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durante las etapas dec exploracifn o lnvestigacidn sean - -
coenfirmadas o dasechadas. En el caso qure estas hipStesis -
cambien a medida que la construccidn avanza, d¢berdn de ~--
reali:;r:c las modificacjones pertinentes del disefo ori--

ginai, de acucrdo a las condiciencs cenfirmadas del terreno.

Fookes (1967}, propone que la investigacidn de un pro--

yecto geotécnica

finvestligaclén superficinl ¥y la del subsucle. (Fig. 1}.

L]

. -.En la investipacidn superflicial y dcpéndicndu do la - -
magnitud de 1a obra, cs recomendable ¥ en ocasiones indis-
pensable, contar con 13 Informacién geolégica teglonal, --
gque servird como infraestructura de 13 geologia local o --

del emplaramiento.

El organigrama de la flgura I, puede syudar a planesr ¥ --

caordinar el desarrollo de la invéstiguciﬁn en forma pde--

cuada,

Pn general existen tres gtapas de investigacidn impor--
tantes y que pucden modificarse de acuerde a las condicisa-

aes del emplazamiento. Estas consisten (Fig. 2] en:

1, La exploracidn precliminar del emplazamiento.
2. L= investipaclén detallada del caplazamiente.
3. la investigacién fin2l del empla:zamiento que 3¢

ileva & cabo durante la construccidn oisma,

sc divida en dos aspectos peneroles: la

.

£

Exploracién del
emplazamiento

{Geologiz Replonal)
(Crologia Lacal)

!

, Bibliografia 0
existente
{Literatura)
(Mapas}
N 1
I |
ExploTacidn Exploracidn
Superficial Subsuelo !
I |
| ] [ 1
Pruebas Levantamienote y Pruebas

Levantamiento ¥y
Cartografia

Cartografliz

Tepogra- Geolo | [Labora) |"In-si|{ Ceoff||Perfo Labora< | "In-situ"
fia gia torics tu"{| sica™{| racidn|| torios '
) {Segtn Fookes, 18867} -~ . -
FIG. I . ~
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Grologia Reglonal

]

O

Cxplcracién del
emplazamiento

1

Informe y/o antcproyecto del disefle

Investigacién del
emplazamicnto

Informe y Disefio

|

Etapas preeliminares

Etapa precenstruccifn

| Exploraéidn Final

Investigacidn Final

Etapas durante la
. Construccifn

{Sepfn Fookesx, 1%67)

FIG. 2

Duranie la expleoracifin del eaplozamiento, es recomen--
dable revisar la literatura y 1a cartografia existente, -
la’inspeccifn de fotografias afress o imogens de satélite,
recongcimiente del sitio, elaberaclén de.la certograffa -
geolégica, muestreo de rocas ¥ la exploracidn del subsue-
L‘J.o. {ferforaciédn, recuperacidin de nicleos, geofisicas, --
erc.y. ]

En 1a etapa de expleracién, los problemas principales-
s2 volverfin aparente, dando opertunidad a que se defina -

el enplazamiente o alternativa mis &ptima.

ra 2} se trata de entender toda la geclogfa local ¥y de --

detallado que muestra las tfcnicas quoe deberdn wvtilizarp--

se sepfin Fookes [1967).

Sin embargo, en cste informe exclusivamente havemods --
referencla a la informacifin gacldpica necesarla que pueds
rcunirse'supurficialmente y en #£special de la.geologia --

estructural.

diferentes erapas dJe anilisis (Hook y Londe 1974, p.1467},

dependerin d4e la obra a teallzar. For ejemple, es imposi-

En la etapa de la investigacifin del emplezamiente (Figu

sus alrededores, En la figura J,s5e muestra un organigramm.

