlel sati‘c;o:ld type de§cribocl under the heading Aci;titziossti;; e
prcoriig 2 floor aren f1e tabulations of 5-min ratimgs for crews which w.ere
o Omn} n s 2 f‘.Dror a conf:rcte pour. Their work consisted of cleaning
Mt e oo 'ms., placing .bulkhends, layeut, and some rcinforcin:
Categorics pr(;viously 32?1::;?1;‘5;1‘ lS\(:hlfscdm“?\gs ey S e dcm;

one cading Activit

as¢ 4.—~The work observed for this case con:i"'sltgdsct:;di":e relocation of

‘
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poitible finor forms heyinning with the coae hook-up and ending when the
form v Lo dts new poation and unhooled, This type of form s made vp of
structur v nes bevms <panncd by a binber deck, The Leams rest on rollers
thatare attwchod to the side bearyrwalls, Therollers are adjustable vertically
so that the form may be dropped and removed afler the floor (or roof) has
grined suffhreient strenyth, The forms attached o the crane by cable and rolled
outbvard from: the bullding and flov'n to a new position,

Several complete operations were ebserved. The work cycie was broken
downintothe follosing three operations: (1) Hook-up (lour hooks); (2) removal
and relocation (flywn3); and (3) enhook {four hooks). The crew and equipment
to perform the work consisted of two carpenters, ore erane operator and 2
25-ton hydraulic truck erane, The forms were 20 ft widc by 35 ft long.

Average time fo1 each operation was: (1) Hook-up—9.7 min; (2} remove and
reset—6.3 ming (3)unhook—1,0 min; and (4) Total—17.0 nun. The average time
for the entire operation was 17 min, The best time {or hook~up was 2.8 min.
Theworsttimeforhook-upuwas 16.4 min, The best time for removal and reset
was 2.9 min, and the worst time was 10,5 min, The besi time for unhook was
0.3 nan, and the worst time was 2.1 min,

here has beon no atteript (0 show how to tmprove methods in this study,

- Sepember, 10572

oughitis obvious from the spreud beawecoa best and wors? Ltnmes of the vork

1
ements that tnproved efflicicney is possinle. In most cazes, the worst times

¢ the result of mechan.cal diffizullins or delays shilz vailirg for a teo
for a crew piember 1o 2prerar,

Theprinmary objectnein Uus viief study was o obir a0 VeI Y

moving the forms to e used to velity e establish the cost ol th
sirmple oporat on, This pariticular contrngtor was plannirg 7 uss
intper project, ¥ had estix i

VU [T P
forming pethod on a3 fuwure i
fake 30 min to fly the forms. Dased on the avernge arivag hime o

coniracios bad saod nlout 43 Yy of mis csbimat~d erev and equipnent 2asis,

o

CONCLUSHINS

Although the Intent heiein was not to prove that thire-lapse photigrsphy o3
a superior method of datreollccnon, itis the wrieer’s opiaion thit photegraph.c
mears have defimte advantages ovor coaventional datn coliection »matheds. Ore
camera can replaca sevcral men when coilocting data, in addition, the film is
z superiar records.hen comparad with the daia sheets tabulated using the stop
watch method. The film is a complete record of the work., The aaalyst way
observe each manand machine individually as often as he wishes without deult
with regard to the accuracy of tus visuil dabi.
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Srerdrup and Parcel, Inc,, and Moffatt, Nichol and Taylor, project degi
gl;_,mtvcrs,bnlf.o suptrased the constiuction for the sponsor, Multnom;%;:
ountly, ompetitive bds for the work were ceived
four contracts were awarded as follows: recetved By the County and fhe
1. Rwver Plers - Maieot Const url; i
a0 nstruction and E end
Awarded October, 1955, rpineering Cony 91,908, 51g.
2. River Superstructure - America i ivisi
r ; ( m an Bridge Division, U.S.
$2,270,443. Awarded My, 1656, ‘ m TS Sleel Corp,
3. East Approaches - Kuckenber { :
: nbery Construction Con 7
Awarded May, 1956, on Company, 92,811,511,
4. West Approaches -

July, 1956, ‘Donald M. Drake Compzny, $1,178,360. Awarded
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PHOTOGRAPHIC ANALYSIS FOR CONSTRUCTION CFERATIONS

By John W. Fondahl,! M. ASCE

SYNOPSIS ‘ .

The problems of applying methods-study techniques to comtruction oper- .

aticns are reviewed. Based on these problems, certain regiirements for 2
successful analysis methodare developed. & method that meetsthese require-

mments is presented.

METHODS STUDY APPLIED TO CONSTRUCTION-PROZLEMS
__ AND REQUIREMENTS

Th-eéterm “methods study” is used here in the more limited sznse, implying
formalized procedures such as stop-watch time studies, micromstion studies,
and data analysis by process and multiple-activity charts. Utilizag such pro-
cedures,
present-day manufacturing processes. However it has contributel’'surprisingly
little to one of the largest, most important manufacturing indusiries, namely
construction. .

Construction management claims that its problems differ I:om those of
other manufacturing industries because it is required to manufaciure:

(1) a custom product

(2) that is built-in-place

(3) by a non-permanent work force

(4) performing non-repetitive operations.

Note.—Discussion open until October 1, 1960. To extend the closingdate one month,
a written request must be filed with the Executive Secretary, ASCE. Ths paper is part
of the copyrighted Journal of the Construction Division, Proceedings of the American

Socicty of Civil Engineers, Vol. 86, No, CO 2, May, 1960.
1 asst. Prof. of Civ, Epgrg., Stanford Univ., Stanford, Calif, ]
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methods study has undeniably made tremendous cortributions to .
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When ot i
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Shergque Lo

v

suprested th i methods study and othe:
apphied to corstivction,
Furtherrmoer o, 1t geae

industrial enginecring
ot falctlors are cited as inherent o\_,t_‘
ally claimed that the problem ool
eaecution and office estimatiny fall n)m'.o n:nrli']llrl}lz)hllil :L;}:;;QG;\“:PL;““ v,
than seiere Proper solutions depond on lhe'mdlvxdu:\l “}now»hO\;” ”}“‘01‘
supo‘rmtvndcnl or on the Leen judgment of the estimator. i o the
The rc_cord scems to andicate that these obstacles either are real or th
construction management {irmly behieves them to be real, since the ‘have be o
little contested A few companies employ “time studies ".but thes; gre vs Llm
confined to the cycles of large preces of equipment. I:Iistorlcakly None :;Tit;y
founders of the science that developed wto industrial engincering l;e an i the
construction field. Frank Gilbreth was a masonry contractor, and his%‘m rr;' :
n}ents in bricklaying techniques, presented in the early 1900:5 could beir ‘re-
view today by all of consiruction manzgement. But Gilbreth so'on turned to t‘i;
n.ore {ruitful Nields of shop manufacturing. . . . -
Obstacies become challenges, and the challenges are greatones when there
iz as much at staxe as the level of productivity in the construction ind--ﬁthr'
EJ\{P\ of the four characteristics mentioned earlier, merits cioser es.:‘mx:;mgr:
to delermine how genuire and insurruoaeniable an obstacle it prescntsﬁ. o

te
stacles.

these

uo

A Cusionn Frodacl, — < rusiom or e o .y

usiomnFrodacl, —This custom prodact is usuaily fabricated from commen
materials that have keer used before
Although the overall

by me*hods that have been used before.
structure may be umrique, the
ele placed, or

ingividuz!l cubic vards of
feet of formeork ball

corit excavaled, buckels of coner
!

srantnAd ) ~
crecied, and strappel, are ez : t i
z» €.t a -i 5 pal, ) f_» tzua R other such units on
the s 1‘"1:;”] 2o or}sn tertzin past jobs.
o fir,v - ) - ", i’ b 2 P S8 2
: R le. Place Produc! —Tris condition presents a much greater chal-
2= bha 4 Caamv A 9 aret :. s - . R
3 ,.”\..,.n t:u\ pre;e. t2a by indwsirial manvfacturing Tne industrial operator
iy work d £ q i N
e 2 or 2 long period of
Nt job and is affected
j 2 circumstances it s
¥ 0 ts that wouold other wise
g o : ctha iahiz quipment, for excmple,
R A 3 Moy Rociorran fare .
ack m‘o.;.l.., g Scu_:mmcm!; des:gnad layouis of work lecations may involve
~ th ~rcfit~hiv h - -  Cortas N 1 ] 1 i
costs that coufd proft ’L.b. be spreadover several hundredeycles at one station
out nol over five or six cycles each at many locations,

1t Zaes not follow, however, that jigs, specialized eguipmenrt, and improve-
ment of work layouts are ruled out. They must be developed with 2 knowledze
of thz variable working conditions and an understanding of the effects of eac‘;l.
lherefore a technique toanalyze systematically and improve work methods or
t» & v2lop estimating data should provide some means for taking inta account
and evalualing the many, varithle conditions. i

A Non-Permanent Mor: Force.—There are two aspects of this condition.

2 wnvcives the Iabor hired for the job which norm’zfly must come from the
vnren local 1n whose jurisdiction the job is located.  The second involves tae
s:pervisory persenncincloding foreman, crafi superintendents,and somaziumes
the general superinicnasni.

Thecensiruction wotrker isa 't
h s

- .
o

LIRS F N

emporary employee not only be

} iccally but also because job activity, as well.as overal! company 2

iy, continu~tly fluctuates.  Tois dulicult to justily special traming

i~avicual employes who m be working for a corrpetitor in another month.

w2y out is to p2i: it each man ard foreman Lo go about his job 2s
SUT 1

assuming tha! semewl.ere aiong the line he has acquired a hnow-
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lecoe of the eco winteal vy s ol performoong ! g of oIk
course, decides the overail schcin of actwon and the chorte of miyor equipinent
and methods, but detrils are usunlly left to the transient inividual op tho Job
Tne result is that hive foremen, given the same job to do. will probably per-
form 1t m [ive dufferent ways. It would scem that one of tiose ways is belter
than the others; it also would scem likely that the best wz, of the five vew'
fall short of a method devised in advance with careful plaming.

The challenge for management toaccept its full resporns bilty of determin-
ing the best methods of operation, including the details, isan different 1n con-
struction than in other businesses except that it is more €Zcult to face. The
non-permanent work force is one of the reasons for this ¢l.culty.  Th= cen-
tractor who makes no attempt to meet this challenge will =t be able to com-
pete with a contractor who can devise a successful method i meeting it. Such
a method must provide a means for determining, down to €o details, whatis
the Lest way toaccomplish a given operation. But equally immortant is the re- .
quirement thal thir method must tnclude 2 means to presmt and “sell” this
werk plan to the supervisery personnel who will have charzz of its exccution.
This leads to the second aspect of the non-permanent worsoree obstacle.

Suparvisory personn:l are, at hest, only semi-perma~=t members of the
przanization. Construction superintendeats and foremen T frequently Irom
job to jcb and from place to elace Tenure of employment 2 imporitii

4 r

to the individual 28 2 5 1 mas. indusirial situations. c must
zn ngivdualist;c men. Because m Fasinz

resie’

human relail
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sons for adopting one step rat
hunch or intuition.
Non-Repetiiive Operations.—1L is eas
aticns that are highly repetitive within the cour
hau! loads of earthover the same route hour -after -hour, g2y -ser-d1y, month-
after -month on scme excavation or embarkrient contracts. A cableway may
run throurh the same cycle while placing thousands of pecke’s of concrete in

a large dam.
Put what is more important
for those oparations that will not
are repatitive components which are essentintly the
While the overalleyele wnvolved In 2 crare-and-buckst
atica may hever be esactly duplicated again aller
the component partsci the ¢perationmay bevery nearly
of concrete placing opcrations. The ime it tnkes to land
hock from one bucket and hook on to 2 full one may be sirl

\

y to point out many ceastructionoper-
se of a sinzle Hb. Trucks way

c:acept that even
peprated under the =7 me 2anditiens, there
S C tz1ent jobs.

15 aporeciate is the broadir
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1:m‘z (.zm‘-. w "M".'lpp:'.’lx very difierent Thy tme it takes to spot the buckel oyep
(l“; poant E fdischage, once ity been »wung to that point, depends on scvcfl
z.l l. C.[:” s lhlhf '!”Um beasolitedand taken o account The time of actual dxc-
crx"x f‘l f{-::;) \;; f.'\u::l S such2g sise and type of bucket, consistency of co:\:

e, wiath of fermes, and spreing of 1o foreing steel. Bul these factors al
could be concenably fvolated and conswdered. ' e
”\(\\:\Ff"tf:f 2;‘0:};& tho:u, nlr)e anlysis techmques that make it possible to study
ects ticrenl job conditions on operation com
of ‘ h ponents.  If the
und;xslc;?d, mostoperations may then be considered to be made upof repsleit?\fz
parts. owever, construchion cost accouvntin d :
, D COS Ny ¢oes not offer such an anal
techmique.  Stop-watch ime stid, | L) o
. =4y 15 a possability but a rather unsatisfa

: . ¢ ars ctor
one.  Only limited detail canbe recorded and the effects of some conditio :
may be overlooked or never appreciated. "
f Review. - The forogom_g discussion of the obstaclesto a methods-study type
ol approach to construction work indicates that the problems are not insur-
g‘.o'unt(:;ble. The c.haracterxstics of construction magnify certain difficulties
Cy Iu:m . the pr.oportxons encountered in other industries. Techniques for methods
a{m 3?115 .:md Improvement to b2 successfully used in construction must recog-
nize t.c importance 9( these problems and provide a means for solving them
Summing up the requirements indicated, techniques are needed that: .

(© gibIe Sorking s o o e ion Opersions that can b converta
mqi. ‘ix;‘o'\,i'ri]de ve(z;y”complete documentatioy of the operation in order that the
co‘u,-,{ v uie g:;r;sxjsf)ns under which work is performed may be taken into ac-
o :.c“}:ax::\:;:j;ucrf;(;crtsi:.:‘x;\:;lr;s;i:;;‘s.enting findings to supervisory personnel
cali;n foe:r;i;:;x;::?;:;tigg'of ckanges in methods and provide a factual justifi-
. 5. Pevxtmit maintenance of 2 copvenient file of data on past operations that
;,;llr;x}:gr\‘xsd:;:nmf;(e:;sc;j‘;\fmmtahon and permit study of component p.arts of

Another characteristic of ceastruction work that has a{bearing on the suc-
cessof an analysis technique is that most work involves crewsof men engaged- -
in interdependent activity. Frequently one or more machines also becomes an
important part of crew operations. To properly analyze such work, data is
neededon eachman and each machine making upthe team, and these must cover
both individual and simultaneous activity. This information might be gained by
employing a battery of industrial engineers, each armed with stop watch and
pad, but such an approach is prohibitively expensive, impractical because of 2
lack of properly trained perscanel, and psychologically unsatisfactory on a
C9nslruclionoperation. Therefore another requirement for a successful analy-
815 technique for construction cperations may be stated as follows:

6 It must offer a practical means for following and providing data on the
individual and simultaneous actions of a crew of men or of men and machines
working together.

The wr?ter has no knowledge of any techniques fulfilling theserequirements
that ar? widely used in the construction ficld. The closest approach in gener-
al use is the development of cost accounting data supplemented by job reports,

s

- veace e

T

cO 2 PHOTOGRAPIIC ANATYSIS 13

hiztories, und photopr aphe. Thesefal! far short of placing method imp: ovement
or cost estimating on a scientific hasis, .

AN ANALYSIS TECHNIQUE FOR CONSTRUCTION OPLRATIONS

An analysistechnique fulfilling all of the requirements preposed would be a
useful too! for construction management. The method that w11l be discussed
appears to have the desired characteristics. It consists of three phases com-
mon to mosl analysis techniques: data collection, data analysis, and effective
presentation of findings. The data collection phase 1s accomplhished by photo-
graphing construction operations with a movie camera. Instead of motion pic-
tures at conventional speeds, however, individual exposures are takenat regu-
larly timed intervals. The data-analysis phase is accomplizhed by studying
the filmed operation with the aidof a projector which permits viewing the movie -
film one frame at a time. An essential accessory on this projector is a frame
counter. Knowingthe intervals between individual exposures, the frame counter
permits the simple determination of elapsed time for any operation photo-
graphed. It is also essential that the film may be easily cranked backwards
as well as forwards to make reviewing of the operation a simple matter. The
presentation phase requires projecting and viewing the particular operations
for which changes have been developed during the analysis stage.

Motion picture studies have long been used by industrial engineers. The
Gilbreths proposed the use of micromotion studies as early as 1912, Micro-
motion study involves the analysis of movies usually filmed at normal, rapid
camera speeds such as 1,000 frames per min (or 16 frames per sec). A more
recent variation of micromotion study began to find industrial application in
the late 1940’s. It was developed by Marvin E. Mundel and is termed memo-
motion study. Its principal diuference is that the motion pictures are taken at
unusually slow speeds. Speeds of 100 frames per min are commonly used, but
speeds as slow as 50 frames per min and 1 frame per sec are also frequently
used. For both micromotion and memo-motion studies, the ideal equipment
arrangement is a movie camera coupled to an external synchronous motor
drive. This motor drive may have a gear shift arrangement permitting spcads
ranging from 50 frameés per min to 1,000 frames per min.

The data needed for analyzing many common construction operations can
be obtained at speeds even slower thanthose normally included in memo-motion
work. Most of the field work undertaken by the writer has been performed at
speeds of 20 frames per min which allows a 3-sec interval between pictures.
This gives a convenientand satisfactory unit for mostoperations equal to 0.05
min. There is nothing sacred about this interval, however, and there are un-
doubtedly operations that might be more successfully analyzed with either a
shorter or longer time lapse. With intervals of this leagthor longer it is pos-
sible to trip the camera manually while watching a stop watch. The automatic
operation using an external motor drive still has a number of advantages that
will be discussed later. But manual operation permits less elaborate equip-

ment, much greater mobility, and the elimination of the need for an AC or DC
power source. All of these are matters of importance indeveloping a success-
ful method adaptable for use on construction jobs.

The equipment and procedure for field work and for analysis and presen-
tation will be described in detail after advantages and possible uses of the

technique have been discussed.
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ADVANTAGLES OF ANALYSIS TECHNIQUL PROYOsHD

'lihc :lnt\l_\':ils‘. toch‘mquo discussed has many advantages, some of which a ¢
readily apparent. Before svgresting uses of the technique, these acdvaniagoes
wil be examained. )

1. The simuttaneous activities of cach membor of a c1ewof men or of 1acn
and machwes my be recorded p veisely. The interdependent functions of ca{:h
Crew member may be studied by charting the activities of every man,one at a
time, by re-examintng the film as many tinies as Is necessary.

2 One obscrver can record crew activities. Crew activities are the rule
rather than the exception in construciion work. To get as accurate working
data for analysis purposes by stop-watch time study, almost as many observerg
as crew members would be reguired. This fs normally impractical.

3. Nelther the observer wha operates the camera nor the analyst, who often
would be the same person, needs lo be highly skilled in industrial engineering
to achieve worthwhile results. Recording the operation with the movie camera
s much less difficult than mzting a stop-watch time study in the field. The
techniques of analysis can be determined later In the office after viewing the
operation several times. Davelopinent 6f useful data andoperational improve -
ments should be withun the cap2lihities of the contracior's epginreer and other
porsonnel. However, this statement does not imply thal speciziized profession-
al competence 1s not recom=2arded or not more Hkely 1o achieve maximum
booelits,

4. Thetechnique 15 very cosnomical as compared 1o othar means o
ing equivaiont datx. A single cbserver is reauired in the [i2ld  The nec
eqipment represents 2 raodest investment, And the [1'm ¢onsis ate very low
becanse the prelures arc fakea al such 2 slow speed.  With a 2-sec interval
beiween exposures and & per 100 4t roll, one roll of A1l will cover

[

0

1 . )
3 = hr of continuous operatios. With typical commercial discounts the total

; I
S800Z e 00§ iR s time of continvous
oy

0
etween £i1 and €12 for color,

using 16 mm i,

5. A tremendous wealth of detail is available on the hundreds of pictures
taken that will scrve to record the many condilions vnder whien the work was
nerformed. An observer may mohe noles, draw sketches, and even take photo-
graphs (these sleps are also recommended with the proposed technique), but it
is not possible by these methols to record as much iaformation affecting the
oper-tion as by continuous filming.  As indicated earlier, a real obstacle to
the systematic improvement of construction operations or the collectio: of
uselul data for estimating and planning is that operations seldom continue or
arerepeated under the same sct of conditions. It appears that the best solution
is to record and evaluate the effect of each condition.

There is a second important aspect to the advantage of the wealth of detail
recorded In filming. It is not always pcssible o foresce what conditions are
Important to record for Inter zralysis of an operation  With the movie tech-
nique, {uture studies are passible that involve breakdowns of an opcration into
dufcient compononts or that azalyze the effects of conditions no! eraginelly
recepgnized. This is noi possible with stop-watch time sindy.

6. A-nlysis of fslm can be made at any later date. The wealth of detail re-
corded will still be preservec. Perhaps immediate analysis may beundertaken
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for the purpose of method linjrovomct on wocuzvent joo. Bul when slock thpe
permits or futere jubs v sanit
new 1nfo mulen €70 be obtiavcd :

T. Filme mnybe eaaly ind > od ora filed for fulere ve - Sirnlar operations
frem different jobs may be spliced together for fibing puinises.

8. A praphic, ensily undersiwnd-ble piesentation of ¢perations analysis
and improvements 13 pesaible. The method permits indiz2s and recommend-

ed changes tu be passed on to job supervisory personnch it a manner that 1s
nmuch more likely to be successful thanmere figures a.¢ evoris. It is not only
a more understandable presentation but one that is foir o ich supervision and
not hikcly to result in chanees that are not really justifizd.  This 1s tiue be-
cause jobsupervision may be giventhe opportunity to 1 evizw the operation and
defend it or explain conditions not known to the observer or aralyst.

9. Evidence is preserved showing the original metheds by which an oper-
ation was performed. Analysis may result in improvemesnts of this operation
over a period of time. Morcover, each step may represert 2 sumple and obvi-
ous change when viewedin retrospect. It is easy toforgel iz or:iginal methods
and tofail toappreciate the value of 1improvements. A comgariseoncof the origi-
nal operation, recorded on f:lm, with the final operatioz makzs possible an
evaluzlion of savings., These may be compared to the <osis o
turns justify its contireed v

ar operations Cotec up, Lriker analysis and
Yeari oL

technique to help deternuire L the re se.
i i
10, The NY'p.obiained i usciag thistechnigue provides gacelientmaterisl for
L~ 3 -
instruciion and development of personnel. The evolution «f profit Y
B I I

can ve illusireted tocomnany memberson all levels tucereate a frame of mon ¢

conducive o {urther imgrovemconts. Group vicwing of pasicpara
! { pt cpedon vae job

courage suggestions and discussionof problems. Metnods deve!?
2y be passed on fo other fuis.
Theseten advanlages warrent considecationof the et~ ¥
. th porieniar applicab ity to constraction cpom ri-

or an effeciive teconique that were developed in €

SUGGLSTED APPLICATIONS OI' PROPOIED TLCHNIQUR

The film record obtained by the proposed technigue 1s 2n2 vell documented
in detail, accurate, and shobing the simulianeous zoticns ¢f 2llerew members.
A number of formal methods have been developed in frchustrial
przctice to analyze operations where such data has besn obtained.  Thesc
methods include the constructionof process charts and meliple-activity clarts,
poth of which have rumerous variations. Simply stated, 2 process chartis a
condensed representaiion of the type and sequence of 2l sieps involved in 2
particular job. The multiple-activity chart is a graphic representation of the
simuitanecus activities of a crew of men or of men and w2chines. Once con-
structed, the steps and activities shown on these charts zre questioned in ac-
cordance with well-developed check Iists  This approach i to systematic
improvenments and seems to promise the most extensice tenefils.

It is felt that the trial and adophtiop ol the mosvie stody tecknsg .~ the cor-
struction mdusiry will be much more likely if worlhwhie resulie can be ob-
tained with a rmnimum of speciahized training by perscnzel already employed.
This is probably even more truc in tro2 case of the are’ys e than of. the
field work required to proauce the filn:. A conlractor t2a m:ght rot hositate
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to hire a profess<ional plotspiapher to tave pictur es might be quite reluctant {o
hine speckabized cnpieering talent o dovelop better methods for performing
his work  Actually nether culsicer seems necessary.  Every conslrucho:
frr shovid have personnel quabihied to do the hield work and also able to pro-
duceweithwialeresults i the analysisand applicaion phases. Once some suc-
cess has been achievad, management would have less reluctance to seek spe-
cialived shalls. However, thus would probably not be necessary because the
personnel who made the onginal efforts will study and attempt apphications of
more 1 chined and formalized methods. The next logical step is to develop new
analysis techmiques particularly suited to the characteristics of the industry.

In this paper ro attempt is made to present formalized methods, either ex-
isting or proposed.  Five possible fields of application for the movie analysis
teclmique are offered and general approaches are suggested.

Mcthods Improvement.—Constant improvement of methods is essential in a
competitive industry. Some of these changes come in dramatic fashion after
sudden inspirations. But consistently improved performance depends on fre-
quent modifications, both big and small, and these result from careful study of
existing operations. Such study on construction work is often based on direct
observation, supplemented by a good knowledge of costs. For important prob-
lems, stop-watch time study data is sometimes collzcted.

The film analysis technique offers another basis for careful study. Among
its advantages that are important for this application a1 e:

1. Viewingan operationunder conditions favorable to calm and constructive
criticism. ,

2. Re-viewing of an operation as many times as desired and as slowly or
fast as desired.

3. Pictures of the operation that give almost complete details of the con-
ditions under which it was performed.

4. The possibility of breaking the operation into component parts and ob-
taining accurate time data even where the cycle is irregular and the observer
unskilled in time study methods.

Having obtained a film showing a complete cycle or several cycles of an
operation, the operation may be broken down into a number of component parts.
This may be accomplished by cranking the film back and forth until definite
break points are noted and agreed upon. A corresponding frame-counter read-
ing at each such point permits simple determination of the time required to
perform each operational component. The pictures themselves, supplemented
by {ield documentation, provide a record of personne! and equipment taking
part in the work. Knowing labor and equipment costs, the cost of each oper-
ational component may be calculated. The recorded data also provide a record
of delays and causes. Once costs are determined for each operational com-
ponent and delay, primary attention can be focused on the most important as-
pects of the problem.

It is advisable to examine the overall operation before studying individual
parts in detail. The steps may be listed in the sequence in which they occur.
Then the necessity of performingthe entire operationand eachof its component
parts, as well as the order of performance, may be first questioned. There is
no sense in making a detailed study of the method used in a step that might be
eliminatedor that should be performed at a different point in the sequence with
certain necessary changes.
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The most lecical target for a methods’ imypove ment study is a highly re-
petitive opea. o that s just gelting s'arted. Such eperalions should receve
careful and early attention  The 2ffect of any improvinent that is made will
be muitiphied many times and the sooner made, the more {imes multiplied.
Changes can be justified cost wise for a highiy repetitise operation that cannot
pay thelr way 1n fewer cycles.

Important opportumties for profitable mcthods 1mprovement of a broader
nature are offered by less repetitive operations also. It may not be possible
to apply the improved method on the same job that ndicated its desirabihity.
But its application on {future jobs may make valuable conlributions to a com-
pany’s long-range success.

One possible type of improvement illustrating the latter point is a change
in design practice over which the contractor has control. For example, cer-
tain films of form erectionindicated delays and difficulty in the field assembly
of shop-built form panels. Unforesceable variations in field conditions pre-
vented precisefits and necessitated hand sawing and other modiﬁcatior&s caus-
ing long delays. An alert superintendent would relay such problems back to
the form designer. However, the movie analysis provided much better infor-
mationfor evaluating how serious these delays were and how much might profit-
ably be spent to cure them on future work. The film indicated not only the di-
rect delays but the adverse effect on other related cyclic operations. When
similar work was encountered again, the designer might devise a new scheme
permitting a simple and rapid means of modification during field assembly. A
sccond example, somewhat similar, resulted from an analysis of the removal
of individual pieces of form hardware as shown on films of a form strippirg
operation. Several pieces required unusually long times. Re-examination of
the film indicated that the scaffolding was poorly located with respect to the
hardwardin question. This scaffolding was built integrally onto the form panel.
This defect had gone undetected. Once brought home to the designer, more care
could be given to future detailing of scaffolding.

A second type of improvementof a rather broadnatere might be illustrated
by a study of operational delays. Almost every operation involves several de-
lays that account for a substantial amount of time. The specific delay, bow-
ever, may not occur again. Many of these can be traced to a failure to have
the right tool at the right time or to the lack of instructions as to what to do
next. A related source of lost time is the rehandlingof materials or the repe-
tition of work because there has been no advance planning. A remedy for this
general category of delays is the preparation of a simple pre-plan for each
operation. This would indicate what is to be done; the labor, equipment and
tools required to do it; and an outline of how it is to be accomplished. Films
of operations could not only provide justification for such a policy but could
indicate the effectiveness with which it was being carried out. This would
probably be a by-product of other studies.

In seeking improved methods, the film analysis technique permits examl-
nation of the abnormal cycle as well as timing the average cycle. Where an
operationis filmed over numerous cycles, the times can be histed. Usually the
average cycle receives the most attention. However, the recp.rds of th.e un-
usually slow and the unusually fast cycles often have important information to
offer. Scanning the tabulated cycle times, these abnormal cycles can be locat-
ed, observed again, and carefully studied. The conditions responsible for the
very long cycle may be discovered and poss:bly avoided in the future. DMore
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impaatant, it may boopossible to depticatc the conditions resulting in the Vi
short cyclesartto o optthis procedure i the future. The type of information
needed for such stuoes s penerally lost 1a other analysis techmiques.

Troh'e-Shootn ¢ —Responsible contractor s establish cost accounling sys-
tems for cach job, bLrealang the Job o a number of activilies and imdicating
a budpeicdamount of money for each. When actual field costs differ substany;-
ally from budgeted costs, there is an indicalion that something is wrong. 1y
may be that ficld work 1s belng poorly evecuted or that field methods do not
follow the plan envivioned by the estimator. Or it may be that the estimnator
bascd his figureson an unreahstic meothodor was o crly optinnstic about pro-
duction. The cost accounting system can indicate that a problem exists and
can show the area in which it exists.  But no matter how detailed the syslem
is, it usunlly does wot pin point either the trouble or the responsibility for the
trouble.

A;r,umlng that the cost item 1nvolved is an important one and that manage-
mentis aware of the problem early, or that the same type of operation will oc-
cur on future jobs, it is very desirable to determine the cause of the dis-
crepancy belween budgeted and actual costs. By filming and analyzing one or
more complete ¢cycies of the operation, tre cost accounting fizure can be veri-
tedor challergedand trouble-spots may e asoloted. Careful study by bothjob
sapersision aed the estimator should result 1n constiuctive criticismm.  Both
woll desne Lify their part in the wor®, aad each can make conwibuilons
e warn given such an opportunity.

us

wivantage In cornection v ith treuble-shooting apolications is that

a long operationcan to recorded on the job and brought into the
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methods

formed. The film aralysis techmoue overes

Prescnialion a.d Education. —Findirg 2 method improvement or operation
shorlcomingis only part of the job of accemplishing 2 cost reduction. The
provement must beo put anto effect or the shortcoming eliminated. In eitiier
case, a “selhing” job is required. Many worthwhile unprovements that might
result from formal and detailed studies by highly pardoutside corsultants meon
oniy a- unjustified expense if jobsupervision cannot be convinced of their value.
Suggostions, even when supperted by figures 2nd charts, are often more easily
sold tohome office management thanto the manactually in charze of perform-
ing the v.ork. Yet it is the support of the latter that is essential.

A Dlm of past work permits a clear and understandable demonstration to
supertisionoef the conditions that led to a suggested change. As pointed out be-

im-

cge
fore, 1t alss gives the field man an opportunity to explain and defend exazhing
rathe! Oiheyvwise, in soma cases, changes may be forced upon him to the
cetrin: .. of joh costs as well as )

Ti2 eritical viewingof filias of
celliznd means {or mkiny personrel Consiicus ¢
tumties and of the advaniages of good plarningand or
2 pount, an operation may be viewed with the some ime interval between frames
as was used in the filming. Watching a crew of raen standing idle during the
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spn of an unhccessary deiny 1o puch moie difectine then amere presentaticn
of written facts and [igures

For the educationof engineecrs and foremen, *he study of fiins shos e vari-
ous methods and the development of time 2nd cost datla fram them can be o
very valuable by -product of the 1ovie aridysis technique.

Estimaling Data.—The commonyproced e inestun~l1 g w work is todraw
on past eaperience where 1t 1s available This past expe.lewe, at best, w2 re-
cordedin the cost dataobtzimed f1em jHbstaving cumilar eporatinns, Hevever,
the cost data has very Immited duizect application, even after adjustment for
changes in price and wage levels. It has been pointed out thal in consiruction
work similar types of operation are rormally performed uader very diffcrent
conditions on vach job. The cost data must be modified by a judzment factor
tc give a quantitative delerminaticn of how much more or less dificult the
operation at hand is as compared to that on the past job. Such adjustments
might be made on a sounder basis if films were on file to show the conditions
under which the historical operation was performed. This would assume that
the operationis impostant ercughin the fulure job to warrant the time spent
viewing such films.

should be studied of aeveloping estimaling data that punimizes
mdividual judzment reguired for ils use. When the apphication
compuiers, capable ¢l perforningtedicus calculatinnsard drawing

cgestea for constzuei:on s , the necessity
+
L

=i

?
of this great dzzree of
range pregram besedo
put estimat o
applicatiors.

& competer
fong it vl tak
it take for 2 m

required {or certain elemen asg, a 2
seguence of movements can be sssembled to represen! an operation by com-
binirg the timies required for suen moiions as Stand, Walk {per pace), Reach,
Grasp, Tu: n Body, etc. While the epplication of these detailzd elemental times
i ing, & parallel s1s-

:
H

tem involvirg the times required for recurring elemental paris of repetinve

operations may have value.

Consider the case, mentioned earlier, of the concrete placing operation with
bucket and crane. This basic operation 1s repeated thovsands of times by indi-
vidual contractors, but every placement varies i1n some respects. The overall
operation nught be broken down into a number of componznt parts, and the
condit:ons 2fiecting the timea for these component parts might be studied With
such mformotion, the corsiruction esnimalor might beable fpassemble onarti-

ficial operationin the fashion that therdustiial enginecs proaicts the e for

* T ~ o~y L3 <.
Jrther, assame the concretle pracLg Oporauien is

A, Unhook from emypty and hook on {full bucket
B. Hoist and swing bueclet to dump location
L. Grasp and spot bucket ready 10 dump
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B Dump buct et
F. Sumyg and lower bucket to fill localion
FooSpol and Tad bucket

The Guae to paform each component asaffected by a number of conditions
By analyring pearerous (il records, all showing in detarl the conditions that
existed for any =ingle placeineit, these components can be studied and the e¢f-
fect of vauovs conditions isolated  For esample, the time to “hoist and swing
buckel to dump location™ might depend on a number of conditions such as:

Height of hoisting -
Angle or distance of swing
Necessity to boom out or back
Visibility of dump location o~
Size of bucket

Size and type of crane

7. Skill ¢f eperator

rehiance on signalman

[~ 3, BN P U

Some of these condilions may have considerableimportance and others have
little effect. It appears that the task of evaluating each of several components
for each of several conditions will be a great one. If more dependable esti-
mating for a hizhly repetitive type of work resulted, the effort could be justi-
fied. Moreover. it is probable that findings leading to better methods would
be developed loag before data collection was fimished.  The concrete-placing
operation has been cited merely to illustrate the approach; setting and strip-
ping framework, for examp'e, may be a more fruitful area of study. Whatever
the subject, the method of approach is generally the same.

The need for Keen estimating judement would not be eliminated even if an
artificial operazion could be developad with considerable accuracy. However,
the application of judzment would be confined mainly to the necessary allow-
ancefor delay timie, both avoidable and unavoidable. This delay time is of con-
siderable imporiance in most cycles, amounting to perhaps 25% to 50% of the
total time. The {act that its effect is isolated is very worthwhile, since once
its importance iz {ully felt, eiforts to minimize the delay portion of operation
cycles will be more proncunced. In addition, by isolating such non-productive
time, a measure <f job supervisory efiiciency might be established.

Methods and Suidment Selection.—-dethod and equipment selection, to be
intelligent and correct, must be based on facts. All too oftenthey are notavail-
able, and the adcxed plan is based on inwition or on the familiarity of the job
superintendent wi:~ one of the alternatives. Fcr example, even on the same
job, superintendsris and foremen will argue the merits of one type of form
hzrdwareversus zma:her. The comparative material costs are relatively simple
to determine, bz comparative labor costs are often matters of opinion. Re-
liable data on t&= zize to install a single tie or to remove it, the time to make
necessary adjus:
concrete, is lacki=g.

Conventional s-:rces of data often do not give results in sufficient detail to
serve as a depexxtle guide. Cost accounting data may indicate a lower unit
price onpast job:irT one method thananother. However, many cost components
are generally iz=;d in any cost accounting item, and thcse components may
be indifferent proocriions on dfierent jobs eventhough the workappears siri-
lar. this apparent factual basis for method sclection meay be

-
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The datanceded to developaccurate times for estxfxmtm{; put poscs will also
serve as & basis for method and equipment selection Once a job has been suc-
cessfully obtained, method andequiprient studies should berepeated in g'rcater
deta1l. If a set of data has been developed by the movie analysis technique, 1ts
application in job planning should be even more productive than in estimating,
since more detailed study is justified.

Data for both estimating and planning can be continually improved as time
goes on. Experiments can be undertaken with different size crews, with d:f-
ferent capacities of equipment, and with variations 1n equipment types and ac-
cessories. Where these experiments do not lead to immediate method im-
provements, they will at least produce data that may aid future choices.

DETAILED DESCRIPTICN OF EQUIPMENT AND METHODS

Camera and Tripod.—A good movie camera capable of producing a clesr
picture Is a prime requirement. The 16 mm film gives the analyst more de-
tail with which to work than doevs 8 mm film.

A three-lens turret is desirable. A regular lens, a wide-angle lens, and a
telephoto lens may all be used tc a2dvantay , scmetimes while film.ng a single
operation. For example, the wide-angle lens will permit piciures showing the
entire scene of the operation including the relative position of equipment and
material sources. The regular lens will permit concentrationon the movements
of a crew engagedin the principal activity in progress. The telephoto lens will
permit sequences to be filmed of the detailed motions of one of the crew meni-
bers. Y the turret is equipped with a2 handle, quick changes can be made from
one lens to another without missing any exposures and without disrupting lens
settings. This requires a view-finder that may also be changed quickly to
correspond to the focal length of lens being used. A vari-focal {or zoom) lens
was not tried. Such a lens has a variable focal length that permits any angle
of view within a certain range. The range may be nearlyas great as that from
a wide-angleto a telephotolens. This would be anadvantage because the maxi-
mum degree of detail could be obtained by adjusting the lens to just cover the
required area of activity. -

A full winding of the spring motor drive in the camera, used by the author,
permitted the taking of over 700 pictures. Ata 3-sec interval this is equiva-
lent to more than a %hr operation. There is no recessity to irterrupt filming
even at the end of this period since the camera may be rewound a turn or so
at a time between exposures.

Pictures may be taken over a period of several hours while following work
at a single location. Therefore the camera should be tripod moented. It should
be possible to rotate easily the tripod head in both horizontal and vertical di-
rections and to clamp 1t quickly in any position. Telescoping legs are desir-
able. They may be easily adjusted for difficult camera locations. Moreover,
compact equipment is important when position changes involve ladder climb-
ing and movements through restricted openings. Sharp, poirted tripod feet
have been found advantageous in selting up on narrow scaffolding planks and
other confined footings. -

Timing Devices.—1f the interval betweenpictures is long enotgh, the camera
can be tripped manually. In this case a stop watch hung from or near the ca-
mera is the simplest timing device. A conscientious operator is capable of
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achieving st Crctory resclts with manual operation While any one Interva]
Belweei oo v es may be 1neol rect by perhaps as much as 50, there shoulq
be no cumaldne criore The time deirnved {iom a large number of frame.s
chould be closcr thwn a sigle iterval to the corresponding total time mea-
sured by the stop wateh Mo greater accuracy is warranted.-

The prinaipal disadvantige of manual operation is that the opcrator must
stay at the camera and has no tinme for other activaty. It should be readily ap-
parent that detnded documrentation during filmuing is very important for later
analysis. Even thouph the pictures will show the seene of operations in fu}]
detar]l, muny questions nead to be arswered.  For example, whit is causing a
delay or where 15 & man going who leaves the work location or what is taking
place on thefar sude of avertical form panel, ete? To oblain answers to these
questions for the analyst, tie camera operator should be able to leave the ca-
mera and should also have the time to record his findings. Obviously, a single
operator cannot do these thlngs while tripoing the camera shutter every fi}w
seconds.

Orne solutien Lo this protiem is a second operator, but this doubles the labor
requirement for obalmng data. A second solulion is an automatic drive. Such
automatic devices are stanfard for micromotion study. They coasist of an ex-
ternal, alternating-current motor, with a gear box, that drives the camera a
a selected spocd. This equizment is mounted beside the camera on a base plate
which, in turn, 15 mounted on the tripod head. Available standard eguipment
could prounbly be furtt er zoared down te the slower speeds that seem desir-
ablefor constivetion stucies and could be converted for batiery operation. An-
other allernative would b2 the design and construction of special equipment.
Whiie this custom equipmest could also be designed o drive the camera di-
rectly, malirg renwodic res=iading unnecessary, a simpler arrangement might
be achieved wiln 2 tunir azd solenoid employed merely to trip the shutter as
i manual 0eralion. currest power sources o1 spring motor drives

timog accuracy that must be considered.  If a battery
is chosen as a power source, it should be of sach capacity that 2 single char;-
ing would provice ample pi.er fur a whole day’s ilming.

In deciding betv oon mizual and automatic operation the disadvantages ef
te weighed agauust the advantages of better docu-

N
decreased mobhilily niust
montation. There 2 tu
a2ble to the other. Therefore, it 1s recommended that the operator have equip-
ment for both manual and aatomatic operation.

Other Frcld Ioui>mont.—Anexposure meter, properly used, is recommend-
cd, since correct oxposure is necessary to give clearly defined detail on the
f:1m. A note pad iz cssential. Information about the operation must be record-
edand clapsed timie Lor interruptionsin picture taking must be logged. A well-
designed brg or carryirg cese for camera, accessories, film, and tools will
equipment.

o oyipment which has not been tried but is suggested as a
-.evorced type dictaphone.  These units are available in

L~ tiewr battery power source.  If manual operation
2 one would permit the operator to record remarks
: 2m (¢ slop-watch times or to frame counter read-
car2 wirlepictures were being talen. Even vith automriic
might offer an advantage. It would encourage more
-d

possibiinty
very small st

weie belrg use
on the fape a-2 &+
ings. Tnis co.ld

Fa Necranon2

¢neration, the io03;

complete docuzms >z sinee it 1s easicr to record observations erally ar
Qne Cajl CoTiTud 110h Wem while recerding.  Here again the question of

mobily rmast b walzmosd zzaunst the adantages of this type of equipment.
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Freld Operafion —Common sense and planning are 1:—.;un*c(’:’ to obtain guod
pictures. The operation to be followed shouid be review=d in advance 9 esta-
mate how long 1t will take, over whal arca it will take pace, and whore most
of theaction willoccur in anyone locatior. Suitable camizapositions are of'en
exiremely difficult to find and should be chosen in adviice if possible. Ias
desiwrablc to be as close to the operation as possible i cxder to record detan
but, at the same tume, to be far enough away that the entize work scene and 2i]
members of the crew can be included by using the vide-ingle lens.  Lighting
is very important and charges during the course of theday should be antici-
To avoid interruptions, camera positions should zot be in the paths of
equipment or workers. Sometimes an operation will rejuire a choice as o
what portion wil! be filmed. When a large vertical form panel is being set,
pictures can be taken onone side or theother but not bott,unless two cameras
are employed.