For otro lado, es conveniente Tecordar que el gedlogo- °

tenga conciencia del tipo de obra que el ingenlero va - -,

ha desarrallar, ya quchla cantidad y detalle durante las-
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Inveatigacifn Detallade del Sitie,

investipacian

Supcrficial,

1

Cartagraffa Geolfglca
(tambi#n topoprafica
=1 negcesaria)

Determinaci@n de
la condicign
lLitolopica
esatratiprafica
eoblmentpldpice
estrncturales
protsrloldpicas
Ridralbgicas
intermperismoo
calidad de la Ttoca

Investigacitn del Subsuele

Muestra de Campo

Dpruebas Indices de
Compo y Laboratorio

—

Otras
Pruchas

. . : Excavaclén
Mucstreo Observacln Estudios LSandens
¥ Pruebaal "In + situ ™ Geofislicos
. errumientas
mangales l H f
) Trinche J Tunel
] 1 "
- otarieg Crous: Iﬂ i Sacavo+
Prucha ranf— | n
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de Mecinico Faly Purrenas
de Rocus y- - Posteadoral pejicel-
dde huclo [(Estado dales, 'gio

ile eslnerzos per
meabilidad etc, T

_
Lrae -

de Canatfl] oretnua de

Mucslraxs

|chupuruclﬁ

1]

J

!

l

]

Sismicidad du
Refracciaones

Lonlco

Magnétices

J

cirlp
abicrto

{Perecabilidad)

————

Méctrico

Fruchas Jde DNeslstencia
en laborztorles.

Figura 3

Elfctrica

Rcsistiuidndl

Caida de
Potencial

Fruvhﬂﬁ"lﬂ'situ1

L

Registros
Huostras
- Alteradas

iﬂravimétric#

récgi;tﬂl
Yy EuCS-
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ln-siztu

"(Segln Fookes 1907)
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DATOS GEOLOGICOS DE INTERES EM LA MECANICA DE ROCAS,

ble en 1o ingenierfa de raludes marcar todas las discon--
ilnuidades pata lan obra determinada [fmapinense una cafrg

tera)., Por lo tante, 13 informacifn podriaz estar reunida- .
DATOS GEOQOLOGITOS DE IWTERES EN LA MECANICA DP
en dos ¢ mis etapas, scparande aquellas zfonas que puecs--- . '

. ROCAS.
tren mayor riesgo de inestabllidad, definides por un es--

tudio preeliminar. De esta manera, solamente aguallas - -
Diversos estudios geoldplicos, peomorfolBglcas & hidre--
reglones con probablilidades de inestabilidad se analiza--
geoléiglcos deberin realizarse antes de llever 1 cabo un -~
rhn detalladamente,
estudio de inpgenieria geoldgica ya que es muy recomendable

For otro lado, como lo sefiala ook vy Londe [1974}, - conocer la

las consecuencias de inestabilidad en la climentacidn de - 1] Lepcallzacién y topegraffa del ires,

un enplazamiento serfan tan graves y catastréflcas gque -~ 2] La litologfa, mostrando la composicién, distribucidn
el disefio preeliminar deberia contar con vwn zTode pucho - ¥ contactos geoligicos,

payor de detalle y por lo tanto, una Informacidn detalla- ) 3} Llas propiedades fisicas de los suelos ¥y rocas.

da de la grologia se requerird dcide las etap;; tempranas 4} Llos espesores de suelo y roca.

de investigacién. 1 5) Las estructuras y las discontinuidades (tal comp -~

plepamientes, Fallas, fracturas, ete.] -
Cuandc no se cuehtc con bucnoa afloromientos y estos

6) Lot aprovechamientps hldriulicos, manantiales, srro-
estfn cublertos por suele, vepetacidn o que la superfi-- v

) yos ete, :
- cie es5té intensamente intemperizade o por la misma Indo- :

. 7) Llas zonas de inflitracifn (terrenos permeables, zo--
le de 1a magnitud del proyectio se recurrird a la investi .

nas de hundimicntos).
gacidn del subsuelo,

B) Las 1onas inestables {soclifluxiém "“creep", desllza-
mientos, avalanchas).

9 Los bances de materlal.

10) los fenbmenos erosivos ¥y de depfsita,

11] " Los datos sobre ricsgos n;turales

a) Sismicos ¢y Volchnicos

. ¥} Inundacidn,

,/ff' ) . cte.
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Desde el punto de vista de la chﬁni:n de rocas tiene -
uma gran impertancia las estructuras gcold;&cas que puedan
influir en las prepiedades de las rocas “In-5itu” como es-
lf resistencia, el médulo de deformacisn o la permnahili-;

dad entre otras, (Deereen Stapp ¥ lienkiewicks 1970, p.29}.