Any delzys in picture taking may be indicated on the film by coverinp the
tens to produce one or more blank frames. If the camerais stopped during the
delay, then the starting time of the delay and the time pictze taking isrosumed
should poth be legged in the uotes.

Valuable imformation can be recorded during an operzlion by occasioral
side shots. For exarmple, the time 2t which the next rezdy-mix truck arrives
at the site, or the destination of tha crew member who leavos the scene to gel
more naily or a differen’ tood, can be shewan. These facts may
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pated.

hlmed, a series of miscellarcous shots may be taken o . b 22 Sl.
rounding the work locat:anand o nole special :

These will supplemont the notesard

3 e -
ing the stad;.

Periods jecis
gxparimeninm th 2t
time there was nondication 2 obr 01
thcie union representatives There was mierest in the pur-
pose. and guestions vere arswered as fully and clea Tost

periods of 5 hr Tha

1

operations were filmed over continuous 5
e

r

writer wasunable todetect any change in the leielo! activity whenpiclure tak-
ing was commenced or completed.

Film and Processing.—For micromotion stucies of shop manufacturirg op-
erations, black and white film is used almost exclusively. Itshigher speed1s
desirable for indoor work, and it is more economical Most ciastruction worl:
is outdoors, and the slower color film can be used. Proper cmosure is more
critical. Under some conditions this can be a decided disadvaztage. For ex-
ample, 1n photographing a pipelaying operationin a deep trencd, series of pic-
tures were taken alternately of trench-bottom activities and trezch-sideactivi-
ties. The frequent changes in camera sectling required by tolor frlm were
avcided by use of blackand white filin. The pictures talen intehe trench were
ssmewhat underexposed, 2.8 the other pictures were somewht overexposed,
butall wereuseable. Cost of {i'mand processingas ahowt 30% h cher for color.
Where the color i1s an aid to the analyst this exira exnense o a geperally be
jusuified. When the we- X is distaree ficm the ecamera azd a large rum-
ber ¢! meon aire in the c1evs wisle others, 1nclacina mspectors and epgineers,
; 1dual ror: another.
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for It tnerefore iU <bould Yo purchased an sufficient quantity befor e leaving
a0 jebsite. Insome lueahions processing service is faster for black and
whde Dlmand o other ocations it 1s faster for colar film. Service may range
fromleas than T-day’s time to 1 or 2 wecks o1 moie. Where job-site analysis
1= plar od with the objectne of unmediate method modifications, processing
time s very mmportant. 1t s concenvable that a2 mobile processing kit would
be a necessary tem of equipment.

Filwy Analyses Eqapnient. ~Individual frames on films may be viewed at
length. Therefoie the projecior used for analysis putposes must be equipped
with a Jow wattage bulb or an effective blower or generally both.  The film is
tori.ed slowly and frequently stopped, and this may be done simply by a hand
crank. It is esscntial that this cranhing be done easily in both directions. A
frame counter 1s 2 rnecessaryaccessory on the projector as it givesthe length
of exch operation and also serves as an index for rapidly [inding a given point
on the film. The film may be projected on 2 small shadow box screen set on a
table top on which the analysi werks. Standard printed forms will assist in in-
dexing the contents of various films, i docuinernting and logging any delays on
each film, and in performing analysis studies.

CONCLUSION

This paper has suggested the use of an analysis technique for construction
operations and has indicated its advantages, proposed several types of appli-
cations, and describzd in some detail the equipment and procedure. The writer
feels that in many situations this method will furnish more useful data than
other possible analysis methods and will overcome certain obstacles to the
success{ul improvement of construction operations. )

Such improvements can be attained through changes in performance that
are completely within the domain of management. When formal approaches to
methods’ study are suggested, the remark that “the unions won't let us” is too
common. In most cases this is an excuse rather than a valid reason.

The writer’s experience, admittedly limited, has been that the average work-
er on an engineering construction project is willing to perform a reasonable
day's work. His output could be increased markedly, but chiefly by planning
his work.in advance and giving him better instructions, by seeing that he hzs
the right tools at the right time, by not requiring him to perform unnecessary
operations, by making him part of a correctly sized crew, and by not slowing
him down as a result of aveidable delays. All of these should be management
funclions.

Our nation’s Number 1 industry deserves more attention directed towards
increasing the level of production. The analysis method suggested here is sup-
ported by only limited field application on construction projects. It may pro-
vide a useful tool. It is hoped that it will receive further trial in construction
and that better defined procedures for field work and film analysis, adapted to
construction, will be developad. ’
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ROBERT F. BORG,”F. ASCE.—The method of photogrzzhic analysis pre-
sented by Mr. Fondahl should provide a re\.ardm"tec‘ nigue to counstrueciion
management interested in some of the fundamental problm,-s of our industry,

Too oiten, as the author points out, we are content to symp let habit takc its
course, and permit operaticns to proceed along the pa*h ol y cs! resisiinee,
without seeking to inprove fhemi, The specific applications sible with Uxe

technigques deoscribed . the paper are only hwtcd
writer, waould hike to present Lerewith, a broader
Mr. Vom_zaln conc ‘~nfz b

~ AL - T T - -7
o s el n.cy s

tu t a brick 12\c.‘ can h}, Certaml,, fe at,tw iesundertakor 1 gncecd,
in physical size, a mcdern constiuction job, and not mary products ot ms

physical work exceed it in logistics and complexity.

A building operation requires the close coordination of between 40 and 60
subeontractors and suppliers, and scores of men and toc’s, mos ofx cl
are in one way or another interdependent. The maninulation of these forces, £3
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2s to provide the correct cuer {21 ench trade, each meckn®e and
cf equinrent o* ma tcx;al 15 the problem teally worthy of study and ong to
which : 13 . trcet hos at . Thet doos it motler
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interrelhited hades s the core of analysis of construction operations. Surely
Frank Gilbreth, as the author pointed out, turned from analyzing "bxicklayiué
techinques™ to wore ' frutful ficld~", beeause there are indeed more fruitful
fields wn the Ynodar papects of analyzing field operations.,

Just as the siilled aerial surveyor can examine photographs of terrain
and derive intelhitence and knowledse, su can the skillful analysis of memo-
motion pictures and micro-motion pictures reveal consequential data, The
memo-motion pictuies, described by the author, had 3 sec intervals between
pictures. What happens to the results when the intervals are stretched to 30
days between pictures? The accompanying illustrations, (Figs. 1-18) make
the results starthingly evident, It enables us to study a broader view of the
project operations. “Broader” means that overall construction planning angd
techniques are analyzed to provide the proper scheduling and coordination of
the various pairts of the work, This is done primarily in order to yield the
greatest amount of unbroken stretches of continuity inthe work for the great-
est number of trades and men,

The accompanying illustrations were progress photographs madebya pro-
fessional photographer during the course of construction of a building project
by the firm with which the writer is associated. The job shown is that of the
constiuction of Public School 27, Yonkers, N. Y. This building, the total ap-

. proximate cost of which is $893,390 00 consists of a thirteen classroom and

two kindergarten addition to a small existing school building. The building
also has a large octagonal shaped all purpose room, kitchen, stage, library,
faculty room, and offices. The building is constructed on a reinforced con-
crete foundation with a structural steel and steel joist frame. The floors are

poured concrete on corruform, the roof pre-cast lightweight concrete planks, ~

The building features aluminum windows and entrances, terrazzo and asphalt
tile floors, and glare reducing tempered glass,
From an inspection of these {igures, we may learn the following:

1. Was the contractor’s chosen sequence of operations for demolition
effective? (West to East, or back of photograph towards front)the result was
the efficient removal of old buildings and debris,

2. Did the foundation sequence that was chosen result in the desired ulti-
mate completion sequence? (The owner desired that the classroom wing and
boiler room be ready for occupancybefore the rest of the building. The class-
rooms are in the two storey wing in the rear and in the one storey wing at

left. The boller room is inthe angle left in the old building.) Foundations were.-

started in the classrooms first (May, 1959). The steel was erected first in the
classrooms (June, 1959). The boiler room area was delayed, however, and
the steel was not erected until August, 1959.

3. Was access road for rock excavation Qower right, May, 1959) best, In
view of the circumstances? The route seems shortest and most direct, partic-
ularly for access by materials trucks after the start of the classroom super-
structure in (July, 1959).

4. The steel joist erection in June, 1959 was performed by stacking joists
in bundles at various levels. Does this method give the best result? This
makes the gt efficient use of a erane for holsting into ploce Buidles a1 C
landed on {lozre qui v the era 13 dreu Pssed, and the Jorsis are saparated
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Whe Dnbfweighipro-carvconcreterodfdeck v andone In two trips In 34/
anand dn Aunust, 1952 Is thhy the least costly? Noj the exntea trdp by the
roo! deck subcontr actor cost an additiona! §175.00 beeause of the need for an
extia move for lus equipment, men, and cxane. It was evidently unavoldabic,
however, {f the clrssroom wing was to be hept alicad of scheduie,

€. What eftect d:d winter weather huve on the job from November,
thioucl Aurch, 16607 The outside site work
reoms ate enclosad, the roof I tivit,
fimshes usihg tenrporary heat, Classrooms were occupled in March, 1960,

7. Was the site work behind schedule? Walks started as soon as the ground
was thawed (April, 1000), but tepsofl was spread somevhat late (May, 1960);
outside rafls were installed somewhat late (May, 1900}, lawn and landscaping
was installed within a reglonal scasonal allewable tolerance (June and July,
1860).

Clearly, it would have been desirable to have a shorter interval for some
of the photographs, particularly in the earlier stages. The mounthly interval
used, however, can be useful in furnishing a quantitive analysis of each phofo-
graph by comparing the photographs with monthly progress payments, As an
example compare Figs 6 and 7 with the perceniage gains for the following
phases of vwork for the 27 day period from July 20 to Augus‘ 24: Concrete and
Cement 2475 Rewnforcinyg Steel 5%; Structural Steel 1% ; Open Web Jolsts 5%,
Masonry 33%; Roof Deck 830 Carpeatry 207 Miscellaneous Metals 807
Yuriinz, Lathing & Plasiering 1.5%; Dizinage Systen

A quanlitative aralys:s, by ftem, {{ mace montl
monthly memao-motion photos, could vield infornaat.or
struction englneer

In summar

1659
is at a virtual u(.mc‘.still, class
and work is proceeding on {nterjor

m 50%.
15_ ard if compared to the
1 of vast use {o the con-

sis of coactruction operations as

7, 2 pholngiaphic analy
h
!

proposed By Mr, Fondthl, car be useiul i examuuing crevs and methods i
which micro-raotion and memo-motlion pletures rang in inlervels of 1,500
fremes per ‘mm.;t., to 3 sec are used, It can alse be useill wien, ag pids
pesed by tius writer, fatervals of greater duration up lo for fean gic; 20 days
are chosen. It is in the 1:er type of studuwes *hat the consiruction engincer
geins information xelating to the broader zgpects of projesct mangiment,
and jub coerdinztion,

o

Mr, Foanahl i3 to be »sic tool to the atlentlon
of the profession,
Acknouledgmer Is,—~Photeziaphs by . Bernsteln used with

of the arciitect, Eli Rabineau, and the owner.

cergratulated for bringing a
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Vidico te C& recor afiiipte)

Heres a new ool for [E's, New in the sense that lew
L have vied using video tape on the job. Actually,
ithe so nu things, it has been available com-
meraally {for several years, During this time, its primay
use has been in the television industry where id's fa-
mibar 1o you as the “instant veplay™ feature of spois
evenis. More aecently, business and industry have
adapted the tedmique and equipment to marketing
as well as pensonnel training — in activities' ranging
from assembly of products to supervision and selling
teahingues.

Sice it came to market, there have been improv-
menis i the equipment, particulinly cameras, lenses,
and monitors — the major elements of a video systen.
AL the sasae tme, paces have become attractive., For
aboat 52000 — mote or w little less, depending upon
what vou want — you can get everytiung you need to
peitaig Uinstant replays’” of just about any ace
Gty You wand Lo analyze.

Fhe amee h)l.m\m;., wticdes, which comprisc this
soccal teport explamn three diffaent ways in which
(s ol thice counaies hy wve used video tape on the job.

Ene sk aicde denuds the manner in which Akryuki
Soatint des used video tape in Japan to achiceve better
Cone studvaesulis by mroup pace raung, One X 1ecords
dhe oneiation with aovideo conera, Away ftom the job,
@ oo b HRS pace rate the work during play back
(12U \an(l HiOILOr.

Vontiadia s the locale of studies of work methods in
i constiucuon andustry, using the video tape tech-

|"\n

o
1y 1CW

hoegin

veae o acomd and analyse methods, Peer and
oot 0y oo be then studies o the second article.
cicteened atades Loas Vit explams how he used

video tape advantageously to help develop improve:
meints in an assembly line at Mitvo Aluminum, in the
U.S.A,

Varied as they are, the uses deseribed in these thice
articles do not cover all the ways in which' you miglhit
use the technique in induswrial engineering. fleve ave
some others. We can’t claim that these adidinions cou-
plete an all-inclusive list; we do hope they will stir
your imagination to sce still more ways in which you
can use video tape to hclp you improve your chicciive
ness in industrial engincering.

o IMrovide a reliable record of the methods and conda-
tions upon which tme standards and job evaluations
for am oparation are based.

o I'rain IE's (and possibly otheis) i pace vating, using
your own operations for benchmiaks.

o Teach methods improvement technigues o super-
visors and others in your organization.

e Provide visnal and audio assistance in prosenung
proposals of mprovements and the solutions of prob-
lems,

o Analyse unsafe practices and hazardons conditions.

o With the addition of a swtable (and aviilable) thne
contiol device, you can use a video caniera andrecord-
ing tape for umelapse photography studies.

o Record the flow of materials and units for plant tay-
out and material handling studies.

o Muke slow-motion analyses of the operavion ol ma-
chinery and equipment. .

o Record the volume and frequency of vehicular und
foot tafficin a great variety of situations,

To learn how to use the technigue, turn the page.

Rosrre So Ricn, falitor

R I

O



2. dway from the job, video tape vecord is daplayed on e nooidtor while w gicup of IE's perfoims pace wading.

soreauced Dunthe lagh cost cannot
e avonded completety,

o Canciilins e olten developed
Dy outstae fnm, jeopaldizing
(()H)I}.lil‘- SCC Hy.

o\ ospucial dinving device 1y re-
Guaicd o hoth auneraand projecun
(O Bt accnate recording and
Leprotacnng specls, ’

o Sounds avtedanig ail operation
e sotcanies helpiubm pace raung,
Conc i dastaats the sounds uniess
i seconded and projected at
fined speed,

O ciie ainesr bana, VTR has seve
chal advantiges,

o 1he tape recording ivavailabic
for anevses cmediarely afier ve-
condhiig, o spocid processing ol the

-
v
v

o Rewonding  and aepnodacing
specds e accuraies e by
1ehiable, and clement ey cun be
readt fromm the projecdinn, Dhe wyp-
cal ciror an tape speed as within 9 2
pereent (10,

o "I he cagumpmoent can be used for
work  sampling  obscivations 3 oy
adapiing iton wutomatic ranoie 1e-
cording. Aspedad sampliag tmer s
conmuerdcally avadable.

o VI Ruseasinvetotaerclatvely
Tow Jignt levels ofmnstwork areas.

o Doth sound and pictre aie e
corded on the s une tape.

o ‘The projeilion saceen <an be
divided 1o 1wo or more seeliohs 5o
that two or more tecording may be
projecied simultancousty, For exame-

o VIR tapes may be projecicd i
a highted wiea,

e Lven at nonmal speed,,a tape
cuns withoutchange for aperiod than
s more thin adequate,

Considering ol s advantages,
VTR provides an snproved method
of time study, ftaliords dhe pracucai
CHns ()fuilh/u‘.j_; Broup pacy Pty
W amprove the predsion ol e
standards.

Appiication of VIR

Five steps desanbe ihe apphicinon
ol the VTR tdhmigueothe devclop-
ment of tine siandasds,

o Recand "1 he video camera s

used to record the wark, o gt a

s oy el ples a benchnnak of the operation  dear pictune of il clemenis, it may
o Fhe tape can be gepeatedly  pace may be ahserved aloag widh a0 be necessary torecod Bon dideien

Crasad craacused: s ecconomical.
o Cotipuiiy Sy Gin be main-
Lt

reconding ol work o be rated.
o ‘The video camera periorme ai-
fenidy, does notdistn b workers,

|

angles, Figure Tl recomameaded
that two additionad tapes be used:
one toexplain the wors undey staddy,
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r\'ew time stu“y Lechnxque uses video iane recording equipment
to record an operation on the job site. Away from the job, IZ's
record element times, observe methods. But pace rating by a
group — instead of an individual — is the greatest advantage.
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1B, wuh odeo equipinent, records adequale number of cycles of un operation thal requires a lime slundard.

I£ SPECIAL REPORT

One of the basic tisks for the mod-
cin Il sull dhe establishment of
tme standards with necessary pre-
asion. A sarvey, Relerence (1), con-
ducted i Japan showed that 83 per-
cent of the T depasuments of se-
lected mdastrics assigned gicat im-
portance to work measurement. 'Fhe
sctiing of tne standards s still a
Hugon sk of an Lk depariment,

In the past fow decades, beuer
teshods fon accurately scumg stan-
dardshave heensought, The needve-
urns, although many pew tech-
nigues buse hecn developed,

Scttng standard tmes by dirveat
ohsarvaton and by work sampling
dre tsocadl tane study techimques
that e wadely used today, With
those techingues st s feasible to set
o standards with adequate speed
e ceonony, hut not necessinly
weibistbcant accavacy. | he pProcess
oo e s g s nrequently the rea-

son for poor accuracy -—— and the 1e-
sultant lack of precision of the time
standards,

The required acanacy for rating
is not a fixed value. It varies, depend-
ing upon the uses to be made of the
standards. But it is generally agreed
that ume standards for work mea-
surement should have a precision of
® 5 percent, 95 pacent confidence.
T'he results of many studies of pace
raung, however, find standand devi-
ations ranging {iom 5.1 o 19.7 per-
cent (2) through (9).

Group rating

T'o overcome the problem of pace
vating accuracy, many methods have
been developed. One is a group vat-
ing system surested by [ K. Lou-
den, L. A bdxdl, <. M. Mansor,
and others. But their methodologies
huve not been applied 1o actual in-

dustiial time study bedause:

e Observation by a gioup of ob-
scrvers in a work mea creates anoun-
desirable psychological pressune on
the workers; working paces me ap
to be distorted. '

o I'lic presence of many obsaivdis
at the work anea vequites o signdfs
cant incrcase in ume study man-
power,

e Some work arcas cannot phiys..
cally accommiodate a group of ob-
SC1VETS.

T'o perform group raung ot dhe
shop lloor, iU is necessiny 10 st e
cordd the work with o facsimile ae-
cording process. Two mcas exist
cincfilm and video tape reconding
(VI'R).

Gomelilm  has  sevanal (lOl-
Vantages:

o ltis expensive toreaod adl the
work 1o be pace rated. I work sam-
pling is used with anelihim, the cost
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Doane Laved ou 7 I)( yeenl! slau([m(l de (‘I(Ul(l?: Lraalings bj oo sdteadial, a
valie selected from studies of pace iaivng acc aacy, Ui O QY
based on cesalis of vatingy by expevienced tiine sondy i e nliemaetioe
oing the TR teclongue, Cinvves Bavd Doe ,ruur"{/if‘{.'il(m;. of dard !

Sesfedoe Iy, o couriec Ifa) bias.
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G another lor the rating process
{(vceSLen 2y,

2. Scledtion, "The original e
recond somcetumes indudes incgela
HGLOLS OF eNDancous elements i
W unsuitable o pacerating, Anal-
yais ol the tape — thie ume study —
s e Cectnve it these are climne
taccd N new dape, omutung these
can be aeproduced ac
caratchy som the onginal, and used
for analyas,

Clennoanis,

Thine aneaswrement, Using
stop waidh o oiher tinmng device,
dotont tanes aneread frtom the o
joction o the tape and recorded en
Phetape can beserun o pick
wp escd readings o 1o chieck ace
Clilaey

fablatl
PR

I Poce vating, Pleanents of the
Wolkoare rabed By agroup o quali-
dcd 1D or tene sty tedhnicians,

Pagrae 2o b hidipiad to fnst project
and rovicw o bandhimark Lo re-

[ N PR

cording beloe wwemy ring o yace
1
i

u
the worh under soody. o wddaioon,
Gt UL o the

N
Ve

T L H
Dot vl iok Tan

!
may De nojected stoosianeously
alonysidde (be L econConenander study,
Asn Steps 3t vaag e verun tor
?

Faiher anadyss e acceaties of
group ey ae examsred e g
ures 3 and 4,

5. Calculation,
pxc"

Coonn
tatings may be wsed o lu(un‘
{: )(_" il(.ll"'“[. LI, Z HEAAEN \ln‘“f .AX(IS
e then connpuied o he ponmal
antaner. Cbae video toees can be
fledd, (o bocome o volnaGle aeta aie
tecond af the tme seady G hutore
clerence 1 needen.

Towe stmdands <lcu\ nsned by
the VIR redhngu shenld b maore
GCCUTAlC Lt Liedd c':: -,u! e by
taditional ume stdy. T Be decond-
g of element ames cant e waie ace
curate. Using Lrovp viing,

the pace
factor cortamly

shoald Le mose ac-

averegesof

curnie. [a facy, wse of the VT Riedhs
RIGHE Can resull i & aceaate
pace rating by any onc adividual
(Figure 3} beaause:

o [Tiscasier Lo concenwaie u the
FaLing process away oo ihe work
arca. Also, the rccordrag amay be
stucied repeatedly to wive sta con-
fideny rating.

o A bendhmamrhaccording
observed sanultancousiy.

o 1in dibrect time stuay, the cyddes
uscd for time measureiment e olien
different from those uscd fou rating,
inacusing the opportuny {on ciron,
The VIR wechnique peaits tmiag
and rating ihe same eycle o ayden,

When studyig shori-oycle, e l)uz-
tive work, several cvldes may be
recorded for later study, Lo wnalyee
loxw-cyclc:nul non-epetinve woik, a
recording of une cydle may heareiun
m,;o.vcul) to cevelop the dute fo

calcalating tnne standads, Inosuch
cases, it may be aoted, e pacasion
1 the standards s wsually reguned

niay be

T'o chedh the accepabibivy of e
VIR techinigae, 12 engivcess i an
automotive plant Lwo
moaths in 35 diffeient apeoaons,
incduding assembly, fornnag, weld-
g, painting, et L hes answes o
follow-un (;ucslmnn ane dre sinn-
nariced by number of cagmeaersand
classification oi thea answaers:

ticd 1t o

I, What was your tmipression of
thework puce asviewed on the VIR
monitor compared with the actual
work pace?

7 no dillaence

2 somiew it stower
2 slower

I noopision

to

LW hat iy oy opinien of the
Corm P abive ease of fafi jornang haie
vatig by the 17T R teciogue?

O camias
4 samne
mor e difhcuit

!
I noounion
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es nhas aodeﬂ anew ¢

se of video tane recording Gauipwent 43 an
endent technique orin ¢
c dimersion 1o research and
rmanzagement studies in Australia’s

MoInation Wi @X180UNg

construction Industing,

S. Prex, Tedhnion, Haifa, Is:ml

W. B Keneny, Divimon of Building Researehy GSIRG, Melbourhe, Ausirals

[Cosaomaata of history that produc:
oy studies were st developed
againt o budding anduastry back-
sround, [n fact, Gilbeeth, a proneer
s this Belas was working as o brick-
Laver and contactor when he beoan
Iy expernaenis, honcally, s deas
found accentance and applicaton
ol moslactaing industries
other than bhunldimg, umi for several
decades, thay mdustry ;norlua and
CoMLIEK Lo mcth(,(ls .u.mm(.d un-
Changed

[he budding industry’s relne-
Wince o adopt his methods may be
At huted 1o two I catises:

Fast, the spur ol mtenadicniad
competon torced most imdustiies
tooseek wavs ol teduang the coss of
than prodaces. hus, they were re-
cepiive to o ihe new methods and
tedhinologies proposed by Gilbreth
aid i umlunlun‘nics. No such
pnpctus existed lor die buddimg -
aunstny Having o captive home ma -
Rt consmnued with oy establishied
methiods and passed the costs of o
GO N to Y Greints,

Faesecond cause ay i the great
vatabalinn of working (.ondmonh
pecina oo the building indusiry
hes coupled witha paevailing high
Paboon tarnover, 1esuicted the con-
Hactor's opportuues of mofitably
aptbang the resalts of producdon
studies, thus, there was hivde jusuds-
cation for wny sudh clfort and ex-
I)L'll\(

he alding tadustry’s Brse Luasic
chonge o awntitode occued afuer
Waoond W L
Labor wd Gapiaall nccessinny Lo meet
the vatsinooanng demands o cone-
st diove tins nonmally con-
sorvalave wadustey tooseeh new -
tCtaa's g !n'nm[ms that would
marcass caoduensityand aeduce
conts Bocding reseandh s osiee
beon stcaandy eronwmyg, and an e
Creasiig conount of Gy research s

.

73 1
£ S r-’,}'\\ 7 y ;;—? e 72N ’:4—
Vidico methoas

i he shortage of

= Iy
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Leen devored o the w

Lore bunding
Brocess as well as the constracuon
methods employed Suchh work in-
volves myasisement and analysis ofs
ousis modicton, and - requures
poth developoment ot edhanques
surted] 1o worhng condiuons m this
imdasty and adapoason ol Lhose
used in otherimdusooes,

With the advent of relatively
heap vides wpe recording (VIIR)
equi sment, {(whach hoy ihe abilay
w0 record simaltancoinsly on tapes,
athio and vicuael wfonmanon that
can be r.f:pzodum-f! Jater on o teles

vision sacen), the Division of Build-
g Rescarch, Commonwealih Sai-

auhe and Industral” Researen Or-
gunizauon (CSIRO), decided to ex-
anme i switdinbiy  for onssite
studies. Afier an el tal with
one camera wnd one Lipe unit, A
mobtle laboratocy was assembled
and a series ol studies was cantied
oul, Relerence (1), A sChematic pres
sentation of the systent s given i
Vigore 1L

Expeocrce has now been ganed
on a nunber of building saes and
this paper wims o compare the ef-
feciveness of the procedure de-
velopeed with thut of the other tech-
niglees available.

Construction  difiess ftom most
ocher andusies o that the work
pilace changes wiaie the products
centrin o phace TThas recanient
chanziag ob work place canses wide
vatiabion o wor ke (onditions, In
acdiiron, the produat wsaally did-
ey gready hrony one project o the
neat, so that the workomg time o
Apnarenddy simiay obaations is dee
peadercon many patamcters, T,
theresula obtamed bom wstudy on
one site capnot be applicd o the
sdiie operaton on another site e

!

less the influence of cach of these
parameters is defined sepurately

Another charactenstic of ‘the
building ~industry wiuch complh-
cates proauction studies is tnat con-
struction 1s wmainly comprised of
teamwork’s As the funcuons of -
dividuals tend to cveriap, observa
tion and meastiement cannot be
diviacd up udily.

Consequently, much «f the metn-
odology well oroven m other in-
dustries can find ounly very Limiced
anphcation in consiruction. I)ressm
{2) wus the Lirst o identdy the rg
qQuilements jor successiul measure-
ment of producuvity in building,
el he developea w techmirpue-for
group observation winch concen-
trated m—wnly on the anulysis ofun
productive tirne clements. Peer (3 )
extended and simphlied his aps
moach to include analysis ot the
direct work clements, thus enabiling
a fully detaled study to be madé.
Times are reconded on a chaa th }&
also cnables the rcelanionstiups be
tween tasks and the work of indivad-
uals to be detenmuned. TThi wdh-
mgue, whereby all the mdiveduals
of the group me observed biinllg"
taneously, is based on systematic
sanpling with a fixed mtanval of
one minute.

VTR vs other techniques

The evaluauon of VIR as o new
wd for studying building operatuns
mvolves  comparison with sulh
other techniques as. o) 'Thome Study:
by Random Actvity Samplag: ¢)
Syateniatic Acuvity Sampling; aind
d) Film Analdysis,

More detaled techmigues, which
AL 1O MU annecessay move-
aients by breaking cown an opaial-
uve's work into 1onon componcits
and then developing the Best pose
sible patiern of mavement, wie o
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Cea e oy al second ay Lol
. Lo s adiotnys Anaadysas
ety RO s e secondy 1S ot iess

wiion Dnuies dansd o even howms e

wasted thivnah had organizauen.

Noneobioe those Jown techingues
et ey sainbaciony, They have to

Lo combined to meet the accunacy

requined helore vesalts we validly

appdicable bo alibiereid wan AT ETHE
troh aand oo stady alsectives

VLR compiesnents vather thai supe

planisthese older tedinques. 'L here-

fore, o evaluate iy useluiness, the
avon dhactenstios and range of

o vhicanon of the others shoaid be

Wi nssed fist

Fonre Sty ss a continuous pro-
cedine using a stopuwatch tomeasine
seclamentssolaspeaicd oper ation,

Coas e most saatable soad widly

wed tedigue o stuaying the

work ol an neduvadaad bud as con-

i
1
i

siricod wolk s manly compiised
Gl teanmy oLkt apphicatuon would
Sacimally requae as imany observerss
as ahere e members of @ aaw,
Lionce, dhas pyace
acainy expensive aad sufiers hhom

u'&“ﬂ.(in(: iS

the ttha disadvantage thac the
cosults compiled hrom such idivid
W observatons often cannnt bie as-
sembied with the accuracy needed
w analyze the work of the team as a
whotle,  GComsequendy,  this tech-
nique as, at best only sustable for
saadying depetiive shorteycle op-
cratons, beconung  polubiuvely
costiy when applicd wo non-¢ydic
oparatons o long duration.

Random and Sysiematic Activily
Sopling me staustically  based
areatods v i o Linge nuaber of
obseivauons e made at prespec-
ficd time mteivals, Hee, the whole
wroup s observad sinaltancously
and cadh obsarvation records whaat
v happemng ae the anstant, The
numnber of occavions on which each
wonr kst o delay is obsevved pro-
viddes an o esanae of the totad tme
soent on cadds clement of the opera-
Lo

b Nawdon Adctioily Sunifiling
tiese obscrvat.ons e made at van-
domyatenvals delimed by using sta-
Ustical Lables o tandom nuaabers.
I he aumba of these instantanceous
oinervaions roquued depends on
the dosned dumee of accuracy and
detadiar When poperly wsed it
Canr provide ooaapid, amespenive,
and ranable nicans for determning
the utihizaion of Laige workforces
o1 sets of madhines Inthe budding

sdustry gt iy sudtable for obuinung

. .
Goceneta!l Breoakdor s o0 o wihinde

Comyd Ut [ 00 Ve 0T it T
anadysong sagpe upctationy, o
whichy Syviepsatie dcbionty S filtn g
. Vhe

SRR ,:mm‘-uu::w, neet Lo
:

Ghaeive o vadony mdervals aels

only whine there foaie feae

Ravd e Lie vty Doy adied

andd shie sompiap Gegreens

Toaw Lo ebe bea e thaui,

o

ta l‘{:i

v oig L

As e brndbdig operioes . oave
stociinst i aatee, Systemaiic ce-
Lody Senifpling withe a0 coustant
LM 1NIC vl 18 dlere Mindable than
tandamiy spaced obsersationn, })«lf‘"
Gonaty invew ol the teag auration
ol sach
setvaticas slvo bave the dosadvans
tege ihay t} Jie
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spliaticam, Radaom ois-

\
BT B Dabiniang {0

e Aty iy

pew oyche Wil swalmatin al
ety samplig any such eome e
can D 0 e i Ta g the namber
of thas povichay

HOLC At atse oo aebaled renadys,

abhivatioos,

Lo alvo prosides time vecomds o o
chriot {ooa o nehd sheer (0,
1
vonshups heiween operavons wod
indivaidinas 1o tramn o k
son o acuvidy saphing Lo proved
o be the bescavalable lor atndy g
nealy all haddm
cepung  those consstng
short periudic cyddes,
Tire Sty and Aclvey dan
pling techiigques wae simlar i thas
cacit stpphios only woateninfonna-
tion. "The only way of veconding il

whih aucddy diwonanes e

T .
it VEU

£ GPEraliGhs  Che
i of wvery

Lacts rcievant 1o ihe anethons and
e nmstances anflucnang die wosrk
is to wirie them down durimg ol
seyvation. Detals
conwdared worth vecordiag ot tha
cannot be e estabdished and
are tost Lo the study, Obvionsly i

whichh waere not

Lo

Cedhvulty would nad avise an bl

sy Vhitte apenaionsy e
conded onoa cnehhn windh can e
vepentedly aeplayed dor gy,
Becnuse of the dong duranon ol
coustruciion work, however,
technique has acucally no appie
cation to buwlding site produdcion
stachies. Recording biding Gieea
tions would requne an operaton ty
siend by cach camaa 1o seplac
ilias about every 4
Lo wm film 100 fect Tong vsed ata
specd of 16 frames per secomd an
addition the ediung of seomuch frim
woudd he very Labovious.

"These difficulues fed 1o the use ol
ame-lapse photography, wheve sin-
gle pictures ave tahen at prodeten-

this

PRDULeS JoE

mined tme inervals by oo fised
camerd. The resultant "sile” can
later provide @ basis for acuvay

samphing or be run achom 2 1o 29
frames per sccond to lnghhpie the
oSt ume-consuniing wor k clone.
ments. itis, however, unusaal for «
whole team o be visihle fiom o sie-
gle camera position, and atlempisio
overcome this by using a distan
vantage point causes ihe mdividind
subjects W appedni oo siall tor de-
tads 1o be distinguished. "There-
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fore, thus tcchnique has only limed

Stccn] ases,
VTR advantages

With video tape aecording s i
pracucable. at the building site, to
stmul tancoushy vecord and edit both
Lo and visual mformation. The
daccuracy of such a parmanent rec-
ord s tuch enhunced by the oppore
LNy ‘A()] (l'u'-lllll.l“\'c Ol)bcl\'ilu()n
Suough teplayimg Everything that
nappens duning the study can be
captured by usimg several cameras,
and this materntal may be analyzed
Later i any desned degree of detal
Hecause all tecords 1elate to a com-
nion tnue hase.

When cameras are placed at sev-
cial vantage points the most -
formauve pictne can be selected
tor the vecond T his abulity to clee-
concally edit v an naportant ad-
vantage ot VIR because the selee-
ton s made with simultancous
views ol b the current acuvity,
and olfers o good understanding
ol the mterrelationships beiween
the tashs of the individuals in the
observed teanme The mulu-camera
svstem has the hatdher advanage
that should one camera {ail the
record can sull bhe mainined with
Sttde or no loss of information. s
poespeandly nnportant in building
hucause the opportunity w observe
4 patnailar operation often comes
bLut once. Furthenmore, since much
ol e measining or analysis can
procecd sunuluancousty with the re-
cording, the Tack of some dewals 1e-
quued toranalysis can be discovered
while those are sull obtamable.

Bocase of these advantages VIR
ainves more accurate and complete
nlorisation an s obtainable from
movie bl

The TV prctares are uansmitted
a3 frames par second. Since eadh
fraine two interleaved
Uckds, the specd of dae recording s,
o cUoan doalidod o 60 helds per
NERFHIY

Coisisty of

Plis enables the reconding
ob wnevoni with an wccmacy o one-
sistpcths o al o seconad, whiteh s even
fcher ihan che Wlnung speed (1o
42 second) nonmally

acrotsotion studies, Gon-
scancntds, s tedimgue can o
v the most de-
trlodd stadhios Tikddy 1o be needed in
the buthdmg indisiy,

VLo, ]I(i
uned o

vatnd daia tae

By commannon with stopwatch
v sy, he anly pacticable cone
tncoos tochngae previously aval-

able, VPR has the wetvartage diat
aownole teann 6 op s con be
recorded sanltaneowsly by dhe one
obnerver cooranc it the study.
Tlis, together with the posaintity
of replaymg o obtamn additional
detals during analvsis, gives a hagh-
e standand ob accuiacy than s at-
tanable with stopwatdbes. Ly cone
ast te et e lapse 0t Cans
Unuous fau rooeading, with VLR
1S possiiie o wonitor the piciure
during the reeording, (m(l'c(mnol
pture quality by adpusting the
clecuonic system o the prevailmg
light conditions., The Vidicon-type
cumneray used are capable of provid.
ing a brnght piciare even wien
working in e towest tensity il
fununation o which buil fing work
can procecd, Fuctheonoie, as VIR
provides o coutinasus andio-viyial
record ol the aperaton, it Las the
advantage, m vogaad 10 acaniuey of
sequence and tnung, over cither of
the statistical methods of acuvay
sampling,

As 1o versatihiny, woy vegonied -
curacy can e abtaned provided
the caracias are able o {ullowe an
operation Probloms miay witse when
operauives are continually changing
then working place and level, or
wheie working space s wo small for
even a wide angle leos (o cover the
operdtion, This may occur i some
fimnlung operations but, provided o
multi-camera setup can be used and
ramote control pan-ult heads and
/0001 tenses arce avalablie, almost «lf
such problems can beovercome with
hiwde difficulty, Other possible ob-
stacdes whicho inay be enconsntered,
and ways of deal.ng wath then, have
aiready been desaibed i another
paper ().

“Fhe lmatieons of dhe other wech-
niques have alieady been discussed,
Anmmporeant advantage of VIR ds
the ability to wse i combinanon
with these tedhaigues. For mistance,
when applying syscematic sampling
o an operaion o tong Jduvauon,
spectally marGaing sepaicnis an
be vidoo veca ded,

With o Dlackh wand whee peoone
“l(.'lCi\.\(illl(_'(llin.l(“il')'i&l l(l(.‘lﬂli'}’ll!g
the membars o the wairbag team
abserved and tas By Be Bnporiant
for amalysiag e work load of e
dividuals, o tov prilorinance Laling
when the calcalation of individual
statedand tmes iy requsied, lis dif-
ficulty dosappeais b 1t can be are-
ranged Jor operatives o wean dis
tngushing dodiing, Average por-

formance vaung of the whole team,
nowever, istelatively easy.

Phe VIR rechmigue has been
used by the Division to study un-
productive timie on building sites
(+), The investigations were carried
out on cight building sies ol dif-
ferent contiactonrs, chosen at random
from those available at the tine, A
total of 31 operanons were reeorded
and wanalyred, vanging hom cona et
ing loundations for a dwelling, o
placing precast facade units for a
mulu-fevel building, Tt s nstiuc-
uve o report that more than 90
percent ol the total unproducuve
ume recorded o this study couldd

be traced back o management
Further studies  currently  bLeing
conducted miclude the nvestiga-

ton of the various materials and
nicthods  used  {or
dwelhmgs i Australia,

Various applications

Anmportant feature of VIR iy the
possibility of using the informaunni
stoved on video tapes for a wide
range of supplementary purposes
uch as:

i To provide a basis{or discussion:
between the building site super-

vision and management.

. To convey to othars valuable
experience gained, espeaally when
this concerns muoducion of new
working methods.

¢. To furnish matcnial tor use
techinical educavon courses and o
traming of new employees.

d. To provide an information
feedback o the designer, cn.nl)lmg
him to sce how well or badly hys
wdeas as o assembly sequences gif
difficult operations worhed out.

The hughlighung of such apph-
catons serves to cmphasize thigt
production studies in constiuctuon
weestill m then ilancy. Up ull now
the main concern has been toaevedl
sources of inclhaency and o com;
jeue extsting constiuction merhods,
whicteas i manulacinneg ndos
uices the development of "Praede-
termined Tone Standad methods”
has permitied a4 more saentilic ap-
proacdh o management
synthesis and mutdhing of anrerdes
pendentwoiking proceduces 1 hese
acthods provide what e, m ethe,
sety of prederernnmed stndiod data
for work elements whirchare so smaldl
that they muay be applied toany type
ol manual work, mudch in the same
way as lettars ol the alphaber pro-

thirough

constructing |




vide the casn nnataial for an mhnite
vaciony vl books,

Opuiiions composed of maunage-
whic ks perio mned ata by piice,
cre sty adiiacine o those plan-

relable nenosmance ol
as ey are inoany
However, because of
ol work

g e
bualdinig work
othicr wdusay
the conunuous changing
phce and moat sanation i atien:
Jaait o warking conditions o per-
banang apparently sinalar buald-
g opciations, predeteimined time
stadards haves apart from some
pechmnnary Gials, not been apphied
adhie buildingindasty as yel. VIR
appears 1o be the only technique
sutebie foryeeording both the work
and the conncctive -
foymatton that nuist be asceriamed
1 pedeiconined  ume standaads
are o be valudly applied in badding
awd constiaction, Any changeover
w o industuddizanon may  pronote
ths doevelopment,

A wark siudy techiniques have
Trmauons, and at s tharcloie nne-
porvtant tiat cach should be capable
die support of other
wicthods I this h‘spgu. a special
ol VIR s that 1t may be
combined with other C\.sunsﬁ tech-
gues o in(nmc an clicciive in-
vesagation ol for research and
Shagenient i dhe budding idus:
ty Lty proper use enswes the obe-

Jdemenes

Gioaceavig

icalin e

iy ol dehiable results for the
YOy wide ange of studies which
oy be cncowered in the con-

SUUCHON [ oLess.

A signihaant aavantage of VIR
has heen s aeady acceptance on
bBandding studied by the D
Research, Gpoers
amnves can osee and understand the
natare of dhe rccond being waken,
fac pobabihinn . of  successfully
conducung, oa wn Australian build-
g st end her ime Siudy or Ac-
Gy aly S )luwm\uuq (tions would
he entteaiely tow becase of under-
standable xx.s;'.n(ms as to the pure
pane of theveconds neing taken.

Ynodiet advantage ol the audio-
recanding tedhmigue s the
reaciness woth windh it may be ap-
phed TThis has been discussed i
detad by Pear and Growle in (1),
but it should he noted nere that the
capalnhity anvolves more than just
the At vay shart notice, o
tove eqitpincas 1o a bulding and

dosteri thing et os The faalivy

silds

vivion ol Barlaing

Vi

.th:n’.l‘\.

i combuniny aalyses angd recond-
g and the aolity ot the analyst

olnerve the work iom more than

ONE Viewpoint at o bang, abiouws an
expenicneed opaator o refie e
systent b observauon Lo sait ) Whe
uiieni  expeniaenital
vithan adiniies of starling tae study,
and te conunue o icfm(. itas Lhe
study poceeds,

abjetuves

Comparalive cunls

As 1o the ceonontic aspect of VT
ducct cost compasane with
study o Acaviy Sanphing tech-
niques would not be wdoquate as
the andic visual andormiaton obe
tained wide this techrigqee s so
nnch wider i sope

a Mg

in comparng (‘(m orly, Vime
14 il P
Sunly wili conerally be moie ox-

})CllhlVClOI‘ lL\x\rHl teamuorg than
VIR sdespee !hf: u?ui'lv""j Fagh
st eves e i i Cguspanent i or
the latter. Vhe oot (’m.(:nmbc

depend on the vice of the tcam and
the nooaniber of absesvers tequiced.
Mrovisled almerver can follow
the whole team widout difficulyy,
as iy the case m neest bwelding op-
cLauony, Aguviy ‘i.:npimg will pe

W il

Ohe

cheaper o apply than Vil when
only direct covts e conadlarad
Wihen s pessihie wowse VIER

recands o addinonal purposes,
stch as vemedying oversights i the
origiual observational ian, 1o sup-
port the anadysis of oter studies
with dilferent objecuives (4), or imore
genetally (o aid edication, job train-

nence videa taping s Llikely to ne
more rewining, eseiiieton uses
need w0 be loreseen an o some de-
vui oso that the reandimg can be
planmed widh thelrequnenienis i
mindd.