Por 1o tanto, entre lo® datos de mayor impertancla - -
estin las discontinuidades geoldglcas que pueden ser pene-

trative o no penetrativas.

Estas estructuras geoldgicas pueden tener dimensiones -
submieroscéipicas, microschpicas, mesoscédpicas ¥ macroscépi

CAs.,

ln estudio geolfgico completo generalmente analiza las-
trés Gitimas., El metodo de Investigacidn para cada wna de-
estas ascalas es diferente, sin :mbaréo el ghjetive final-
es la de identificar y determinar la estructyra, su cocpo-
:iéiﬁn ¥ su evolucién, asi como su compertamiento mechnice

para ¢1 caso de la geotécnia,

Entre las discontinuidades planes no penctratives estin
las {a[lg;, estas pueden separar dominies con f&hri:as Se-
pejante sin interrumpir la continuidad geomfrrica éc alguna
estructura penetrativs adyacente. (Fig.da). O.pueden sepa-

rar dominios con fibricas diferentes (Fig.4b}.
Comunmente y cn especial, en et cuso de fallas normales,

Iaversas o de transcurrencia, las discontinuidades penetra

tivas adyacentes que dividen entre s{, no estin relacionadas

geoméirlcanente.

Sin embargo, en el caso de los cabalgemlentos, el plano
de 1a falla (superficle de deslizanmlento o de clirallal, la
fibrica de los dominios separades por la discontinuldad --

tienden a estar mis Telaclonades entre si {Flg. 4¢). .

Los contactos [pneos también son discontinuidades no =<
peretrotivas, con excepisn donde las zonas de contacto -~
separan cusTpos 4el zismo origen. Los cohtactos 1gneod,.

generalmence scparan Fibricas diferentes (Flp. Sa).

En alpgunps contactos Intrusivos existe una relscifn pe-

netrativa paralela con las rocas encajenantes { es decir -

s la estratificacisa o s ia follacién J{Fig. 3b) o 'itl -

misma dicontinuidad 2 1a roca plutdnica [estructura d: ---
flujo paralela a la marpgen del intru;iuu]{Fig 5c). El e
contacip tachién pucde llegar a 3erT, paralelo a la discon-
rinuidades penetrativas de la roca encajonante como de la

roca Tgnea (Fig. 5d}.

Qrre ;ipu do discontinuidades geolbgicas no penetrati-

vyas son las superficies de erosibn o discardancias.

En las superflcies de erosibn o discordoncias pueden -
existlr una variedad dz relaciones geomttticas entre las -

fabricas que separan. En la figora fa, la discoidancla ==

¢ de tipo angular ) no. ticne rolacifin entre 1a fabrica de-

las rocas que Separa.
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Sin embarpo, en una dis¢srdancia donde la nup&rfl:ie e --

plana la zona de discontinuidad eresivo es peneralmente ---»=«
concerdante con las rocas estratificadas sobreyacientes ----+»
[Fig. 6h}.

En las discordancias estratigrificas lss fabricas de ==-=-
anbes lades de la superficis, pueden tener une relacifn geo---

mEtrica penetrativa.

En las rovas metambrficas las isepredas que son super--=---

icl ’ ficies que separvan ronas de rocas de diferentes grades de ----.

ESTRUCTURAS KD PERETRATIVAS

Contactos en fallas metamorfisoo, también se conslderan ¢omo planos de discon-----

tinuidad no penetrativa.

Figura 4 Para clertas dimensiones 123 juntas o diaclasss pueden ---

. considerarse como estructuras no penetratives, Ne obstente,-

es confn que las diaclasas tengan una srientacifin preferen---

¢ia)l con relacidn geomdtrica mavcada considerandose mis a «--

una discentinuidad penetrativa, Gencralmente en, tocos estra--

o tificadas no plegadas, las diaclasas s¢ dosarrellon normal---
menite a lus capas, mientras que en las rocas deformadas se ~--
i} ' '
forman stbnormal a les eojes de los pliegues.o en conjunton--- -
:f:§‘i¢;1}3"lim'ﬂ"‘ conjugades intersectando simetricamente u los pliegues.
—_— .
T e :
oy it S Finalmente, la estratificacidn y 1a follacibn se consi~-~==
- deran las discontinuidades penetrativas planas mis.comunes--- -
{4 N -

. ¥ de. las rue se deberan hacer un analisis decallado de'ellas.
ESTRUCTURAS NO PENETRATIVAS - '
Contactes cn cuctpos fpncos

Figura &
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ESTRUCTURAS NO PENETRATIVAS
Contactos ¢n Jdiscordancias

Fipura &

LIKEAMIENTOS N0 PENETRATIVOS
Fipura 7

' CARACTERIZACION DE LAS DISCONTINUIDADES Y SU RELACION

' CON OTRAS ESTRUCTURAS GEOLOGICAS
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CARACTERIZAu.JN DE LAS DISCONTINUIDADES Y SU RELACION CON ---
OTRAS ESTRUCTURAS.

~Las Juntas o Disclasas

Las juntas o diaclasas scn aberturas y fractutas a lo
largo de las rocas, donde ha existido muy poca o ningln movi
piento, 5on de las estructuras geolégicas =fs comunes puges -
afectan a todss las rocas competenies expuestas en la superfi

cie. No obstante, aunque Son eStructuras muy comunes y que --

ademfis, hon sido estudiaodas ampliamente, oresentan en - - --°

ocasiones serlos problemas parda su interpretacidn,
Esta dificultad cstriba en que:

. Existen evldenciazs que su oripgen puede cemenzar practl

capente desde &1 inicie de la formacidn dr una roca.

2.- . En las rocas sedimentarias por ejemple, pueden desarro
llarse poce despufs del miszmo depdsite, inclusive mien

tras los scdimentos estan inconsolidadas.

3 También, pueden formarSe por cventos tecténices de ti-

po compresive y estar asoclades a pliegues y fallas.

4,= Pucden osl mismo, desarrollavsc mucho mis tarde, des--
pufs del evente tectéinico compresivo, es decir durante

]
una Fase trafogenica.

5,- Inclusive, no €3 necesaric que tas diaclasas esten azg
ciadas a evento orogfnice, ya que s¢ ha observade, --

que 13s Tocas compoicnies gque no presentan evidencias

e

de deformacidn tectdnica, pueden estar afeccadas porvr -

cstas discontinuidades.

Por lo tanie, se deduce que las juntas o diaclesas tle
nen diversos erigencs y no se desarrollan bajo wn Solo mefa--
nisme de deformacién, Otra dificultad,ceonsiste e&n que las éil
clasas no muestran desplazamiente a lo large de los plangs --
de fractura. Es por olle, que cn ocaslones puede ser muy diff
il establecer una relacidn entre los planos d; juntas de une

generacifn u arientacisn con planos de otras direcciones.

Las juntns o disclasas se pueden clasiflcar o descri--

bir con Telacifn a las caracteristicas siguitentes:

1.- La forma
2.- E1 tamahe

3.+ La frecuencla asoclada al tamafio y a la orien
tacidn, .

Forma:

4

En el caso que.las diaclasay sesn planas y paralcias o
subparaleias formande un conjunte o frmilia se dice gue $on -
SISTEMATICAS (Fig. 8). 51 por £l centrario, las df:cuntinuiv;
dades de las juntas son curtvas, presentands fractura:z concol-

dales ¥ no forman una familia con orientacidn subparalela se

dice que NO SO0N SISTEMATICAS.
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Fig. §.

Js = Juntas Sisteniticas
Jns » Juntas Ko Sistemiticas

Se hace hincapie,en que no hay que gonfundlr a las jun
tas sistemiticas con los sistemas de juntas. Es un error fre-
cuenicmente cometldo; los sisiemas de juntas se refiere exclu
slvamente a la Interseccién entre las familias de juntas 3is-

temdticos.

Tamalo:

E!l tamafic o magnitud de una Junta pucde ser muy amplia,
ya que purden ser microscopicas o llegar a extenderse por - -
cientes de zetros. Por le tantm la clasificacidp es algo arbl
traria, sin embarpe,el tamaflo de lea discontinuidad esta Inti-
momente relacionado a la litelegla vy o los parimetros de la -

deformacidn.

Las JUNTAS MAESTRAS son aguellas fracturas que cartah
a través Je un nimevo de estrates ¢ unldades de rocas y que

pueden seguirse por muchos metros.