Figure 2 shows the cosis eomipa e
soti of equipment and expeetidabiles
for VIR and dne phatagricshy,
Alare recent Yeaadh video
cquipment is sigimihicantiy chicape
w buy and use than the emdh
('quipmcnl on wludch this Jrper was
Lasca. The compuinson considers
i sinplest unit comprisimg one oh-
server nanually opeaating o single
canmicra, The first cost of VIITR 1y
gicawer than that for wmin fin
cquipment, but the high cost ol bim
compared to video tape erodes the
fost-cost saving afier twenty houts
olrecording. " he 16 mm equipiment
is more expensive than VIR i the
first place, and much more expen-
SIVC sl FUNDIIE COSLL

A faily  cliccuve
study  requres tha
viewed from miore dian once
2t a tame, and that a4 conunuous
witten or charicd recora be kept,
Based  upon the fmages ecened
fiom muluple comeias, [has can
he done with VI Rosimce the nnages
fromn all cameras ¢an be displaved
strultancously on separaie mon-
wors at a central point, leaving the
study coordinator hice o write his
record.
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tectwinhothe camaiag operaio s and
canndiec the stady as dhie work pio-
ceedsy igone 3 ie canvalso operate
one ol the Ganeras by remate con-
ol FHias procedme, used by thie
Division o Dualding Researdh, has
substanoaly educed  olfice

g analyss,

thine

Gonclusions

Phus paper bas been concerned with
e Ovaduatnon ol tape 1e-
conding (VIR as atechnique To
conducting pmoduction studies of
bhusdding and constiacuon worh,
Consniucuon differs fiom the
wan ko ather industrices in-
sabal ws most of 1 operations aie
peitotacd as wamwork, and bouh
the wark phae and moduct wie
vontmuomsly changing Because of
these speaal chunadiernistaes, Ny

video

[RRERAN

Inmu;»lv\ Jad ((“(lnn(]uCh. proven
adequate lo producuon studies i
oihier ndosties, e of Hmited use
e b aldiag research,

Fhe vapid development of ines-
pensive tape recovders and
camneras bas widened che Pl dmencs

of produvnion study methods, 1 he

\HI('(E

VR tedhingue has proved o be
Gipable ot providing vesults, sul-
baenty acawrate for the most de-
toded studies which might be re
quucd me the building indusury.
Lhic onh tiniauon 1o ity applicas
teaas the operatoc’s physical abulity
o dollow the activity with canieias.
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Pigove 3.0 pwsatns of manually
contvolled cameias et voice
contact with the «haef abservver
diecting the study,

KT I AR

The

crated

Vidicoa pvpe ey wsend, ap-

salisbaciontdy evea when

working inodhe fowest Density ol

X3 Woi L.
iy e

Taiavione ot whnely bt
Furchcintoee,  the
coppmeil Lass e o e o budlde
QI M o1 very sho Topatice, tan
COMIALTEC et ditg s hdy hour
o1 less aiten vl wvad ihe paticin
ol recoraing avd wntyns needed (o
the parvcnhin experment can then
De vary ey devedoped
oty ot vchividual
manbeas ol the wouking team, when

{ he dal-
rdentifvine !
. (el

ang blaek and whiic television,
may be o hdung oo Lo stadies
Where ol as oysenitl
bhetwes operdtives
overeomie by

(o thistinginsh
s may by
havieg the war ke
weat distingrashing aineies of dothe-
il

Lheaceoracd vistad and andible
inlermntton G be stored oo e,
and can be osed for o widerange of
purpeses oither  than preduction
staches, They aneluae aducetion,
job travmg, md comannmcauon
of enprricnce Do e vidho reee
ordy vaay dalso he analysed for other
A dr-

recl econonge (O8O0 between

stuchies with different ot

this techigue and othne wsable m
the buddhiyg imdustey s notrelevain
Recnse of the wnuch wider range of
the miormaton  obtained.  he
cconomics ol dns techinque  de-
pead, therefore, very mach on the
extent o which the odditional PO
sibilvires of this addivonal nidonna-
uon g be uulzed.

Dillevent waouk situations seui e
dilterent measarement  teche-
mGues dceending to the need for ac-
Qi aey and the peroassible cost It
canpot be expecied that o sigle
VESLHEZGTN G Tool vl comply with all
the possihly requiienients of an -
sty Lach stady techivgque has
s suong and week point., VPR,
however, s proved 1o be an ac

waotk

cucate, relhabic ind v reseme and
wanagement stodwes o the Suildde
g adisoy, b adi b aonew donen-
st o jaoducunn stadies i tus
mdie Gy Load iy Be woed as an e
depondoat vedhinegue g an
biation wihohe exastonr oines, de-
pending on the wim ol the sty
aidhe type of apenaion observed,
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The real preBlent i cost veduction
v persnading e people wvolved
o give e i a iy, Many anadea
has pung nown U
cnthiusiasin ,mu ciles
CONCLrnss.

Doing na aandyss of o dopait-
mentor jabs i departments rela

Additional pieces of cquipaent ans
clude a camera tipod o wheels 10
facilitate pmumnn.p aind a dolly
i"a'r. furlack of (o hold the recoinder and snonior
By the people

Use of equipment

The manager of the Keproduouon

tively casy. The nord part s con- Services Department had foriaaly
vindng the forcmian and all the  béen the compiny photographer so

people involved that eveyyone will
benefit hom a litde "tucking of the'
boat™ and that no udal waves will
be gencrated. This 1 where video
tape has been a great belp.

The wse of video tape was new Lo
us. Wein the Indistiial Engineer-
ing Depacunent discussed iy Pos-
sible apphicauens 1n the areas of
mcihody mqircf' crent, cm]‘ oyee
u umng. and prevance proceduras,
We decded 0 ny 3t st for
methods imprevaaet,

under his conuol. tle conducied «
two-hour trainming session with the
engincer who would opaate e
cainera, then went along as an wd-
visor during the ilming scysions
One reason that 4 minnaum
amount of tratting was tequuied 1o
attain a reasonable quality puture
15 that the engmcear watched the
picture on the monitor while it
was baing taken, He was able to
sce the focus and lighung quality
and adjust for them winde tining
the piciures. “This was ospeaadly
imporiant when standing ibout 235
fect away Nom the worh arca with
a zoom lens and sooning i for
dose-ups of the hands of an opai-
ator. Understanding vhe ¢llect of
avadable higho on e qualy
is the main yequiremens when tak-
mg video tape pictuics.
The quality of the s

Equipmeis

We finst tented video lupe “5“‘&
Wiche 1o see  we actaally could use
it oadvantageously, Later we pur-
chased o set ol units consoting of
congia, zoom lens apes, monor,
sinlierorder 1o cast 52160,

The montar may be used durning
taping of an opciation o cicek the
focus,

I)ILHHL‘%

quanty  {frenung, hghimg)  was not professional, hat 1t was
ol the et bang reconded on good enough for anidyss. Pictuie
tie tape "Lhe monitor s also used  quality has since improved  with
for viewiag tapes later, and away  mereased usage.

fiom the operanen. The recorder Ik
})L‘FH‘AH‘. us o aecord ChHy N-thlol}
notes and operation sounds (wheie
they're sigmificant) dunng aping.

takes about one-half howm o
set up the equipment ata work site
and remove 1o when tapmyg s come
pleted,

IL{FER 73191

the video tape cquipient was put’
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nat bevonsddeed. mcdiods were acwadly tied out en d f O !
! \
We then et about analysing the  the ane We ashaed theas 1o hc‘p us li‘ i Suonplics ;
vidvo tape prcaares of the assemble- by giving us thea adeas and com- o |
to-paca T muitoparator  elecuic aneits. Fhis e ol salesmansiup M “
\ bt
peicolator wmit, Evary nunute de- scamed fo chminate ali resistance NATE
) o <
tul o cacn opeiation was sauti- - to change. Lhe opesdators tued all i o ('\)
mized 1o see it added vatue to the  the adeas and even connibuted ﬁ ~
hnnhea produci Wwhat was bemg some ol dtheir owi. !
doae maeased ihe ost but not the :
value, we awad o chimiate it or Besulis | ! s
R -
reduce the cosi o domg it | |
. 1 1 !
In analvzing the video tape pic- hmprovemens it evalved from |‘ i
tares, the teant ieader ook the teanmt team analysis of e video tape - ! \/
Cm ough e sae steps he had taken cluded: | - -
_ ; , , i = OFT =
i compating he ume study des o Considarable reducuon ol walk-
xu.,mu. wath filins, The video tape  ing by condensing space and 1evis
. r
of cadi opciation was vun and re-  1Lg operations. ]
ran untl oo wasacit hat all wasted o Replacement of obsolete air ool . E
aotoas wareadenuhed. and hand teols with new an tools, /f( N ‘i
Ater descovering where the difs o Adopuon of sciew stuck and 4 )i i
. . L i
rerciices weare between ihe time  duver o replace use of mdividaat | cwete B
sandies ana the ppcwases, and noung  sciews. I~
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! oy v . 5 e, N I i
some gaidaace hom the team leader o Anunuaal savings of $33.000 wih 1§ Louds J. Vits joumcd Muio Ala- i
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teain had agioed onomany (!...n;,cs o Moot space saviag ol 10 pacena | kagisearing Depaanent. |
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Figure 20 Ve tape caaneva peviids sonndianeous editing and funng of
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Lo /e
/ ~ lnsp The Indusiiel Yogumeer g De-
i ’
{ - Ry partinontan cooperation weth plant
; S Storago | Inanagement, :.%-!cuc(l the assembly
. el ' and packing ot elecnie peicolators
L : !
P Y, for the fust methods study  Four
' i - .
b A"'bi“’i O , assenbly Tines oduce my thou-
1 1 N N
o i sands of unrs per years Plang man-
! ; . ~- wecment selected one assainbiles
. {orags o .
Lo ST pach it o be stndied, Figue |
o ! Lhe workoss i s nae waere told
i ’V O that prctures would b taken of
i i Azbo; o o1k 1 1l s sih-
b them working, and that any wieih
i ! % ods changes made would be tied
t
P hd fust on that unit.
| A teait was appomied to conduct
| ; L
[ the study, Tt comprsed: o leader
oo .
: - tom Indosinal Engineermg  (the
, 5g) ‘.-(-\ author), the Plant Supenniendens,
| 3 \ ,
i o \.z« & Gomie study engineer, two loiemen,
! ) . * ey
) ~ \ and two setup nien. The foar as-
i \ sembly haes wie mowwo ditleren
Fa departaienty; cach was reprosented
t
: ! ! o the tean by a loceman and o
.
i ] Yige SCldp an
: Labol ! '
| | . | .
3 <y = Video vecerding
| o,
) R
Qfmpm~ = -
i =.07ag0 C:’; As ~shown o Figaie 1, thae wae
P o five oparators o the wme Pwo e
a !
R ! o =~ mncd i place, Juee moved about
i 1 [ ~ .
P P2 (o w perlonn dien aperatons, he
b 63 O Gunera was mounted o the wheeled
. i g .
P ' ipod, and dthie moritor and ge-
~/ )
b coraier were pleced on the dolly o
oo
o Brabitate: moving dhe cgupment
P Derween warh stations Figare 2
Lo shows the T hilmimg work o0 one
l . Sta Lo,
o Anaverage of hve nimuates of pic-
oo ey were taken at cach work sta-
A uon  Afta comoieung o senes of
! 3 13 ET - prctures, the eoginea mneduaely
: ~ e v i replayed them o mswe that good
| rosulis ware adaevad, o get the
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desned coveruge some Lot es wer
icaone (right over thie old footoge)
When ali the piciures were done
the operators were then called over
10 view the hus hedped o
elmunate o1 reduce the 1esistance
fiom the opeiators en this pojecy,
Alegether, one and one haid howrg
Were spent in kg e pictuies)
NCLUBE 58 1inules 6l vides tap

frina.

¢ engIneet’s et Step  was 1(@

compaie the elemental doscirption
from the carrent Ume stndivs wai
the video tape o see f the desapn
noa cotapared acaurateiy with the
pictures. Any  ditfaciies weae
noted. These difiarences were then
analyzed as to whether or not they
improved the uni,
While studying diese

SgLIeer hept s ooyt m nand

vesud s, the

i

“Does the opanation or clement add
value to the item? Hat does ' coudd
Al

1t be ehinanated o reduced?” T he

enginea put togeiher a4 quick os]
anaiysts of what he tound Toshowed
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CLIVIORD ALLEN BETIS,Y F, ASCE.—As a cheek list or reminder this
well-thought-out paper will e appreciated by many coastruction nien even
though they have their ovn fdeas and methods gleaned from experience,

It {s customary for contractors to rely on their cost records for both past
and futmie reference. Therebre, such {tems as tenmporary heating sheds for
painting, concrete work, carjentry, and the Iike, should be c¢harged to work
{tems rather than being throvu into an overhead catch-all.

It i3 not every contractor that saves United Siates government checks to
| use In Heu of costly performazce bond payments. This has been done, however;
;i and a Unfted States check preved as good as a bond.

One contractor, who was responstble for furnishing the construction camp
schoo! as well 2s other bufldgs, refusedtohire a well-recommended master
j mechanic because he bad six childrea and the school did not have room for
i them. Later, he was prevaled upon to hire the man and found him more
. valuable than the cost of schoal enlargement, )
f The owner’s fleld engineer should handle this concrete control and keep the
, end product 2t maxdmum efficlency at all times, with no lag because of
): testing. This may involve chazZing mixes or materials. )
3 Engineers can also advztageously cover the preparation of progress

gtorfes and supply much need:d information,

s . An unusual type of progress chart (see Fiz.3) was developed by the writer
T g0 show relative progress ef several phases of the construction (which is
similar to Molfat Tunnell Progress Chart). Instead of the usual lmf:u- chart,
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'; charts and the obtaining of progress photographs that often tell valuable
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it was in the form of a eircls so that gach ftem appeared grz;hlcauyri;n :tg
aciiiate

f ; ! =3 tof
inating the wor%k and it showed at a glance when one phase was ou
o with 1 : with differeas {trms shown in

step with the others This circular chart, 1
concentric riazs, wo. s well In combination with lnear progress records
and who shali say that prosress is not 1mpo_rt:mt. .
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OWXNER'S RETURN FROM CPLI--FACT OR FICTION

By Lewls ¥, MeBride,! F. ASCE

INTRODUCTIOXN -

When the Critical Path Bfethod (CPM) is mentioned today, cost of these
amiliar with its use think of construction proceeding along previczs!y manned
lines with the critical path highlighting the activities whict consrol the
scheduled progress. Although this is a major application in the exnstriction
tusiness, CPM bas been found to be a valuable managemeat fcol foz plazaing,
iralysis of 2 plan, and menitoring progress as the plan is execulzd. Infact,
CPM can be applied profitably to any job, project, or progran whick can
tenefit from efficient time management,

The owner’s interest in a facility during boththe planning and cmstruston
phases always Involves one or more of several factors: tae initiz® and ‘stal
cost, time required for design and construction, date the faciliiy is desred
or needed, functional use, and aesthetics. Some projects may ba menuments
or works of art for which the time aspect plays a minor role, but most praj-

®cls bave a time requirement based on a nead date or, as in the casz of a
commercial facility, the desire for an early return on an inzestme:t, For ail
tipes and classes of construction, cost is always a major eczcerd.

The Corps of Engineers is in a uaique position, bzing an agenez not cly
fesponsible for both design and construction, but alsoone which is &2 owr:r,
Fepresents the owner, or acts for him for many civil works and millary cea-
struction profects. As an owner it uses CPM in the planning and mmagemint
¢ many activities, Somsz questiions are {requently asked: “Why should an
e3mer use CPM?” “If CPM benefits the owner, is it worth the cost to him??
“Will guiers continue to use CPM afte their past experiences wiih it?”

Mie.—Dis7ussion opan until Nosemiber 1, 1970, [oexicrdihs ciosmg date 12 moroa,
Luritlen regquest muest be filed with the Executive Socceinry, ASCE. Tris pazer is port
T the copyrizhted Journal of the Construciion Division, Proceus =3 irreritan
>xiety of Clwit Engineers, Vol. §5, No. COL, Jure, 1970, Marusciips s Cuwmtied Do
‘eview for cossible sublication on November 135, 1968.

Presented at the Seglember 30-Cctoder 4, 1963 ASCE Annwual Mreilrg axd Natlezal
!:e!ting on Structural Enzlneering held at Pidtsburgh, Pa.

CH., Canstruziion Duv., Military Ceastruction, Qifice Chle( of Engineers, Cept. of

~¢ Army, Washington, 1.C. O
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ercuce to the brexd z, Lusatien of CPM in all of its design and constructios

activitles, T kas eeed tins systom successfully for many speclal projects and

. i [SAPN ’
malor programs sice 1962, A recent survey reveals that 23 § of its aclh‘e
construction conlracts contain the specified provisions for use of network

analysis system to schedule ard control 56 @ of the dollar value of construe- .

tion curtently 1n progress under the sujervision of the Corps. This extensive
employment of the system demands an understanding by the personnel who
ntust use it awd provides ample motivation for appropriate training.

CPM IN PLANNING
Owner's Needs in Planuing.—The requirements of an owner or hls.ager;i
are not gtonfined to the details of ccnstructiogx a!on'e but extend toio.'etria(_i
planning and mamagement of major pregrams mcludmg‘ manydcons ;?:d o:
projeets which must be developed, funded, designed, built, and oper
maintained. There are certaln basic elements needed by all owners. )
Coordinaled Orerall Program Plan.—-The planning fox: a major pf'ogtrar;r::
frequently more c€omplex than the censtiruction of indw_xdual tproiech;ss. ow.
owner’s planning must be comprehensive in scope Including ngi %nay s ova
activities but those activities to be per[orn}ed by others whic gof o
related to his owa. He Is concerrned with 2 variety of important .ar;e.a: e
sideraticn in addilicn to construction, These would inclu.d(? teasﬂ':n i yls:tate
and Investigations, financing, economlic an:;!yses, aceti;n;att;on of real e ,
he separatc facilities, and separate procur o o
des;.?;s?ré‘tononf&:el Cost.—All owrers have certain menetary lxl;r;xta.tx?g;i
the {nvestment vafue Is of primary concern for most programs. et;r;ned
fnvestment value is usually raeasured In dollars which are-largely con

by design, but the initial cost Is also affected by time available for accom- |

inv are
plishing the work, #imely completion, and delays, Some inv esfmentb\‘lgiris' e
Iy =) . .
p:easured by medi2 other than money, The value of many prOJ.ECtb ui -ei’;uon
C'orps of Engineevs Is measured In naticnal delease capabllity or prot
o )

of human life, . i N

Early Completion of Usadle Facilities,—Few lavestments are OI[ vaI’x;ec“-
an owneor uatil the fazility is built and ready for its intended use{. | ;my { Vo
ftl25 are 2lrezdy pe=d=d before planning is started, and the earliest prac
a3 LY e -
2hie completion dale {

s ¢f great Importanece to tbe gwner. ) urine the

Fuunding and Fizevcial Paouirements Darinz Construction. Uc oo

< s ‘ T » . : N ;
N K he gwaer is always concerned with financial resources ¢

varicus time perinds throughout the de'.'e!o'pment o::
Nlable sufficient resources from month to mom
out unnzcessarily rcservms;_er
of {nzettvity prior to the tine
he must bz abl?

r throuzhout ts

Yz

ccstly celays with
soieses for long pericd
for orderly progzres:
icu.C

. ey
jo AR A ey

5
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Meocan-start and the latest date by which §t must start, two Fabulations 2
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Ouwnes s Progyam Plan by Cpal.~The ewn2®s *CPA raust cecessarily In-
clude his own activities and al activities of others that = =M have {rapact
on his own actions or upon other pirts of the project for which the owner
maintains contro!, Although any one of these activities by others may b2 com-
plex enough In ftsclf to varrant detailed breardewn and planaizz, the owner’s
petwork might well include these items as single activities. The ovuer’s
plan must be comprehensive {n scope and fuclude all phases of the develop-
ment. The owner’'s CPM is used as the basis for analysis of &2 prezrarm and
determination of the many time frames that affect the projeet. In the planning
stage the analysis data can be used for many decisions which cculd result iy
a better coordinated effort for complaticn at a reasonable date, These deter-
minations include such items as: - :

1. Dates by which A/E contraets must be awarded and design completed,

2, Dates by which financial arrangements must be compicted for the
various phases of the work, . .

3. Dates by which real estate appraisa!s,negot!ations, andacguisition must -
b2 started and completed for varicus Increments,

4. Dates®y which the various construction contracts must te advertised
and awarded. -

5. Dates to specify for completion of eonstruction for each ccatract or
separately usable feature of work,

6. Dates by which orders must be placed for owner furnished items of
¢quipment and materials.

7. Milestone dates to specify for completion of a portion of a project or
foint occugancy by two or more coatractors or users,

8. The date by which Gccupancy can be expected by the owner,

-1

Articipating Financial Requiraments.~In addition to the data for decisions
o tire staging, the owner’s CDPAM provides data for forecastiny monatary
requirements during each time phase. This da’a isprovided by estirzatiz7 the
tost to the owner for each achivity and asstzairg that vaiue to tha activity,
Funds for any one activity shculd be cn hand before starting that activity, yet
? Is undesirable to freeze fizancial rescurces far in advance of tho fime
reeded, The forecast of obligaiions can be riade by tabulatirg each acueity
wlie under’ the month in which the start of that activsty wilt occur. Since
CPM provides two start dates for each activity, f.e., the zarliest date by ~Zizh

4

tsaful, One tabulation may be rmadc by early stact dates ane another Ly
start dates, A toal of the values of such activilizs 201 ezch meath cat
Ltalations deiwmes the rarameters within winch a specific scned.
tstablished. These gats reveal e Dutemees funds which minst 0o
for oblizatiun each micath to picvid: lor Soietien of the ovopall [ShEPRETS
ime, Thay z'so reveal the TEXamum amount of {Lods Whoen o6 a b

]

Jlaation ef thess parameters can be very imporian

fitible adjesiments in the scheduled pregress noust ke noade,

frz~ast o7 vork placenient valucs, or costs, can ba mada by 3

" lations based on completicn dates in lieu of start dutas, The

Ul heon fourd very wiefulan the Corps of Enginzars, as maay e
crer which e Congress provices {uets y
vitsfer arpoan ationzican € oty a1 schedy
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voolegisally all ot whea f ey rovided differ from the sel duted amounm
pogurstod,

Piclos irany Coo bucltion Aralisis, —A preliminary analysis of construe-

" tion Ly CPM, ¢ven ln senumay forin, is often used for determining reason.

able construction tumes. Potential conflizts and bottlenccks whichcan develop
into 2 major crisis are froquently discovered {n this preliminary analysis
during the plhuzing stage. Tins early detection of such conditions allows ad-

N cor

vaace planning and selection of the most desirable alternate course of action

while averting the expense of the {ully developed crisis, The result of this
analysis 1s lower cost and earlicr complation for the owner,

CPM IN CONSTRUCTION

Responsidilily for Preparation.—The CPM used for schedullng and con-
¢rolling construction is usually the contractor’s responsibility, but fn some
¢ases the owner may profitably furnish the construction CPM.

Cenlractor Prepared CPM.—-The requirements are stated In the contract
wiih the details of the CP)M network and reports of progress to be furni$fled
by the contractor and approved by the owner, This has the {ollowing advantages:

1. 1t is a good commurication vehicle to reveal the contractor’s plan to
the owner for the owner’s planning of interrelated activities, Logic restraints
are clearly shown on the diagram, whereas assumptions were previously
necessary when bar chartls were used for control, )

2. It stimulates more detailed planning by the contractor which usually
results In betler coordination, fewer delays, fewer claims, and earlier
completion by the contractor. . T

3. It permits evaluation of the impact on the contractor’s work of antiel-
pated and actual changes in the job, -

4. 1t can be used to provide progress and payment data and to avold many
manuzl calculations,

5, Updating permits refinement of occupancy dates, necded delivery dates
for o=mer furnlshed {tems, and date of final completion.

Qronzr Prepared CPAM for Construction.~In emergency €asts where the
comnteiion date may be vital to the nationaldefense, and construction and de-
sion.t:;"_lst b2 performed concurrently, the Corps of Englnzers has effectively
prgep:-_red and furnished to the contractor the CPM to identify the time ava‘i!-
able for accomplishment of each activity on a Cost-Plus-Fixci-Fee (CPHK
type contract, This was the case, for example, in the expansion of the Be
Helieczter plant at Saginaw, Texas, On this job, only 150 calendar days wer¢
svatl=blz to obtiin criteria, design and build work valued in excess 0:
$2,500,47). The ovacr’s CPM analysis was used to determine the type ¢
z=tinz proctdure necessary. CPEF was selected, The CPy prepared oY

contrani .
tha ew-or was thap used by the contractor to perform the work. The proje'_
spas senally cor plated 3 das ahcad of the required date, althoush only
fave wove aat 2t for the coasiruction perled.
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in more than the contractor’sreports of progress. itis true tha the owrer has
Litle or no control of the coatracter’s cost or mangeracnt of construclicn
under normal conditions, However these factors do have inflxznce upon and
are influenced by many activities that the owner controls such as interim
financing and owner furuished materials. Therefore, the coz’ractor’s man-
agement is of vital concern to the onwer as it does have marked elfect on
bis plans and actions.

Updating foy Progress.—Realistic plans and appropriate 2ztions can only
result when the CPM 1is updated to reflect the impact of actxil happenings.
The data obtained {rom the initia] CPM, beingbased on estimates, will rareily
semaln unchanged even for a single activity, and controlling activities will
vary from time to time from those on the initial eritical path as the work
pregresses. Updated data must be used by the owner to determine dates for
peeded actions on his part to preclude subsequent-delays, to revise future
planning based cn original logic and actual developments, 2=d to evaluaie
probable impact dn progress of actual changes to the work, Upsted Informa-
tion is usually furnished in the form of computer printouts o a variety of
arrangements, Each listing, or sort, serves a certainpurpose to provide data
not previously available from other control systems such as job status on the
basis of float, realistic forecasts of milestone and completion dzlzs, actlvities
which must be started or completed during the next report pzriod, and ac-
tivities which need attention to make up lost time.

There are numerous w2ys In which updating and progress reporting may
be accomplished, These Include: posting and redrafting time-sczled network
dlagrams, tHme-scaled charts on magnetic or peg board with maorable ncdss
and arrows, manual computations on diagrams or in tabular format, and
computer analyses providing various sorts or listings. While these varicus
methods may be- employed satisfactorily in using CPM for scme types of
work, the most effective updating for construction progress is dcce by com-
puter analysis. The dynamic conditions surrounding construction workrequire
rapid response and “evaluation of impact of constant change ictroduced by
the many varlables, These include weather conditions, acts of God, eifects of
the labor market on productivity, availability of materials, and ctenges in
the desizn or {unctions of the facility. With the rapid rate at which comstruciica
ean progress and the continual variztions {romthe original estimates, sanuzl
uplatings are generally too slow and consequently more expensive than th2
rapld computer analysis. The manual graphic techniques of updating 272 mere
readily understood by the untrained person; however, they have usualiy fail=d
0 be responsive to the needs of management {or construction oa 3 tin-cly
tasls, T

Construction Progress Reporting.—Whether computer printouts or some
other report formats are used, more meaningful reports can be subrritted to
the owner by the contractor utilizing CPM, When dollar values are assizoxd
to activitics, the contractor’s earnlng are also automatically computelas a
side benefit of updating the CPM by computer, This eliminates the necessiy
lor a scparate manual computation of earnings for partial payment purzdses,
These earnings to date divided by the value of the contract wall also provide

Rlormation for ~alag timely decisions ard tating ashons nrcessics

JAert delays, &a0 et than learning by A deliy oovurred aiter it ke

« RS
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* CONTEOUS AND LIMITATIONS

The Lawig
cost, .

Control of Cests.—From the owner’s standpoint cne of the more important
controls is of cost, It goes almost without saying that funds are always
timited., For coztrol of these funds the ouner needs current and comprehen-
sive information on which to base decisions. In the field of costs the CP)
will furnish valuable informaticn on the effect of proposed changes. The
owner can:study the impact of these changes on the construction schedule
and their side ‘elfects oa other activities and weigh the desirability of the
proposed change against the resulting increase In both money and time.

Control of Time.—Time is also directly related to money. The expression
“Time Is money” takes on more meaning with every wage increase and re-
sulting cost index curve. It Is to the owner’s Interest to see that the con-
tractor efficiently manages his work. The CPM represents his management
effort to minimize the time spent on the job and to optimize the labor and
equipment required. From the contractor’s standpoint this management tool
{s necessary to meet compelition, maintain his profit level, and continue the
market demand for his services. The owner’s stake in this is the benefit ob-
tzlned from lower bids and more favorable costs for the seemingly inavitable
changes., The proper use of CPM will forestall delays that are flagzged as
developing. A progerly updated CPM is a most effective method of communi-
caticn which red flags the owner’s responsibility as well as the contractor’s.
It pinpoints the reg _urements for timely approval of submittals whether they
be test results, certifications, materials, or shopdrawings, and the schedules
which the owner must meet for delivery of owner- -furnishad matena!s v»hlch
must be installed by the contracior,

Legal Issues and Limitations.~When time is of an essence and the schedule
indicates delays or potential delays for which the owner must decide the
necessity or desirabililty of directing acceleration of one or more activities,
the proper use of CPLI can preclude claims based on useless acceleration
of unnecessary activities, CPM furnishes a much firmer basis than has ever
been available under other control systems for a fair settlement of many
legal questions, Through the logic inherent in the system, it is practical to
evaluzie the impact of changes ia the work, including ripple or side effects,
now a consideration in all Government contracts, on any part of the job. The
causcs and effects of delays which arise and those time extensions which are
justly due can be readily determined. Legal disputes may be avoided through
better monagemant, but where such disputes do arise, a fair aad equitable
acrecement can ciien bLe reached on the factual basis furnished by CPM. This
system s frequintly uscd in filing and refutirg claimis and can be used to
zdvantage durtrg sittlzment because of the logical presentation it affords.

-

UNonBsTANDING OF CAPABILITIES OF CPM

purpose for any construction schedule is control of time and

. . 2

CErt it met Lopreoass asod must be properly used to be effective. Sfm <
o .

' ogra e Pod frem [adure 5 oof
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groperly apply it. In some cases the re.ults have teen expendltuces of nioney,

sithout the compensating savings. The potential value of CF.Iis great, but
the major question today is whether the system.awill-survive its misuse, It
must be uscd preoperly or the system can be destroyed Ly YLe.xan failure to
apply ft In a practical way,

Evidencesof Lack of Uiderstanding. —Poor specifications in scme construc-
tion contracts requiring inzppropriate information attest to €2 lack of un-
derstanding by the specification writer of how CPM shouid be used in a
practical way. Such specificaticns frequently result in useless izformation to
the builder or owner. Efforts to update ard report by the use « time-scaled
network diagrams cn a large construction job seldom result ia more than a
historical record which is never truly up-to-date until the job is completed.
Such efforts seldom provide timely managemo=nt data or up-to-Jzte schadules
while the wark Is in progress. This gencrally denotes lack of caderstanding
of how computer data from CPM should be used by the manager.

CONCLUSION

In the Corps, CPM has helped accomplish more work with £z same work
force,” complete” projects in less time, reduct effort and costs, and to meet
scemingly impossible schedules demzrded in support of the ratiznal defense
program. In short, the benefits to this owrner from CPM are indeed fact, -

not fiction. i . -
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FIRST FIVE YEARS OF THE CRITICAL-PATH METHOD

By Willlam J, Gleascn, Jr.,z A, M, ASCE, and Jossph J, Ranieri?

SYROPSES |
Observatlons regarding the use of the critical-pzth method (CPM), and
gome of i{ts extenslons, since its {irst appearance In 1%53, are presested,
Types of users and various projects planned and s»h-du.*j by CP2 are al-
so examined, The need for proper training btefore using CPM is reviewed,
anda case history of an actual CPM installation is outlined, Asample problem
with an arrow diagram and rescurce usage based on Terent avzilzbil-
itles of rescurces Is Included, The basic critical-path analysis was per-
formed, and the fundamental schedsle information was cemputed, Ther, a
resource scheduling algorithm was applied to the project assuming untizii=d
.rescarce availabilities, The data calcelated in this way is th= daily usag2 of
eachresource throuchout the life of the project, wath the assumgtion that ezch
jcb has been started as early as possible,
Among the results cf this admittedly uncrealistic first pass at

a
wiil be the peaking of several crafts, [or example, Then, the crail ir
ments are adjusted to known }.evels and a pew schedele is computad in which
the resource usage curves wiil pezk less sharply, althoeghthe project com-
slation may te exterdsd, }

Tatiastrial-and-error methsd i arformeldon aa elactronic
scmpater, beiter soradvics ar2 ;Lhcf}._‘.:: ara Louler Lo-
rause t‘] y teflect exdsting sivatioas and iﬂc“'*o—ﬂ'c the test rformation
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TRODUCTION

Lo the five jears shnce retwork analysis methods were first considered,
ard then applied to an industrial project, both private industry and government
fx the United States, and 1 several other countries, to some extent, have ac-
coptud this nes technique 1s a significant management tool. Of the many net-
WOIR S',:-(Ums:‘ that have arisen, two are of real significance now (1961).
These arethe critical-pathmethod? (CPM)aad the program evalvation review
techuique (PE_RT). The purpose of this paper is to consider some recent de-
velopmients ¢f CPLM, Q‘)eciucmll), the writers will examine the following: (1)
The e»o!mon of CPAMY and its growing acceptance by {rdustry and govern-
ment;8 (2) observedand reported experience in implementing (CPM) within a
organization; and (3) current aspects of CPM, especially the development and
applicaticn of the resources planaing ard scheduling methed (RPSM). A de-
tailed exaunple of marpower allocation by RPSM ts included.

EVOLUTION

The teginaings of CPM and the accounts of its first applications have been
secerded, The refereacesat the endof thispaper Include a number cf sources
for this historical i=formaticn,

At first, CPM wzas used primarily in the construction industry, 1In fact,
ccastruction is still one of the areas of most frequent application of CPM,
Altucugh the first users-cf CPM did little more than construct arrow dia-
grams and-plan and schedvle their projects accordingly, they immediately
realized the benefits of this new approach, Project managers found, for ex-
ample, that they had a clear picture of the project, readily communicable to
everyone Including new persoanel, and that they could receive timely and ac-
curate data as the basis for sensible decisions,

As managers became more confident in their application of CPM, and as
the system itself was extecded and refined, it became apparent that the prin-
clples of network analysis were applicable to projects in industries other thana
construction, Soon projccis in engineering, plant maintenance, reflnery oper-
aiion,7 highway plamninz, construction,9 and many other areas were at least

) M—S Keliey, James F. ¥, 2xd Walker, M. R, “Critical-Path PLmz\ing ard Scheduling:

® Mauchly Azoics., Inc., Fort Washington, Pa., 1259.
ce A. ¥., *Belping Lhe Executive Make up Hxs \Imd For‘uze, April,

An Intrcduction,
t Boohin, Goor
158652,
5 }’e!loy, James E. r., *Critical-Path Planning and Scheduling: Mathewmatical Ba-

£ls,® Creralicns Nos<azch, May-June, 1961, !,p 296-320.
Tioen cor i “S_ ‘1Rz Critrerl-Path Method as Used ta the Canadian Army,”

& Stepen, Moor £
Fost Washee ton, Pa May, 1961,
El“ "’"*"»cal-{"zlh ’Sn:cd Bl ’-'_, Revamp,

Mo _\,llIJ Aacesn,, o,

K Hennes,

Ol * Caradian_Cheinical Pro-
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being pa. dnily plamned, sc hcdulr.d, and coctrolled u;
c¢d. CIM was accepted as a new way of thinkiar, It s
princtples with applicability because of the shindlzr o
and requirements in all projects, Trercfore, managemcent b:-_;ﬂ.r. to tuke ad-
vantage of [eaturcs of the system other than the tasic arrow diagramiming,

With CPL, the develepment of aiternative plans becomes possible easily,
especiallyw hM commercially available electronic date-processing equizmean
and tested nelv.ork-techniqie progriuns are used. Krosing this, management
began to work with precise increments of time on prejzcts and to develop al-
teinative plans in which time was considered by itself, then with respect to
other resources, Thase other resources include mer, eqiipment, materials,-
working area, and money. As might b2 espected, the accegptance of 2 new 553~
tom lagged behind its development, Altbougha techaigeafor working out min-
Imum cost-schzdules had been developed by the origizztors of CPM in th2
early days of their approach, coasidaration of cos!s t7 zetwork means siil
was not accepted. However, allocation of other rescuress and manpower lev-
eling oa a single-project basis are now (1964) going on_

Possibly the most important advantage resulling frcm these Icur or five
§ozrs of using CPM is that management has clearly d={iz=d for itself the gea
ulnely separate functions of planning and scheduling., 3anagemeat has zl>a
realized that CP!‘vl»is an effective means for conirol, Frem its first tentative
usages In construction, CPM has been accepted on sucha vzriety of projects
as these: The design and construction of a new chemiczl plant, .the overhzal
and modernization of alarge navalvessel, the plannirg z=d ilding of a hos-
pital without adversely affecting the operation of existizg facilities, plamzing
a pew type of ship, and replacing 2 senior executive iaa large corporatica,

mﬂd as a sel of

EXPERIENCE IN TRAINING AND IMPLEMEXNTATION

The experience of users interms of Immediately measurable geals {re-"_

15 Eay-

duction of overtime, saving irequipment rentals, realizztioz ‘of ben:
ments for an early completion date) is now a matter of schstaztizl record; At

-

this time (1934) in fact, the direct economic benefits of the corract application
of CPM are almost taken for granted,

The experience of those companizsthat have had {rainisg programs in ret-
work techni~ os and have begun to implement the syste= mose felly ox their
projects, w..athelr newly trained men integrated into the establish~d or:::u-
zation, Eas L2en less spectacular and less well-known, bul mere sizaificas
fnthe long run. This experience will prove significant because twill meanthat
CPMas a management principle and ar information system serving as a bas:s
for sound management decision-making, will have perme:‘_ed tte crganizatinn,

Of course, the difficultiesthat arise during the train p;nc**:‘d th> ezr-
1y weeks and mox‘lls cl working with CPMvary with l‘v crgariration, its por-
sonnel, and the abilities of the consulting firmy brought in ta <ath2 job, For
exarsple, to convince top manajement of the usciulress of ths notvwork ao-
proach, but to {zail to orient micdle manijement and thase st the work
els, Is a guarantee of failure,

This actual examipie of the begin-i-y
the treabla that a major governmert ag:n
sivong feuadation for the systerm, For sooe b

|nv lev-

CP) \ L‘\\]l'.?'_;_q.l will ”UQ“'?"L
o t-to o tailda
sothwd e

of 2
W0y was wallicg

top oannor

“Til MIETHRCD @ 29

this uncomventional meth-
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investigating the peesible use of CPM to Improve its conventional methods of (2) The dalivery of the hundreds of components that =¥ go i~to ihis pro;-
plannin d ng, and control. Senfor men searched cut users {n several ct will be controlied threu h the estatlishmentol early 228 1zie time bo-:.‘-
& 3
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3 sminzs had arisen, Because the tnformation result- will also be able to gauge accurate Y !‘ ¢ ellect of delays,

Ing ¥ 5w, 5 mostly favorable, the agancy invited a consulting {3} A planaing oruani: ‘ i X

Dot to conduct arin-tation scmrirars for senior maragerment-level personngl top maragament and the o

R ) { fthese two seminars was a demonstration project r ating procedure,
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Hon o W devels §s important, It Is comparatle to the.
#00's whea only a few firms were making tenta-

Then, as novw, poople

The necd ‘o duca
vas fwed o the egrdy I

irthe direclion of electrome computers,

oot

clure:

thve Bt

were fearfol that the ttodection of a new toul, really a new concept, into
thely erganization weald b distuptive, Not only have comiputers become pat
of the f.\hnc of modern industry, Lut some of the same people who moved

fropy antigonism to aceeplance now have another new concept to worry about,
Tre chances that history will repeat itself {that acceptance will follow antag-
oalsm) are eacellent,

CURRENT ASPECTS OF CPM

Aslde from the technical developnients In the field, two aspects are of
practical interest in regard to CPM, One is the growth of acceptance from
the orlginal nucleus of construction companies 10 The second is the use of
resources planring and scheduling method {RPSM) as an extension of the or-
1ginal CPM system, .

As mentiorned previously, most [irms have used only basic CPM, But to
avold the problems that inevitably arise from fluctuations In the supply of
resources, Including shortages, the system has been extended to lnclude an
evalvation of the implicaticns of resource limitations on 2 project and the
correction of deficiencies, Once the basic critical-path analysis has been
performed and fundamental schedule information has been computed, a re-
source schedullng algorithm may b2 applicd to the project, assuming unlimit-
ed rescurce availabilities, The data calculated in this way will be the daily
usage of each resource throughout the life of the project, with the assumption
that each job has been started as early as possible, . -

Among the results of this unrealistic [irst attempt at’ soh.'lr"fr the problem
will be the peaking of several crafts, for example, The data may show that
100 carpenters are needed, when management know that onl; 410 are available
in the area at the time_ So the craftrequirements are adjusted to known lev-
215, A new schedulethen may b2 computed in which the resource usagecurves
vAll peak less sharply, although the project completion date may be extended,
In this trial-and-error method, better schedules will b2 worked out, better in
that they will reflect existing situations and will incorporate the test infor-
mation available at thetime. Of course, resources othar than manpower canbe
calculated in the same way, Computer programs have been written that allow
mznzeercent to consider the effects of knownlimitations ef several resources:
Yer, equipment, and raaterials, The most receat of the RPSM programs,
prepaved for the IBM 1620 computer, enables the manager to consider up {0
eight crafts per job 2nd 26 crafts for the ¢ntire project.