Las JUNTAS MAYORES son de up orden de magnitud Inferior
a las jun:ias maestras pero todavfia son estructuras claramente .

dgefinidas.

Las JUNTAS MENORES son estructuras tedavia mencres y -

menos importantes,

Las MICRO-JUNTAS como su nombre lo indica son estructu

ras de fraccldn cxncimetros.
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Frecutneias:
_—

La frecucnciz de las juntas indica el nirero de plnnns.
de unz familla de disclasas en particular. Estas 3e miden en .

una direccidn transversal entre si, formando uan Irngulo recie.

) En el caso de que exista una frecuencia dominante (e
vna familia de fracturas tozande en consideracidn su exten- -
sidn, s¢ dice que es PRIMARIA, Las demds familiss de juntas --
sistemdticas, podrin ocupar los lﬁgares secundaries, tercia--

rios, ezc.

lLas diacla;ms Yy sus orientaciones con relaci{fn a oiras
estructuras han sidn estudiadas ampliomente [Ande;sun 1954, -
Moody y Hill 1956, Price 1%86, Wilcox et. al., 1973]. Se ha -
podide establecer en algunos de leos cas¢s, que 125 juntas sis

temiticas presentan una asociacidén estrecha entre los plie--

gues ¥ las fallas. Estas estructuras geolfgicas debieron for
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Rarse conterpporaneanente, bajg los misces esfueries de una --

La figura Sa y b, muestra la relacidn entre las juntas
¥ dlaclasas maestras con los pliegues. Sin embargo, debe ha--
cerse notar, que #n ocaslones especificas, las relaciones sis 3 - SR
temiticas que s¢ presentan en esta figura no siempre se desa- Tet
rrollian ya que no hay que olvidar que las rocas no sen isotrd

picas ¥ hnmﬁénn:as. - -

La ovientacidn de las familiaos de juntas con relacidn

a los plicpucs son dependicnies del tamaho; al tipeo de piie- . "
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- gue: a la competencia de las rocas: al espesor de las unida-

des de roca, ete.

Por otro lado, las juntas sistemiticas estardn directn

mente relacionados a los ejes teotdnicos a,b,c. (Tablo 1),

En los pliegues y por ¢l tipo ér rocas involucrades,
en ocasiones, las diaclasas maestras no se alcanzan a desarrp
llar complctamente, formandose en lugar, las fracturas mayores

¥ menores,

En las filpuras 9e, d y ¢ y figura 10, se observa una -
idealizacién de 1a dispesicign de las diaclasas sistemiticas
mayores y menores que se¢ desarrollan en las zonas de charne-

la y en los flances de los pliegos asimétricos.

En los flancos de los pliegues, cooo en el ejenple de las
juntas maestras, existen dos familias de juntas de clzalla ¥
dos familias de juntas de tepsidn, Estas juntas, en ve: de -
estar afectande o ser penestratlve a todo el pllegue, ¢stan --

exclusivamente asoclodas a los flancos.

Las juntas sistemiticas mayores y mengres, desipgnadas
como T, ¥y T, sen verticales, de tipo tensional y soen idfnti--

ca% con respecto a su eorientacifin con las juntas maestras ac,

Las deods juntas sistepiticas mayorces } menorey, estia
inrclinadas en generzl, normales a la estratificacldn. En el -
caso de Ias juntas de cizalla, designadas comeo S,, 8, 537 -

S‘ s0n también normales o la estratificacién.

Tabla 1

Juntas macstras y sistemiticas Asociadot a leos Pliegues
g = direccidn del moviminantin Jol pliegue
b = direccién paraleln al eje del plicpue
¢ = direccisn perpendicular al plane ab.

Ting de Junta Direcclfn y Comcntarin

Junta ac Cortan norpaleentes a los cgjes de los plig
gues [son_por lo general juntas de tipe
' tensionall.
Juntas be Son ortoronales a la famllia de juntas -

ac, o5 declr son paralelas a 105 ¢jes --
del plicgue  (®=e conpcen coma juntas lon
gitudinales; son de tipe tensional o cop
presionall. ;

Juntas 5' y-5" . 5on oblicuas al eje de los pliegues [se
desarrollan como resultado de la Compre
sifn gue da lugar al pliepuc; esips con-
juncos conjugades de fracturamiento, son
sepmejantes a los gue se desarrollan en -
las faltas, sobre tode de tranicurrencia
¥ por su aricentagidn ¥ basadas en concep
tos Jdindmicos sc conslderan como diacla
535 de cizalla),
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Aunque en el campe, esta Gltina ideall:zacién no se cum
ple a la perfeccidn se ha observade estadistlicamente (Price -
1868,.p. 117) una congruencia muy cocrcana, ya que las juntas
de este tipo pucden llegar a variar un poco menos de 15° de

la perpendicularidad de las capas.

En las zonas de charnela de los pliegues muy cerrados
(Fig. 10) se desarroltlan diaclasas radlales y rotacionales en
los flancas. Estas fracturas son.de tipo tensienal y por su -
naturaleza, generainentie son abiertas y con material de relle-

a4

noe. Ei tipo, lo orientacisn v la frecuencia de las fracturas
dependerin del proceso mecanico gue did origen al plingye --
{tangencial lengitudinal o de deslizamiento por flexura), al
grado de la deforaacién (indicando per lo abierto o cerrado

del pliegun) y por ¢l mismo espesor de las unidades de rtoca.
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LAS FALLAS *

Las fallas son estructuras geolfpicas de gran importancia
y trascendencia en la ingenicria prictica. Estos accidentes-
tecténicos pueden ocaslionar praves y lamentables problemas -
g una nacifn. Es por elle, que en 1a Ingenieria pricticz las
failas pueden determinar 12 exclusidn de un emplazamiento --
por ratenes de seguridad o condicionar la vialidad de un pre

yecto por razenes téenicas y/o econdmicas.

Una faliz consiste de una estructura geolégica donde - -
existe rompimiento y desplazamiente apreciable cop las rocas-
de la corteza terrestre. Estos accidentes :tectdnices pueden-
ser de diferentes longltudes, pudlends llegar a medir hasta-
centenas de kilSmetros; dependiends de 1z edad, las fallas -
pueden generar tcrremotos a Jo largo de ellas, causando dafie
y destruccidn de las estructuras construidas por la energia-
liberada. Estes fendrmenas pucden tambifén ca:ﬁiar las propie-
.ﬂldcl geatécnicas del terrenp, disminwyendo las resistencia,

podiflcar las condiciones de permcabilidad, poner en contac-

to formaciones litoldgicas distintas y activar en la mayoria

de los casos la erosifn diferenclal.

* Forma patte de una conferencia,
LAS FALLAS ¥ SU INTERPRETACION GE UNA PORCION DEL ESTADD

UE CHIAPAS - ¥ SEMINARIOQ [I FLNCMENOS DESTRUCTIVOS: 5US -
RIESCOS Y PREVLMCIONES. SAallOp, MEXLCO, ILF. 28-31 JULIOQ -
1531.
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Sin cmbarpo, aunque no se prescntan tedos estes problemas
schre todas las fallas, es de sumpo interfa para el desarro--
Ila pacional, el Bicnrestar de la seciedod y futuros asenta--
mientes humanos, conocer los problemas que pudiera ocasionar

ta presencia de una falla con relacidén a las obras civiles.

Por lo tanta, el gedlogo 2deris de ldentificar en el can-
pe una falla, deberd precisar las siguientes propiedades, - -
que en ocasiones son dificiles o imposibles meomentineamente-

deteraninar. Entre esias propi~dades cstdn:

1} Lla erientacidn,

217 Lo distribuciép,

I] La longitud.

4] La orieatacidn y magnitud del salte neto y &n ocp--
sioncs de.sus componentes de Jesplazamiento.

5] Su clasificacisn.

] La edad.

7) La dispesicidn y relacién con otr;s estructuras.

#) El estado pecinlco, es decir sl se tratan de fallas
tensionaies, comprensionales o de cizalla.

6] Y posiblemente de lo mis importante para cl bienes-
tar de 1z colectividad y planeacin de asentamien=-
tos husaros, es la deterninacién de 1la activa o - -

inactiva de las fallas.