An exariple of proly CPuI ard RPSM to the installation of a 1ecovery
shows a simpll-

ing

this paper, Fig, !

heater bas boen ¢l oses for the purpose

{ivl¢ arrow diaciam ¢f a recover y heater '“staliaiion,ﬁom the appeuraace of
the cortroctor oo the sile to finnd L?_ and mcving of sqaipment and garsonnel
¢l ho prerates, Ir tos 4 ram, Jotaded sleps have bo2n omaited,
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When the fioet cocpulen run was made, on the basts of normal time for all
johs, the cetpat dhowad a 36-dhy da ottea (Fig, 2 throvgh 5}, This time was
sotrsfactory to e projedt maager, Nest it was necessary to determine how
many en from cack el sty crafts woull be needed on each of the 36 days,
The first conapeter rea ef the RPSAM program, on the assumption of unlimited
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ployer's reputation, Actudy,, thico or four such RPRL runs may-br neces-
sary before moanagemenit is uotisfiad wth both the dox tion andihe ranpolwer
(or other resvarce) allecutioes, Oa large, coraplex pr.ects, six runs may be
made, Polh this combinatisa of mzezzerial Judgme:t 2xd tha capahility of th2
RPSMprograny and the compating system Lo supply ir'iraotionquickiy mezns
that this trial-and-error method results in a fast aniccurate techanique. It
Is valuable even for a contractor in a labor market gocd supply, for itis
economical and important for hia to allocate his crafiszs siaoothly as passi-
ble over the life of the project and to buoild and mabrzin a reputation 25 a
dependable employer,

2 .Another development in this ficld of network analjsis is that owners at in-
dustrial and governmental levels are beginning to spec™s CPe usage by their
contractors, Although this precedure is still excepiiz=al, thes: approaciss
kavelalready bees noted in mandztory CPM agplicaticz=
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C ONCLUSIONS
Ivib e [re years s bwe retworh analysts techniques were first apphied to

real progedt s, ey hwe cone to be accepted by private busmess and indus-
try, and by the pocereaant, At fizst, the crutical-path method was used pri-
ey s the construditon v dustry, ot at soun began to spread to muany other
Upos of indastry, Now, it 1s considared not only a new management tool but
atvo a new way of approaching a project, The principles are known to be ap-
pheable toany thyp ol pryject in which 2 unique goal is to be niet by the ac-
cuomplishirent «f a nus®er of activities that are related to one another more
or less intricately, CPAl enables management-by-exception by freeing man-
agers from concern wvith operating details that can be controlled routinely,
Used with rvinimum-zost-expeaiting and resources planning and scheduling
method, CPM has assasted management in these ways: (1) The entire project
is seen as an entity; §2) critical activities are identified; (3) interrelation-
ships and respoasibulities are defined; (4) duplication of effort {s minimized;
(5) activities aretightiy controlled at the operating level; (6) activity and proj-
ect tlraes and costs are correlated; (the cost of actlivity compressions or
stretchouts are Friownand a decision ontime can be made with {ull knowledgze
of the effect on costs); and (7) manpower requirements can be controlled ef-
fectively, subject to availabilities and the project duration, ' -

The major requirement for effective implementation of the system is the
education of personnel at all levels within an organization, It has been estab-
lished that such a thorough educational program is not only worthwhile but
necessary if the fullygotential of CPM is to b2 realized,
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QUANTITY SURVEYS FOR COST ESTIMATES

By George W. Heller,l F. Asce

SYNOTSIS :

Estimating materials and installed equipment quantities {s a numerical
representationof the physical characteristics of acoastruction project for the
purposes of this paper, so that a construction cost can be estimated. Proce-
dures are broadly cutlined, methods of evaluation are examined, and examples
of these metheds are presented. The classification of the kands of matenials,
by employment,on a job,are described, as well as the factors which influence
the materials selected aid the quantities required.
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INTRODUCT!O:‘I_

This paper dezals with estimating for materials used and equipment to ta
Installed in construction work and is, of course, applicadla to every type of
construction work. An accarate estinmate of these items s perhaps ore of the
most crittcal partsof any estimaze as it should tepossible to ditermuie thes:?
two items with a great deal of accuracy and theroby form th2 bists of the os-
This Is ¢crrc?? because ail of the varizblss or var attons v buds e
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PEUFOINMANCE OF QUALITY CONTROL ORG AWNIZATION

el -
-

Ahe postormaace ulibe qualdy coatrol orgamzation itsclf shoald be subject
o reansement evaluation A system of periodic audits are often planned tv
versfy comphance wath the quality contr>i program. The scope of the audits ‘

can also tnclude an evaluation of the perfermance of the quality control organ- PROJECT PLANNING AXD CONTROL -
isatwon  Performance mdicators can be developed nnd.usc.d asa b:I'st for . BY TIME.SIARING COMPUTER
juderent. It would be relrvant 1 such an audit tonquire into the skill and hh
_qealifieations of the test and nsprction prysonnel. Do they provide compl(.:le By Norman L. Scott! 2nd E. Lile Marphree, Jr.,? Members, ASCE
and objective documentation consistent wata the importance of the area being : iz
inspected?Are they providing timely lavastgation of failures and chro‘nlc de- . ’
fects? And, more importantly, do they anticipate problems and contribute :Z y ]
: g tion? Do the irspeetars understand the plans speclfications 2n . . o
ihelr prevention © M . . T HODUCTION

piogram requirements?iasthe guality control supervisor outlined a program
tohis inspectors that will provide coverage (or all arcas In the program? Has
he backed this up with defimite instructions to his inspectors? Is f{ollow up
od en repalrs of delectne wort aad 1s adcquate docementation pro-

The use of the critical path method (CPMY2,2) for construction project
plarniag and contrul has grown daring the past decade to the pownt where it
as completid satisfactonly? Is the quahty ton- secms pointless to defead or condomn it. It Is unquesticrably here to stay.
can be readily retrieved? Does the Tae parpasc of this paper is to point ot s)mic unportant agpacts of s pruper
tistics for their own end? usc ard *describe a receatly developod techiique for more ea-ly raaliziny
oded the pafennal of CPM. - .

dﬁé..bnsxc unde m-tancing of CPM s assimed in the sabsequerd analyasts, In

2 ;..tmn. a1 eicnentary Foowledge of bateh processeq digital computers for

. . - Sowinyg enymeeriay, construction and busines i ws heip( :

) SUSMARY essentom:. 4 o ‘, ¢35 probioms s heipful, but not
lity control effort on2 o . . -

perbnm
vidodtoprove thatthe cepair »
tral (ilc mauwntained so that Information
s estuabioas and sta
orraalzation delve snto wmvesiniab )
. 4 . covide th sicht ne
“The answers to these and sianfar quastions will provide the Insig

by management to appraisc the performance of the orgamzation.

dminlstering the qu?
Some of the majar aspects of acnin 2 .
farve construction projecthave beenpresentedheretn. The dx(ﬂcqlly of r;:rzzf,s:_ ) EL OF PrOYECT
5"151{10 effort 15 Increascd vecause of the many differeat operat ions andps DEL iE

~nsive pk‘lnS )
tele sently run pregiom depeids on comprehenst . .
z—,u;cs,Anc(‘.’u!cntﬂﬁib-nu‘ldl} N r-l‘;(t‘\“ﬂ the qf:'mhty of a constructed product The CPM netvork itscl! may be thacght ¢f 25 2 model of the real project

. . Ty | S s ’ s . - . . .
capable of accomplishment. .E l: fs(w” e aach and 3 - ethod has becn ' v.llth which one may think logically sbout the inteict pe. deacies of the vz ridas
. i - 3 anned sy i a f aMmen . RPN .
would benclit from a planing T aas is collected evaluated, and organlzed elements of the project. The medel 15 pot, however, 1catity, Ay deoactions
ed where Inpretfrom alldirections s ¢ ) made from it must be related to the real oro,ect before the moael ¢an be re-
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3. No changes to data can e mnde once the progras. k1s bazin excculion,
so that 1l a duta error s delected duning execution, te entire run mast be
abortcd, the crror corrected, the job resubinitted angd priced agnin 2t the end
of tae irput queue to await its turn to bo processed.

Thepractical resultof this mnt2 of eperation is that tae elapsed tine from
submissionoflthe joblo be ran tn aclual receipt of correct resalts can be any-
where from houars to weecks, depending on several factsrs, which irclude: (1)
Whether the computer is located in-house or at a remote site; (2) whether the
user has actual physical control of the machine (open-stop operating policy)
orifhe must submithisworkto a disintcrested third parly sho actually sched-
ules the work and operates the machine (close-shop operating policy); and (3)
whether or not errors exist in the subnutted data (a detected error 1equires
2 resubmission of the entire job). Furthermore eachprrezram ties up all the
resources of the machine and makes it unavailable for a2y other use so that
the user must pay for parts of the computer which he Jdres not, in fact, use.

The timedalay from submissionofthe job to receipt of correct results is of
vitalimpoctance if the machice is being used as a partner, with the vser in an
iterative situation such as engzincering designsIn this case, thhe man makes
decisionsand submits them to the machine. Then the mackine makes calcala-
tions based cn the decisions and presents the results to the man, who ia turn ’
mikes new decisions based on the rew informaticn, cte. Tze time delay is no
less important in the CPM updating siuation where work now in progress is
being monitored by the process. Adelayof days can be serisus so any practical
technique to reduce the time lag to minutes or seconds shosld be of compelling
tatrresttothe oy ledgeable project manager. The followirg sections dascribe
a2 practical techalque (or reducing time laz, called time-sharing, and sum-
marnize the tmpartant features of representative commercially availasle time-
sharing services. g

TYPICAL AVAILABLE TIME-SHARING SERYVICES

The time-sharing computer 1s now common in most major cilias. The lar,
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whether or not e project i5 o schedule Soxe card pograms have beea
modiied to show activitics that have pllen t e ad previs
coals, In the writers” expernierde thes provlam can be:

Iy eotoblhisted date
olved gaste sumply
by sutting o target aate into the rasciane fur (inal conipleisia or completion of
major project sermenls,

Obviously, if a finzl complition dote wos chiosen whith weceeds the tuae of
allactivitiesalong the eritical (loazest) poth then all activitizs will snow scme
float. I no completion date were setl, activities on the criticz! path would show
zero total float(last column in Fig. 3), If the desired complzion date is bafore
the time derived by add'ng up derations aloay the crifical path, thena the T
colua.nalishow negotive values, Vhen this occurs dates iz the LST and LET
colunns are earlier than dates in the EST and EFT colararsss

Atfirst this may seem contindictory, bat actually the hezlings retain their
significance, The ecarly finish date is still the carliest vt Hie achivity can be
completcd under the present and predicted rate of progzess.The latest finish
time is the latest that activity can b2 completcd to finish &= total project on
time. Tne arount of negative float then tells exactly fow fir the project 1s
behindandcalls altention to those activities and their logic wiich are delayag
completion, oo

Fig. 4 chows the output {rom the nctwork in Fig. 1. Comaletion dates foc
activities § and T are sct earlier than they woald norzally 2ccur. (See Fig.
5{or keyboard routine to make this chaage.) Trne prograrm congutes and prints

rezative float for the activities that are affected. The activiltizs with negative
TF must be accelerated by the number of days =hown i L= iwo completion
date goals are o be atlaiwred,

FUTURE DEVELOPMENTS

Obvicusly; the time-charing computer hias very importint ciavenience ad-
vaniages over card operated contpaters. The person moallurnag the project
necd to know nofhirg abaout operating a2 corpater, he €308 rolaec i to hnow
any prozramming -etther. All he needs to undersiand 1s e relricely suwple
roultine of entering data in the prescnibed {ormat and tha procedires ior ob-
trinirg output. Inthe Uanersity of Lilinows preyiam the commards to the com-
puter are generally noteral and conversatiouai.

Barchartprintoulsare possiblewin the Lalversity of tllinoys Lo 2-snoring
svstem, Fig. 6 presents a bar chart {or the
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co1 _THAE-LHARING COMPUTER (D 4;
ams! be avallable to jushify the ¢4 o0 of i rggnote termisal service.-Most
Lime-shaning seevicss providz othe, nrozrams That are of value or have the
abil.ty to accept small privaiely wnitten programs in BASIC, FORTRAN, or
ALGOL languages.

CPM can shorlen construction time significantly if a carefully prepared
network is updated regularly as construction proceeds. Updated schedulces,
coupled with frequent mectings of key peisonrel involied in the project, will
greatly improve thepracticesthathavedeleyed jobs so oftez in the pasl. Regu-
lar mectings providea simple and practical communicatlion niechaailsm amoagz
people whocar trke action, CPA forms tac basis of the macagement informa-
tion systemuponwhich decisions and act:on can be based. Everyone coanected
with the construction industry should be in favor of speeding construction
time. Contractors know that jobs discharged quickly have a better earning
potential than those that are not. Owneis realize mofictary gains from the
{nterest saved on construction furnds and tha incoeasad operzling revenues that
result from earlier occupancy.

The remote=term'ral time-sharing computer is 2 step toward improving

consiruction scheduling, and therefore deserves the atlention of all of those
interested In faster moving jobs, ’
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ESTIMATING COSTS OF CARTHWORK VIA SIMULATION?

By Jack H. Willenbrock,! A, M. ASCE

INTRODUCTION C

The major bid {tem on many highway constructica projects is the earth-
movinz operaisa. The coatracter’s profit may be directly related to how
accuralely the fi-1d operations are simulated by the estimator in his analysis
ol s ° i,

One ¢f e problems facing the estimator, in developing a unit price esti-
mate for the earthraoving operation Is the solrction of the equinment {lest to
be uscd. Usually there are several alternatives availabla, These normally
depend on what equipment is uncommitted at the tinie that the project is
started. In addition 10 the selection of the equipment flcet, the ostimater must
2lso build fato s analysis the managerial policy dicisions that will govern
the operation of the flect on the job. ’

The best appioach to this selection processisusually based on the optisi-
zaticn technigee for analyzing the conscquerces of each cf the alternatines
and the selection of that combination of policydecisioas and fMleet comuos:® 8
that results in the maximum productivity or nummun cost, or bath, 1i02
approach usually followed, Fowevar, considers only thot alteruiciva thaii.s
Intuitively most attractive. This allernstive s vazd as the bacis © - a sy gie
complete unif price anilysis. This toodeney 10waid sut Lpumization 15 on. tially
due (o the time constraint imposad. by the biddirs siteaticr, Lot moce im-
pottantly it is ueualiy duetothe estimator’s feeling that it vo 18 be Doy ble
to accurately determi the full consequuces of eachel the ¢ olces avauly te.

This paper presents a tedlique fordeterniinnztheeifec!s ¢f fleet mec! -

cations and management policy decigton. o1 v pr et cfa s 20
eartharoving operation. The technique 1. v oo dfade T
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COMPUTER PROGRAM FOR LEVELING RESOURCE USAGE

= Robert V. Galbreath,] M. ASCE - - -
- SR SYNOPSIS . A

The critical path method (CPM) study for a construction project dees not
provide all the informaticn requisite to a comprehensive andpractical scked-
ule for that project. An investigation into the results of such a study is nec-
essary to reveal the demands that would be placed on constiuction rescurces
and the rates of change of these demands. The process by which this latier
investigation is made and which, further, attempts to bring these uszges and
rates within workable limits is commonly referred to as “resource leveirg.”
The object is to “level”™ the day-to-day. week-to-uweck vsazes of rescurces,
principally manpower, within the current availability of those resources.

The leveling problem diffefs fromi CPM in that it is not susceptible to pre-
cise mathematical statement. Therc Is as much difficully attendant with de-
ciding how a levellng problem shall be approached as with performing U2
operations once cecided on. Lack of general agrcement as to how leveling
should be accomplished and the apparent uriqueness ol each constructici-
project problem seem to preclude the formulation of a ‘universal”™ prograr
capable of selving any and all leveling problems.

The program described hierein has been formulated mith three porpescs
mind: (1) The manipulations built inte the program have been desigrod wath
simplicity and logical direciness as objectives, and the pregram is to ¢ reitte
within full view of the user; also. features have been incorporated that provads
the user with the abrlity to maarpulate his problem data to test alternate plans
and schedules; (2) the preogram is so consttuted as to be readily ad.  t=Ule
to innovatica; the testing of icveling schemes 1s 28 much an oY, cctinve 25 the
worki~z of problems; (3) the intent 15 that by mling avail-blie a bas_ - pro-

gram that can be medified or refined or, af o2 warranted, ¢ooplet ' O p-
plaated. this «ntire topic of resource foveh 0 oy Boenamancd wath Loater
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The oocanephichnieat of the CPM plase of plannivyg and scheduling a con-
struchioy prep ot Teaves wnldane an taportant tash that must be performed f
the benefits of the CPMstudy are to be fully realized. This operation 1s known
by several nanmies, probotly the ost common of which is ®resource levelhirz”
or sametines simply “rianpuver leveling.® The carhiest presentations of the
CPM cypressly recognized the need for further investigation into the results
of a CPM study for a given project with regard to the demands that would be
pliced on construction resources and the rates of change of these demands.
Vihrle CPMcontinues to become more widespread in {ts usage, it 1s suspected
that few of fts users, even the 105t experienced, have at their disposal an
efficlent meihod for examinirZ and solving this important cornpanion problem.
The results_of the CPM study for a project may appear quite feasible on the
surface, but investization is likely to reveal that exceedingly high levels of
resource requireinents or far-ranging swings in such requirement levels make
revisions or modifications of the CPM schedule as first rendered a necessity.

The basic problom, f.e.,; the ncad to efficiently use the resources that are
requlred to accomplish the werk, confronts every manager of coastruction
whether CPM is usad or not.  The objective, of course, Is to “level” the day-
to-day, week-to-v.eek usages of resources, principally manpower, within the
current availability of those resources. Furiher, transitions from one level
ofusage to another shouldnot be so abrupt as to caus> disruption in the steady
flow of construction activity. .

A few of the 2d :rse influences wor King against efficient projcct operation
whichare presentwhen wide variations inresource usage occur are 25 foilows:
(2) Hirlng and lnyoli processes involve eRtra cost;tie same is true of shipping
equipment to and fro:n the project site, whether it be contractor—_o'@efi or
rented; (b} new men are less familiar with a project, and hence Ies§ efficient,
and supervisors require time to become familiar with the cspabiliues: of new
people; and {(¢) the better tradesmen naturally scarch out those projects or

employers hevicz a reputation for providing longer periods of sustained

employment. e

ercas systematic atliempts were made to solve the resource leveling
problem befor o compters wereapplied to construction manasement, compur.c:r-
oriented mathods of planning and scheduling of cerstruction wo'ri.c, most no;n-
tly CPW, has provided the construction montger with 2 sigmhc?_nt tool {for
resources. Before CPAM bacame available there
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TABLE 1.—LIST OF PROJECT ACTIVIZIES
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as aa intermediate step -
¢2ng preblems. In order

arriving at

Activity

Activity Dascription

Mmooy »

Install Mala Stearn Piping Systsm:

Erect pip2: Boiler to cold-spring weld
Erect pipe: Throttlo valve to -5 weld
Install hangers .
Cold spring pipe, make final weld
Perform hydroztatiz test

LR RN N )

- Nolation.—The symbols adopted for use in this parer zre defined v.here
they first appear, and are listed alphabelcally in the Appendix.

DIFFERENCES BETWEEN THE CPM AMD LEVELING FRO .
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Table 1 lists five activities which are but a part of 271 exsive s° s povor

plantconstru

resenting the number of pipefitters required to perform o2 zeu-.ty
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ction project. Cpoosite each activity desemptic: are v
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impericct, a:-( veable, Such factors, not properly handled, will have a far
mere | L effecton the levelmg solution, however.
The Lo pracpies and assuemgptions on which CPM has beon cCoveloped
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written to aceomplish its ands. Althcugh this met*=d would seem to be 1o:
eal, it is Pighiy unlikely that such an approach wilite entirely frvitivli. 2
difficulty is that it is wirtva™ly impcssinle adiqurszly to test a scheise ¢
may be devised withoui resoriing te a comeuter. Zvea thz sumpisst ol pio
lems and trial sctemes take a considerable amount ef Urne to test Sy oy
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1. Byoversim»hiying the representation of the work involved in irstallxn%
this svstem will mislead:ng results be obtained? Should rot ltc—:? be a large:
num’cér of actnvitres, and, if there weie, would not the resuliing resource

saze be different than thal shown? L
U-’f«é,'e ?; ::ieth:s bat 03 Zi1oup of a considarably larger number of activities
which place damads on the cne resource considered? . i

3. Is not the task of instullirg the mechanical systems o1 this plant, along

= N £ 41 33
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gards resource allocation ed. .
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activii.e ; . . srpcco be tosuperimpose onthe scheme sdditisnal criteria for mans.lation of ac .
hat whizhis shown? (a) pipefitter welders; (b) welding machines; (c) stress perimy : At .
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1. raviely, adding
“threc resousces to determine the dmly total
S nlnor shifung snght then occur until the

<01

o Ve ot find at too difficult to work withn the general
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cling at 21l it probably
the requiren.cnts of the most
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tion breed on post experitace, ntutlion, prreuasiten ess of indinvidunl person-
alites, apd the shear Jack of ume to enjloic more a fov of the noore
otnious possabilities,

The CPM-ornicnted construction maniper faced with Giis exzmole problem
would provide a plan for accomplizhing the work, whicknould be acceplable
to all concerncd. This would take the form of the “ofiicial” arrow diagram
for that project. For the sample part of the example poxer plant project, this
diagram might look:something like that shoan in Fig. 2.

At this point il is imperative that there Le a clear unferstanding of an im-
portant premise that appears, to the zuthor at least, to te axiomatic and upon
which this paper is based. The solution of the planninz Ld schﬂduling piob-
lem depicted Ly the arrow dirgrum, althouzh pronour fi1cial” by those
withthe authority to ¢o 50, is nesther the only nor the “bzz2” :oluuon possible.
At most it is the “best” solution arrived.at after garefclconsideration of 2l
the factors whick were available to that poinf~Tot*2mong =2 available factors
that bear on the ultimate selection of an arrow dizgram czafiguration and the
éxecution of the work v as the effect of the resulting work szizdule oa rescurce
usage. (It will be remembercd that an arrow diagram is ecnstrucicd assum-
ing unlimited resources.) -

Lo

e

TABLE 2. ~VALUES RETURNED BY CPM PROCEXN

1 J OTEM ST | Y [FfT Loy leFF §TF SncT
100 [103 |202 {202 10 212 [220] © 8 (A
101 {104 200 200 15 {25 | 220 o} 5 {0
o 102 {105 |25 205 | 7 ja22 | 223 6 n fc =—
103 lwos Jaic | 212} 0 |22 |220 3 8 §o-
104 ;105 |2i5 215 3 |23 {223 0 5 i
: os_ | ||os' loiz | 28 1 2 l200 Joos | o 1 s Xr

Any scheme for the solution of the resource leveling prodiem niizh rkes

from mznagement the ability to review and revise thz cntire plar, ¢ sy poud
thereof, for accomplishing the vork and substitutes somz mzther: . al col-
tion that Is beyond the “view” or compicheusion or contral ol . o7

o N s
n2s L0822 Wy

distrois the true purpose of ¢ T manragenacat tools. | G o
to the develop »ent of op a7 Sragram pnd the CPM solutinn, dofo il U
enderstanding that each sob-pira which they contiibule and »hich tooe
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}"’rtof the entire dicgrom reciely is a plan, prebably onc ol ooy wiaodu s
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- oz avatia e v ol the tothlproject with a cot responding deman
oa L and tesl Ly
Y osoan owert Loode), Ui poimt an taae at which one or mare activitics

Lave beca con plotcd »ad one or @antre aclivilies nray be started;
= ot vfun omler asogacd to the node at the il of an aclivity
aironyg .
aloptifiing nunber assieed to the nete at the head of an aclivily
arrou;

ALY = earlest coort time of the T-nade of an actvity]

statez Urae of an activity (at the outset €T = TE(I) for all
:a(*.l.nics);

rormai-tane duration of the activity;

c T o= nalshtinee of 2aactivity {at the outset FT =ST+ Y for all activitics);
latest event time of the J-r.dc of an aclivity;

Ivwo ficat for an actnity (FL=1E(J) 3T+ ¥),0r (FE=TEQ) - FT);
total floas for an actiaty (TF = TL{J) - ST+ Y), or(TF = TL(J)
.- FT);2nd

taterfenirz float for oa actvity
-~ - TEQI)). -

(ITF = TF -FD),er (117 TL)

;. 32) ferther Mustirates the relation of the various values that are
Qorived frow the CPYY wolution for each acbyvity.
C e iytnor poildowloch mghl cause cenfusion 13 that concerring the values
1

she~m la Tabled, ond svbeeguent tables, for eTE(I)" and “3T" for each activ-
+hich work may be performed on an activity 18 the

ity. daric; &t
day follow-inz the velee gover by the CPM pregram. 1t 1s necessary that tn:s'
or som2 similar e te adopled o samplhify tie arithmeatc used in the CPM

and leveli~z pro.rams, and this seems to be the standard.conveniion. For
éxample, the activity Wlustrated i T3 {adtvii, ‘C’I) has a normal dura-
tion (Y). Tre sio.glest compuiation wineh will yr21d TELJ), the earhiest event
time of th {v hich, ol course, also1s TE(1), the earhest event time

e
of the I-node for subsequent acityities orizinaticg at that rode) is
rax(TE() + Y = T2 e (1)

Cnce accuslor=d to the idea that 2ll esent Limes are given as of the end of the
day rn:led, the reeder should eancricr ce hittle difficulty 1 vizualizing the re-
suts of the erithrebe usod.
I the left-tend parzof ti2 churtn i 5{2) zrc repcated, from Table 2,
hachivitys.bich are necessary to prodece the leveling pro-

ars 1n the right-hand part of the fizure. TE(1) =

Ko right edge

J-zode,

thosesaluns foreac Y
gram bar chart that appeers
TL{J) for <. activity are represeatad by vertical hmes att

i tiee event-time day a3 prev.ously exntamed) of the cal-

(the end of (ho rezoochiyo ey
poropiiaty woring doy. These arz the event-umé

uinn represzaiinzy the epp: k
N - £ ~ty -
Lo ndaripe for tnnt acivat,  Duragd the evecuiion of the floating precess U;
thee a2l aru 70 POUD) namy b2 reiocaiid toothe rizhto ton and thz oend O
s ) LTI - - R SR
P s cst T e, Temotron rrvoehy rede thys prorram bulores oo s
e . V. OO Aareaal
: i tOR : . I T R R A et S FEIC SR SRR LA ORI ) BRVIE SR
wS PR W 2 ‘ U S N
— - - 4
Joratea Sy ol s Lot prera e Al G
al : » :
- H . - b A3 Vet - - N '
HE AT oo ll, Iro_ol o v by i Ce vt T 13 ! ¢
TR - -t [ L I
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The decision to movatam unchos.ged all LI} wetoes, anl 319-9&).& dura-
tionof the projoct, tmcuthout the prograni folloas a s.i2id knnoric t premse
watch, e the one mcutwncd earlier, 15 basic to Uos c’iscus‘.sn:n: Properis
constituted. a leveling program should reveal trou.l: ssots go that lhe‘use;
can re-cvaleate the wputdula or 2ssumptions and niake céa'vcs as neocessary
o yield 2 feasible schedule. The leagta of the pro_;i-cls:‘.')ui; not be catened
unbl 2ll otfer pu-sible remamies have failed to level zcsovrce uSroe 25 do-
sired. Trouble z:eas should not ke concealed by restczcz too culc}-'.-iy to this
solution. In this prozrem trouble spots are flagzed Ly Lz vzlués YEXNTEMN,”
the cxcess of 2 resource requircinentfor a day over the rzsource 2»31_‘2311:;)'
for that day. Rarel, 1s the deta sapplied by the user soprecise and rigad that

maenue P ACTIVITY QUPAT ORI}, ©ores s TUTA. FLOAT (TF) c__~= FREE F 02" [€5 Sox-3 »NTIPECE ¢

— _
1] g Jvem st v]nnws%SéSgS'é
] ! - I SO G Iy N R Te B
100 103 202_‘202[:0 !2!2 losol ' 82338csesa ! |
101 104120012400 15 215 (220'6, 8 8 8 5 28 ¢33¢ 3
102 |1331293;2051 7 [212 1223 . S3:55%:
w3 ticelziz 212] 6 |212]220 [ ’ T
10alios 215 '218) 3 1218|223 l l ‘ [ | l l l
1051:06.,218215] 2 j220i225) '}
} i I | fA.L ACTIVITIES AT £490Y START POIeT.Ta]
N_w3Ees CF MPIT TTERS PTILRED~]3 5586 2.20212012.21219 3 2 € L5 592 0.5.3)

. .

{

— .

T |
! l 9 [reaist ) ¢ JFr U
' I bl
160103 [209j202| {0 [212]220,
101 1104120C1200] 15 {215 220
102 f1os |z05;212; 7 218223
03 poaf2i2lzi2} o la1zizz0
104 {:05(215(215] 5 j218]223
lOSllOS 2|st13 2 zzoEzs

Fl1G.

—BAR CHART {2) LOVE

alterations conro! be wode. Indecd, 1acerti ¢ to investigatonew ant g
approaches s gquite destravles 1D apiojectas to be lersilmed L L5 cutisron
shonld come from marager 2ot not from e mternal wer” o5 of craempe- -
fect leveling scheme. )

13

Incoimg ttas venioach 2y aa it ool wmport bt boeelt i5 1o Tz d

Pd
-
.
)

that U

' s ) S

Cncents of Dyt flont and free oat onle T T s aed ot

le »lv 2 oenlityma, Toese can be et o f N N TR R S
2 avtdbe 2 pactof peaject ot OOV

A Foe S e T Pl the vatee s £ 0 v moiniy e g e aan s

2 Bae - follsest Therdefte tremity of € by dooste it s d

n-et iy ctarthot o the bt el T (e Ll s sboe o i




s
e o

-
1170 May, 1065 cOon
T T L AN SR T N part ol the Lhaa 1 the Aoty acedits Tongth
AR SR v vl b aspland subnequently herem the actin ity
e e i ot e of sepeionts {eneept e tiaal 1), The 1y bt end of
e et st Gactney Y sopment of the bar 1< the Onish tme (FT). 7The

centroe tomn ler of the b, open pat Gf n-t)) and ¢ross-hatched part coni-
Lined, Wetwean FToand TL0I), s total Noat (TF). The left Ovremty of the
cross-tched put of the Lar is TYEAJ). U FT and TE(J) are not coracident
the patt of the bar beiween them is teft open and this represents free float
(FF). I e 1s no open put in the bar there 1+, of course, no [ree float for
the actnaty and TEQ)) «quals F1. The cross-hatched part of the bar, lyine
between TEW) and TLUI), 1s commonly known as iterfering float (ITF).

PROCGRAM METHOD

The {low chart for this program is found in Fig. 5. Undoubtedly, the ac-
complished programmer will be able to find many ways to Improve on its

w2 FT . L{ Tz(J) —-———~:—" TL(J)—-—~>l
{212) {218) (223)
B S 1 RS .

(ACTIVITY €}

Y(C) ., FF¥ 1 ITF . -
(n N R {5 Vs 1

[ e
N {1} !

FIG. 4.—CPM ACTIVITY BAR

efhiciency. Extensive format parts that are necessary to keep track&?fdt.h:

or;";juo@ performed and to prog >rly organtze results bwe’ been ?;m.;ed;
S e [ - sl : : > ) . . .

U.ﬂ wmtercsiafbrev:ty. Acomplete list of all notation is foundin the A :»n
U anta .

A briel outtine of the program follows:

osram, as ia Teble 2;

Cbes Lhether It
aration for each zctivity as to whether B

a1 formance or that it must be parformed as

i

3 DAY _NUMSER s . R

“\\“—

(G|
resulis, 1le dz-.cx*:x-m as Wwovliel aotn {1y, ean Le soli hes zn fruporient
eflect on the prdvto solution and 13 01C Ol the mampelaive oppartunities
that 1s undet the contia! of the vser,

2. Resoutces - Determmation of the resourceswhich 2rete bz considered,
As presently written nine Tes0Urces ¢ b handled aart 20 nine can be voed
for 2ny and all acinites. This number could be expanded il the need aroze.

3. Priorsty.—Sclection of the job-wise priornity order Iir the resources
considered. Other prwrity orders, of course, could b tested in subsequen!
runs.

4. Requizements. —Determination of the requirements ¢’ each activity for
each resource.

5. Availability. —Determinationof the levelof availability zf each rescurce.
Each resource availability level can be Present to any cunie desired. These
levels can be varied to test for different results in subsequezi runs. .

6. Activity Order.—Selection of the order in which thozctivity cards zre
to be fed to the program. This order will have an effect o the outcome ex-
cept in the simplest of problems. There are several criterizfor systeratic-
ally selecting the ordering of activities, and, of course, e mathematical
possibilities of ordering activities are more numerous thzz could be tested
in a reasonable time even with a relatively small number of z=tivities.

7. Miscellaneous.~{a) Number of activities; {b) normal project durztion;
as was examined previously this program does not alter the sarmal dur-‘104
of the project; if the user wishes to consider such a chznze b2 can do s~, but
the program will not take such license with the data supplied;zed (c) ruzher
of trials desired; as presently writtea trial 1 is computed is the all-early-
start position; trial 2 Is not, of itsclf, vsable; trial 3 is cozputed after the
floating operation; experimentation to the time of writing indicates that sub-
sequent {rials usually yield no changes in the results.

O. Operaticn of the program:

1. Tne CPMdata and other data supplied is printed in propes format. Alss
computed and printe'd with this informaticn are ITF and 2 silsz known 2o
“HOLD" (HOLD = TL(J) - ST), The use of this valve wall te.explained
subsequently.

COMEU D PROGHANM 117

2. Trial 1, Daily Resource Reguiremsnts. —Bezinning «t the Arst dov ¢
activity (s examined in ils turn to determine whether it is schedeiad fov ror-
formance onthatday. If ST< D € TT the acuviy is so scaeduled. 1. - cop-
dition evists the requirement of the activity for each rescurce is acido. 1o the

Aier e enoruimuon

appropriate resource requirémentrunning toia!, TRRQ. & 2
of the last activity thelolntressurce veguirement for 2ach resn

day, TRRQ{1) ... TRRQ{RMAX), is prini=d; and the exeess, if 2y, of 22:h
XTEM(1) ... EXTEM{RMAX), over the tom? aveilahlity of 2zl

of these, 2
resource for that day, TRAV(1,D) ... TRAV{(RMAX,D) alsois or
in proper formot. Each subsequent day is treated similarly watdl

numberofnorrnal-duraticndays have been so aandled. 1
totals of the daily resource requirements for each w2
FUNTOT{1) . .. RUNTOT(RMAX), Taeseotalsareased o]
ahich has occurred during subsequent trials.

oo with the first day

AL ctivily st cairy throagh tx complotran 3. Trial 2, Doily Resource Requirements.—-Berinning

z blocs, h 0 —)‘C"\ L‘: ;,ﬂf[‘") € o ooty 13 "spiits (D=1) and the first resource (R=1) atotal requirement for tatresour oy,

.{ i - N taveli 3 ;'w--t::. the nuinbor of times thee °° TRRQ(1),1s com ted as indrial 1, Ii-this amount 15 1 excess of tho n.atia- ,
La ? o ‘: ‘ crar witl Lo pringid v oy ' .
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Ves e, 3L D) e ot doy an attempt is made immed “tely

Vv

Ut ey Gl o todoro e U D itowng [edeone
APFRNCAN? 'RV IS SR (SL St ore that day ;e exaunndd,
moosdor, rab U fzstsoch actialy e bre o aaent [ree float {E 1) avinl-
Atle will b maved o e nzhtyif sefficient free float is not available the
:.h\’\ iy vl 1ot bod vat! all cther actnities scheduled for that day
Rave b i alarly evtruned with regand to their avalable free float and
moved il ponaableg
b ifth> excess has not boen reduced to zero at the conclusion of the ex-
aminatian of 21i astivities for availatde free float the zetinatics scheduled for
parformance during that day are eaanmiaed once more, again in order, and the
first such activity thot hae suflicreat total float (TF) available will be moved.
to the right; if sufficient total float is not available tie achivity will n.o‘. be
disturbod. ANl activities schedaled for that day will be so examined until the
excess hrs boen reduced to zero, if possible; )
c. 1fy after having examined 2l activities in this fashion, 2n excess con-
tinues to exist the value of the excess, FYXTEMEL), is slored as is the value
' of the total resource requirement for that day, TRRQH). o
The next resosrce (R=2)is considered for the same day (D=1) in similar
{2sh1on, as is exct succeeding resourcee, until the last resource (R =RMAY)
-5 been sotrccted for that day. At this pownt the values TRRQ(1) ... TRRQ
) IXTEM{1) . .. EXTEM{KMAX) and the wdent:fying numbar (cpM
: 2y activity which has been split are printed

a  Theootn s
[}

b

heen

(i.’“ 4

winl iy
order of activities), RiC), of . d
=13 these stornge los=tions are cleared for use during the process for the

coedwrr Gay. Consideration then moves to the next day (D=2) 2nd the en-

suc _
tire process is repeated The prograim thus proceeds until the final d.::.y
(D-D.AYS) has bece computed. At that paiat tre grand tctals of the daily

ssoutce requirement for eachresource are prorted, RUN roT{1)... RUNTOT
A%). Alrostab.zss some of these totals for trial 2 will ddfer from those
4al 1, hence, this talle is unusable except as 2 record of the action of the

1 2. The reason for this will be eaplained in subsection T.

A
Ly

i
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ramdurizg tria

e ]

4. Trial 2, Resul's ef the Leveling Process. —A table Is printed at. the end
recedirg scqueace Listing the values of 2"l the itoms that desc-nbe each

o thooa vzlues will duffer fiom those in the similar table
onlthese new vlues will disclose the shifting of activ-

) -5 Brooght about by the process descr:bed in the prece '
.;-)};. The veluss included inthe table zre LJ, Y, SPLIT {1f the achinly
of times splii 1s printed, TE{1), ST, FT, TL(-.J),

in the p.ogram run), E (the ord
ascor Dy order of Us, subascend1 g
£ v.1'h the table *Trial 2, Resource
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cUl CO LU LLE PROGRAM 121
oo derar dsabiocton estept Gt the results 10w are valid, {See the
follown, cabnrctn fon Loath 1 cophuanuon) Caperiz-aittoa o the v of
vt mde ctes ot alhitondd trsds make no charges - the resuits: oo
e, prtaate. conen of provlenes maust b run belose itean be staed fotly
t.at there s no sct of circumstances peculiar o a prsiicelar problemn which
will produce results thet will be different 1n trials sulseg.2nt  trial 3.

7. The action of th. leveling process during trial 2 for trial 3 for that
patter) on a non-splittable actinity frcquently will grozeed as follows: An
excess of resource requirement, TRRQ, over resovsce z:ailability, TRAV,
occurs. As a result, an activity is viewed as a candiz2ie for shifting. The
scheduled start time of the activity is located more thz cza day to the laft of
the dayunder consideration Theactivily is {ound to bave suiiicient Frec Float
available (or Total Float as the case may be) to allovw. tie zclivity to be moved
toward the end ol the project untilthe scheduled start tiare of the activity, ST,
equals the day under concideration {rememberisng thzat werk on the activily
bogins on the day following start time). 1t is readily zoparent that for thosa
priordaysduring whichtiis activity had been scheduled for pzrlormonce there
has beenincludedall resource requirementvalues, AR(GR) . . . AR(C, RLIAY),
for this activity in the values already printed ovt for tciel gesource require-
ments, TRRQ(1) ... TRRQ(RMAX). These totzl ficeres are, therefore, in
4 error by said amounts. To overcome this and to providz the rethod by which
the problem solution is refined by subsequent trials the new va2luesior ST are
pormanently retained, in these instances, and when tie next trial proceeds
the totals will be computed properly.

When a splittable activity is to be moved the same z<tioa does not occur,
and start time (ST) is no: revised in thesc instances. port of the activary

eration is not rroved, and the remainder of the activity is siz=ply moved one
day toward the end of theprojact.™ -k

The action dzscritzd for tle non-splittalle activity in the first parasro .
sometimes results in the lovering of a total rescuice reguirement, TRio,
for aprisrday to such 2 level that 2 activity which had 2acn moved to redace
tha excess could, under new circumstances, remar scheduled Jor potlorm-
ance dering that day. I such were the case, terial wolid reco
nize this, and a0 activit, (sphttable or noa-spiriioble) whch
from thot day might be alloy ed to remain.

It also occurs frequoatly that a aon-sphttchle actsity is " b 2ls
o2 day at a time throuzh oo oarcea of hizh usige of ¢nz or wore

}
that dosenibod 2t the ovsset of tius ser ool

Creead ol

el rgl s,

This acticn s cortrs=ted watl
inthat thersovooaticnot trag o Pt Jdo, prstthe poistof bo imvin, m o0l
ro incoirect davly total resource svqairemesrtas leftan o
Ix this casc start teme (ST) 18 nol porne nentdy chagd
.
L

the . rooneat . oocaton of other non-sphteeble actinvibes, *
sore oft chentlor L on s hwbleachvatios mimy Dnd plroos reaier G b St
At ol the prejct ¥ abeeafos d i thy s Do bk
oo the foragur s Lo vy seoy ttan oS trarp oo o cay sive
triele usag G tdenaeal process durn | oea Lt v Torns only o it
T v i thes Dt sopphadat Ce begaon, moo o Loor i a0 et
Uoobees {870 eranzed by the acton desett Taa e st przanr 0ol 3
S e cioon T oas accoeybisand by the nee o0 e vrne THOTD (. 0
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that is scheduled for performance during days prior to the doy under consid-
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v by the use of the valee *ITF" (1Y = TLUJ) -
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PRI CTIONS OF 1E PROGEH S

Bricf nontion sLo't b raacde of some of the niore obviovs i:r i f ctions

or i»!1- ~wes of the duzcrit o prosr i .

1. Whatever the or!r sclected for the activities in 2 levelirg run a bios
Is intreduced, but th= b.as itself 15 ¢t aaging and unpredictable. For example:

a. Usiny CPM ordn {oscendiny orderof I's, subascending order of J's)
as represoatatin. of th2 o1drraa which activities will ke performed althou[,th
e assumption may bear hittle relation to truth; perhzps late stert order is
movre appropriate; ‘

b. usirg ascending order of total float so as to make a limited moveme'nt
of 24 activity {within fiozt boundariss) moie productive; the {ree [loats \x.'lll
not recessarily fall in the same order; more important, after some floating
bos talcn ploce the order willnot recessarily remain ascendwing and the seme
would be true if descinding order of total float were initially used to order
the activities; and .

¢. placing activitizs with the highest demands o resources at the top of
the List; if only slight reduct.ons are necded the bins w2l tend 'to produce
larger-than-nccessary correctians; if tne reverse of this order.:s sclecti‘d
tco many activities maybe relocated befere the desired reduction is affected.

area into which it is placed
nroblem. Lack of sufficient
5

2. Relocaling 20 activity vithout regard to the
tr
factor into accouat.

2atmcnt of the
Taterreat to taking tat .
i,.1 strictly op the basis of an ¢hcess of requirement
- recoarce considered along is a scheme of 2 fo crit-
malar evcess for another resource during that day.

> more celective in choosing the rctivity to b2 re-
g proper coimomnas

is,to some ot lezst, nela proyer

v
n
o
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computer storare is t
3. Relecots
o.or availability fer ©
fcism. Suyporetberea
Weoo'd not it bokItir o
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h
ity coald be found that contairs th .
and which, i eeved, wezld solve that day s
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iczrzia as now wriitlen mght movetwo or more acuy
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H It 1 owelior oqrlboon, cos the (O or 'y to wich 1bas oo ooy

O’JUH bocern » siotic or unchenge . tdes Balioy Ut <f 2 1 peinala v N\ foz
reviev nthe h Wt ol new Intiele, oy ey hocome 2vmlabie. The Micot\—5 set
forth that o Tevelirg progrars of ate I shstd ot lengthon a project o020 that
the concepts of event tiue bovadar.os, Moat, and eritcal path should not Lo
alondoncd when eaterinyg inte th 17 liag phase of a pro! ' o soletion,

IrLeepingvath the theory that U - user should Le provic.d as muveh co trol
25 pasaible over tlas problemy solation the program requires that he ¢ cide
suel things 2s (1) the “sphitiaile” character of zn 2ctnaty, {2) the €<V ction
of the resources that are to be considercd. (3) the job-wise priority of re-
scirees, (4) the activity rescurce requirements, (5) the avallobility of re-
scurces, 2nd (6) the oy ler fnvhich activities are to be considered for shifting.