Las £allas tectdnicas en térmings penerales, sc pueden --

dividir en fallas activas o fallas inactivas. (Fig.,1)l. - -
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El concepte bisico.de una-Fnlla Activa desde el punte de - -
Yista peolégico, o3 agquella de cuande menos su cdad sea del-
Migceno Superigr (tabla peplfpica Fig.12). Xo cbstanre, des-
de ¢1 punto de vista inpenieril difiere suscanclalpente, - -
considerande aguella falls queo se ha movide en ¢l pasads - -

geoldpice reciente ¥y que puede moverse en el préxime future.

El! concepto "pasado peclfpice reciente™, se entiende ol -
Holocene (fltimes 10,000 ajes) y per “"préxime futuro™ a la -
vida de la estructura de un proyecto, o periodg de retorno +

en afios que s& elijas para el Tiesgo contrd el que sa disefia.

Fara prandes presas por ejemplo, se ha considerado al - -

“"proiximo future" a la vida operativa del proyecto.

En ¢l caso de una central nuclear, las grandes cxigencias
qQue roGguieren costa obra desde la localizacign del sitio - -
hasta inglusive la leocalicacidn misma de los desperdicies --

de combustibles nucleares, ha hecho que por concepto de sepu-

Tidad se acepten ern diferentes partes del mupde las recomen-

da;inncs de 1a "U.5. Huclear Regulatory Cemmisien" y de la -
Apencia Interracionsl Energlia Azdsica, quienes han propuesic .
el término de Falla Capas, semejante al de Falla Activa, pero-
prescntando una deformacién tectfinicad en los Gltioes - - -
500,000 afps o cualguier otra £3ll: en relacién estruciural-

con la primere g con pacrosismisfidad asoclada,

_Las fallas activas por lo tanteo, 'se podrin divigir en - -
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Fallas S?snlcns y Fallas As?smi:ns. Las fallos sismicas en
términos generales son las gque prescntan macrosismisidad -
con desplazamicntos relatlvamente transiterios del order -
de 10 a 160 cafseg. a2 1o largo de varlas decenas de spgun-

dos en intervales de decenas o niles de atos (Brune 1970).

En las asfsmicas, el desplazaniente es muche menor, del--

rango de 0,10 a 10 cmfatios.

Al generarse un terremoto, en las fallos se producen - -
desplazamientos diferenciales del terrcne, con Toturas del
mismo, ocaslonando salios, torsiones e incliinacionrs su---
perficiales. En las fallas asismleas s¢ pueden produclr --
defarmaciones por "Creep"” gue consiste de un desnlazamien-
to progresivo y muy lento a través de Ia superficie de la-
falla. Este tipo Je deformaciones no suele esiar zcozpafa-
do de macrosismisidad aunque, por los parfmetros de la - -

deformacifn como son: la temperatura, las presiones confi-

nantes, las presiones de fluldes intersticiales y la velo- -

cidad de deformacifn, las rocas sobre una misma faila - -
pucden tener ascociada tanto macrosismisidad como microsis-
-

misidad consistiendo por I¢ tante, de una faila con acei--

vidad intermedia,

Las implicaciones gque pucda ocasionar la prcscnciarde --
wna falla activa estd en funcifn del tipo de obra y de la-
legislacidn vy normas que se aplique, sicndo posible que --
un desplazamiento sca excluido. En estes casgs, e3 copfin -

que se relocalice al emplazamicnteo y se elija otro sitjo a

L]
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una distancia fuera de]l contrel de 1a falla activa,

51 por el contrarip, se autoriza el ecplazamiento, 0 lo -
gque 3 veees ocurre, s¢ descubre 1a presencis de falla acti-
va durante una etapa avaniada del proyecte, ademlis de rea--
lizar el disefio ontisfsmico, s deberfin disefiar de forma --
especial las ¢structuras que scan afectadas por la falla --
activa, d; forma gue resistan las delormaciones del terrvenc
debide al movimiente vibratorlo y desplazamiento diferen---

cial.