APPENDIX.--NOTATION -

The following symbols have been adopted for use ia this prper;

A

AR

. B
C

D

DAYS
DIDSPL

tetal number of activities in a given problem;

cne-day requirement of an activity for a resourca;

number used in interaticn of resource avaitability data;

common subscript of variables related to a given activity;

day number;

normal duration of project {from CPM solution);

indicator that an activity has been split on 2 given day and there-
fore cannct be split azain;

EXCESS = diffeience between aresource requirement and the coriespor”ing
’ resource avaulability for a given day;

1"

EXTEM = computed as the EXCESS but stored temporarily;
FF = ree float;
FINISH = last day of a level of resource availability, used a5 ¢ s bzenint

for TRAV, .
firish time of an activity; ’
TL(J) - ST;

number of node at the tul of 27 2 zow;

mterferirg Coot;
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J ¢
K = namber ¢f activity wiea in CPM o-torg
R-=nunber ol resocice 11 pro,oct oo ooty ordsr;
RCD = the totrlcurczl of moszone a0 =hity dotheards;
RMAX = the total mt - oer of resoorecs;

ISR = ezlphabetic storage of rezou-ce Jesominong
RUNTOT = cumulotve tota! of daily rescurce rogire =o' o0 2 *;
S = wrerstion subacnpt for STOT,
SPLIT = code for splrtow iy and nuoober 2 dovs oo
SPOT = day uroe weoach anoactisaty was <7
START = du puecediyy the first day of o lovel ef resor Lo ooaboialy,
cas s g subeoript for TRAVY;

ST = stavltne ¢f oo se

~
-
—
-

w



INFOINMMNTION LETHILVAL

The ey voudy, abstract and 1efor ence

cards” for each orticl>
ttes Jow ol represent part of the

ASCE participrtaa o the FJC infor -
matianretrresal plon The retitesal duta are placedberein so that each
can bhe cut out, pliced on a2 3 x 5 card and given an accession nuimber
for the uscr’s file. The accessioa nuraber is then entered on key wourd

ca1d. o thnt the vser can subsequently aateh key vwoi1ds to choose the

2:ticlis he vashes, Detals of thes piogiam were given in an’Aucust
1652 arteels in CIVIL ENGINEZRING, repriats o[ whxch are avali-ble
on request to ASCE headjuarters, - -

.

og

o

Ju rnal of the
CONSTRUCTION DIVISION

l’xoccodmrm of thc Anaf'lic;m Society of Civil Engincers

e

POAT AVD CPITE i'l IQULS IN PROJECT MANLCT

By Destan M. Aros, ! M.ASCE, 2nd Julius Surkis?

-

SYNQISIS

The size and complexitly of projects thal face today’s 1934 te
acement have broug -he about a re-exaroination of the trzstional

R T RS

VAZRY

chuent Ly -

plaunir, ard

schodulies procedures end an explorotion of possible 2licraabives. :.f.’-_.'.:'.—
tions of th> f-rullar Gnatt Chart Method were tried, but because the weths?

.

was unable to intcrrelate varicus facets of a project, i 225 faediquste. An
fntegrated view of the new maragement techniques in plzaning, schaduluj,

and mouitoring projects kadov n as PERT and CP iispresazted horein.

. . 00U 1 IO
Durlng the last & ye~rs, 1957- 1‘3 4, the tradstional 2p7r¢

¥
set aside, 2nd 2 tetally now conrcet in plaanung "1:‘ sc’m-;_"::
vanced. These new techmgques analyze the strociural ensss
projects by the use of netwotrks.

iy ;] o ¢ "eanmtg { v he
The {irst of these techniques oricinaled in 1957, when cons.lants from t
o A
v b

Remington Rulld UNIVAC Dux:loq of the Sparry Rand
by the DuPont Corporation of Wilnungior

Note, —»Dv:,hqb\xo.x opan U"\ll r\L"L;[ 1. I‘? AL .‘: i ﬂ-..< v
2 witten request must be filed with b2 Execurive >:cre'e_::§. -\,: B 'l_:; 2
of the copy1’ Shed YJ\J m! of th Co"\r.:(u ,_\ 2 EH
Socraty of i -n ::r\ Vvol. 80, No_COL, L

l Q)s‘unh sral \"G’\\ Dw., Spert z
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VWhan an activity Is dependent i
s 3 Sugle : nle - tviti
0 in citnation ma,lyb- h_;.:_‘mc:; qn—’tbz co‘mphél.on of reany other activities,
chovn fo start Gty afrer T s inchested 1n Fig. 2, in which achivity A s
falrls! Tn only ait<1 B, C, and D are completad. In a similar moanner, if
tha completion of ar zelivitr is the milesione for the start of a number of ac-
tivities, the netwo:¥ rrodd will be 2s showain Fig. 3, n which B, C, and D
can stort only efie. ithe coirplation of Al T
T Lol . M -~ B
o0 cheias of activitins th t can progrens Independently may have an in-
- . -~ L. o vop e - s 1 )
te o -pendence betweza son - of their events. This is shown by using adurmy
2ctivity Lo join the b2 e s 1 question (1g. 4) ”
. i : bl
Voo e activity, By duzendent on oan aclivity, A, may start as scon as a
* 15 oedvisable to subdivide the activities to sub-
as n g, 5.

-

!
i

e oy of Ads con pladed)d
eovance 20 VoA e Interdepandence
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TINE PSTIMATES
AN A A B EOA R ¢ ; b
1 i ¢_il f,n-’ the duorziion of celwvitios stenln, o o
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. Jtrs o ovsternd Loty coa the Lo , 1 o
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It vas nentionced previousiy Ut PORT v, crert e/ Nitor rescareh
nd devalepment projects. To eo with the wncertassr19v0lvéd in such ven-
tures, threc thaec estunndes are regacsted from cozlzit persopasl for the
accomplichment of the zclinities in question. These sre th2 ®most hkely,”
“optinmistic, - ani “pessimishic” eztimantes for the —=ation of the activily.
Utilizing m~themalical techuiques, these estimates zrziranslated into meas-
uros that ar descriptive of Lhe uncertainty involved

It as e .o.oedtbotr, the most L.xely tizne, has 2 ki chance of materjsl-
jzing; therefore, a high probability is associated wiliit. By a similar as-
sumption, low probatalities arce acsuoialed with the epiz"stic andpessimistic
Girce esiims few, 1 -nse thur cb ceof materinlizic 35 low. An analjtical

erpression is o li T fil theao t o2 velune,
> ) > -
4 8
& z
b
2 >
c o
& . - u
™ i ) "
. .
ELAPSED ELAPSED
T TIME
FIG. 6 i .7
The estimating equation trat recults gives an espectizd vz for the dvra-
tion of thz actinty :
2+ 42+ b -
R R (1)
€ )
in vvhieh z Is the ophinistic timo ect tiae
estingte; aad b derotes tho roosimisnc e € irzel2
k R srazetoer

[y

The expacted value is a stalls

i

" o give a measure of vaccotamt
vaoance.
th> o presswoafor viritace IS

i
“mezan. y aclsc”
i, 1ade of another stalistizal oo

St

[, ihe cise under consideriiiim,
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Uy e e Lo the encertanly asociated with e ooeer U Ponent
el achnaly ds ek M comerso s e f the v e o Mo (e . G
Trovmnee s o dnadt fecbion of th S dstunee” batseen the o onmstis oad
Possionshic e o taastes.

Jo gt an cetimate for the probolutty of mecting a schedule, a normal
poobabihily distnbeinnas eood The prob talily of meeting a schuduts s

R /c"/-”' T Y £

in whict
' zet . O

T ropreconts the scheduled time; Te inicates the earliest expectcd time
FIN 5, dusceribos the accunnlated stand~id devialicn. Eq. 3 ¢e2n be evilu-

ated by narki_ vre ol moriaal predibility tables.
Because C Pl deals with®detziriniatic” situations, only one time ectimate

f5- thz accomplishinoil of rnoachvily is‘considered. (This is compnreblz to
Lavisz e Plz t ne estimate wath a=z.-b.)
— . s R

Vhon xuo,m‘ activitles are plolicd according to thr arrow din
~hadcus o ::arme d v a previous sectwon, it on b scon that nuras
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toctaiuc t7be vnel m (o0 truchion, maaatenonce, and shutdov i of chera- - -
fo ! peoce wophatas Tle a0 ee devased Ly Janes By Hell 5, Jo0 of . . -
U N .\"‘, a0 tey it oW Do, o, o Cidge -t 1 A .
(RRRVS B AN ENRRSE DO R ST .n.!\\m no . L G .
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A D R R y foooed Lt U
Tt T N B T T S 1) B TABLE1
. v Porcaw of Oy, 1Y o _daeer U coasutling 1, . of mmm o m I IEIT SIS SR SR SSTEIS SIS SEETETESS - T
l"\uu:. Alten, and Hamilton, ard the lockheed Missile Systems Division was . e Prec cine Ceacarsirt Followirg
Airocted to sty onE ferulite o e et o fon the plenmine =nd con- No. ___ﬂ__‘__ic‘_‘_"’f)'________ TR s - ———— -
trel of e complexprogi s thatwere £ ptesaent the devdloprient of the T tov: it - - : B, FM
Fieel Bathstic Missile (x ul\ 1s). 10 nthied developed by tlus group s Q Cxl .,."l, A M ¢
catlad Progrom Evaluanio: Review Teeh (o2 (PERT). c Ros Jway Excavation B - . T , ?'H
e PERT systert has been adoplad L', the Air Force under the name of D Rewmforcing Bars E B e b
Prosram Evaluation Procedure (PEP). Ciher vanations of PERT exist with E Forms' _— g ;l.B J
the follov irg names: PURT I, PERT II, PERT 1T, PERT/TIME, PERT/COST. P e Freavatiod c - E E
However, as of June 1962, the Departmert of Defense and the Nalional Aero- . H R.O::d-‘te)' Earthfill C Cc.L T
nautics and Space Adunnistration have asked therr respective orgamzations 1 Actregate M - D N
to adopt a uniform approach to plasring and control procedures on mnajo: J Mux and Place Concret2 LD,F - L
weopon spmtea. K | Sirlp Forns and Cure ;I' B -
. N L Backfill and Compact 3 -
PERT is used {or projects thot imvolve rescarch.ar Idc\ elopment wori: 1n M Aggregate Plant ) A E.F 1
which the mmtellectual effort and the manufacture of component parts i1s new A R focowrets oI, WU ULES

and s usunlly being attemopted for the first time. Hence, the time and cost : .
eslimates neover can be predicted with adeguate certainty, and probabilistic
conzopts are vied to ollain timme estimates. CPM, on the other hand, 1s 2p-
p”c:} to p: oj: ¢ls that are of a more “detarn.inistic” nature, like construction

Heatlons, in which costs and time estimotes can be predicted with 2
£ c?icv amount of certainly. -~

pite the great popvlavity of PERT and CPLy, the bulk of the h'cr ture

on these SUb)LCLD is cither of a descriptive nature addressed to managemcnt
level readers and the “mformed layman,” or of a hithly tochaice! and mathe-
nmtxcal nature, direcied to the s,;tarrs and oper: 3 . reserrch analysis. -
he purpose herein §s to present the basic concepl: ¢! the network technique
h >t underlie both the PERT and C?_ { agorecches, and to dovelop the mechan-

es and mathematics 3¢ the inethods,
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vath the detoromantion of project activities and
hecsauoient way to accomphish this Is to form a ta-
1 iy e e s Table .
Do e carb e tht eoory anle 1 elationship is cstablished, the following
top's e Lione oy e wNad for caeh achivatyr

<
(1) Whit prccedes €2 Whieh other activities must be completed befere
this activity con bepan?
(2) Wit folloas 112 Whach activitics can not start unt1] this activity is
conpleie?
(3) What conbo corwurzent with 10?7 Which other activities can be done at
the same timie ?

The answers to these guewions may b2 showa In a systematic way in form of
a Dependence Matriy, as inlicated in Table 2.

The matiix presentatics contains redundant information, and only an vpper
or Jower triwngular matr.. may be used. The full matrix has the advantage
of provading a check 20 th~ answers of the questions. In the final form, val-
s of Cmust be symmet:ical, and every F should have 2 P for its symmet-
1ical element, and vice versa. -

The following rules must be followed in forming a network that will ex-
press the properties shownin the matrix presentation: .

(1) Each defined activily Is shovn by a unlque arrow.

(?) Arrovs show oaly t*e relationship belween different activities; the
1-uih and the beating kave o signilicance.

(3) Arrow directionindzetes the general progression in time. The arrow
head represeats the point in time al which an “activity completion event”
takes place. In a similar rmnner, the arrow tail represents the point in time
2t which zn "activily start tvent”® occurs.

{4) When a number of acivities terminate at one event, thss indicates that
2o activity starting from thtevent raay stari before all activities terrinating
at that event have been comzloted. -

() I one event takes pracedence over ancther evert that §s not connected
by a gpecilic actiaty, advmimy actiady is vsed to join the two events. Duin-
ray aclivities Love no cdaratazn or cost.

(6) Events zre idesiilne? Uy numbers. An effort should bz made to have
sber higher than the {mrnicdiately precading
~ed, events should bz “ronted.”d -
Jed by the nwaebers of thor starting event and

ec b cvert fdentified by &
cvcat. Iithis rele Is ret fol

(¢) Lctbaties zro fderl: ore
cadro event, .

The priref-ten 2l the ceced.pg pare ceph will be fur-
{i- clovifizd ny @

Trom ) ectnild A loglead way to show these

.nning axd
P T AU B I
Sty thee

e

co1

FLIT /2 O CPM 5

AlLZ) & 3 ‘I}i;‘\'r
)@ o@iPe
B2} B{(12)
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achivity. (h/PFiY T. the dur dien s called “expected clapsed time estimate”®
or :rch(dulvd elapsed titae, " depending on the status of the PiZRT n;l\\ork.)
. -—h‘z!dnc (.l‘ A project start tine avd completion tr+, each ¢venut has an
carhiost oo et it expectoed i) anta et nude Unee (Totest
allowable Gz ) Tt tie relatne Jhve ol G g ot d ('Cno'cld bty
ENTo {carbie~t et tracy ot let g b e cq‘-i H ;-. I uu-'c th()’
e Nicsl OCCUIT i W f oy oy s Thoacd the dutotien 4 a lt: O p
by Du. ) l
In the eeneral €ase, {t Is possible to have more than o e activity coming
Into an event. Pocavse event j oceurs ouly when all actitities te: runating a
} are complete, the carhiest occurrence of an event N ENTJ, is ¢

ENT’ = max [EN’I‘x *blj] . _ e {5}

in which 1 <} and ENT, = 0. Let

ENT, + D .

and

ENT, + D <|[ENT, + D
[' 2 ’2’] [ 's ‘3’] x

then E;\'Tj is determined by

ENT, + D
s 0]

. - = -

2S sphown In Fig. 8.

Similarly, assuming the completion time of the project to be LNTy (latest
rodz time) and denoting the occurrence timez of the terminal event in the
projoct by the latest cccurence of an event 1 by LNTy ’

LT, = min [LNT, -
T, ﬁn[L\Lj Dﬁ] {8)

M EETEAN SErl §es N ~ ape s . .
in wiizh 1§ and LNT, is equal to ENT, or a specified project completion
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romenclature between the two systems andproperties z-:l;‘tedQeach activity

In the proy ot is shown jn Table 3. i .. .
Voot o maaraum available time equals the duraizon of a job, that job is

t.. “critical.™ Gencra'ly, 1a a project, there is 2 path from the “star(®

t .« “ur 7oor o lueb this condilion prevauls, This patk is termed the “criti-

Caij Nt

FLOAT AND SLACK

To facilitate the plannityg and scheduling aspects from the analysis, it is
nccessary to intrcduce a coacept that concerns itsclf with the leg that rmay
occur on certain jobs durirg the project withuut affecti-g the over-all proj-
ect duration. This situation arises when the maxmez tirre available for a
job exceeds the duration of the jsb. In CPM, this is rzferred to 2s *float,”
and a corresponding concept in PERT is termed “slack.”

. TABLE 3
cPM PEET
Earliest Start Time ESTU = EN'I‘l - Earllest Expacted Time TE
. 1
Earliest Finish Time IEE‘I‘u = ES'I‘u + Dl‘1 ................ T‘El + te’
. 3
Latest Finish Time LF‘I‘ll LNT’ Latest Allowakl> Time TL
h ]
Latest Start Time LST;] = LE‘I‘u - Di! ................ TL’ - tei
1
Max, Avallable Tiime LFTIJ - ESTU ............. eae TL - T.
e -l

There are four types of {lcat that are {n use fa CPM:

ats N - J -
Total Float: L.\Tj E?\Tl Du.

Free Float: ENT, - ENT, - Dl"
. - By
Irdependant Float:  Max (o, EXL - LNT) D”>
- ENT

Interflering Floai: INT

3 A

The concept of slack can be dofined as the diffrieszo ptaea
test cece once times of an ovent.

SLACK =7 - Y oo e 0]
L E
3 H
Tr-orclatios hup bet,contbe varwens ty oy of e e me B Aol bt o slaey
¢oneept used T PRRT Is cDusiretied In by 10
\.t
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“Total flont™ iIs the difference between the carliest fHinish 2nd the latest
finish, or the difference bLaotwecen the carliest start ticzes and the latest start
times of an activity. It is 2 measure 1n ime units, showing by how much tke
completion of an activity can excecd the earliest firish time without affecting
the total duration of the project.

“Free float™ of an activity is the difference telween the eorliest finish
date and the carlicest of the earliest start times of iis direct successor activ-
ities. Free float is 2 measure by which the completion of an activity can ex-
ceed the earliest finish times without af{fecting any ciher activity.

“Inter{ering float” is the difference belween total flozt and {ree float. The
existence of this type of float in an activity indiczfes that the activity com-
pletion in this range does not change the duration of the project butdecreases
the flozts of subsequent activities. -

=indepcndent float” -is the difference between the earilest finish time and
the latest start time of an activity, if this differencs is positive. Otherwise,
the independent float equals zero. It is rare to have 2 significant amount of
independent float in project networks. The independent foat is 2 measure of
the amount the activity completion cgp be delayed witksut afiecting another

~—activity or project duration. -

Slack, which is a concept in PERT sinular to “foat” ia CPM, represents
the lag between the earliest and the latest occurrence of an event. Float and
slack have been emphasized beeause it is felt that z preper understanding of
these concepts would lead to more effzctive project plarning and schaduling.

NETWORK COMPUTATIONS

A ﬁyctemahc method for determining tthe critical acliviliés consists of
establishing the earliest node times (e'"-tht event cecurreace)and the latest
pode times (latést event occurrence) for all the evezts and applying 2 simple
test to determine if an activity lies on the critical pith :

A projcct consisting of twelve activities is shssn in Tig. 11. Numbers
over the activity arrows show the cduration of these setivities {assunted to b2
weeks harein). These durations may be the resuit of tarce estiniates, as in
PERT, or cae normal time esiimate, 25 in CPM.

Event 1 occurs at the start tirme of the projoct, stich will te called Tin

2ero for convenience. Activily 1-2 requires five wedss for cormpivtiog 'T‘L:,
the earliest time Event 2 may occur1s 0 + 5 = 5. s earlosr e wali b2
called earliest node time 1nd shall be abbreviated as EXNT. Fellewy- o O
samie reasoning, ENT for Event 3 s found tote & For cospviies o P
for Fvent 4, it should be abeervad thnat the earhesttin i ooy eocurT
§s either EWD(3) + DURATION({2- ) or =X P63 BRI Y. Toes sl
cn event occurs only when all v activety s Loeme 270 v Lot e
completed, ENT foo Dvent 4 ds e noe o am CfU o s senN T
previonsly (i.e., 9+ 5 = 15). For c\":;::',-._- AR J AR PRI S E UK (P
asphies. ENT(5) is the maamum of = O B R R Y R Y Iy II\’L( )
+ DURATION (4-3) [f.e., ENT(S) = 13} : Miowros e coned re, vatues of
ENT for al' tl.e everts are otfained. TXNTY b‘ = 37 aca s lantthe e et
guestion can only be comwleted 1 33 weeks, or dor el - NI
tarting « thth2 propact compoetioa ard notvr, I At D L
3t wiach veoris may b2 primatted to oo o dor o CQ‘C:)-"J—‘ AN R
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de dicho personal,; para Taser log ajucies o wodlificn-

ciones que sean necesaridne

i

III.~ PLANDACIOW ¥ PROGRAMACION DI OBRA.

Como une herramicute imporiaznie en la plalsg--
cibén y programacidn de obra, 86 ha venlde deosarrolliando
la técnice conoclda como

VETODC DE LA RUTA CRITIGA o e FoLlo
(Critical Path Msthod)

Historias | _

C 50T cuando la Du e
Pont Corporaticn de Wilmicgthuin, ¥el., pidid a 1a Regwmin-
ton Rand Univac Tivieion (f£ilisl de le Sperry Rand Corpo
ration), gue desarrollera unz téonica do PrULISDmRssasm——
oidén que deberis usarse en la uoasiruce

to de plentas de productos quiamd

vinieron en gate proyecio 162 &
Walker,

(”‘%

o

[
3

Esta técolee sc iumic

én vy wantenimien
anenty ilnter-

Junto con esta técnica se dssarrolld el PERT =-
(Program Eveluation Revisw Techaigue}, por &

la llarine de los LEstados Unidos, con el objets de Dlame-
near y controlar los complsjos prozramas pare de

ilar el cohete "Polarist,

La diferencie bdsica enire los dos néicdos es =
que el CPM es un mdtodeo deterministico v ol PERT g uno
provbabilistico, por lo que no es préetice este ¥ltimo on
la indusiria de la coenaitrudcida.

Pars su estudic, ol méiede 8s 1z ruie oritiocs -
88 ha dividido en tres faaes:

ioge T.= Elaboracidéa de 1a red de escbividedese

Pare poder repregentar grificamente las activi
cades & ejecutargly les seouonciss do les wisnmoe, 88 han
desarrollado des tipos do xnotaciowndss



con | ' CRITICAL PATH METHOD

{Método determiniatico)

CRITICAL PATH ANALYSIS

-€)
g
ot

cPs . 4 CRITICAL PATH SCHEDULING
LESS | LEAST COST AND, ESTIMATING SCIEDULING
PERT L PROGRAM EVALUATION RESEARCE TASK

(M8%tcdo. probabilistico)

[

@




Vente jas
Més goncilla le programacidn

a) Notacibn de flebhaaav poxa CompataEers .
\ “e No existen actividadeg =

fictlcias (t = 03 8§ = 0)s
Evits muonosg erroreds

?a Més Fécil Ge realizar ¥ =
do wodificar o correglr =
6L PrOgrams

b) Notacién de circuloss
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El desarrollc ds esgia faze implicas
1. Conocimiento de lo cue se va 3 hacsr.
2. Experiencia congirugiiva.
3, Conocimiento de 1os recursss con 1los gue &0 puedo dig
PONGT o | . C)
4, Prever las sliuaciones gue van & prevalsser el L1y e
obra.
5. Criterio para el desglose de actlvidades {conocimicos
to y experiencie en la aplicecidn del méicdo).
Hipftegia en las qus se basad
1e "Indivisivilidad de ectividadesh,
Esto implica la imposibilidad de traslapar acitividae-
des; expresgado. de otra menerss debe @8wer terminada =
100% una a%%iviﬁaﬂ pare podcr imigior otee actividad
subgscuenteao
2, "Independencis de actividades,

Fage Il.= Cédlculo de informacidn relevionade con tlempos
y 8u represeniscidn gidfica.

l: primera fecha de iniclo. ()

I: Ultima fecha de inicio.

T: primera fecha de terninacidbne

UT: dltima fecha de terminacidn,

HI: holgure total.

HL: holgura libre.

HIs holgura con interferencia.

HP: holgura particular = {lag) ’

Definicioness

(HQ)B 3 Holgurawtdtal de B.= Lapso de tiempo que pueds =
ser pospussta la terminaciéc de la actividad B,
gin que se modifique la feclhw de terminacidn de
la obra.

(#L) ¢ Holgura 1libre de B.- Lapso de tiempo que pucde =
ser pospuceste la terminacidén de la actividad B,

sin que se modifique la feobas de ivlole de ningu
ns de law eoctividadss oubsecuontsso. O

~




(HI)B : Holgura con interferencia de B.- Lapsoc ds tiewmpo
que puede ser pospuesie la terminaciin de la ac-
tividad B;tsin gue se modifique la fecha de ter=
minacifn des la ebyra, sungue medificando por lo =
monos el 3xiclo do una de Llas sotividades aubod=
cuenteg,

(HP)BNC 3 Holgura particular de B-0, .~ Lapso de tiempo

que puede ser pospueasts la termisacldn de la -
eotividad B, zin efectar la fecha d&s iniclo =
de la actividad &

i

,1‘9.
wtio

_Actividad criticas aquella actividad cuys holgurs toial
= ¢ (es parte de la rute oritical.

Ruta crftica: Conjunto Ca sotividades icriticas) que du=
teruinan le duracidn de la obres

Férmulass

(;?I)B = pmayor (?T)Ai

(PT)B = (PI)B + (duraeiﬁ&}B
(UI)B = (UQ)B oo (dur&oién)B

(UT)y = menor (UI)Ci



(BD)g = (HL)g + (Hl)g

= (UD)y - (PD)g

= (UI)g = (PI)g
(1) g, = (21)g, = (20)g

4

(HL)B = mencr (H?}B»Ci

Notacidn para Ffacilitar ¢l sdicule de le fase II.

NOTAS:

l. Iio es recomendabls gue toda la gents itengs acCeso &a =
este informacilbuns provedorasgﬁetce

2. Los resultados obtenidos sec basan sxclusivanpente en -
1o representado en el diesgrame de actividades y en =
les duraciones supuestes para cade activided y que de
peanden del método de construcclidn, recursos @isponimm
bles y rendimientos ¢onsidsxados. ..
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Lepresentacidn grdlica do la informacidn cvtonidn do 1n

fase LI,

)
N ’ \i‘v ﬂTﬂr‘4n@ [Eah) ‘V“A”)’;\’\"z\‘ﬂ
; ACTIVID.‘LD FREELNY o AW ..3¢..(a. TRABAJADUS
| ) T T T T T .
i | |
y | RERNE R
(I :
: | | - |
i !
! ; 1 |
; | N ‘
: J e i i — — T : l — i I y [
f L L L ! | o
1 B besstin '\ w54 g 5 SO S B IR ST ST e :\.-:w: o | :
'f A FAL . L : j ' ; .
] ; P ey P | Vo i | 'l R z
| | : i
| L duracidn ! . } duracidn |
% AN e m——— g i | ;a |
j \ v b ] 7. o - A
o (PIdp 1 (PRI i - {UI)g (vRig
1Y f- o
\ J I J‘l“” - J{
() (B3 |
' |
| KAT) 5 1 O

Fage IIl.~ Relacidn tiempo=costo.

Implica el contar para cade una de las actividz
des del programa coa 6l tiempo normal de ejecucidn ¥ su
costo correspondiente, asi comv com 6l tiempo minimo en
idad (no inm
portando la eficiencia} y tambidn su QOStv correspondien
te.

que fisicamente es posible reslizar ssa actlv

Hipltesis en la que se basa (alemds ds lag dos citadas =
con anterioridad):
"La variacidén iiewpo costo para cada actividad
é8 lineal”
S6élo anclize la metodologfa para la dotencida
de la relaocién cosic directo minimo-tiempo ¥ que pueds ()
sintetizarse en el camplimiento de los sigulentes puntos:

o




Hipbtesis ' Realidad‘

¥ Zacibn lineal tienpcncosto ,
rora cada actividad - : E?ﬁ
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1. Hacer une reasignacién de recursca, aprovechando 1los

datos de criticidad uw holgures de las distiavas acti-
vidades del prograua.

oy

bt

2. Que la modificacibdn gue ss haga de i1z duracidn de las
actividades sea exclusivameante en agudllas que &
criticas.

3. Que las actividades cuyag duraciones s sjecucidn se
cambien no dejen de ssr criticas.

4o Lo alternative que deberd escogerse &l wodificar la =
duracibén de las actividades crivices, serd squélla o
ye pendiente costo/tiempo mzz manor.

o

f
!

“Adends del grograﬁa goasral de vbre serd conve=
niente conter también con los sigulentes programas, que
derivan directamnsnte {8l gexereds
Ingrescs y egresos. ‘

Flujo de cajmo '

3+ Financiamiento.

4, Compras.

5. Sub=contratos.

6. Porsonale. - -
7. Equipo y herramienta.

N =w
° [0]




EJEMUPL O

NORMAL LIMITE Ls
ACTIVIDAD = - 7
TIEMPO  COSTO  TIEMPO  GOSTO A+

1 4 .77 150 3 165 15

2 .0 | 160 T 150 1.0

3 15 140 13 160 10

4 145 6 150 5

5 130 5 175 15

6 1 . 200 % 200 -

7T 140 4 180 20

8 12" 110 11 115 5

9 2 120 2 120 o

1,295 ' 1,455
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Cesto A
zrecto

1,380 2. Mod 5 " Act:3 y;é""'&ié%_‘f R S
(tiempo minimo) R ‘ e

1,355 4

ﬁaBE? I
1,320, L

1,300
1,295 -

O

Tiempo minimo

//1/4'C05t0 nbximo ( 1,&55‘) . P

[T

.
)

——— -

Mod 4 Act 2 y 3 1 dda

//2,9Mod 3 act 1t 1 dfa

/qggMod 2 Act 2 2 dlas , -

- Mod, T Act 8 1 dfa
- . o
e ~ ._'/4;¢ﬁiempo normal
| -3 g 1 ; ? -
i ) ] i i ¥ oo
. ! \ 1 H
30 31~—_ 32 33 - 35 36 tismpo
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Tempo e¢Juencidn
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TLempo ejacucidn 62 dfas

Costn:3H2, 500 (.E‘I’\T()) s 82,00

vodifhcacid act, 3 2 dan
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Tiempo duracidn 60 dias
Costo  $52,670+(70+50) = $52,790
Modificacién: Acts. 16 y 17 1 af.
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centro de educacidn continua

facultad de ingenieria, unam

PROGRAMACION PRESUPUESTO Y CONTROL DE OBRAS

COSTOS Y PRESUPUESTOS DE OBRAS DE EDIFICACION

ING. EDGAR FERNANDEZ GOMEZ.

Tacuba 5, primer piso. México 1, D.F.
Teléfonos: 521-30-95 y 513-27-95




CERTRO DE EDUCACION CONTINUA
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CO3TOS Y PRESUPUESTOS DE OBRAS DE EDIFICACION

1. DEFINICIONES Y ALCANCES DE LOS CONCEPTOS BASICOS

COSTO.- De acuerdo al diccionario de la lengua espafiola, -
"Costo es lo que se paga por una cosa'; en un sentido mas
amplioc “"Costo es el conjunto de bienes econdmicos, expresa
dos en unidades monetarias, erogados para lograr un fin."

Generalmente dentro del Ramo de la Construccidn, este con-
cepto se¢ interpreta como: E1 conjunto de bienes econdmicos,
expresados en unidades monetarias, erogados para la realiza
cidn de un proyecto o una obra.

PRESPUESTO.- Segun el diccionario de la lengua espafiola, -
"Prespuesto es 10 que se supone previamente, cdémputo antici
pado de los gastos o ingresos".

En el sentido que comunmente se entiende en México, cuando

este vocablo es aplicado a un aspecto de construccidn es el
siguiente:

Prespuesto es el conjunto ordenado de los costos de las par

tes integrantes de un proyecto, calculados previamente a la
ejecucidén de este.

De acuerdo a esta definicidn, la palabra Presupuesto resulta
ser sindénimo de "Presupuesto de Costos".

Un presupuesto estd integrado por diversas clases de cargos
6 costos, tales como Costos Directos, Indirectos, Contingen
cias, Honorarios, etc. Esta clasificacién de los costos -
obedece a su identificacidén con el Proyecto mismo.

Asimismo la presentacién de un presupuesto se puede dividir
en precios unitarios, unidades de obra, y los conceptos de
trabajo correspondientes.

Las definiciones de cada uno de los conceptos anteriores -
las expresaremos a continuacidn:
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PRECIO UNITARIO

Remuneracién 6 pago en moneda
gue el Contratante debera cu-
brir al Contratista por unidad

de Obra y por concepto de traba:

jo que ejecute, -

UNIDAD DE OBRA

Unidad de medicidn sefialada en
las especificaciones para cuan
tificac el concepto de trabajo
para fines de medicién y pago.

CONCEPTO DE TRABAJO

Conjunto de operaciones manua-

les y mecénicas, asi como mate
riales, que el Contratista em-
plea en la realizacidn de la -
Obra de acuerdo a Planos y Es-—
pecificaciones, dividido con--='
vencionalmente para fines de -
rnzdicidén y pago.
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PRECTIO UNITARTIO

DIVISIOWN DE CARGOS

FIG. 1.1

El precio unitario como unidad est& compuesto por diversos --

cargos reunidos en cuatro grandes divisiones como lo muestra la

Figura No. 1l.1.

Esta divisidén corresponde a Obras de Construccidén sobre pro--
yecios terminados.Cuando deba la misma Compafiia realizar el -
proyecto de Ingenieria. podran cargarse los gastos relativos
¢n la divisidn de Cargos Indirectos, Oficina Central y si es-
te cargo no se desea su prorrateo en el precio unitario, se -
considerard como un contrato separado del de Construccidn.

.. porcentaje grafico sefialado es aproximado y representa la
infiuencia proporcional que por cada peso del precio unitario
¢ corresponde a cada uno de los cuatro grandes grupos que lo
integran, 4
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Fig, 2.2 ' Fig.

CARGOS DIRECTOS.- Son los que se derivan de las erogacio

nes por mano de obra, materiales, equipo, herramienta, e insta-

laciones efectuadas exclusivamente para realizar dicho concep-
to de trabajo.

Los anélisis detallados de costos directos permiten detex
xminar los porcentajes de participacidn de cada uno de 1os car-
gos qgue afectan directamente, el resultado final del costo di=-
recto.

La Fig. 2.1 representa los porcentajes graficos aproxima-
dos por cargos directos en obras de edificacidédn donde la labor

Py

bresenta un porcentaje de participacidn aproximado del 25% al

b




35 %, el material 45% al 55%, el equipo del 10% al 20%, la -
herramienta del 1% al 1.5% y las instalaciones de 0.5% al 1%.

La Fig. 2.2 representa los porecentajes graficos aproxi-
mados por caryos directos en obras de infraestructura 6 pesa
da; en este caso el Parametro Equipo representa el porcenta-
je mayor 60% al 70% indicando el uso de equipos pesados de -
capital importancia para la realizacidn de la obra, la labor
puede representar una variacidén del 10% al 20%, materiales -
15% al 25%, herramienta 0.5% al 1%, instalaciones 0.5% al 1%.

La Fig. 2.3 representa los porcentajes graficos aproxi-
mados por cargos directos en Plantas Industriales, el Paréme
tro de Materiales aparece muy amplio en proporcidn a las -~ -
otras partes. .y es resultado del incrementar en forma excesi-
va los coriceptos electromecanicos e instrumentacidn con una
gran cantidad de material de proceso como tuberias, recipien
: tes, equipo, etc., para el funcionamiento de la Planta, éste
' desde luego varia con el tipo de Planta y de proceso propio
de la misma, sin embargo, las estadisticas muestran siempre
gque el porcentaje de presencia mayor en obras de este tipe,
corresponde a los materiales y eguipo de proceso, COn una -
variacién aproximada entre el 70% al 80%, el equipo de cons
truccidén y herramienta del 5% al 9%, la mano de obra del --
15% al 25%, y las instalaciones del 0.5% al 1%.
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Los cargos por Mano de Obra son los resultantes de pro-
rratear el pago de salarios al personal individual & por cua
érilla que intervierie Gnica y exclusivamente en forma direc-
ta en 1la ejecucidn del trabajo de que se trate, entre las --
inidades de produccidn (rendimiento que dicho personal reali-
Ce en un tiempo determinado)
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¢ FICACION
ANUAL,
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POR
VACACIO--
NES

DE ASUETO
OFICIA~-

Factores y porcentajes que afectan el salario base para
convertirlo en salario real.
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CARGOS DIRECTOS

SALARTIO

i GRATL W
« I'ICACIONES)

CUOTA
DIARIA

AGUINAL

DO LEGAL
O_CON-

TRACTUAL

\

AYUDA
PARA LA
RENTA

FACTORES DE
J/ INTEGRACION PARA
EFECTO DE COTITA
CION ANTE EL IMSS
DEL SALARIO
OBRERO

' FIJC O
PORCENTAJE

/ PRIMA 25%
/ DOMINICAL A
{ POR DESCAN |
t SO ENTRE
SEMANA

AL IMEN-
TACION GRA
TUITA POR

LA EM=—-

PRESA

HABITA N\ / prEMTO

CION GRA % / = \
[ pSIEN B35 % [ BONO O PRI\

Rl M OBRE

{ LA EM-=" {3} MAP%Q ey

\, PRESA J N\ DUCCION /
Figa 3¢3

NOTA 1.1 El salario minimo legal de la zona respectiva no po
dra ser descontado en forma alguna, aunque haya fag
tores distintos que adicionen la cuota diaria.

NOTA 1.2 Con respecto al conceptc de horas extraordinarias de
trabajo o servicios extraordinarios en dias de des-
canso semanal u obligatorio no se pudo lograr acuer
do alguno, por spstenerse criterios legales total--
mente opuestos. ’

TS~ Instituto de Participacidén de Utilidaces y del Salario
{ipaus)
\
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CARGOS DIRECTOS

= e e d - Gy imm G Mmoo w—

itoacidn

Gaogyifica

FISICO

Expiriencia

MEDIO
SGCIO
ECONOWV]

Proyrama

Factores de influencia que afectan la capacidad de -~ --
procduccidn del personal individual 6 por cuadrilla y que de-
terminan los rendimientos. '

Siendo la capacidad de produccidén de primordial importan
cia en la determinacidén del costo, la minuc.osa investigacidn
del sitio de la obra, facilitard los conocinientos necesarios
para obtener los rendimientos adecuados. ’
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CARGO DIRECTO POR MATERIALES.-

Las erogaciones que efectla el Contratista para ad-
G 1y los materiales necesarios para la ejecucidn --
¢l concepto de obra, determinan el cargo directo -
>or materiales.,

e}

[Int

Lo IO

Estos pueden ser permanentes, 6 sea gue forman par-

integrante de la Obra, y temporales 6 auxiliares
gite son consumidos en la Obra después de uno 6 va--
¥ies usos.

(@t
D

Los materiales son adquiridos del mercado 6 produ-
¢idoes en la Obra, los adquiridos sufren una varia--
¢ién segin Fig. 4.1 y los segundos, son motivo de -
Qn, andlisis especial. .
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CARGA

/ MATERIALES

D E
ApQuisicion /

CARGA
Y DEG~-
CARGA

ACOMODO

ABAS—
TECI-
MIENTO

Factores de influencia que determinan el incremento de
costo sobre el costo de adquisiciédn.
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ARGO DIRECTO POR EQUIPO.—- Lo determinan segun las bases y -

Fig. 5.1

S:zn emwvargo, como lo muestra la figura 5.1, los cargos se di-

normas generales para la contratacidn y ejecucidén de Obra Pu-
blicas, los cargos fijos, los de consumo y los de operacidn -
por un tliempo determinado y dividido por el rendimiento efec-
tivo que dicho equipo realice en cl mismo tiempo determinado
de costo. '

CM = HEMD

= =22 !

RM

viden como todos los costos 6 sea una Labor, un Material y el
s.u1po Intrinseco,
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CARGOS DIRECTOS
EQU RENDIMIENTO ‘
émi.co
Dir. Técni a '
Sindig Capacidad

G PERACION

RENDMENT

| ‘-L L—a'

‘ Pc‘r@

@

Casi todos los factores que determinan la variacidén de los
rendimientos del equipo, estdn seflalados en esta gré&fica, los -
factores principales son afectados por otras y asi sucesivamen-
te, por esto para determinar los rendimientos mds adecuados, es
necesario llevar datos estadisticos de diversos tipos dc obras,
estos valores seran definidos en clase posterior.

MECAMICAS

Mang
Terrerio
Equipo

Fig. 5.2
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96&.. ' ‘ Fig. 6.1

El cargo por herramienta de mano, corresponde al consumo
6 desgaste de la herramienta utilizada en la ejecucidn de los
conceptos de obra y se determina en funcidn de un porcentaje
de la mano de obra. Dicho porcentaje se determina con esta--

disticas:
o

INSTALACIONES!

Fig. 7.1

El cargo por lnstalaciones corcresponde a las erogaciones
realizadas por cl Contratista para construir las instalaciones
aCCCSO”l“S, necesarlas para reallzar conccptos de trabajos de

gcncral en la obra.
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PRECTIO UNITARIO

CARGOS INDIRECTOS

Fig. 8.1

-

TODOS LOS GASTOS QUE SE REALIZAN PARA LA CONSTRUCCION DE UN --
PROYECTO NO CONSIDERADOS EN LOS CARGOS DIRECTOS SE DENOMINARAN
CARGOS INDIRECTOS COMO MUESTRA LA FIG. 8.1 SE DIVIDEN EN GASTOS
DE OFICINA CENTRAL Y GASTOS DE OFICINA DE C2MPO.

LAS FIG. 8.2 Y 8.3 MUESTRAN LOS DIVERSOS FACTORES QUE INTEGRAN
DICHOS CARGOS SEGUN LAS BASES Y NORMAS GENERALES PARA LA CON--
TRATACION Y EJECUCION DE OBRAS PUBLICAS, ESTOS CARGOS SE EX--
PRESAN COMO UN PORCENTAJE DEL COSTO DIRECTO OBTENIDO DEL RESUL
TADO TOTAL DE LOS CARGOS INDIRECTOS ENTRE EL TOTAL DE LOS CAR-
GOS DIRECTOS MULTIPL1CADO POR CIEN.

CARGOS IND, .
% DE CARGOS IND = x 100
CARGOS DIRECTOS

DT T B AT ST

A EW A vTRBAACEST

e <o rara——
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CARGOS

INDIRECTOS

' OFICINA CENTRAL

DEPRE-
§ CIACIOB,
MANTENTI=~-
% MIENTO ,

RENTA i

S
Aﬁ

;,fyﬂwr \Kk

SERVICIOS

HONORARI

SUELDOS
PRESTACIO
- NES.

INGENIERIA

Fig.
(OPCIONAL)

Factores de influencia que determinan los cargos in
directos de Oficina Central.

Ver Aanexo 1

8.2

GASTOS
DE

OFICINA

FIANZAS

Y
FINANCIA
MIENTO

R c!arn-j
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CARGOS INDIRECTOS

OFICINA DE CAMPO

DEPRECIA %

'CION MANTSZ
NIMIENTO 4 4 SERVICIOS
‘%\\ *

e
(o) ﬂm N\\\
A’ﬁmn“*\\
/HOTORART O N\
{7 sUBLD0S B GASTOS
PROSTACIONES E

OFICINA |

NZ

. FLETES / TRABAJOS
PREVIOS Y

ACARREOS
Y
MONTAJES

Factores de influencia que determinan los cargos indi
rectos de la Oficina de Campo.
Ver Anexo 1.
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ANEXO I

"~ BASES Y WORMAS GENERALES PARA LA CONTRATACION Y-

"BIJECUCION D= UBR.s PUBLICAS

9,3, A continuacidn se enlistan los gastos generales
mas frecuentes que deberidn tomarse en consideracidn-
para integrar el cargo indirecto.

4@mdn., Admdn.
central de obra

: .X De posible aplicacidn
’ _ - = No aplicable

Se3, l. Honorarios, sueldos
g pres‘caciones°

4
1, Personal directivo X -
2% Personal técnico X X
3. Personzl administra
tivo. - X X
&, Personal en transi-
to - X
56 Cuocta patronal de -
Seguro Social e im-
puesto adicional so
bre¢ remuneraciones-—
pagadas para items-
L as : . X X
Go Pesajes y viéticos X X
70 Consultores y aseso
res X -
8o Estudios e investi-
gaciones X -
9.3.2. Depreciacidén, mante
nirmiento y rentas.
1, Edificios y locales X X
2o Cempamentos - X
3. Talleres - X
Lo Eodegas . - X
5 Instalaciones gene-
rales - X
6. Puebles y enseres X X

VT I I T T Ml

4 AT
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9e3.3o

1.

2o

90304‘0

1.
2

3.

‘ 9°305°

Servicios.

Depreciacidén o ren-

Ya y operacibén y --
vehficulos

Laboratorio de cam-

po
Fletes y acarreos.

De campamentos

De equipo de cons--

De plantas y elemen

tos para instalacipg
nes

De mobiliario

Gastos de oficina.

Papeleria y Gtiles-
de escritorio
Correos, teléfonos,
telégrafos, radio.
Situacidén de fondos
Copias y duplicados
Iuz, gas y otros --
consumos
Gastos de concursos

Fianzas y financia-
mientos,

Primas por fianzas
Intereses por finan
clamientos

Adm&n; Adnén.
central de obra

X De posible aplicacién

SR T B N o

—amn 2

- No -aplicable

ol

P4 BN K
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9:.3.7. Trabajos previos -
y auxiliares.

1. Construccidén y con
servacidn de cami-
nos de acceso
26 Montajes y éGesman-
telamientos dag —=-
equipo, cuando asi
proceda’

- -

©9.3.8. Imprevistos

Proposicibéu de mo-
dificacicn en tra-
mite

!

Admbn. Admén.
central de obra

X De posible aplicacién
- No aplicable

= X
- X
= X

o - e hebte e e————
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“ CTROCS CARGOS

Fig. 10.1

Las Normas y Bases Generales para Contratacidén y Ejecuciédn
de Obras PuUblicas . Los define claramente como aguellos -
correspondientes a las erogaciones que realiza el Contra—--
tista por estipularse expresamente en el contrato de Obra,
como obligaciones adicionales y que no estdn comprendidas

dentro de los cargos directos, ni en los Indirectos, ni en
la Utilidad y se expresa generalmente como un porcentaje =-
sobre la suma de los cargos directos, indirectos y utili--
dad.

o ot et B Ay e

T R CTA R £ MISED L R Ead e FIRT I B St ek

e




a8

ST s TR O, T Es

G mat Gt et Sma  Sm - Bt et Gm  e=mm

J #CBRAS
#"# SERVICI

SOCIAL Y -
R,

Fig. 10.2

Integracién del Cargo Adicional.
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CONTINGENCIAS.~ Es la partida presupuestal gque se calcula
para cubrir los costos imprevisots, el el desarrollo del
proyecto, de acuerdo con la incertidumbre que se tenga en
los datos bdsicos empleados para el cdlculo del presupues
to. - T

ESCAILACION.- Es la partida presupuestal gque se calcula para
cubrir las variaciones esperadas en los costos a un futuro.

Dicho de otra manera: es la diferencia entre los costos ac
tuales y los costos que se tendrdn durante la ejecucidn -
del proyecto, gue no es posible precisar, pero que de - -
acuerdoc a estadisticas se espera que surgirén.

HONORARIO.- E= la remuneracién econdmica a que toda empresa
tienc derecho, al desarrollar un trabajo profesional y cuyo
monto dependa de los gastos originados de la propia subsis-
tencia de la empresa y la utilidad, que de acuerdo a sus -
politicas, desee percibir.

CICLOC BASICO DE UN PRESUPUESTO.

Como hemos apuntado anteriormente, un presupuesto entre -
ctros muchos factores, estd basado en estadisticas, regis-
tros de resultados, experiencias pasadas, todas ellas obte-
nidas de proyectos concluidos, realizados.

Si bien hemos de hablar de un ciclo de un presupuesto, esto
es solamente en sentido figurativo, pues nunca o casi nunca
un presupuesto se repite por iguales que sean las obras, va
cue de una obra a otra cambiardn las condiciones, si se -
quiere en un minimo, pero cambiardn. Por decir algo, supon
gamos las escuelas, tipo que desarrolla el comité construc-
tor de escuelas, podrd tratarse de dos edificios exactamen
te iguales, pero forzosamente tendrdn que estar ubicados en
sitios distintos, posiblemente con UGnicas diferencias en:
la topografia del lugar, resistencia del suelo, climatolo-

ia, factores que reflejados en el presupuesto, arrojardn -

sultados diferentes. Es mds, si a esto aunamos la dife-
rencia en tiempo en que se inicie la okxa y otra, tendremos
sosiblemente diferencias en precios de materiales, en tabu
l2dorecs de salariocs, etc. (esto también por la diferencia
cn sitios de construccidn.)

HoWQ
=

©

F

.. continuacidn presentaremos un diagrama de secuencias para
> cdlculo de presupuestos de construccidn.
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INSTRUCTIVO PARA RECOPILACION DE DATOS
PARA PRESUPUESTOS DE OBRAS FORANEAS

A.~ CONCEPTOS GENERALBES

COS .—

[N

A -
Elemenilocs as

El investigador deberd contar con los siguientes elementos,
antes de salir hacia la Plaza por investigar:

a) Conocimiento absoluto de todos los planos relativos a la
obra.

b) Estudio detallado y resumen de las especificaciones gene
rales y complementarias.

¢) Dominio absoluto de todos los conceptos y cantidades de
obra.

d) Lista de materiales necesarios para la ejecucidén de la -
obra con cantidades lo mds aproximadas posible de los --
mismos.

e) Lista de conceptos de mano de obra, también con volumenes
por ejecutar de los mismos.

f) Conocimiento de la localizacidn precisa del sitio de la -~
obra. N ‘

g) Preferentemente contactos con personas de la localidad -
que puedan colaborar a hacer la investigacidn o aportar
datos importantes.

Conocimiento del procedimiento aproximado que se seguird
para la construccion.

W
~

~vestigacidn de Materiales.-

D.serdn tomarse en cuenta los siguientes puntos, para la re
ilacidon de cotizaciones de materiales:

S

&) Zn caso de nccesitar materiales que no existan en el mex
caCn mcuestidn averiguar de donde llegan habitualmente
v &' hay posipilidad de obtenerlos en otras plazas distin
cas 4 csa.



p)

c)

d)
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Tratar de obtener siempre un minimo de tres cotizaciones
para cada material, con el mdximo descuento gue sea posi
ble conseguir.

Pensar en la posibilidad de fabricar nosotros ciertos ma
teriales, especialmente de los provenientes de bancos -
(arena, grava, tepetate, etc.), y averiguar las condiciog
nes que influirian en su explotacién y tratamiento (ren
tas, concesiones, permisos, etc.).

Investigar siempre hasta que fecha son védlidas las coti-
zaciones obtenidas y en que términos se sostienen los -
descuentos ofrecidos.

Investicacion de Mano de Obra.-—

Para la mano de obra, el investigador deberd considerar los
sigulentes puntos:

o)

)

Si es o,no operante el Seguro Social y hasta que punto o
en que magnitud debe tenerse en cuenta.

Si exliste uno o varios sindicatos y en su caso investigar
de que clase es o son y gue tan estrictos son, pero sobre
todo la magnitud de las exigencias econdémicas que habitual
mente tienen.

Obtener un tabulador de precios dermano de obra del sindi
cato a los sindicatos.

Aclarar cual es el salario minimo legal

Bnotar los salarios reales por dia para todas las catego
rias de todas las especialidades (incluyendo carpinteros,
nerreros, pintores, yeseros, etc.) operantes en la Plaza.

nvcestigar muy a fondo la disponibilidad y eficiencia de
mano de obra local y el sitio mds cercano para obtener
y cuanto cuesta (punto e). En este caso investigar -
to de vidticos para operarios llevados de otra locali-

(O o B I e
o o om

=
-
[0}

£

Dirigirse a tres o cuatro obras en proceso de construccidn
v nablar con los maestros o sobrestantes, nunca con los -
Ir~cenieros o Arcuitectos responsables, a menos que sean -
conocidos o recomendados y obtener de ellos los costos uni
Li.1los reales de mano de obra. N




4.- Investigacidn de Subcontratos.-

27

Para este capitulo regirdn bdsicamente los mismos puntos que
en el capitulo 2.

Entendemos por subcontratos: Instalacién Hidrdulica y Sanita
ria, Instalacidén Eléctrica, Herreria, Carpinteria, Yeseria,
Pintura, etc.

Siempre es conveniente pensar en la posibilidad de ejecutar
nosotros directamente uno o varios de estos trabajos, siem-
pre y cuando los datos aportados por el investigador sean -
reales y ventajosos para la compafiia.

Fleteros ILocales.-

Es necesario conocer perfectamente la disponibilidad y costo
de flotillas de camiones para hacer fletes locales o para -
los siguientes trabajos. Extraccidén de tierra, venta de --
tierra pnara rellenos, introdicir arena, grava, tabique, tepe
tate, etc. B

v

En caso de no haber en la localidad, buscar en lugares cerca
nos y averiguar en que términos trabajarian en nuestra plaza.

I

B.- CUESTIONARIO

DATOS DEL LUGAR

Lcl sitio preciso de la obra:

Describa las caracteristicas, propias del terreno inclu-
vendo las del subsuelo. (topografia, agua fredtica, capa
resistente, etc.).

Coliindancias y limites del terreno.- Descripcidn.

Localizacidn respecto a la poblacidn.- Anexe un croquis de
localizacidn respecto al centro de la ciudad y donde apa-

rezcan: Aeropuerto, estacidén de FF.CC. estacidn de Autobu

ses, Teléfonos, Institucidén Bancaria, etc.
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Caracteristicas de los accesos al lugar de la obra y dis
tancias de los mismos. ; -

Disponibilidad y Costo de energia eléctrica.

Disponibilidad y Costo de agua y drenaje.
la ciudad investigada:

Condiciones climatoldgicas de la localidad.- Tiempo y mag
nitud de lluvias, temperaturas, fendmenos meteoroldgicos,
etc.

(Existen laboratorios de Ingenieria?.
¢Hay lugares donde hagan copias heliograficas?.
¢Hay algunos otros contratistas trabajando en la regidn?

iQuienes son?

cCon qﬁe equipo cuentan? Si estdn por desocuparlo, inves
tigar posibilidad de obtenerlo en renta.

Cuanto cuestan los fletes de equipo y materiales (cemento,
varilla, madexa, muebles de bafio, etc.) desde la Ciudad de
México y desde otras Plazas importantes mds cercanas, In-

vestigar en FF.CC. y en camidn.

(Que Instituciones Bancarias hay en la localidad? ¢Cuales
son sus matrices en México?.

¢Hay posibilidad o antecedentes de importacidn de materia
les? ¢En gue condiciones?.

(Que empresa (s) aerea (s) vuela (n) a la plaza investiga
da? ¢Con que frecuencia? ¢Con gue equipo? ¢Cual es el cos
to de pasaje y de express aereo?.

¢Que lineas de autobuses? ¢Cudnto cuentas pasajes y express?
¢cHay ferrocarril?

(Hay posibilidad de obtener teléfono en la obra? ¢Cual es
la tarifa de teléfonos?.

¢Hay alguno o algunos telex en la ciudad? ¢Quién los tie-
nez.

cOue otras obras se encuentran en construccidn actualmente
¢n la ciudad? ¢Quién las esta haciendo?




n) ¢Hay escuela de Ingenieria en la localidad? ¢De que clase?
(Se pueden conseguir estudiantes para trabajar en la obrad.
.Con que horario y de que precio?

o) Investigar en la oficina de Obras PUblicas local gue costo
tendrian Licencias provisionales gue pudieramos necesitar
(tapial, ocupacidén de banqueta, etc.) y obtenga un ejemplar
del reglamento de construcciones y Servicios Urbanos vigen
te en la actualidad.

p) Investigue disponibilidad de combustibles y lubricantes.

q) ¢Hay distribuidora de refacciones de equipo de construccidn
v de transporte? ¢De que magnitud? ¢De que marcas?

r) ¢Hay talleres mecdnicos? ¢De que magnitud y de gue tipo?
s) c¢Hay dias festivos especiales o tradicionales de la regidn?

I1.- MATERIALES:

Aqui deberd llevar el ingestigados ya elaborada una lista de -
materiales perfectamente especificados y con cantidades aproxi
madas necesarias para la obra.

Es importante no'alvidar: materiales de Instalacidén Sanitaria,
de Instalacidn Eléctrica, Yeso, Pintura, Herreria, Carpinteria,

etc.

IIT.~- MANO DE OBRA:

Igualmente deberd llevar la lista de conceptos en que se re-
quiere conocer el costo unitario de mano de obra operante en
la localidad, con especificaciones y volumenes de obra.

IV.- SUBCONTRATOS:

Independientemente de obtener precios de materiales y mano de
okra para la elaboracidén de subcontratos directamente por 1la
Compafiia, el investigador deberd solicitar a personas o empre
sas de la localidad presupuestos de los mismos, para lo cual
deberd llevar suficientes copias de planos y especificaciones,
recordando que deberd obtener un minimo de tres presupuestos
pox cada partida.



V.- OBSERVACIONES PERSONALES:

Aagqui deberd anotar el investigados cualguier dato gue Jjuzgue
necesario y no este expresamente solicitado.en los puntos an
teriores.

Asimismo deberd escribir sus impresiones personales sobre fe
némenos politicos, econdémicos, sociales, sindicales, etc. -
que puedan en un momento dado afectar los costos de la obra
o la intervencidn de nuestra compafiia en una obra en la loca
lidad investigada.

NOTAS :

1.~ Todos los presupuestos y cotizaciones deberdn venir por
escrito y firmadas, con indicacidn de vigencia y descuen
tos.

2.- Este reporte deberd ser entregado por el investigador a

mas tardar 24 horas después de su regreso a México, D.F.,
y escrito a mdquina,' con todos sus anexos, catdlogos, -
fechado y firmado por el investigador.

3.- En su caso, deberd el investigador anexar constancia de.
su visita en el lugar de la obra emitida por quien desig
ne la convocatoria.

4 .- Deberd anexar al informe, una relacidn de los gastos efec
tuados durante la investigacidn, para compararla con el
presupuesto elaborado previamente.

e e

Fn







() ESPRCITTCACIONES GENERMAIES

PREPARMCION ¥ MOVIMIENTO DE TTERRD

- A ' . . . 4
Se ha considerade limpia, trazo y nivelacidn del terreno -
a profundided méxima de 10 cm.

CIMENTACION

[GAS

So ha coneiderado excavacidn para la trabe de cimentucidén -

en terseno tivo "A" a profundidad indicada.
no conpactado de tepetate 10 cm. de espesor en toda -
ataforne de losa de cimentacidn.

= 97
[0
j )
©

¥)
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+

Acarreo del material sobrante de la excavacidn con recorri
co a digtancia de 5 K. '

Para losa v trabe de cimentacidén se ha considerado concreto

() £'c=150 Ko/em2. con impermeabilizante integral en proporcidn
de 0.50 Kg. de impermeabilizante en polvo por cada 50 Kg. -
de cemento.

I.a losa sc reforzara a base de acero de refuerzo fy=4000 -
hg/cm2. y malla electrosoldada 66-10/10

La trabe se reforzarda a base de Armex 15-30-4

RUCTURA

]
n
+]

S¢ ha considerado a base de losas, trabes y cerramientos de
concreto f£'c=150 Kg/cm2. reforzado fy=4000 Kg./cm2., Armexn
10-10-3, malla electrosocldada 66-6/6 y 66-3/3.

ALBANILDORIA

Muros-A base de block e estruido de barro rojo 6x12x24 cm.
6 similar acabado natural aparente reforzados con castillos
de concreto ahogados con 1 &4 5/16".

]

N

n rwtio doe servicio sce ha censiderado un firme de concrelo
[) {'c=100 Kg./cn.2 de 8 cm. de espesor.

-
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En exteriores se han considerado losas precoladas de concreto
de: '

80 x 40 x 6 cm. para peatones y

60 X 23 x 5 cm. para automoviles
Para el tinaco se han considerado 2 caballetes sopérte, a -
base de tabigue, acabados con aplanado de mezcla, cal-arena.

ACABADOS

En pisos, acabado pulido con llana metdlica integral a la losa

-

de concreto.

En patio, acabado escovillado.

En techos, "tirol" sobre la losa de concreto.

En pafios y cocina en las dreas indicadas, se ha considerado -
lambrin de azulejo 11 x 11 cm. blanco del pais de 2a. calidad,

el resto serd a base de aplanado de yeso

En las dreas indicadas de bafios y cocinas, se ha considerado
piso de mosaico de pasta de un color, imitacidn ceramica.

PINTURA.

En muros aplanados de yeso en bafios y cocinas, se ha conside-
rado pintura de aceite.- En plafones, se aplicarad pintura de
aceite directamente sobre el acabado de la losa de concreto.

En puertas y ventanas metdlicas se aplicard pintura de aceite
sobre el "primer" anticorrosivo que viene de taller,

En puertas de madera se ha considerado acabado a base de pin
tura de aceite tipo medio brillo.

INSTALACTON SANITARIA Y MUEBLES y

Se ha considerado para muebles:

INODC."O  "VITROMEX" Mod. Troyano, blanco, completo con acceso
rios, con tapa de pldstico gris oxford.
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LAGﬁE@h"VTTROMEX“ﬂModﬁ:Jazmln, blanco,fcompletg con
rios y llaves Nibco. A , we

REGADERA tipo cebolla Nibco Mod. 295-B con llaves
rios Nibeo, ; —

o - .. LBABC GihySugh, L exos ann o

FREGADERQ porcelanizado Mca. Cinsa de 1.05 x 0.85 m. con ga
cbinete y JllaverNibco. . . - p- G507 FNNACTONE Y - SR %
_ : _ . ! Lo hgd An ol talo
CAILENTADOR Semi-automdtico de 40 lts. Mca. Cinsa 40 LEs. =

MOQ\ ' lO A._E CAL - N T N L m . - P L )

. I STl e TS B o R T T ST N,

e w

LAVADERO Prefabricado.en concreto gris con niple y tapdn -.
de empdtrare .= s oo, '“}itfiiﬂiqﬁzﬁm”ﬁi 24 a"g-w
/1"1 ¢ (‘“’\ %

TINACQ cilindrico horizontal de asbesto cemento con capa—
cidad indicada 1100 Lts. & 700 Lts. segun el Llpo de unldad

ACCESORIOS PARA®, BANQ de porcelana color blanco de, sobrepoper,

- YR

lote formado por jabonera de lavabo, jabonera de’ regadéra, -
portarrollo, gancho senc1llo, portacep;llo y toallero.

~ . o - - i - -
Sl B T tLT. o \(“ ‘h‘b )’ ‘.LJ~4‘~4(')p‘k.

INSTALACION DE MUEBRLES - Desagles de tdbo galvanlzado para’ -
lavabo y fregadero:- Lavadero desagiie: po: un tubo galvanlza

do directo al pJ.SO . i: R S W T O S g
7y LT e e R SRR AT ‘4;. RS oy = r~
Alimentaciones a base“de tuberia:de acero galvanlzado g -
13 mm. BN AN i:)E [oRNeTa T SR SR ¥
CONBRL LT ol K o o YANNOL - -
Coladera de plsé’en\regad con cespol de,plomo.
IR R ::i e T

Toma de agua pararmedidor-con: tuberla galvanlzadauy llave de.

nariz VleO~l9quZpﬁ'im LR L b - i
ST aTIT S U SrAr 5L s Cees -
HERRE RTA* COTm i e G g X
. N Fral L S L s
ST I T LB g N

PUERTAS METALICAS con perflles tubulares de lamina Ccal. 20
con preparacidén para vidrio,en la, .parte. superlor, tablero
estriado tipo Diamante en lamlna cal; 20 en la parte infe-

rior con marco metdlico y chambrana en.-perfiles cal.. 20. ...
~LVENTANAS, METALICAS~a-base de- perfiles: tubulares .de lamlna
-~ Cal. 2O con: rcplzon itegral- para murxo de, ancho 12 cm° -

e e e~ . . “ .- .
UL R - < . 2 . - “
S D T .. N . . s - -
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Botaguas de lamina en colindancia alkase de lamina galvani
zada Cal. 22

CLRRAJERIA.

Se han consideraco para:

Puertas principales: Chapa Fanal, S.A., Modelo 460 - 5cr. de
cilindro eliptico.

Puerta de entrada Posterior: Chapa Fanal, S.A. Modelo 175 -

PD & PP.

ruertas de intercomunicacidn: Chapa Fanal, S.A. Modelo -
264 - 265 cr.

3

IVMPERMEARILIZACION

En desplante de muros: Especificacidén 1 - 358
de"Protexa"

Especificaciones "Protexa" como sigue:

En Azoteag: 1 - Limpieza de la superficie

Imprimacidén con Emultex T.P.

Se sellaran tubos salientes y cuellos de

B.A.P. con plasticem.

- Asfaltex 500 a 1.5 Kg/m2.

- Permafelt con 10% de traslape.

~ Asfaltex 500 a 1.5 Kg/m2.

Permafelt con 10% de traslape

- BAsfaltex 500 a 2.0 Kg/m2

- Riego de grano.de marmol No. 2

10 - Como terminaciodn pasta blanca reflectiva a
base de cal-cemento blanco y polvo de marmol
y agragando plastificante

w N
1 1

O O3y bH
i

Garantia por 5 afios.

CARPINTIRIA

PULTTNAS tipo tambor forrados por ambas caras con fibracel du-

rc 5 mir. con bastidor de madera de pino, espesor de pucrta -
35 ., marco en madera 3/4" x 6" con batiente sobre puesto,



”3

=3 numbranas dcf&/2L~x 1/2", bisagras; de,-3"; 3"1999 perno del
pais.: . . ¥ - -

o e e et

.CLOSETS. Jenc1llos con tabla corrida de 3/4" y d1v1510n 1nter
media, tubo anUCladO para ganchos y cortineros para “Gortina’

corrida en vez de puerta..- - -y - oo a7 3
\/’IDRIFP\. Jwetso ol a0 *“'*‘a caaltn s, - - ’;"'ﬂ oty oo e
Bz a 0 ! !

aa s 4 - -
S5 - vt .- .
- P A - TR v o,

En ventanas Yy zona 1nd1caaa en puertas-‘v1drlo claro medlo -
doble del pais 3 mn.

En bafio espejo de 35 x 51 cm. con marco de aluminio

Repisa de vidrio 10 x35 cm. con 2 mensulas

DRENAJLS
Drenajes de tubo de concreto de 4 15 cm. incluyendo excava-
cién, tendido y relléno a 70 cm. de profundidad.

Registros prefabricados de concreto de 40 x 60 cm. a 75 cm.
de profundidad con tapa.

Caja de pie del lavadero prefabficada de concreto de 35x35x
30 cm. con tapa con orificios.

INSTALACION ELECTRICA *

Se han considerado:

Salidas de Alumbrado

Salidas de Concreto

Salidas de Timbre

Tableros QO-2 y alimentacién switch

c/cartuchos,

Acometida Companla de Luz.
A base de: Tubo conduit poliducto marca Rex ‘o Tubflex en
loz diamctros indicados.

Conductor .de-cobre electrolitico puro con aislamiento termo

pldSLlCO del tipo TW-600 Volts, marca conductores Monterrey.
Condumex o Phelps Dodge. .

. :t ¥
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Accesorios de bakelita cafe de la marca Royexr o IUSA y table
ro Q0-2 sguare - D

LIMPIEZM

Se¢ ha considerado limpieza en: *

Vidrios, azulejo, mucbles sanitarios, chapas de cerrajeria -
de muros aparentes, pisos y limpieza general de toda el area
dejandola libre de escombros.
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CATDLOGO DF CUENTAS

INTRODUCCTON

Toda empresa estd integrada pox personas que desarrollan -
dentro de ella maltiples funciones y que por su calidad hu
mana tienen diferentes mentalidades, a todas ellas se re-

quiere unificarlas sobre la cobertura de los elementos quc
intecgran las funciones de dicha empresa, con el fin de mi-
nimizar y jexarquizar esfuerzos, para lograrlo serd nece--
sario contar con una herramienta comin e indispensable pa-
rallevar una adccuada identificacidn de costos, ya sea en

el aspecto Contabilidad, en el aspecto Presupuesto, Control
Presupuesta; S bien Estadistica; esta herramienta se le da

el nombre de "Catélogo de Cuentas”.

Definicidn

Catadlogo de cuentas es un sistema simkdlico generalmente --
nunérico o alfa-numérico quc permite desglosar e jdentific:

1

-~ i . [} i .
o formemente t os ¢ :pt o ener
logica uniformemente ‘todos 1 onceptos gue interviener

en ¢l costo de un proyeccto y/o de una cmpresa.,

Objectivos

3.1 Debe unificar los criterios respecto al alcance de ceé-
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da uno de los elementos en que se divida.
Mediante un lenguaje numérico identifica todas las ope-
raciones que impliguen un costo, para la empresa.

Debe organizar légicamente todos los elementos gue im-

plican un costo.

Caranteristicas

Todo Catdlogo debe cstar planeado en una forma tal, -
gue permita agrupar o desglosar, unir o separar los -
conceptos gue forman cada una de las parteé fundamenta
les y gue forman los costos de la empresa.

Contemplan una sola forma para clasificar un concepto.
Identificard todos los costos que se requieran para el

K

buén manejo de la empresa.

Diferenciard las partes principales.

Costo Directo 0
Presupuestos, controles, estadisti
Costo Indirecto cas. ‘

Cuentas de resultados generales

Cueintas de Orden.

Su flexibilidad serd tal, que se adapte a todos los -

proyectos y controles que se manejen en la empresa.



Estard basado en las politicas empresariales.

N

Todo Catdlogo debe ir acompafiado de un instructivo -

que permita y facilite su comprensidén y su manejo, -
e | - . « # .

asi como de un reglamento de aplicacidn, pues sin es

_te, el catdlogo no funcionard ni dard'la informacidn

déseadaf-

Aplicaciones

La comunicacién eficiente es vital para un empresa, -
csta se facilita enormemente si los conceptos mencio-
nados en la documentacidn gue la empresa genera, son -
<:> 'édentifiéados por un nGmero de cuenta.
Un‘gatélogo'de_Cuentas bien planeado, sifﬁe como lista
de verificacidn de todos los conceptos que se involu-
cran en un presupuesto, lo que evita omisiones ¢ dupli
cidades. h

El control de costos de un proyecto, no se concibe, si

no es fundamentado en un Catdlogo de Cuentas.
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mas, éste es un factor de importancia en la calidad -
| de resultadcs gue arroje el control. . C)
5.4 En la programacién también tiene un papel preponderzn
te, ademds de scrvir como lista de verificacidn, iden
tifica los tiempos programados, con los costos corres
pondientes, ya sea cn los presupuestos O eén los re--
sultados de costos,

Es indiscutible su: aplicacidén en los archivos y este-

|92}
°
[z

disticas que maneje la empresa. 1
5.6 Asi mismo, es el paso esencial y bésico para introdu-
cir informacidén a les méquinas de computacidn,
EN RESUIEN, la idea que debe prevalecer en el estudio de un --
Catdlogo de Cuentas, es la simplificacidén del mismo, sin perdz-

de vista los objectivos bésicos requeridos para su desarrollo

efectivo, asi como la facilidad de usarlo totalmente manual, --

manual con asistencia mecanizada o conpletamente mecanizado, ==

do a ello, el registro ordenado y ldgico que permita el estarl:-

cimiento de estadisticas confiables, aplicables a futuras lakco-

o

ety proycectos de la Ewpresa. i

O
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_— . s
Sec ancxa como via de cjemplo un Catdlogo de Cuentas que podria

ser utilizado en una ecupresa’ gue mancjara proyectos completos -

de Disefio y Construccidn. - R

-

Estc ejemplo: trata de describir y aclarar lo gue puede obtener-.

1
7

se en forma general o detallada, siguiendo la "Teoria del Abani-

co" (Fig. 1), la cual permite conocer en primer lugar los Costos

[

Totales de la cmpresa, en segundo lugar, los Costos Totales de -

cada una de las divisiones gue formen la empresa o proyecto gue

se ¢sté cfectuando; en tercer lugar, los Costos Totales de cada

uno de los departamentos que forman cada Divisidén o las Areas -

°

en que haya sido dividido un proyecto; en cuarto lugar el desglo

se por tipo de c¢osto (mano de obré, material, etc.) y vor Glti--
mo y quinto lugar los costos por cédigo’enfque‘haya sido dividi-

do el Areca.

XXXXK XX X | XXXX
‘ ' ‘l L———~—>Cédigo o Cuenta
- >Cargo
>Departamento o Area
>Divisidén o Proyecto




,/’/’////4/’//4/////

IENT DI
] SrvTstoy | MENTO O CODIG
CARGO 0

SMPRESA o ARER
PROYECTO . CUENTA

e

Dircceidn
[Proceso
.D_T\E_J;Qj Civil
Ingcn¢eLlu(LQCdn1co
Construct, Tuberlas
Suministr.|etc.
"inanzas

.
HANr 1

PROYICTOS M.0 . dmon.
“p M.O.Destj.///cédigo
R e j: ----- -?\\\\\Materiales<::C6digo
“en \\ \\\\3 Equipo cddigo
"D" N\ etc., etc.
\Dlstllb.
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De acuerds a lo indicado en la Descripeidén General, el nlmereo de
cuenta.estd formado por doce digitos, gue forman cuatro grupos,

El sentido en que sc usaran estos grupos, se expone a_ continua--
cién:,ii;Jv; ‘ ‘

) -

Prlmer Grupo (bigitoé’del lo. al ‘50.)

NUMERO DI PROYECTO O DIRECCION. Identifica la obra, proyecto o
DlLCLClOD de Jd companla! de que se trate.

Se usaré el ndmero que identifica una Direccidn, cuando se trate
de concepios gue no formen partﬁ de una'obra o proyecto, como --
pued Jcr ‘el LuaO de: Normas v Procedlmlentos, personal en tran-
sxtoj 1ncabdcwdades, eLc.‘ : oot o O :
En ¢l caeso ab conccptos gue fomman par te de una’ obra o proyocto,
se usard el nlnero correspondlente gue haya ‘sido’: a51gnado por la

DireCCLoq de’ Dcsa:rollo. I —— : .

f
- - i 4 TyoLt

Debe tenérse, équéial'cﬁidado en- los nﬁneros’que identifican a -
las D¢recc1ones de la Companla, de ‘anteceder estos: ‘por tres ce--
H 4 i

ros . ) - N - “ PO I Yo , 1 !

1

xSéﬁundéﬂGfﬁppw(Digitosk6o} y 70.)

- RUMERO. DE AR A O DEPARTAMENTO. Identifica las dreas de una obra
) proyccto:( de 'la 01 & la’ 30), los departamentos que .formen par-
te de las Dlrecc1ones o grupos de conceptds perfectamente identi-

flcgdqr' como es el caso dc gasLos 1nd1rchos, honorarlos, conr-
tingenciasg, etc. - . ¢

P

Al 1denL1£1carse ﬂqu nuevamente las Direcciones, como es el ca--

"so por ‘ejemplo: " Direcéidn:de Construccidn (47), es para que cstos
nimeros sean usados para efectuar cargos propios de la-Direccidn
misina., - : ¢

\ 7




Los ntmeros de drca de una obra o proyecto seran designados al
iniciarse los trabajos yelativos, ya sea la cubicacién de la -

obra, ¢l es_imado, el diseiio, etc¢., por el responsablc de la -

ejocucién y- @i fundidos entre gaicnes intervendrdn en su desa--
rrollo.

Tercer Grupo (Digito 8o.)

CARGO.~ Clasilica los concepltos de acuerdo a los elementos fun
damenca]es de costo, esto es en: Mano de obra, matcriales, ectc.

Cuarto Grupo (PDigitos del 90. al 120.)
CODLCEO Tdentifica las partidas o actividades gue forman una
obra, pxoyocto 0 que se ejecutan c¢n una Direccidn.

Para cl caco de las partidas enlistadas a continuaciéd, inica--
menLe, sé us én los dos primexos digitos del cddigo, seguidos
de dos ceros para completar los cuatro digitos gue lo forman.

o -
e

4.

4}

a) partidas de Obra Civil cédigos 0001 a 0999
) Soporteria coédigos 3600 a 3699
c) Pintura ' cédigos 3700 a 3799
a) rartidas de obra eléctrica cédicos 4000 a 4499
e) Partidas de instrumentacidén  CS&digos 4500 a 4999
£) Consultorias c6digos 5000 a 5099

En todac las d s partidas enlistadas en ¢l catédlogo, se usarén
los cuatro digitos del ¢dédigo, segin se especifican.

Unic=mente para las obras o proyectos que asi se especifique, al
injcio de cstos, o para manejar controles, tales como pagos a --
destajistaes, cle., se usardn los cuatro digitos segin se indican
en ¢) catélogo, en todas las partidas, incluso en las arriba en-
listoadas.

A {in de jlustrar el uso del catalogo de cucntas, se incluyen al
-final unos ejemplos.
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E1l “"Cargo" siempre tendrd un digito, del 1 al 9 y que permiti’
identificar el costo de que se trata;zsegﬁn‘ée'séﬁala a cont!?

. Cu . - M
cidns ‘ R
CARGO o .

TUTTTILLG LB e gl oL : - .
1. obra de Mano por Admihistracidn.

sste nimero, se cmpleard para identificar todos los costas
pagados por obra de mano, & través de la- lista :de raya y-no-
nina., -

2. Obra "de Mano por Destajo. . .

Este nGinoro sd eripleard para. identificar Jos costos de odrs
de mano pmgddos por destajos.-

“J Sl 7 S A s LESS NS

i
¢
\
h
s

3. Matceriates
- . <. . R . 7+
Bste nimero se cmpleara para identificar los costos de male -~

PR - va

iales integrantes del proyecto . obra. :
4. Eguipo Permanente - . C
R ' - - '

Cste namcro se cmpleard para identificar los costos de Jos
equipos integrantes del proyecto u obra._

L3

. 5. Sub-Contratos

u - ’Il'

Este nimero se cmplcaﬁ para 1dent1f1car‘los costos, por

ubcontrator‘de un pnyecto u obrdq A
6. Equipo de Construccid. IR
A IS TN R IS T B S P ﬁg:‘ﬁ

Es Lc “uﬂ:lo se ompleaa en casos esp"clales y a peticidn
~ 1% LpitecéidnTast Consrucc1on,wpara 1dcnt1frcar ‘log co
d

slos
lirectos de equipd- -d Construccidn, - (AR
R Bl o O e .
! .




9 Disponibles

CODICOS _COSTOS NIRECTOS

El "¢dd.go" sicmpre estard formado por cuatro digitos, del 0001
L
J

osuw GC2RA CTIVIL

0001 a

Couo DISPONIBLES

oo Preparacidn y Movimiento de Tierras

Topografia (Incluye trazo y nivelacidn del terre-
no)

Desmonte ¢
Demoliciones

Despalme

Cortes y excavaciones (Incluye carga)
Acarreos

Rellenos y terraplenes

Drenes y Bombeos

Disponibles

0200 Cimentaciones

Excavaciones,acarreos (Incluye carga)

Rellenes (Incluye compactacidn)

Plantillas

Cimbras y obra falsa (Incluye habilitacidn, cim-
hrado v descimbradoe). ,

Acero de refuerzo y presiuerzo (Incluyendo habi-
litacidn y servicios dec presfiucrzo)

Anclas y perfiles ahogudos (Incluyendo fabrica-
cién y colocacidn).



Q500

It
IS
~

0

Concreto

Bases de cquipo

Miscelineos (Incluye: Pilas, pilotes, tablestacas,
cte. y todos los conceptos gue no se indican en -
lJos sub-cddigos anteriores).

Disponibles.

structuras de Concreto

Cinbras ydbra fals2 f{incluyendo habilitado, cim-
bredo y descimbrado) .

Acoro de refuerzo y de presfuerzo (Incluycendo ha-~
bilitacidn y scrvicios de presfuerzo).

Anclas, placas y perfiles ahogados (Inzluyendo fa-
bricacidn y colocacidn) .

Concrelos

Prccolados

Presforzados

Misceldneos (Incluye todos los concaptos gue no
sc indican en los sub=cddigos anteriores).

Disponibles

Estructuras Diversas

Acero (Incluye montaje)

Rejillas y placas metdlicas (Incluye colocacidn)
Madera (Incluyc montaje) = |

Techos diversos (Incluye todos los tipos, ecxcepto
los de concreto).

Disponibles

Albaiiileria v Acabados

.Muros (Incluye todos los tipos de muros, excepto

los de concrcto)

Cadecnas y castillos

Pisos (Incluye todos los recubrimientos y los aca-
bados en pisos)

Relractarios
Recubrinsentos y 2cirados (No incluye 21 recubri-
micnto 2 pisos, poro si ol do auros, plifonds vy

)

9]

otro
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w48 =
Disponibles
0600 varios

Instalacidn sanitaria y muebles

Herreria

Cerrajeria ‘

Impermcabilizacidn

Carpinteria

vidrieria

Drenajes, canalones, bajadas y accesorios.

Disponibles para varios

0700 a
03999 Disponibles
1000 a
2999 OBRA MECANICA
1000 a
1049 Agitadores y lezcladores
Liguido sdlido
Liquido gas
Liguidosinmisibles
Ligquidos miscibles
Movimicnto de ligquidos
$6lido-sdlido
Especilales
1CH2 a
1029 ventiladores
I'lujo radial
Flujo axial i
Especialces o
00 a
114% Torres do Proceso

Destilacidn



1150 a
1199

1300 a
1349

i
>
Q.

!

Absorcidn

Adsorcidn

Extraccidn

Intercambio ibénico
Desorcidn

Torres de enfiriamiento
Especiales

Dearcadores

Charolas
De. espreas
Al vacio-
Especiales

Transmision de calor

. Tubos de agua

Tubos de humo
De rzcupcracidn
calentador a fuego directo
Especiales |
Evaporadores

pubos cortos verticales
mubos “largos verticales
Tubos horizontales: = .
Pelicula descendente
Circulacién forzada ‘
Combustidén sumergida
Solar ‘
Especiales

«

cambiadores de calor

Carcaza y tubos
Hervidores ‘

"Doble tubo - l

Placas - . '

o e Y




1400 a
1449

1450 a
1489

00 &
49

[
[ B

Espiral

Tubos aletados
Scrpentines
Especiales

Filiros

De presidn

De gravedad
vacio

mosis inversa
pcciales

v
®©

w n o

)
D)

4

Hornos

Rotatorios
Alto horno
Hogar abhierto
Convertidor
incincraderes
Bléctricos
Especiales

Ilyectores y sistemas de

Eyectorcs
Bombas de vacio
Especiales

Compresores y sopladores

Centrifugos
Rotatorios
Reciprocantes
Espcciales
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1600 <

1649

™0
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i

Transnortadores

De banda
De guseno
De. xcdillo
D2 rastiras ‘
Neuniticos
Vilbratorio o
Dspecieles S
Ilevadores
Dz cadoenes
De canjilones
D cargsa
Da paletas
De personal
Lepeciales
- ! ) e

Crias viaderas

Grias radiales 4 ‘
Monorrieclos e
Camiones y camionetas
sontacargas

Diablos .

Especiales

<

<
Centrifugas

»

reyviféricas
Lesplazanicnto positivo™ -
Especialcs

I3

N
e

Wy




1750 a
1799 Molinos y Trituradores

De quijada

PDe martitillos

De bholas

De barras

De cilindros o
Micro pulverizadores

speciales

o
[volmes)
> O
2o O

o3}

Reactores

Quimicos
Hacleares
speciales

1050 a

18S9 Scparadorcs y centrifugadores
Centrifugos
Choguce
Gravedad
Electrostdticos
Lspecialcs

200 a

IRRNAS Tangues Yy _Tolvas
Recipientes atmosféricos
Tolvas
Especialcs

1850 a

1949 Tangues a presidén
Recipientes a presidn
Especiales

2000 a

2039 Plantas pagucte




2050
2999

3000
3399

3000

" 3001
3005
3G10
3615
3020
3025

3101
3105
3110
3115
3120
3125
3130
3135
3140
3145

&

Sistemas 'de

Tratamicnto de
Tratamiento
friamiento

Unidadcs de
Generadores

agua

Disponibles

Tuberias, vdlvulas y acccsorios

¢

interno de calderas y torres dc en-

refrigeracidn » -
de gas inerte
aire acondicionado

Tuberias
Acero al carbdn
Aluminio

Acero inoxidable

Cobre y Dbronce

Fierro fundido

P v _C

Recubiertas

vidrio

Aleaciones y materiales

.-~ Asbesto-Cemcnto

Disponibles
Accesorios

Acero al carbdn
Aluminio

Accro inoxidable

Cobre y bronce

Fierro fundido

PV _C

Recubiertas

Vvidrio

Alcaciones y materiales
Asbesto-cemento

especiales

— [ . T

especiales




3150 a

3199 Disponibles

3200 valvulas

3201 Acero al carbdn

3205 Aluninio

3210 Acexro inoxidable

3215 Cobre y bronce

3220 FFierro fundidc

3225 »V C

3230 Recubicerias

3235 vidrio

3240 Aleaciones y materiales especiales
3245 a '
3299 Disponibles

3300 Tornillos, espiArragos Yy empagues
3301 a

3999 Disponibles

A.3 3400 a

3799 DUCTLRIA, ATSLAMIENTO, SOPORTERIA Y PINTURA
3400 Ducteria

3401 Acero al carbdn

3405 Aluminio '

3410 Accero inoxidable

3415 Recubiertas

3420 Alcaciones y materiales especialcs
3425 a

3499 Disponibles

3500 Aislamiento

3510 Obra Civil-

3520 Eqguipos

3530 Tuberias y accesorios
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3520
3899

3900
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Disponibles

Soporteria

Obra Civil
Eguipo
Tuberias

Obra cléctrica

Disyonibles

Pintura

Obra Civil
LZguipo

s Y es e =
Tuberia

Obra eléctrica
Disponibles

0

PRUBBAS, ALTERACIONES Y CARGOS A TERCEROS

Pruchas, para terminacidén mecénica

Arranque y preoperacidn

Disponibles

Alteraciones

Ingenieria
Construccidn

Disponibles

Cargos a Tcrceros

Disponibles




A.5 4000 a
4899

4000

%100

4200

OBRA BI1LCTRICA

Tierras y. Pararrayos

=pe = T=x == 4

0
O
=
o

uctores ellctricos y accesorios para conexio-
Blectrodos, puntas de porarrayoc y rehilctes
Disponibles

Puerza Alta Tensidn y Subastaciones

conduit y accesorios (para conduits)

Charolas y ductos

Conductores eléctricos y accesorios

Tahleros

Transformadores

Interruptores, desconectadores, fusibles y arran-
cadorces.

Condensadores, resistencias, reactores, limitado-
res de corricute de corto circuito.

Generadores

Baterias, cargadores, inversorecs.

Disponibles

Fuerza baja tensidn y Coltrol

Conduits y accesorios (para conduits)

Chearoles y ductos

Conductores eléctricos y accesorios pare coneio-
nes.

Tablceros

Trans{ormadores

Interxruptorecs, desconectadores, fusibles y arran-
cadores.

Condensadores, resistencia y reaclores, limitado-
res de corricnte de corto circuito.

Generadores .

Baterias, cargadores, inversores

Artcefactos eléctricos ‘
Disponibles



4300 . Alumbrado y Contactos Monofdsicos
conduits y accesorios (para conduits) . “
. Conductores eléctricos y accesorios para conexio-~
nes . '
Tableros
Transformadores .
.Interruptores, desconectadores, fusibles y arran-
cadores. .
Unidades de iluminacidn’ ‘
: . Artefactos eléctricos '

Disponibles

4400 Sistema de Comunicaciones, sefializacidny alarmes

, Telé&fonos
Sonido
Relojes
Alarmas
Conduits y accesorios.. (para ‘conduits)
Conductores cléctricos y accesorics para conexio-
S Nes. L LT s
Tableros .
Interruptores, desconectadores, fusibles y arran-
cadores. ‘
Baterias, cargadores, inversores
Aparatos, bocinas
Artefactos eléctricos

Disponibles
4500 a
4999 INSTRUMENTACTON
oo 9 o ‘
4500 Aparatos de Control v/o Medicidn
Transmisores.- Pueden ser de: Tempcratura, siste-

ma termal, medicidn tipo potencidmetro, presidn, -
presidn diferencial, nivel, gasto, densidad, and-
lisis pego, velocidad, nivel no diferencial, etc.




Rotémetros.~ Pueden ser de: Transmisores, regis-— . Cj
tradores, indicadoroes, etco.

Moedidoros

Recoeptores.~- Pueden ser de: Grafica circular, ti-
po miniatura, grafica circular con control, tipo
winitatura con control, cte.

indicadores.—- Pueden ser: de Temperatura, siste-
wa ternal, indicadores de sistema termal con con-
trol, tipo potencidmetro, tipo potencidmetro de =
control, de precisidn, de presidén con'control, --
andlisis, nivel, andlisis con control’, presién di-
ferencial, presidn diferencial con control, etc.
Mandmetros ‘

Switches '

Controladores ciegos

Digponibles

v

4600 fableros de control de Instrumentacidn

Frentes de tablero abiertos por detrés.

Gabinetcs

Tableros con cstructura para salas de instrumen- <>
tos

Tableros gréficos

Consolas

Disponibles

4700 Conductores de sefiales

Tubo de cobre

Tubo de pldstico

Multitubo (bundle de cobre)

Multitubo (bandle de pléstico)

Accesorios (fittings) para tuberia aire instru—entcs

Disponibles

4800 Lincas de Alimentacidn

Tubo galvanizado



4900 .

5000

5100
6099

a

i
v
0

il

Tubo de cobre
Accesorios
Valvulas de aislamiento

BDigpenibles

Elementos finales de control
Valvulas ncumdticos

valvulas eléctricas - ¢
valvulas hidrdulicas
Vélvulas auto-operadas

Actuadores pueden ser: Neumatlcog, eléctricos,

hidraulicos, etc.
Reactores saturables

:

KRectificadores de:'silicio ‘controlados.

-

Disponibles

CONSULTORIAS Y ESTUDIOS

' y
Consultoria Técnica

‘Consultdfia Juridica’ SRS

Consultoria de Avalios
COHSH]LOfld de Mercadotecnia -
Mecanlca de Suelos

Perforacidn, de pozos profundos

Topoyrafia
O S N

Disponibleé

isponibles. N
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CODTCOS COSTOs INDIRECTOS

PERSONAL TECNICO

PERSONAT, ADMINISTRATIVC
PERSONAT, DE EOMPRAS

PLRSONA}, DE CONPROL, DE COSTOS
PERSONAL D PROCRAUACION
PERSONAT, DE ALMACEN

PORSONAL DI VIGILANCIA

DISPONIBLES

OFICINA )

ASIST. TECNICA ENTRLE DIRECCIONLES
CARGOS PROYECTOS Y OBRAS TERMINADAS
PRUEBAS Y ENTRENAMIENTO No. 1
PRULEBAS Y ENITRENAMIENTO No. 2
NORMAS Y PROCEDIMILNTOS

PERSONAL EN TRANSITO

PROMOCIONES

DISPONIBLE

DIAS FERIADOS



DGE32

0642

9643

9644

9645

9646

9647

96408

9649

Ik
it

61

INCAPACIDADES
PIZRMISOS CON GOCE DL SUELDO
OTRAS PERCEPCIONES Y VIATICOS

PERMISO SIN GOCE DE SUELDO

. VACACIONES

SEGURO SOCIAL CONT. PATRONAL
IMP. 1% ADICIONAL I.5.P.7.
GRATTIFICACIONLES

AGUINLTDOS

VIVIENDA TRABAJADORES- PATRONAL

LINMPIEZA'Y MANTENIMIENTO |

HONORARIOS (Terceros) |
GASTOS DE FIN DE gﬁo
MATERIAL Dﬁ DIBUJO

COPIAS FOTOSTATICAS
Rmmménmxmmmmms
INSTALACIONES PROVISIONALES

AMORT. GASTOS INSTALACION

RENTAS EQUIPO Y MAQ. (PROP. DE LA EMPRESA)

RENTAS EQUIPO OFICINA (PROP. DE LA EMPRESA)

RENTAS EQUIPOS Y MAN. (Terccros)

REDP. MINORIS ¥ REFACCTIONES
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o

RLP. MAYORES Y REFACCICNES
LUZ, FULRZA Y AGUA

EFECYOS Y UTILES DE ESCRITORIO
COMUNICACIONES

GASTOS DE VIAJES

HIGIENE Y SEGURIDAD

GASTOS SINDICALES

TLLTES Y ACARREOS

WCLORES PGBLICAS Y ATENCIONES
CONTROL DE CALIDAD Y PRUEBAS
HIRRAMIDNTA CONSULIBLE
HERRAMIENTAS MENORES
MATERIALLS DI CONSUMO
DEPRECIACION

OTROS IMPUESTOS Y DERECIOS
SECUROS DE DANOS

SEGUROS Y FIANZAS

GASTOS RO DEDUCIBLES
DONATIVOS EXENTOS

OTROS GASTOS

DISPONIRLES
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INSTRUCTIVO PARA DESARROLLAR CUBICACIONES
OBRA CIVIL

El presente instructivo ha sido formulado para que el trabajo
de cubicacién se elabore bajo un mismo criterio, asi mismo se
establecen formas para que se lleve un determinado orden de -
operaciones que faciliten su revisidn.,

CUBICACION

En la obtencién de volimenes, superficies, longitudes, unida-
des y piezas de los elementos qre intervienen en la construc-
cidn, generalmente ésta se elanora desglosada, segin los ma--
teriales y elementos que intervienen en una construccidn.

MOTIVO

Conociendo las cantidades de materiales que intervienen en la
obra, podrd asigndrseles el costo correspondiente, tanto por

cl matcrial wismo, como por la mano de obra necesaria para la
colocacidén de estos en su posicidn definitiva.,

CONS IDERACIONES BNASICAS

Se deberd comenzar calculando el area del edificio por cubicar,
que servird como referencia general, dividiéndola en Areas in-
teriores y exteriores.

Al estar efectuando la cubicacidn, es necesario de alguna mane-
ra ir sefialando sobre el plano, los conceptos ya considerados,
asi como indicar los errores de disefio observados a simple vis-
ta. Para ésto utilizaremos colores como sigue:

Amarillo

Café Conceptos ya
Azul considerados
Negro




Rojo ¢ correcciones al disefio e
L indicaciones al mismo,

Es frecuente también, que una parte del sistema no se haga -~
necesario cubicar y entonces tenemos que diferenciarla de la
parte que se va a tumar en cuenta, para lo que utilizaremos
el color verde, pintando con el,lc gque no se considere o eli
mine.

La descripcidén de los materiales deberéd de hacerse de acuer-
do a lo indicado en los planos y en las especificaciones de
disefic y construccidn, déndose preferencia a los planos.

FORMAS

Las formas impresas que se utilizan en la cubicacidn civil,
son las siguientes:

1) Forma JTi~1 Denominada hoja de trabajo.

t

2) Forma m_z o ] ] i



2)
3)
4)

ol CIMENTACION

LIMPIEZA Y TRAZO M2

. Para cubicar este concepto se determinard el drea del

edificio en planta baja, considerando sus dimensiones
entre ejes con 2 metros ad1c1ona1es per;metralmentea
(Ver Flg. I)
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DEMOLICIONES .(Indicar materlal) Pza., M2 & M3

DRENADO DEL YERRENO M3
POZO DE BOMBEO Pza.
M3

EXCAVACION '

Indicar si es a mano'o a magquina, considerando una
franja perimetral segun los siguientes desblante5°
(Vver Fig. 2)

a)

c)
d)
e)

Nota:

De
De
De

" De

De

2,00 Mts.,

4‘: 00 MtS o

6.00 Mts.
8.00 Mts,

una
una
una
una

10.00 Mts.una

franja
franja
franja
franja
franja

de
de
de
de
de

0.50
0.80
1.20
1.5¢

1.75

mts.,
mts.,
mts.
mts.
nmts.

.

Cuando la separacidn entre dos excavaciones sea

menor o igual a 50 cms. se excavard corrido.
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Figura 2

6) EXCAVACION PARA TUEERIA M3
(Considerar una franja segin log siguientes
didmetrcs) .

T DIAMETRO “ANCHO PROFUNDTDAD
MM o pulg. en cms. en Cms.
76 3 00 100
102 4 60 105
152 6 60 1io
203 g 70 115
254 1o 70 120
305 12 80 125
356 14 80 130C
406 106 S0 135
457 18 90 140
508 20 110 140
610 24 120 160
762 30 140 175
914 36 160 210
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7) RELLENO PRODUCTO DE LA EXCAVACION M3

(Indicar procedencia) c¢/mat. de excavacidn o c¢/mate~
rial de banco.

. VA eyl
El volumen total de excavacidn &R menos el volu-

a relleno

Figura 3

8} ACARREO DE MATERIAL SOBRANTE, PRODUCTO Di LA EXCAVACION. M3

El volumen total desplazado por elementos de cimentacidn

(MR mas un X % de abundamiento.
(Ver figura 4)

Fiqgura 4




P

9) ATAGUIA (Indicar material, profundidad e hincado) ML. 6

bza.
10) PILOTES (Indicar tipo; material, profundidad, dia-
metro, longitud) {(Ver Fig. 5) PZA.,
.
T

‘“"72?«%’7‘“‘ SN

\

Figura 5

11) PILAS (Indicar tivo, material, profundidad, didmetro.
longitud) (Ver Fig. &) PZA.

Figura 6

12) PLANTILLA DE CONCRETO M2

Indicar material y espesor. A la superficie de la




1)
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secc1on de desplante se le sumarad una franja perime-

tral de 10 cms. de ancho a menos que se lndlque otra -
dimensién. (Ver Flg. 7)
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13) CIMENTACION DE MAMPOSTERIA O MUROS.




CONCRETC: Para cubicar este elemento en cimentacidén o es-
truetura, Be pueden temsy las dimensiones a ejes

sin considexar desperdicio.

14) CONCRETO EN ZAFATAS. (Indicar resistencia y especifi-
caciones en general) M3
(Vver Fig. 9)

L
“TU -
_-~:"”\(T§ o \t\k\:\‘\»‘;\‘
. N N O \
CAaay
NN
Figura 9
M3

15) CONCRETO EN DADOS (Indicar resistencia)

(Ver Fig. 10)
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Figura 10
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16) CONCRETO EN CONTRATRABES (Indicar registe
(Ver Fig. 11)

ey R T
R . I &3 ‘ ~ ; B
b%”ﬁz7g§§ AN

Figura 11

17) CONCRETO EN LOSAS DE CIMENTACION v MUROS
DE RETENCION ‘Indicar espesores)
(ver Fig. 12)

A ke
N
3 3
‘E \ e s ’.::.'_:‘.—_’T—‘¥<S§\j

Figura 12

17') CONCRETO EN CASCARUNES DE CIMENTACION
(Indicar resistencia ¥y espesor)
(ver Fig. 13)

Figura 13

ncia)

M3

M3

M3
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18) CONCRETO EN BASES DE EQUIPO (Indicar resistencia) M3
(ver Fig. 14)

T

R

Figura 14

ACERO DI REFULRRZO
Al cubicar el acero de refuerzo no se considerardn desperdi~
cios, solamente gairhos, traslapes y escuadras,

DIAMETRO | GANCHOS | GANCHCS TRASLAPES ESCUA-
# PULG. PARA EN DRAS.
f ESTRIBOS| CABECE-
RA O IN-
_ TERMEDIOS
2 1/4" 8 11 25 . 10
| 2.5 5/16" 10 13 25 15

3 3/8" 12 5 30 18
4 1/2" 18 19 40 24

5 5/8" 24 23 50 30

6 3/4" 30 60 35

7 7/8" 34 70 40
8 1" 46 80 50
10 11/4" ) 59 100 64
12 11/2" 70 120 70
C ‘ —

\. ‘s =

|

\\\\ \\\\\\\\ Figura 15

gancho de gancho

cabecera intermedio

19) ACERO DE REFUERZO: a) ZAPATAS. (Ver Fig. 16) Kgs .




t
i i st it

L) papoS. Y

O Y T 7(—:'\:—7:;;
' Fle (D).
c) onTRATRABES,

A

7 '
. o . Fe.®
.’ C})Losas P <CIMNENTACION - '
}-—M—‘——m.-_—-—._—.__.__———-——‘ 1
£ 3
SR 727 NI
Fio.(®
€) mutoy OF REINCION . -
| * !
p 4
| S—
> " o T~

Q ) R . ’ Fie (20

§) BASHS DR BRUPO-

: .

o mie. @D

20) REGILTLOf &N (ONTRATRABES O= cneNTAcioN. (1NDIBE OIMENS(0LES)

P2A.
' 21) IMPERMEADBILIZACION INTEGRSL - M
(NO\(AE_ -’DDS'IF-'-lc&c'lON\
- . . 1] "J.
22) RECILIE ESTIUCIUEL MTVALICA 3 CONCRETO Lyp PANSIVO M
(inpieat DogirIcAcion Y Bpeso&)
R ) i
Y . . PU— . 'l' .
-fnnmmmm:mtmbw —t-
it ;
U
O e ®
i P2a .

23) ANCLAS, INCLUYEIIBO  COLOEACION

(MbicaR TIPO, DIANSTLO, DiINENSION Y cAmiaA)

.




e C;M&LA, | v CUC’:;CAO_. BT % T in F’e‘»-.('_T{D/:« LB et L LA, b
LU PTIEEICit D coONTACTE COH L ELEMENTO O
(ONCRETE D QUE B TERATE, er: DRt SUPAC R
LDS &= LLFTNENITOS INGCAN DD TIPS & c‘\rnma.&, APARGUTES,

TLIPWY, OumLA , BTC. ‘

T0OY emBia ER Eﬁ\) 2 LPATDS ) . ! M:”-
~, o

Y - °
R A TACE)

€) CORTLATEALAL.




= 77 =

g) BA‘.:ES» CE 1=EQUIPO.




= e =

e
———

&
M
ye = Cle T
1) conennTO BN LOSA DF
(npicar. P T HETA) o
o LA,
Vst
— "l sie. ®
;;’;r:;/-}:—‘—-‘;;\j” ~ i
-
' W
72\ (oncue=ETD W COLUMBAS .
2) ‘ |
(INDIC L o oieE WA )
s /;]
7
//,
fi,_,,_.__,_;.
/il:i'\;/‘/}‘:“;j{ brnozi Tt Pl
&
3
\ ' —m@) M>
%) coMcneTOo &M TRARES, (_tND\CAFL eSS ‘ )
Yo
Fie. G
>
I ; c‘.'ib.B r
. (inDie Qe el TEN
4) conceeF TO oY MU RO (\'\XD\ AR L )
‘t—-—-—-—\;/'
. l}‘
.'“..
17T
/I
; —
= ”i =16 . @)
5,,\'»’,:. SO
M2

) = I‘Z.hf S A 2O T Hu,
[~ O,‘ 10O b LOS A O =N P\ O Y .
o Ol Ci’e ‘ S T Fa \ -

Quo\uxe. L SISTENCIA )

e




= 79= ,

- : >
G) CONCRETO EN CASCARDNES, , M:
('IND]CAE QE";I%TC—:NC\'A)
- - 3 , ’)
1) (ONCRETO EN LOSA RETICULAR L. R A TS
<:ND(¢M2 &1 INCLUYES BLOCKS Y SONOTUDO Y RESISTENCIA
oEL (ONcrETO.)
, ST, . >
g) OncRETO EN ELALERAS. , _ M:
. (INDICAR Qaa\cn'-rsuc'\,a.)
A ED)
. I‘ vs
q) CONCRETO EN PRE TILES | FALDONES. A
) Fle, @
PrRETIL FLL0ON
10} ACERO OFE RERFUER20 =W ‘
’
3) LOSA E PISO ( maLen, lic © acERo PE D.E‘-.'F-‘.) kqs

MGLLA LS (__-?U///}./,r/“:é_':{o_Z_Ct?/—’ﬂ;j).-.___ e M 2

OSSAASTE /7»'&3 '3

- : F’(G.@'

b) cowmmas, e _:__J_L_
P
8 | L
T
) W.P.T.
Fie @ ngr:vi—;e %
. / 7 3 -5
T

c.) TRABES, .-

A l..ﬂ Fle.




c: ) MUR O 'T"‘” 2%

-y
SR I

Fle, @

e} LOYEAS,

’

(ﬁ CALCA 0O NETS

9) ESCALDNES, . | ey

e e

TiG, \

2

‘n) PRETIINGS Y FALDONES

! : J }; Fle. @2
PR-}T{L_ FALDOHN,

N ElmumuTos DT SSTRUCTURA PRECOLADOS.
7) BLEMUNTOS OR BLTUCTULA FPRESFORZACOS
i2) ErEmeEnTor G ESTIUCTUVRA POSTONDADDS

14) cimerA =

a) LOSA

P24,

£2A,

]



L{) COLUIAW b,

<) TRARATS,

P
E_:?/ £, @
a") MULCes,

N
[

::];'i';.l ! |
\d rFia. @0)

e) LOSAS DE ENTREPILO ¥ AZOTE A, .

1

¢) CASCARONES

3) BLCalONEL, - ~




= 82 =
L]
I5) ECTRUCTURA DY ACIRO CLIG B, SENPESADM, PE&ADA}
a) coOLUMNAS
b} TeAapEs,
¢} ARMADURAS PRINCIPALES,

d) ARMADURAS SECUNDARIAS.

e) CONTVLaisNTOL.

. ’

" §) CONELIONES.
Kn} RELLA IRVING ]
({HD\IQAJL MATERIAL Y PG ) =
) BOCALONES IRVING
ClN DICAR MLTERIAL ¥ TIPO )
B) PLACA ANTIDE REA PANTE .
(INDICAR SSPESOR)
12) BARANCALES,
(lND\CAQ_ CINTHSIONEL ¥ SEpanR POR TlPDX
20) O rLTDAS MARDIAD
(INDicAR DimERLioBEy Y SEPLRAR POR TIRO))
’21) F—‘—‘V.O’T‘ECCI'OH ESCALERAS MARI'NA'&.
(Nowae DIimeusionss Y SEPARAR FOR TIRO)

22) BLCALERAS fETAUICKS. | -

('mo'\cz..z CINSENSIONST Y SEPARAR FOR TiPo)

]
[

2%) PLATAFORNMAS ,

( INClca. DimENTiONES ) SERARAR POR TIPG)
2‘43 PASLALE LAS,

(1upicar DimsNsionss Y SEPARAR poR -ri‘r»c;)
25) LOSAS TT Sifoncxl
2@) BLos O=Z LOGA D.'aT\'cUt.ALL

CI.NDic;;p. OinsN SIONEY Y T|PO§
21) TEHOS ©T LANIVA,

(F5BESTO, PLALTICO, AcERO)

Ks{.

<z

M.

M

ML .

Mi.

ML

M.



83

1

: ) . ML
28) CUMBRERA ., PEHATES. PZA.o M

,CI‘ND\'CAL‘. t.:..r:rx:ui.m_.\,

» ’

?‘:‘l) SUNTAS BN LOTA UL P,

’

ML,

3) JUNTAS DE . WONTRACCION.

] - g

' - D\-—.v WnEIIA, ::‘F i '_::‘T::‘P—“\“?N;'- ’{‘#"-"""“:\“
t'.\:"‘\“; 1 i . AR t
Fl1G.(50
b\) JUATPS DE . LOLAPO.. ‘

—-a

F\G\ 5\ - '
. 1
. c) JUnTAS DE EMPANSION.
} ’ - —
-
- e —— o N
=2 === mma>» T -

] ]_ K T SRR

na- G2 ’ -

d) sunTa C©® - L BENSEN -
CONSTIUCCION \‘% _F h ' .

. {
@




. - <y, ~

el

e SHBNPS

o AL BAMILE 2V A

1\) FlRRES DU CONCRETO.

(\chm.z_ = pL SO R:‘E\STEHCEA)

l_,.—a-—-—-——-p—
e

e e

#

2\ MUROD DT T RIQUE pECOCIDO.

(Nplean DimsNsionEs Y (CLOCACION )

ot ‘
i =4 h
2l 3t [
E |
[~ .

?) KuRDs> O rablque LIGRERO @ T4 BICON.

(INDICAR OIMEN SIONES Y oL ACION )

4) vueos O TABIQVE COMPRIWIDO

(nioicm& CIimENSIONES Y COLC’CAUCH)
5) MUKEOL BLOCK HUBLO VICRIADD

(noreas- ormeENsionEs Y COv_Ocz..ch:N)
Q) 1oy BLOCKL HUECD LECOLICO

. (IND\CM’_ Dlmsrfls\cue.g M (O\..OC.A.C.\ON)
1) uvros TARIQUE PEERALCTARICO -

(norcan DIMENSIONES Y COLOCA.C.!ION\)
B) MUROS TARIQUS ANTIACIDO

(noicar OIMENSIONES (OLD CACION)

q) muco PLOCK CONCET TO .

I3

(inolcan, OimeN sioNis Y (OLOCAC.\ON§

i o]

lD\I ML PIwDEA -

(IMOICAR DIMmENSIONSS , (OLOCACION Y 2 BADO)

1) muco BLOCK yioglo

(lNDiCAQ_ L')\'\'rr;;t»xslom;—s 4 *co'..ou.c_lou)

AR



o

2) MuRo ©LE CELOCIA.

:

(IN.DICAP. TIPO, DIMET 2CNES Y cou:chc:icu)
I3) CASTILOS  AJIOGADOS N FL dLOCK.,

(INDicar REFUELRZO Y ESHSTEMIA OSL COHCEETO )

DE COWNCRETO o
1) casTiLlos . (INDLEAR  DIMENSIONES Y ReFuER2O)
“ H - ’,;'s. T__
. A
__‘_E'E_d i \
S,
t A th
- ‘ ' |
R //‘ g T hi. v ‘_,g .
- __.—_—q_.{//&l_ ._.__.-..._\:
e R e—— {
I L. ‘\_‘r_\cj;:’@ “:A\}‘/ e
LiD) CADENAS ©E C_ONCD.F:TO -
(mo\cm:_ olmaNsxom"S Y &Er:uc.r.zo\ ’ '
) {:u -, Y //Eu ZHM ]
1 - T i )
. o, .
(T = i ’ i AP
F\e,.:- . _

I0) CoREAMIENTOS OB <o~cr.z\:ro

<|ND\CA2. DIMENSIONEY Y n=;=va12.zo>

ML,

ML,

ML, .

ML,




i

86

1) REPIl2oN Clf CONCRL T, ML,
. . N
(moicmz CIMENSIOMES Y AMBRO DE REFUERRO J
Fie. (6O
) DALM DF COHCRETO. ML,
(INDican CimeENsiONES T ACRRO DR L& FUERZO )
guiag
L
-
L-::_ NPT
(i it
R 77775 M.~
Fia. @)
(D) CHAFLAN DE CONCRETO . ML.
[ N e O
re @2 S e
t— i
20) IMPER NG AGILRACION  DE SPLANTE: OB MURSS ML,
’ 2
Mo

21_) IMPELMEABILIZA QIO BN MUROS.
: [ aliiy

p——

EXTELIOL -

ria @9 L%] _wrT.

X .

INT& LIOQ,

I

. L]
22) IMELLMTAGILIZA CION (URIE2TA D SIPOEY.



-
<

= 87 = N
. . X : Y
za) IMPCLNGA BILIZACION  CUBIERTA DE CONCRETO W

- 3

- B e
o ' ?\G.@'XC_L‘]

/ . o .
v 1) IMPRTINEABIIZACION LOSAS D CHNERTRCION M7
ne~ ' " . 2

D) 1M PET. MEA BILIZACION (UBIFRTAS OF CASCAROA. . M

Mz

(o4

2¢) RELLENO |\ ENTORTARO.

(InDicae maTER AL Y EsPESOR) - .

LT
AN ‘\‘\\\. . R

N
. \\\\\

N

hY 3

¢ ’I,/ZZ//'/J//H'[/-" /179

Q - ‘FIG_@ _' : ‘ |
. - o

- .

27) ENLA OLILLACO DS AZOTEA.

ML..

28) SALCINELSS.,
(MDAt DineE NsIONES Y Q’E.FUEP_?.CC)

. ¥,
29) poDAPIS . -
(holcan naTERIAL Y DiMENSIDOHES)

-




Od - MUEBLES . INSTALLCIOHN S AN TS BT HIL AU LG,

1) OO RO, P2A -
(INAUYEHDO ASIENTO ) MARLA Y TIFO . ) Q
L’) LANVABDSD, P2A.,
- (MA.P.C». v T\.’PC;'B
2) RiDE s P2 A .
(wneca y TIPO)
4) MieTorios P2,
CMA!LLA, y TiFO)
5} FUSRTS B LADLeEYy P2A
QIO ER et N ST LA CHONES )
¢) enkE CEZRos. P2A.
(Marea ¥ TiPo)
P2ZA .

i

".> VOoRTEpzLOS.

EN v .o ,_7._. . i 2 A .
=Y N oL, . ( )

V- < rr—m -

f

7
ST N AV I e T A S R EENNNR on
,)}:\’) O LS OIS FALA BANO '

3) PAPELERAS.

b) saeoNEEhS.

c) T e LLESTZDS,

d) e ancnos, _ .

e) coT=Ros,
// 10 INGTALACION  MUESLEDS SAN| TARIOS. SALCA
3) INOLORO, .
5Y MING ITOTIO -
c) LAVABO.
d) veEutTmo=uos.
@) LEGADERAS. -
) FLE A UTLS) .
q) BiEpE LELOS.
ho Zid C}(tﬁ

Pzalk

/72 10&) FLOXO a1 ROs . (orcar MAata 17]003
PN SV L N o) T Y R ) o XY s T LA



I
l

89

30} REGir ney  CE TABIQUIE .
(1ND\<{~P, Dsnmr_-,uc,\olx&sg,“&custaoo \ITAPA.-)

1) RELGIGTROS D CONCRETO . .
(_lNDich.n, DlrnENGIOOJES,. ACABARDD Y TAPA.)

27) c¢OLOcacion D= #q;mmg y MACCOS.

33) coLoeacion VENTANSE (A

24) COLOIACION CLOSETS. .
(I.ND\.QAE. Dfmmﬂsiomas)

25 COLOLMCION CORTIVAS HETALCAS

?’6:) COLDCAC_;ON BARANODALES,

31)  coLocaciON Mo PARAL.

29  (OLO CACION  CHAMBRANMA m;-:-."l‘k\-.lc.bu. o

) (OLOCACION TINACOS. |

40) <COLOCACION CALENTA§ORé5.

41) COLOCACION MUEBLES SANITARIOS &,

| =) inoLorwos '

b) MinE|TORIOS

<) LaVAROS. -

cJ) 81 D2PTS.

<) Ve = DERDS v

a2) (OLOCACION AcCCESORIOS PARA BANO.
3) PAPELETAS. . ’
B) cANcnOs PARA WE.
c) \JABOUEEA
. d) toauseo
€) coTERSS,

43) FOLIADO DT ESCALONES.

( MDA DmENSiONSS )

44) ALE AL DAS.

(inoreac Ol MEN SIONES )

=

P2A.

M.

P2ZA

w2

ML,

ML,
P2as.

P2A-

PZA.

ML .




DO) VRN CUE D

(IQND;CAE_

!

6]) MALTELINADD,

(s

ML

- 4 ¢
DlMENwIOMES ¥ MATE E’-i;—JMB

MURDS, COLUMRNAD , TEGD, ETC..>



2 9 3
OB . HEREERIA

) PICETAS. , ' o PZAS,
(moicmz_ MATERIAL , SEPARAR POR TiPo Y o\nxcus{oues)
2) VIENTANAS, P2AS,

(iNDlear. MATERIAL 3 EPARAR POR TIPG Y DIMEN IIONES)

B) CCLTIVLS METAVICAS . ‘ M

- (INPlcar paATERIAL ¥ SEPARAR POL Tipo)

4) MAMPAELAS PALA BANOS- M

(INDIcse. MATERIAL Y DimeNSiONTS )

'53 CaN = L=, . . . . » M.2
C(iWpican. maTEeiaL Y ;EP/;Q Pore:JTiPo)
G) LEIAS, ' o | ‘ M2
(InGlese. DimsNe OvEs Y ‘TIPD) '
7) FLASHING. . ) \ | ML.
(i.NDlG-CAz- MATERIAL b'(mans-|oNa§, sepapar pOE TIPO ) /
g TAP* SUuT 5. - o i ML
' (INDICAR MATERIAL § DIMENSIONES.)
9) REPIZONES Mis TALILOS. . ML
‘ (iuo}ch\v; AT E L e 'oxmeusgom::s,) o
10) CELOCinG M= TALICAS . | M
‘ (inDicar martseiac § OIMENSIONES )
W) MESQUITLROS — ° M.
({w Oltot MATERCIAL )
\2} MoL DURAS, ML,
) QND\CML MATSRIAL Y D'\mssnsabues> \
13) CAmpaAS. ' Pesy
(l;qm'cnn_ maTEmRIAL § OImEN ';.\our;*‘..}
lcﬂ oo ' ML .
Cluovens, mamoeise y ©im= HSIowEs ) |
IS) BRI IACDS O ALARBRADOS . . M-

L
(T1PO Tan MATECIAL 5 MARCA )




— .
= ‘gL =

G . TARPINTIEUIA

)y PumeTAs . FA.
(INDlCAr_ DImERSIONTS y CLASE VS palal FOR TH."'D)

’2'} VEINTAVLS . PZA.

(;"NDECAE- BIMsEN S;GI\EG 2 CLASTE Y 5‘:"9‘5‘%2. PoR Tlpo)

{
AA
3) CLOLETS. PAA

(“"'D"C‘w\,l D{‘MCNiiOwr:J ; CLAgE Y SBEPALAL POLR '"n'po>

4) . 5 f,[.iur_:; . . M?
(_',Rll Dlesnf CLALYT 13 I.HC'\_U'HL BASTIDOR Y MES (5 DAS )

5) PLAFORES. N2
CH;{D\'C»@LL’, CLASER M o paliR POR T?FO)

-

' K.,
‘a> [N NN o Y-V ,
(iug : ouE ; S, SmpARAR PO TiPO)
UINDICARL DImMENGIOvES PASLWMLYOS, b )
) FZA
Ty chmLES, /
("“D"CM‘« ClbSms, SHPARAR pOR TIFOY o'.n'.,—_msioc\ms)

. y .
g) CELOSIAS A

(stpar nid POR *r'm:;)

DV Ve PRA.
(ioverr. i)

.’D) LS AL ONRES Pab.
(INDicar. CLagm | SEPALAR POR Tl'Po>

i) REPISONES VL.

(iholear. DimeEN Siouss)



OT7. ACADA LOD

B EFZTE.c.UgL’imiE-:N‘TD DE MOwacO
(s=ranar. muros O PisO)
7)  REcURLINIENTO OE CERAMICA: -
(sepapag mupos Dw Piso)
3) REcveRiniGNTO OB GRANITO |
= (serarur. MurRos DE Eiso)
4 RECUBLI MIENTO D= AZULEIO.
; (sE PALAL. MURDS D= PISO)
5) RECYLCIMITNTO O MARMOL .
(G=Papar muros O= PISO)
6) RECURLIMENTO D MADZ Ris.
(3);?3#&11.#.2. MUROS DE Ti=Cud)
7)  RECUBLINIZNTO K DE PIEDEA,
(sapPacae MUROS CE TF:‘.(.hOS)
3) rzacurs[’_im'n:g'ro O \-ADRK.L\—O.
(.SEP*;.T‘J».V. nJeoS Dre PI'SOSB“
9)  rEc o inlERTO LOSETA Dm BAREO,
(‘SEPARL\E MUROS DE F(sos)
1) Q;Eacuac‘n--'_ssmb O PLASTICO.

(s\:-:m-'_‘a.n. MURDs§ O -r:zcuo>

)

93

fl

M




] PANEATO 0"
ELEMENTO cany. lpeso | Lome. 0.248 10.384 [0.357 | 0.996 | :£.380 2.290 13.039 [ 3.2F75 | 3.223 [ ©.030
/14" — 2 PBAS-29 |3/8°— 3 |1/2°~4 [83/8™ 3 |3/9°—6 |7/8>~T 1" = @ gws"- e} [vﬂ‘w@
i
) i
L
3UB  TOTALES ;
PAGA A 096 Paen
BUFETE INDUSTRIAL PLANTA EDIACIO AREA ————
DEPARTAMENTO DE CUBICACIONES PROYECTO N° Bl AMO Ne MOJA DE
60 ACERO B REFUERZ O
ESTINA ESTIMO REVISO FECHA
N e I j
U /) FORMA LM-2
(‘\/




- QO

FORMATO "A°

ALTURA : ' o
c . TAL [UNDAD OESCR!PCION DE , OBRA
ONT. CONCE PTO SECCION LONGITUD CANT. T0 :
i
P ' '
[l
{
i
i
é -,
!
i
{
i
!
|
i
T J
iPLANt\ BUFETE INDUSTRIAL PROYECTO N°. - PLANO NO
i EDIFICIO DEPARTAMENTO DE CUBICACIONES
| CUGAR . . ESTIMO REVISO
: !
AREA ESTIMADO CANTIDAD DE OBRA FECHA HOJA oE |
[OUSUS b

!

FORMA M- °

b






C} <> / FORMA 1

SALARIOS BASE TOTALES PARA ESTUDIOS DE PRECIOS UNITARIOS
INCLUYENDO AUMENTOS POR DIAS NO LABORABILES, SEGURO SQOCIAL.
INFONAVIT, Y EDUCACION.

CATEGORIA SALARIO NOMINAL I iI IIT = I + II SALARIO

DIA SEMANA DIAS NO IMSS-INFO-EDUC. FACTOR FACTOR TOTAL
LABORABLES (a) (B8) _ (C)

Pedn 38.00 266.00 12.04 12.46 25.50 1.671 63.50
Ayudante 45.00 315.00 15.45 12.48 27.95 1.621 72.93
Albanil 60.00 420.00 20.60 16.66 37.26 1.621 97.26
Fierrero 65.00 455.00 22.31 18.04 40.35 1.621 105.35
Carpintero 70.00 490.00 24 .03 19.43 43.46 1.621 113.46
vibradorista 50.00 350.00 17.16 13.87 31.03 1.621 81.03
Chofer 60.00 . 420.00 20.60 16.66 37.26 1.621 97.26
Cabo 75.00 525.00 25.75 20.82 46 .57 l1.621 121.57
Operador 90.00 630.00 30.90 24 .98 55.88 1.621 145.38
Sobrestante 120.00 840.00 431.20 33.30 74 .50 1.621 194.50
Instructive:
I pias no laborables: Séptiro dia, dias festivos, dias de tradicidn enfermedades no profesiona-

II

les, vacaciones, dfias de 1luvia@s= o« « « o o o s o o o = o o = o« o o = 81 diaé
Dias pagados: 365 dias calendario + 15 aguinaldo + 1.5 prima. . . . .381.5 dias
Factor * 38l.5 -+ (365-8l1) = 34.33 %

A) IMSS 19.6875% sobre salario minimo + I y 15.9375% sobre categorias superiores + I

B) INFONAVIT 5.0000% sobre salario nominal
C) EDUCACION 1.0000% sobre salario ndmina + I

FACTOR IT Calculado = Minimo 19.6875% de IMSS + 5% INFO + 1% EDUC.
Superior 15.9375% de IMSS+5% INFO + 1% EDUC.

MINIMO 67.1%
SUPERIOR 62.1 %
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BASICOS USADQS

RELACION DE COSTOS DE MATERIALES

FORMA 2

TIPO DE UNI- PRECIO “TIPO DE UNI- PRECIO TIPO DE ‘UNI- PRECIO
MATERIALES DAD MATERIAL DAD ' MATERIAL DAD '
Arena M3. 45.00 Varilla de Ton 2,512.97
Grava M3. 45.00 3/8" de 4000
kg/cm2. Tubo albaifial
varilla %" de 15 cm. & Pza. 4.50
de 4000 Kg/ Tubo albafal
cm2, Ton 2,493.42 de 20 cm. Pza. 5.50
Tezontle M3. 40.00 varilla 5/8"
Cemento Ton 375.00 de 4000Kg/cm2. Ton - 2,473.86 Tepetate M3. 30.00
Madera P.T. 2.70 hasta 1%" Ton 2,453.93 Triplay 5/8
§ . 1.22 x 2.44 Hoja 280.00
Agua M3. 10.00 Block extruido
Clavo Kg. 4.00 6x12x24 Pza. 0.50
Alambre Kg. 4.00 Electromalla
' 6.6-10/10 M2. 5.35
Alambrén Kg. 2.44
varilla 3/8" Refuerzo Armex
de 2530 Kg/ 15.30.4 M1. 9.50
cm2. Ton 2,248.97 Electromalla
6/6-6/6 M2. 9.25
Refuerzo Armex M1. 5.9C
lox1l0x3
varilla 5/16" Diesel Lt. 0.40
de 4000 Kg/ Gasolina Lt. 1.00
cm2. Ton Aceite Lt. 5.50

O

2,552.00
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ANALIS1S DE COSTOS UNITARIOS BASICOS USADOS

PARA MATERIALES

Concreto premezclado f'c=1l00Kg/cm2. T.M.A.

40 mm.
Concreto en planta

Descuento 6% (-)

Transporte a la obra
Ingresos Mercantiles 4%
Desperdicios 2% x $221.72

UNIDAD M3. C.D.

$ 191.00
11.46
35.00

7.18
4.43

$ 226.15

$ 226.15

N

Concreto premezclado £'c=150 Kg/cm2 T.M.A.

40 mm.
Concreto en planta
Descuento 6% (=)

Transporte a la obra
Ingresos mercantiles 4%
Desperdicios 2% x$241.30

UNIDAD M3. C.D.

$ 211.00
12.66
35.00

7.96
4.82

$ 246.12

$ 246.12

FORMA 3




97

ANALISIS DE COSTOS UNITARIOS BASICOS USADOS PARA

MANO DE OBRA

Mortero: Cemento-arena 1:4

Cemento ©0.355 Ton $ 375.00
Arena 1.100 M3. 45.00
Agua 0.260 M3, 10.00

1 pedn $ 63.50
1/20 cabo 6.08
$ 69.58

Rendimiento (69.58 = 2.5 M3.)
Herramienta 5% de M.O.

UNIDAD M3. C.D.

$ 133.12
49.50
2.60

$ 185.20

s 27.83
1.39

214.42
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ANALISIS DE COSTOS UNITARIOS BASICOS USADOS
PARA MANO DE OBRA

Cuadrilla albafiileria

1 Albanil

1 Pedn

1/20 cabo $ 121.57
UNIDAD JORNAL C.D.

Cuadrilla colados concreto

1l Sobrestante

4 Albaifiiles $ 97.26

2 Carpinteros 113.46

10 Peones ¢ 63.50
UNIDAD JORNAL C.D.

$ 97.26
63.50
6.08

$ 166.84
$ 166.74
$ 194.50
389.04
226.92
635.00
$1,445.46

$1,445.46

Cuadrilla Fierro

1 Fierrero

2 Ayudantes $ 72.93

4 Peones 63.50

1/5 cabo 121.57
UNIDAD JORNAL Cc.D.

Cuadrilla de cimbra
1 cCarpintero

1 Ayudante
1/5 cabo $ 121.57

UNIDAD JORNAL c.D.

105.35
145.86
254.00

24.31

529.52

529.52

113.46
72.93
6.07

192.46

192.46



FORMA

4

FECHA :

OBRA : Crrsily) EDVCALIowW conw7

P.U. No., /

| ESPECIFICACION: A/MPE20 DE L TFE#AEM O

b . L ()
— - U pop  M=e
MATERIALES: CANT. U P.U. IMPORTE
|
fpr——— - L4 )
e i
|
|
S UMA
MANO DE OBRA: IMPORTE
Lol ¢@2bo ___x (24,S7 = 2lS? ]
20 peonéd X &3.50 = /270,00
o /.39, 87 ’ -
Iendirmienls sooo Mz//az, ]
7 ’ |
/000
SUMA =i
HERRAMIENTA Y EQUIPO: IMPORTE
003 x> /1 35 o o 4
SUMA 0.0 :@_
COSTO DIRECTO i), 43
- INDIRECTOS
PRECIO UNITARIO



FORMA

4

FECHA :

OBRA: CIiN: o o EQUE, CowTinU b

P.U. No. 2z

| ESPECIFICACION: 7R2AZo ¢ MiJecactond Det TeRreeno

i} 3 VI PAD AT
MATERIALES : caNt. | v | p.uU. IMPORTE
EBTACAS, PINTURA, cLAVDS, ETE / lote | 0,20 a.zo
S UMA 0,20
MANO DE OBRA: IMPORTE
ALRPL  Thoo £E e
|/ 72posenfo /4,50 - /94.5D
o Cadentres 72,93 = 29/. 72
- r ge. 22
| 7remnpo embleed, f aces
a4foz2x & ~'38679.7¢
| _Costo por wm? - 758976 /.08 /08
Péoo nx S UMA 0P
HERRAMIENTA Y EOUIPO: | IMPORTE
surbo ob Hoposys o com plefo # 50.00/0&&
J_&?_S_&,?_Q/ M2 2 ($50,°0 % & o) 5 2690 m% » 0.7/ 2.7 1
- T s SUMA 0.7 4
k COSTO DIRECTO /3G
] INDIRECTOS




FORMA 4

FECHA : OPRA: P.U. No. 3
| ESPECIFICACION: EXcAVACtow PE Q A 2 MY _0E PROFUNDIDAY
ENTCRREDO TreTArTLSo _'_DE?..IQ_’E Mano: b
OIpLY . M3
MATERIALES : CANT. | U | P.U. IMPORTE
S UMA
MANO DE OBRA: IMPORTE
ol e e3SD L 6350
J@_O Co-(oo I'Z—I, S7 a .08
£9.58 O
Lewdlmiento & M3/ gormaf
cosko /U3 . 69SE -+ 5 - /3.4 13,91
?
S UMA 3.9
HERRAMIENTA Y EQUIPO: IMPORTE
03 X 13.9/ )_o.t/z
3}
b e e - —-— - . ———— [,
S UMA aaz
COSTO DIRECTO - /.33 /,;,,V
i INDIRECTOS
PRECIO UNITARIO




FORMA 4

FECHA:

OBRA:

P.U. No. 4

L)

A UMA _0IST, DE 5 KMT,

| ESPECIFICACION: _%.-E/.\IL(LFO DS MATT R/A(L SOBRAALTE. DL LN £vchadQ—

e ———— e ———n -

e - ————-
Ui DAD ., 1A
MATERIALES: CANT . U P.U. IMPORTE
S UMA
MANO DE OBRA: IMPORTE
Carqa_ 2 feonsi 2 w2, (27,00 525 m* 528 .
Acorreo 1% k., 2,§0 x 1,20 abund-= 3.247
Kwr, Subsecuende 41, ¥ L2 x |30 = 6,52
e _—
4}—— —————— ————
S UMABA 14,83
HERRAMIENTA Y EQUIPO: IMPORTE |
i 5
T_M —————— — — 1
! s )
i .
t { i
: ) ' |
o i . | { \
\ ' | i
L e _ | ] "
r l ] ' -
| | i !
b ——— — —_— - ___!_______ AI* li; ; —
! ! J‘ S Ul M A | \
! | COSTO DIRECTO NI REVLE
B | (" L .
. | INDIRECTOS | !
| | — | |




£ OR44,

4

FECHA: OBRA:

-~

PUUO NO. :‘)

e

Con AU M PiSoN DB HMAVD

 ESPECIFICACION: RFELLEMO DL TRPCISTE. CompacTAOo 10em DS Esps

sorl,

Jw oy = Mo -
MATERIALES : CANT. | U P.U. IMPORTE
[ Aoars 0,00 w3 jo.— 2.6
S UMA o6
MANO DE OBRA: IMPORTE
_ .__\ﬂ_ﬁ@_@_ o 63,80 - 6wV
'/2,) C(L!lpo ) /7/// (7 - 6.0(?
. Jeq.5¢
/a'/nc!f_mfe,n)éa f.oo MS/JW_ '
’ )
oty f10d - 9.5 = &= £ 70
4
S UMA £.79
HERRAMIENTA Y EQUIPO: IMPORTE
0,03 x F7o 0.2 &
B S - e——— —— ——— —
L o o - -
SUMA 2.2 6 C
COSTO DIRECTO g, &2
INDIRECTOS




S

& \dis s

FECHA: OBRA: P.U. No., &
| ESPECIFICACION: ACARREUGA Yo MAIV.AL TEPLIATOSO PARA RELLFWI
T —— - —— - e @ e —— —bensd e v mtme & v Bmems - - & - a—— - — - 7
T i U B PAD B~ D
MATERIALES : CANT. | U P.U. IMPORTE
“Tepelale 4raid o & Lanco | |M%] go0.v 30.09
(5\{_& - Comn R TS
[ -
S UMA 20,v 9
MANO DE OBRA: IMPORTE
- A
S UMA g
|
HERRAMIENTA Y EQUIPO: IMPORTE i
|
2
:
1
- —— e e — " it - - a—— = ‘
e L ) o
' SUMA
COSTC DIRECTO 3.0
N ) INDIRECTOS .
e e et e e L e D 13 i




FORMA 4

FECHA : OBRA : P,U. No. 7/
| ESPECIFICACION: Concremo_fez1S0wgfmt RN, T A 34" zv rosas
e CHASNIAGON Y TRABES 1O
- T U iAo 13
MATERIALES: - cant. | U | P.U. IMPORTE
Concreto eremezclado /08" 3| 2d¢r2 | 247743
, :
|
S UMA 2 5&,45
MANO DE OBRA: IMPORTE
I 3obreafa T 1a450
4 _odbomiey o126 389,04 e
2 Coarbinlerot  1\Bd( 22,92
__[_Q___Q_Q,;n%__ 62.50 635,00 )
o ‘\' D,445‘,4(p/jor_
Rundimienta 30 m3/Jor . conto /M3 |445.46= 30u3 48 17
_curala ') _Peon ,ﬁé 3,59 & 30. M2 = zi2 |
SUMBA £ 90,30
HERRAMIENTA Y ECUIPO: IMPORTE
2 Jikradares t 32.00 /hom
i lote _andamios ___.Yi00 /J
. ~+ 23%9/n.
N A BO A2 /_J OFe ]
wto fiad | 332,09 Kk Ehs o+ 30 401
hwm-t'&wfgy_m%or 0.02x 50,0 (S
T T o SUMA 10,5 7()
COSTO DIRECTO F1G. 294
- INDIRECTOS




FORMA 4

C

FECHA:

OBRA :

P.U. No.

g

SIMENTAC O

OIJIDAY = T

Q

MATERIALES : CANT. | U | P.U. IMPORTE
Madevs, en cosiados 4"k |”
[ 10 s> x 3,54 X |, | PT | 42é et | 270 nse
HSb =6 vsos = 1.973 59>
| Clovv  0.250 kg Jraex 3,54 0,880 (K5 | Aoo 3.5
_O_v_(_a_m_l?ie_ é\f 4\_8 o./|50 L-.;/'M?. X 3.5-‘{__ ] 0,53/ /Z’e7 4,09 2,12
Diesed 18 /mz w 354 | 254 |ehp| 040 )42
S UMA 901
MANO DE OBRA: IMPORTE
L CavpiaTers Y e
1 _Guodanta 12.a%
/s Celbo 2057 . 6,07
| lq21¢b‘/Jbv.
| Rewmdimiendo 10 U Jer,
Costo ' 1672 4b=+ 10 = 16,24
S UMAB 1G.24
HERRAMIENTA Y EQUIPO: IMPORTE
0.03 x (G,24 0,s¢
CT T T o S UMM o5
COSTO DIRECTD 2073 fnz

INDIRECT'0S

B R




FORMA 4

FECHA : OBRA : P.U. No. 4
| ESPECIFICACION: R L
ACI"%ED_?}E. Q_Eu?t’wo (Z%emoa &Q)_L 7" FO_ClMEAT A CA Y] C
b v= S/i6"
) B UMD 0w, N
MATERIALES : CANT. | U P.U. IMPORTE
Aeevo e Medao .{’g.us 000 leg fen® LoS |towl2ssz- | 269960
CZ.(a M_{\J'rvc M eoed g R’l? _ o2y Tow| £090 ~ 28,00
SUMBA 2808, 6D
MANO DE OBRA: IMPORTE
1 Feyrero. |05, 25
*fi__ AqodanTes  $ 7243 145 . 8¢
4 Peones b3 SO 284,02 O
V5 Qals o 121.587 24,3 |
L 52 52
\Qew L Mta,vv{\o 0.boo 'Tow\/oovmv(. c__uad_’z:' Ha
Costo/ton = 524,52 — 0.600 = 852,83
SUMA £&2,83
HERRAMIENTA Y EQUIPO: IMPORTE
O.02x £82.5> b 26,47
- R ,
T T x
a o -t
S - T T .i
| L
- T - ‘S U ‘M A ‘%;qﬂ
i COSTO DIRECTO 37/3 ¢o

| INDIRECTOS

. e T e e A Ml |



FORMA 4

FECHA : ~ OBRA: P.U. No. (O
| ESPECIFICACION: MALLA FEAFCTROSOLEAR
A6/ =12/i0 _xn_ 1osa Do biso ]
. e pWIOAD = M4
MATERIALES : CANT. | U | P.U. IMPORTE
Matle clectrwaldeclan, ] 1O 142 5.':$J= 57828
aiaw\}gre. reooida 18 | o0IF L’?f 5,00 0.07
S UMBA =95
MANO DE OBRA: IMPORT
) Merrers  Hegas
2 aumm s bz 145, £
_/IO Gamo o 124,57 12,18
T 263.3
@QVKCMM\(’.V\/{O > 150 Mz/JOs'noJ @Maa(.v‘\ﬂh
Cn‘\*o /i«\"’— 263.3G - }. TS
| SO m*
| S UMA 178
HERRAMIENTA Y EQUIPO: IMPORTE
B 0.03%x LW7Y% e o5
o _ _ .
I . -
T N S UMA oos
COSTO DIRECTO 278
o L INDIRECTOS




PURMA &4

FECHA : OBRA: P.U. No. [l
| ESPECIFICACION: REFOTRZO T1P0_ &RMEX, 5, 304
VU Dad =14 L
MATERIALES : CANT. | U P.U. IMPORTE
_fZgLE_‘u_Q_rzo Aeracey 15,204 O nel 9.0 ) oﬂ_g
clambove  recoccta 1R _loors [kl s 0,07
S UMA lo,s72.
MANO DE OBRA: IMPORTE
b Cevrea 1053
2 _Quudenlie 312093 . 45,86 o
%O @[zbo__ 12,977 « 2. Y (b
E— $ 262,26
_PQ&\O’}A_@ ew\n - 90 . IA L.T/:Jo»'no»f = caae Lo Cla
.,__Q_}DSGO ~—. 2‘6’3436 "'\.' C‘O - zlq a
S UMA DR
BERRAMIENTA Y EOUIPO: TMPORTE
i O,02x 2.93 @, C’ﬁ
e _ _ .
S UMA 0,06
COSTO DIRECTO /3,54 U
B B INDIRECTOS
PRECIO UNITARIO




FORMA 4

FECHA :

OBRA : CEAMTRO D EDUc.conmiwn P.U. No. |2

-

d

_ESPECIFICACION: ConNCRETO Fl: 150 ke fomn?  EW _OSAS

Y cereaMIEO108

DE CcoTRTM

nr o=

Trex OD. 02

O

MATERIALES : CANT. | U | P.U. IMPORTE
Sonerets _Q'c - 50 b et l.os |M3] 24612 257,37
Presmagelsda i
S UMA 2572.37
MANO DE OBRA: IMPORTE
L\ _sokresranie _. LA —
4 alboRiles  441.2¢ 3¢9, o4 .
2 darfinlevos 11240 226 42
| 1O0__pconel ©2.50 G2S,00
- ‘ . I,44S_4é/304’
[Cendd mmienlo  2s ma/Jorm,Qe. ng(ﬂ/n;—,vf‘tsr%%zg 52.81
__Curodo | Peon 63.50 -+ 25 u? - 2.54
S UMA o 35
HERRAMIENTA Y EQUIPO: IMPORTE,
e 0.63% 60,35 L&Y
|2V 7o Lorey Y 322.80 /hom __
L lole amdomios 4.99 . o
B 3¢6.¢0 [ h. !
(mdimviadln : 28 M2 /300, _
_£-£_Si9/f_4_3,: 26/80XE8h —2&5 = /.77
T ) T SUMA /3,5 B
COSTO DIRECTO 33/.30
i INDIRECTOS




FORMA 4

FECHA: OBRA :CELTRO DPL-TOHUC, comningue P.U.

No. (D

ESPECIFICACION: Q1MW RA OT. MADRRA A BAST OB TALLTAA! OFf
| B PRCIFIC IN: A

TRIRLAY < /2 MARZIWO PARA Lgihy DR 1O CrA ?SPI‘AOQ_“(LOSA\{CE@Q,‘\MIFM)T},
vy -8 " e - 1Y = o

 CORBUTRAMRO o) Actia Do coNVTALTO Ve 26036 4.8P - 17:37m42

YA DL D T AT

/"\

MATERIALES: CANT. U P.U. IMPORTI‘,_“_~
_'Tw_—'i__\"o'&gvkgl_&z_ 4 /iar/‘_a/; %3280 -~ +6 vsoss / ol | F723,33 520,
Tabla 6"\’ 2850 10 %120x10.76 % 2,70 < b_uhey / Lole /453 ('7.57,44—Z wﬁ
barrole v’z 6186 KLx 2 ‘.‘.(*T/A(_x 270+ 6 wsos | ! /o te 62.94 . /
@rg&( _4"d 2 w880 Mix 4 N;'ju\l,.x 2,19 4+ 1§ ysoy / lofe 3845
clavo 0,26 )4 /u?- 17.87 U % 409 / bre| 127 [
diesed -(_L-{:/.A-\,)c 11.51nk w 0 40 / /,',/t 702 / !
fronlovn,  2.4P% 0,15 « 10,76 ¥ 1,20 x 2210 S60o) / lodol  7.29 ~4
S UMBSED 29,60
MANO DE OBRA: IMPORTE ]
I _ o ddy —
| Cuaud’u:-(z 72.93
‘/70 Celoo 121,87 6.08 C
- 192.47
| Runl. fabills b 16 uloned e Cochg= 19247 % 16 +ousos | 2,09
| Bend. Clunbrm u _Staclontona 5 |2 147 dor
C_»@»{.\z,/.w— jazATl=0\2 /603
S UMA 1032
HERRAMIENTA Y ECUIPO: IMPORTE
0.85 X JQ.0D 0.5¢
I -
T h SUMA M(»')'J"d?' —
COSTO DIRECTO 48,17
Lo o INDIRECTOS .
!
" PRECTO IINTTARTO CA




FORMA 4
. - L
FECHA : OBRA : P.U. No. 14
(" )ESPECIFICACION: MALLA ELEBCTROSOLDOOR EM A0SA De AZ0TEA
el el I -
. L UaI0LDw 4 &
MATERIALES : CANT. | U | P.U. IMPORTE
Hallg, elect solcta den 110 N* q.28 /0. 17
a,l&wf\b're MCOCA U Q 418 | ooy (ci) £,92 0.07
S UMA J0.24
MANO DE OBRA: IMPORTE
) Blerrera 0§ 25 |
Q“___’;_Q\T_qdc_ml?g #72&23 145, 8¢ B
io Coloo 121,57 12,15 |
- $ 262,20
ﬂ_‘Qli«\_QQ_:_._'_gQ_*_/_\.z/)O’M-()—Cr
_Cosfo /M2 = 2,623, .26 — I35 /074"
S UMRA .77
HERRAMIENTA Y EQUIPO: IMPORTE
0.03x ¢.7Y .0 f:__w
S — — o
e e - R
Of e — — e
SUMA .0l
' COSTO DIRECTO s 2 Ok
o INDIRECTOS N




FECHA : OBRA: P.U. No. IS
| ESPECIFICACION: REFUERZY T(PO ARMEX 10xi0r3
- o O DRD: ML,L
MATERIALES: CANT., | U P.U. IMPORTE
)ZQ_—.&EE’S?'/“O ___/Lfme)_c_ (O%XIO0% B Vo { O et 590 &6.449
__Qfa mlbore Wecocido oy | 001S g | Seo 0.07
S UMA 6 56
MANO DE OBRA: IMPORTE
cwedAlle. 4 205 26
e 7
| Vilienta o 100 ML/ Nor. o 9!
Costo /ML - 262.256 -~ 100 = 2,67
1 - —
S UMBA 2.6
HERRAMIENTA Y EQUIPO: IMPORTE
0.O02X 2.6 o o0&
' S o o SUMA oo f
| COSTO DIRECTO g, L)
L INDIRECTOS
PRECIO UNITARIO




FORMA 4
FECHA : OBRA: P.U. No. [{
| ESPECIFICACION: ComciZrto PREMEzeLado €Lo109 £5 fem
ITHA 20 mm ER Fiane  pe (P )
S T S 00D = M
MATERIALES : CANT. | U | P.U. IMPORTE
Concweetd (e 100ve Jem 0.8 |M3|220(S| 1o
< ¥
S UMA 1409
MANO DE OBRA: IMPORTE
J V__“_____jg_fw_" 2 Je (ag va-inic de costot
| Dosicos %0 v s meno ge_ Qo =,
Coe o Bla. ¢ coladoc gr concee o \;,«’._ | A4S 4¢
| Romimiento ; 400 mz/ooe. .
| ContO /Mt =Y 1445.46 = 400 = 26/ |
| Corodo . |_seon 4 63.50  Rend 500 nrflorn
_coskn _©3.50 = Sv0_= 9. '3
SUMA 3. 74
HERRAMIENTA Y EQUIPO: IMPORTE
0.03x 3,74 0./
e ) L o -
T ' i B S U MA ool
COSTO DIRECTO 27194
| B INDIRECTOS
: r




FORMA 4

FECHA : OBRA - P.U. No. /7
| ESPECIFICACTON: AMULRD DE Block FXTRUIDO _DE BLARO

ZOVD OC b x12x24d AcaBda Do APOAREAITE C
. ™ YA 104D ME
MATERIALES : CANT. | U | P.U. IMPORTE
CBock, Gxizxzd C#L2oe 418 Gdpy| 74 |Pra) 2850 37.00
Mor?_’_c_' o ~ L p.ozr (M3 214,42 5, 36
S UMA 42 3¢
MANO DE OBRA: 1MPORTE
".HAM”aléﬂéi(_ _.97.2¢ — —_
y S
| [pers ¢3 ®
oo dabo [R/S7  G.od
5 # 166,07 B
| Keadimiendo /2 m z/\lﬁf- Cm!/‘_a/n?'_: /66.5# = 1217 = 13.£9
__@Mreue/ﬁq/-o ‘rend 4o MZ//W Con?? = /L6 £ 90 u? = <, 17
S UMB /4 oo
HERRAMIENTA Y EQUIPO: IMPORTE
0,03 18.06 0.59
SUMA o, S ~
N/
COSTO DIRECTO 60.9¢

INDIRECTOS

PRECIQ UNITARIO




FORMA 4

FECHA: OBRA : P.U. No. /f
| ESPECIFICACION: DREMAJIL cCom TummeiA_ _DE cowerayd On 15 cm b
| INCLUQEMD 0 BXCauRcion) M _RELLENY A 7O CM De PRo€ Pro-
MEDIO
- o VA INAQ o il
MATERIALES: CANT. U P.U. IMPORTE
Tubo do concreta do OIS Md. de P hio |M+| 4,59 4as
Morfern  cementfo-crtnwe 114  loiopt | M?] 214,42 ©.2)
S UMA S, 16
MANO DE OBRA: f [MPORTE
FBrcaveciom i | Poo = 6259 e A--~‘
Y20 Gloo K24 —
B Teaqs
| Gudimierto idmitPor  Cosko frt 64,5814 497 |
Cologociontulon  Cuetnlle  $166.74 Lopd. 2Smbo, 1L 22 ‘7
| Qo080 Compd A, 52 % 2041 Rend. - coometn —— re 74
S UMA /3,54
HERRAMIENTA Y EQUIPO: IMPORTE
0.03x /33¢ 0.
- E
I e
T o S UMA o.de
/8 g4 |

INDIRECTCS

i

i COSTQ DIRECTO
|

'r.
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CENTRO DE EDUCACION CONTINUA
CASA TIPO "A"

Limpieza y trazo $ 338.40

Cimentacidn . 4,768.85
Estructura 8,633.22
Albafiileria y Acabados 14 ,644.66
Inst. Sanitaria y Muebles Bafio 5,893.83
Herreria 1,589.60
Carpinteria 2,554.00
Cerrajeria 385.50
Impermeabilizacidn 1,162.20
Vidrieria 791.10
Limpieza 1,186.50
Pintura 762.76
Inst. Eléctrica 1,571.00

Total. $44,281.62

Area Construida: 72.23 M2,

Costo/M2. = _44,281.62 - $ 613.06
72,23

Costo directo
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I.= INTRODUCCION.
Dada la complejidad y la competencia que existe

en le actualidad en el campo de la industria de la cong-=
truccibn, es de definitiva importancia que la elabora==e
cién y ejecucién cuidadosa de la planeacién, programa==-=
cién, presupuestos y control de obra, se realice en for-
.ma integral bajo una misma politica general,

No es posible pensar en la elaboracién racional
de un presupuesto, si éste no estd basado en experien—=-
cias reales obtenidas con anterioridad, as{ como tampoco
es posible hablar de un control efectivo de una obra si
no se estd {trabajando con los elementos integrantes del
presupuesto y programa respectivos; y nl siquiera poder
contar con un presupuesto y programa si no se ha trabaja
do previamente en la pleneacibén de la misma.

;y//’/,aV?ROGRAMACiON,ﬁ\\\\wm .
PLANEACI ON - I =~ PRESUPUESTO

‘F\\\‘““~ﬁ»coimnoya*””f’jfffﬁy

-

Trataremos pues de desarrollar los diversos te-
mas, sin olvidar en ningin momento que todos estén Inti-
mamente ligados entre sf, y que el menospreciar u 0lvi=-
dar alguno de ellos, s6lo conduce al fracaso en forma =-

irremediable.

Il .= CATALOGO DE CUELNTAS.
Es el catdlogo de cuentas un sistema que permi-
te indentificar y ordenar en forma consistents todos los




y 2

0

i .
movimientos contubles que se realicon en una ingtitucidn

determinada.
En realidad, es la herramienta bdsics de comu-
nicacién entre los departamentos de planeacidn,; progrema
cién, presupuestos y control de obra, y en la gue 88 o=
plasman las diversas necegidades de informacidn.
El catdlogo de cuentas debe bdsicamentos
l. Proveer un sistema uniforme y consistente de identifi
cacibén de los movimientos contables que ge vayan a =
operars

2. Ser suficientemente flexible para poder integrar en -
un momento dado algunse nueva necesidad de la institu-
cibn que estd operando el sistema,

3. Facilitar el maneJo de informacién pare poder llevar=
se un efectivo control de costos y oportuno contrel -

de avance de obrao.
4, Ayudar a la integracién estadi{stica de la informacién

que se vaya obteniendo.
Al formular un catélogo de cusntas serd necesa~

rios

l. Definir los niveles de informacién requerida y las ne
cesidades de todos y cada uno de los diversos departa
mentos de la instituciébn.

2., Istablecer los rangos de clasificacién de conceptos =
paera cada nivel,

3. Procurar que sea suficientemente 1lbégico, con el obje=
to de que su uso sea sencillo y rédpido, asf como para
que se adapte a todos losgs tipos de proyectos que ge =
manejen en la institucibn,

4. Elaborar una codificacibn que serd parte integral del
sistema ylque satisfaga las necesidades y politicas =

establecidasg,
Para el correcto uso y aplicacibén del catdlogo

establecido es recomendables
l. Convencer a todo el personal que deba temer algin con
tacto con €1, de la necesidad e importancia gque tiene

para una empresa sk establecimiento y correcto uso.
2. Tomar en considoraoibén las oxperiencias y sugestiiones



ESTUDIO : Ciclo alimentador de roca a la trituradora y ciclo
<> receptor de piedra triturada.

ACTIVIDAD : Produccibén de agregado de 1 1/2" para sub-base y -
base de un camino. -

MAQUINARIA : ( Solo lo Jjue interviene directamente en los ciclos
en estudio )

* Un traxcavo caterpillar 951 de capacidad de cuchara
de 1 1/4 vd3 ( 0.99 M3 )

* Una trituradora cedarapids., de circuito cerrado --
( Primaria de gquijadas de 10" x 36 " y secundaria de -
dos rodillos de 30 " x 22 "

* Camiones de volteo de 7 m3 ( nGmero variable de uni-
dades. )

DESCRIPCION DE LOS CICLOS :

I.- ALIMENTADOR DE ROCA A LA TRITURADORA
C) a) Carga de los camiones con el traxcavo.
b) Acarreo a 400 metros
c) Descarga en la tolva de la trituradora
d) Regreso de los camiones .
IT.~ RECEPTOR DE PIEDRA TRITURADA

a) Llenado de camiones por la trituradora.

b) Acarreo al banco de almacenamiento a-100 metros

c) Descarga
d) Regreso

COEFICIENTES DE ABUNDAMIENTO

1).- 1 M3 banco = 1.60 m3 roca

<) 2).- 1 M3 roca = 1l.15 m3 grava.




TIEMPOS OBTENIDOS DEL ANALISIS DE LAS PELICULAS :

Hoja No. 2

I.- Ciclo alimentador de Roca 'a la Trituradora :

a) Carga de un camidn por el traxcavo

b) Acarreo
c) Descarga

d) Regreso

II.- Ciclo receptor de grava

a) Acomodo del camibén bajo la

banda
b) Llenado
c) Acarreo
d) Descarga
e) Regreso

7 M3 de roca = 8.05 M3 de

grava

o

2.41 minutos

2.92 minutos

0.69 minutos

2,06 minutos

7 m3 grava 8.05 m3 grava
0.34 min. 0.39 minutos
13.54 min., {15.57 minutos
1.60 min. 1.84 minutos
0.90 min. 1.04 minuto<>
0.74 min., 0.85 minutos
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. N ANALISIS _DE PELIGULA # 3 .
e . 17/1
CBRAL v.M. ' HOJAL */
LNTERVALD D /CudpEo ' ; . FECHA . Sept. 26,7
. 255& ; ! ; :
CONTABOR T 1 EMPO y ‘ | j
DE_CUNDRDS : 4 Ac.T:v:oAD
2 | sequndos| mi/nutvs Iiemp] PRODUCCION DE GRAVA DE 1 1/2"
, REGISTRO EN LA PLANTA TRITURADORA , CA
000 - 017 17 34 0.57 3| MION DE 7 M3 , DESCARGANDO EN LA TRITUR. o
' REGRESO AL BANCO DE ROCA - CARGA - A
017 - 275 258 516 8.60 45 | CARREO. E |
275 - 570 p95 590 9.83 52 ESPERA EN LA TRITURADORA.
L . : ' . ;
) I Feedy (R N SR ) .
570 - 588 |18 ' 36 o 60 3 DESCARGA ! i
588 - 935 B47 694 11.57 5 REGRESO AL BANCO DE ROCA-CARGA-ACARREO
935 - 1185} 250 500 8.33 41 ESPERA - ,
0 ' ! , . .
20U 104 ! - ‘ ;
1185 - 1207 22 44 0.73 DESCARGA | !
g‘mu—i==ﬂg%=‘—1n—;%“ﬂ“‘J%r:““"5‘4%“-=~“n“*
INTERVALO :} 1 CUADRO / 4 [SEGUNDOS | REGISTRO EN EL BANCO DE ROCA
ooo - 037 |37} 148 " 2.47 | 8| TRASCAVO. CARGANDO ‘AL CAMION 7T )
037 - 464 427 } 1708 28.47. | 92| ESPERA QUE LLEGUE EL CAMION
‘ 30,94 {100 X :
464 - 501 | 37 148 2.47 21| cARGA | § ‘
501 - 638 137 548 9.13 . { 79| ESPERA | P | s
! | 11.60 1100 i ;
H ' } ! 2
{ 638 - 676 {38 152 2.53 CARFA ) . -
______ L - AR IR S, Y N
Rt o R o TV o R SR SR S
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CARTA DE PROCESA&;ENTO

METODO USUAL

. ; ; S Imboo
pistancig Tiempo | Sim D E S C R P C I O N
Mts Minuto lo
13.50 D) Material esperando que llegue un camidn.,
2.41 © Material cargando en el camién por un trascavo
400 2,92 c’?ﬁ Material transportado en camidn hacia la trituradora.
11.90 ) Material sobre los camiones esperando que la tolva se vacie.
0.69 Material descargado sobre la tolva
15,57 ® Material trituradndose y llenando los camiones
0.39 Material triturado esperando que se acomode el camidn.,
100 1. 84 =2 | Material triturado transportado al banco de almacenamiento
1.04 ® | Material triturado descargado en el banco de almacenamiento
AN Material triturado almacenédndose
RESUMEN
EVENTO NUMERO TIEMPO DISTANCIA
MIN - __MTS
O 4 19.71
D 3 25.79
=> 2 4.76 500
AN
50.26 500



O

METOHD

PROPUESTFO

"As  ped

934 vOUVW

i vz -0z

- . T ! {1 ] :
[ _ . [ [ !
. . o “ : _ _ ! ,
L _ y o : [ m .
S L o - :
| L ol [ ﬂ |
! ! — [ 1 | - . [ [
: : : ! m ! ! | ! :
A , A _ |
. q ; i ! | ! | _«.— |
3 I B B
- ' . : | ! . I | e e o
. _ T i | . i | ) 1
! O [ . ‘ _ .w
L P [ : ! :
; | o s ﬁ _ , C
i ~ 4 | ' 1 | i . .
' P agiedl ] oo P X RS
— M } 0; 1 ! ! ! K . _ - Y
| o oo 09 ! e H | . i ~ -
: Mo T . N 4 _ _ o N
! —P 1] ! . - !
' P ol “ 1
— o i 3 : .
1 . 7 i v
1 ! n
! :
Lo ~
) . i
o |-
!

t

L

@wuaiak-od

veX-0Z

! i '
. i ! H )
' V ; i \ : i i .
. | . i ; s
1 ) ' \ \ \ T PN
: } ) , y
B i ' '
= e e
f ! ) g o
) i ' . | . <
' . - !
L ! T
, . . Y7
: , . ! . HhiP d
. ; RS 1
7o
' i ol N n
i ! ! ' : : L
e i S S s - e e [S— J0% S SURRUUNER U
‘ ' ' i '
! I ! ' I ' 3 )
' | ' H B
, ) ' . H i 4 i ' ' :
: ,_ [ L | N ;
_ I AT B 1
' . ' ' H l | ' . '
|
H ! . ' 1 .

reldAyg>o

|
1

N
M

NN

DE CUAPF/

DIAGgEAMA

e T Wy

4T o a2

, | {
: _ o : coal _ ,
. ' PN . ) lo b a - i -
I R —LI.._ by ol < N _ ) o “H, ,M
i . ¢ - i i {/.A, O ~\.‘ ~ ' , oW -~ -
s A I
. ! )
oD e ™ ? T o
: LR s o e S . ! h e & & &
CEN | /va o .w'..v@m? _ Ao e -
i} ' s o Ll r o L1 d Y
AN _ JEIRIE EN AT“ "\ < “ o o L0 &
peL m Pl D N j e ol - &
_. ! w s i | | M
_ _

Bt =t D> 2 @02

»_ _
, | | L R
I IR A R A - IR |
i | I L
R - - , w
Yyl | s |
i o o _
i DRSNS HERERENEN RS
A S R e e _“
o aﬁu“ LR R R )
, ” : P “ m ) ; !
(Segnuy) N | |
_ OdN7IL | ),

J e duatad



P ! ! |

I
|
C. b4 ... v . meTepo _usuﬁg_

/0

e

v
o .'A\ N ' ' .
I N .
L0 N - '
(S i oL . '
- < ’ . [V SR
RIS T e gl T.:,ta'.w - - AT Y AL
K
% >
e ~
P
E

v . . P
- P T A, - Jop— - - .-
N N e
. o P \
6 EES NP S P . -
i I ,ﬁ
B B e i - - P T e, S U e} o i
St < N = e mte e L I | — . I~

MARCA REG

2 CAMIONES  ALIMENTANDO . n. LA TRITURA
' |

' -

] S0L0 QAMION ALMENMNTAMD) A (A TRITURADIRA

METp DO pRopuESTO |

'
1
'

301

, s
RINTAFORM

*



/7

PROPUES

MARCA R{G

rana g

w -
Eyfﬁi.




12

CARTA

DE PROCESAMIENTO

METODO PROPUESTO

Distancia| Tiempo Simbolo
Metros Min. Descripecién
13.16 ) Material esperando que Ilegque un camidn.
2.41, ) Material cargado por el trascavo al camién.
400 2.92 r.‘“' Material transportado en camién hacia la tri
! turadora.
7.49 @ Material sobre el camidbn esperando que la tol
va se vacie,
0.69 @ Material descargado sobre la tolva.
. 15.57 i Material triturandose vy llenando camiones,
100 . 1.84 Materizl triturado transportado al banco de -
7 A, almacenamiento
1.04 Material triturado descargado en el banco de
@ almacenamiento.
/N Material triturado almacenandose hasta que se
bees) necesite.
RESUMEN
EVENTO NUMERO Tﬁlﬁﬂfo ﬁ%gT
O 4 19,71
D 2 20, 65
=2 2 4.76 500
D 1
45.12 500




COMPARACION DE METODOS

METODO USUAL . METODO PROPUESTO DIFERENCIA
EVENTO NUMERO | TIEMPO DISTANCIA NUMERO | TIEMPO DISTANCIA |NUMERO | TIEMPO |DIST.
MIN MTS. MIN, MTS
O 4 19.71 4 19.71 0 0
D 3. 25.79 2 120.65 -1 - 5.14
=> 2 4.76 - 500 2 “4.76 500 0 0 0
A . 1 - 1 } 0
\ ] B
. 50.26 500 45.12 500 -1 - 5.14

R e L s G ST
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CARTA DE PROCESAMIENTO -

20. METODO PROPUESTO
DISTANCIA TIEMPO SIMBOLO DESCRIPCION
MTS MIN
13.16 Material esperando jue llegue un camién.
2.41 Material cargado por el trascavo al camiodn.
400 2.92 Material transportado hacia la trituradora.
7.49 . Material sobre el camién esperando que la tolva se
vacie.
0.69 Material descargado scbre el embulo de la trituradg
ra. - )
15.57 Material triturandose y llenando la tolva para gra
va.
Material almacenandose en la tolva.
3.00 X .
1.15 Material descolgado sobre un camidén direct. de la
tolva
100 1.84 Material transgsportado al banco de Almacenamiento.
1.04 Material descargado en el banco de almacenamiento
Material almacenf&ndose hasta que se necesita
500 48.12




O

RESUMEN

EVENTO NUMERO TIEMPO DIST.
, MIN. MTS.
O 5 23.16
D 2 20.65
= 2 4.76 500
VAN 2
) 48.57 500
METODO USUAL. METODO PROPUESTO DIFERENCIA
: ] 2a, alternativa - L ] .
EVENTO  |NUMERO | TIEMPO| DISTANCIA || NUMERO | TIEMPO | DIST. NUMERO | TIEMPO | DIST.
MIN. METS. MIN. | MTS.. A MIN. | MTS.
O 4 19.71 o 5 ,123.16 s +.1 |+ 3.45 | -
D 3 |25.74 2 | 20.65 -1 - 5.14
=> 2 4.76 - 500 - 2 4.76 500- || -0 0 0
AN 1 2 : + 1
10- |50.26 500 - 11 48.57 + 1 |- 1.89 0

» B0
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[> ) ESTUDIO : Ciclo de acarreo de Concreto premezclado , por
peones con botes.

«ACTIVIDAD : Colado de losa de entrepiso ( ler. nivel ) , -
para una vivienda.

CUADRILLA : . .
* 2 Hombres llenando botes en la artesa con pa
las.
* 7 hombres acarreéndo el concreto con botes.
-DESCRIPCION CICLO :
a) Llenando del bote en la artesa
b) Acarreo hasta la losa por colar .
c) Descarga del Concreto
d) Regreso a la artesa
() TIEMPOS OBTENIDOS DEL ANALISIS DE LA PELICULA
a) Llenando del bote en la artesa...l0 seg.... 9%
b) Vuelta y subida al ler. nivel ....22 seg... 20 %
c) Acarreo sobre el ler. nivel.......24 seg... 22 %
d) Descarga...........u....,.o.a,,f., 4 seg... 3 %

e) Regreso sobre el ler. nivel.......26 seg...23 %

f) Bajadayvueltaa0500-000050000005026 Segoln 23%

112 seg. 100 %
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No. de

' = 100 =

(ENTRO DE EDUCACION CONTINUA

CASA TIPO "A"

Cuenta Concepto Unidad Cantidad Unitario Total
Y, Limpieza y trazo M2. 120.00 2.82 g 338.40
Total Limpieza y Trazo $ 338.40
J Cimentacidn
Excavacidn de 0.2 Mt. M3. 8.67 14,33 124.24
J Acarreo de material so
brante de excavacidn a
5 Km. de distancia M3. 11.27 14.83 167.13
Relleno de tepetate M3. 7.25 9.56 69.31
Acarreo de material te
petatoso para relleno M3. 9.42 30.00 282.60
C) v Concreto f'c=150 Kg/cm2.
en losa de cimentacién M3, 7.25 319.24 2,314.49
Trabes. M3. 1.04 319.24 332.00
v Cimbra de contacto en: M2. 3.54 28.83 102.06
Losa de cimentacién
Acero de refuerzo
f'y=4000 Kg/cm2. Kg. 90.00 3.71 333.90
Malla electrosoldada
6/6-10/10 m2. 72,54 7.75 562,18
Refuerzo tipo Armex
15x30x4 Ml. 35.52 13.54 480.94
Total Cimentacidn $ 4,768.85
Estructura
Concreto f£'c=150 Kg/cm2. en
Losa de cubierta M3. 7.77 331.30 2,574.20
Cerramientos M3, 331.30 218.66
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\/ Cimbra de contacto en : o
Losa de cubierta M2. 82.04 48.17 3,951.87

Cerramientos M2. 11.13 48.17 536.13

Acero de Refuerzo %

f'y=4000 Kg/cm2. Kg. 60.00 3.71 222.60

Malla electrosoldada’

6/6 - 10/10 M2. 21.17 7.75 164 .07

6/6 - 6/6 M2. 76.72 12.04 923.7C

Refuerzo tipo Armex

10x10.3 Ml. 4,53 9.27 41.9°
Total Estructura \ $ 8,633.22

Albafiileria y acabados

firme de concreto pobre

de 100 Kg/cm2. de 8 cm. .

esp. M2, 6.54 21.94 143.4¢

Muro de clock extruido de
barro rojo de 6x12x24 -
acabado aparente M2. 132.75 60.96 8,092.44

J/ Castillos ahogados dentro
de block armados con ‘
l-' é 5/16 Mlo 140.40 8005 111300 22

Soporte de tinaco formado
de dos muretes de tabique Pza, 1 155.00 155.00

Chaflan de concreto de
10 cm. Ml. 9.95 4,50 44 .77

Pretil de tabique de barro
6x12x24 acabado aparente,

con altura de 30 cm. M1l. 9,95 ., 21.30 211.932
Goteros en volados de losa M1. 17,19 3.00 51.57

Impermeabilizacidn en des-
plante de muros Ml. 55.27 2.00 110.54



= 102 =

Losas precoladas de con
creto f'c=100 Kg/cm2. con
malla 6/6-10/10 de:
BOx40x6 cm.

60x28x5 cm.

Colocacidn de ventanas
metdalicas
Colocacién de puertas
metdlicas

Colocacidn de puertas
de madera

Colocacidn de muebles
sanitarios

Colocacién de accesorios
para bafio, de empotrar

Colocacion de coladeras
de piso

Acabado de piso con ce
mento pulido a llana -
metdlica

Acabado de piso con mo
saico de cemento de -

20x20 cm. de pasta en

color, imitacidén cerd

mica.

Acabado de cemento esco
billado en patio de ser
vicio,

Acabado de tirol en te
chos

Pza.
Pza.

M2.

MZQ

M2°

Pza o

Pza.

Pza,

M26

M2°

M2,

M2,

16.00
22,00

11.22

1.79

:100 83

1 61.85

10.69

6.54

67.01

28.00
17.00

23.50

23.50

25.25

25.00

25.00

52.00

'448.C)

374 .00
263.67
42.0%
273.4C
175.03.
150.00

16.00

346.3¢

555.88

22.8¢

603.0°
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Lambrin de azulejo del
Paiz de 2a. de 11x11l
cm. color blanco

Aplanado de yeso en
techos.

Emboquillado de mezcla
en puertas y ventanas

Total Albafiileria y Acabados

Instalacidn sanitaria y
muebles

Inodoro Mca. Vitromex
Modelo Troyano blanco
con tapa de pléstico
color gris oxford

Lavabo Mca. Vitromex
Mod. Jazmin color blan
co con accesorios Nibco.

Regadera tipo Cebolla
Mca. Nibco Mod. No. -
295 B con llaves y -

accesorios Nibco.

Fregadero porcelanizado
Mca. Cinsa de 1.05x0.85
mt. con gabinete

Lavadero prefabricado -
de cemento gris con Niple
y tapa

Calentador semiautomdatico
de 40 lts. Mca. Cinsa -
10 AEG.

Tinaco cilindrico horizon
tal de 1100 Lt. de capa-~
cidad. -

M2. 10.48
M2. 10.69
Ml. 66.85

Pza. 1
Pza. i
Pza, l
Pza. 1
Pza. Il
Pza. 1
Pza. 1

94.00

9.50

5.20

386.00

265.00

127.00

660.00

63.00

660.00

850.00

985.12

101.55

347.62

$ 14,644.66

386.00

265.00

127.00

660.00

63.00

660.00

850.00
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Accesorios para bafio de
porcelana color blanco
para empotrar (Jaboneta
para lavabo, jabonera -
para regadera, portarro
llo, gancho, portacepillo
y toallero).

Instalacidn de muebles -
sanitarios con alimenta
ciones de tuberia de -
cobre.

Toma y medidor de agua
de *%"4 con llave de na
riz para jardin Mca. -
Nibco. Mod. 191 s/p

Drenaje con tuberia de
concreto de 15 cm. 4
incluyendo excavacidn y
relleno a 70 cm. de pro
fundidad promedio.

Registro prefabricado
de concreto de 40x60x
75 cm. con tapa de con
creto.

Caja de piel del lava-
dero de 35x35x30 cm. -
con tapa con orificio
sin coladera

Coladeras de piso

Lote 1
Salida 7
Pza, 1
M1. 19.50
Pza. 2
Pza. \ 1
pza. = 2

Total de Instalacidn Sanitaria

y Muebles.

Herreria

Ventanas de perfiles -
tubulares de ldmina ca
libre No. 20 con repison
integral.

74 .50

240.00

~ 200.00

18.94

174.00

75.00

68.00

74.50

1,680.00

200.00

369.33

348.00

75.00

5,893.83
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i

Vl de 1.00x2.10 mt.
v2 de 1.50x2.10
v3 de 1.05x1.00
V4 de 1.20x0.60

Puertas metdlicas con
perfiles estructurales
y vidrio lémina cal.
No. 20 estriada en la
parte inferior.

De: 0.85x2.10 mt.

Soporte para calentador

Botaguas de ldmina galv.
de cm. de desarrollo

Pza.
Pza.
pPza.
Pza,

Pza.

Pza,

MlD

)

9.95

Total Herreria

Carpinteria

Puertas de tambor con

cubiertas de fibracel

de 5 mm. de:
1.00x2.10
0.85%x2.10
0.75%x2.10

Pucrtas de tambor con -

cubiertas de fibracel y

mirilla de vidrio de:
0.85x2.10 mt.

Carpinteria

Closct de 0.80x2.00x
2.70 mt. con entrepa
nos.

Closet sencillo solo
con tablero, tubo y -
preparacidén para corti
na. ‘

Pza.
Pza,.
Pza.

Pza.

Pza.

Pza.,

L

2

Total Carpinteria

197.00
165.00
105.00
119.00

305.00

26.00

28.00

$

233.00
222.00
222.00

233.00

400,00

. 400.00

()

591.00
- 165.00
105.00
119.00

305.00

26.00

278.60

1,589.60

233.00
666 .00
222.00

233.00

400.00

800.00

s

+27554.,00
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Il

Cerrajeria

Chapa de puerta principal

Mca. Fanal Mod. 460 5 CR

cilindrico eliptico Pza. 1 102.50

Chapa de entrada Mca. -
Fanal Mod. 175 - PD Pza. 1 55.50

Chapa de intercomunicacidn
Mca., Fanal Mod. 264-265-
CR. ' Pza. 5 45.50

Total Cerrajeria

Impermeabilizacidn

Impermeabilizacién en -~
azotea M2, 78.00 14.90

Total Impermeabilizacidn
Vidrieria

Vidrio claro medio doble ' .
del pais, de 3 mm. M2, 12.15 54.00

Espejo de 35x51 cm. Pza. 1 92.00

Repisa de cristal con
mensulas Pza. 1 43.00

, Total vidrieria

Limpieza
Limpieza de vidrios M2, 24,30 4.02
Limpieza de azulejos M2. 10.40 2.90

Limpieza de muebles sa
nitarios Pza. 7 5.98

102.50

55.50

227.50

$ 385.50

1,162.20

$ 1,162.20

656.10

92.00

43.00

$ 79l.10

97.68

30.16

41.86
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Limpieza de chapas

Limpieza de muros apa
rentes

Limpieza<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>