El reconociziento ¢ investigacidn de fallas activas.se =--
requiere de estudios gpepliigicss y slsmeldgicos amuy preclsos

y corpletos, ademis de contar con una prospeccifn e instrus

- mentacidn complementaria. Estos estudlos suelen ir precedi-

dos cde una éxhausiiva recopilocién ¥y nn%lisis de tods la -~

informacifn Televante, tantop geoliglico como sismolbgica,.
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afier cralsay of the more reneral case of simple
paral'el wrenehing
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Basic Wrench Tectonics . b

e Pagannng YYersinse o

oqrple paraiel weenhing e speeist ganr of
st shear, shoch oene bind of Graee byt
peor e [Jaeper and Cook, 1909 Ramaas,
(a7 The shear angle (o, Fig &f incresses walh
pmoredniT T simpie wheds b e rantal ceforma-
pon amd 1 clay medels the imaial Jefermanon
are plastic and wmvele fulder, These are fal-
rewed B3 combingiion al plisise Jstortces and
fagizhng  Ag defermation procerds, diplage-
ment aleng the wresch sene increaces. ard the
cane of piincpl shear marross. Tinatls, afl of
the sup owvtuny dleng a few clossly spaged Tawha
gr o oo theous 2oing wreaeh Taull and wh-
segeerl delermations withiz edher faul; ok
are mare of less idereadend of eaeh niber,

On g wreach moalel [Figa 7, 5L pL i camuenicnd
1o mtark e clas surface = ith a grele and o not
Bow 0y thape ;fﬂ:ﬂ-_:cs dunng delurmatien. Peints
mavIRL T Tepdikier mach v:n:.-:r.lﬂr:s.tiun. ard
pota it mMowing apert Sengre fxietnan, Tig ong-
calewsles {Taz, 2T enthe iy aoe 2lirned aloag
1he gt 07 ¢ undezhing un sheel and Jeframn
13t en cotehn elipser Janing e plasng phase
cf s Fr TR Rrraichs hines oo the clay iFig
1A MatT s the e of encies) are Srowced mgrks
et bedome bent dunap oL formatien iR T0-

SR Mavimum oo, o0 wenand gvienuen
are pAtAliel wid the dmra s wnd niager st el
bipee anes, respeqlin e, 30 peirkel of thene dires-

ooy e paratiel it o7 peppendicular o ihs shear

derechen impered on the maondell fey, the sintle of
the wrench zone delfined by the parallel edpes of
the tin rhesiv apd the hne o curcler 13 fnflows
Frem the oo dodelom airangement of ellipies [Fip,
THIRD il sirmclures assiianed wilh each olliphe
{Fig, §1 mav be repeatedialane the wrench zong
TRis ea foliion repetilon of folds and fagls
az erparian! giagnete feaderg of wreach arnet
(P 1-8) (The wre and ypacine of orclescel
Lpred om bz models is achilran: the spaciag £f
fulds zmd fazhy im zhe oowesdel wiench 2orer i
Zriermaned by vanecus characiensnies of each
madely

The ¢ids mealels of wrenching ase all bzsacally
abie, The mamled im Fepures 7 20 8 has 1ot bal-
eral doptaoement, whereas the mode!s i Vizunes
¥ and 10 3-e ngki-datera] wrenches {Bs consens
tign, 1he sense of fawlt duplacement 19 Jescrahed
by swwmuaz that the Bhgh tnw and the ehuerar
Faed. oad the Slch acrpsn the wreaeh f1uli fem
e aleervel e ¢d 10 K HEh uo lefly Yanowt
sirudiares form on each model, haweser, Jependd-
inz o8 Lhe thighney and matwe of the wei-chay
Cant, oN she cate of d=farmation, on anv snecl
Feesdilieny bunt inio the model, and 10 2 cerlaoa

degree, on chance. Inchinded in the “change™ a4
jeet bt heipt i dvtermine ke fina! pestsl
neucteres are, fur evample, sbipht imbomopenei-
Ledn the teviure of the tlay and the prevence of
Fadlen Suhbles beneath the €lay wilace.

B;- -tn-.'tlﬂg:-'. 1he nrlrutu-nut i faced with a2
ket of wiinown {ehance} faciure i interprening
wienth zoney Sewme of the mare oheaous fagtors
are 1he elects of aoaumborm steaugtiphy {both
thice nese and Eomposibion), sanabie i of de-
fermanen. s nd diTzrent direcowens of mecement
Telween cont ol tlcks :.!url.hs e e af defonr-
mation o during wwceeeding vages [noapive of
these imbherent enmpleuties 13 bt nalure and
tie medels. howeser, the owverall panern of
wreaching hay bev clememy that arc repeaed,
ard the pre~ence af any ene or mnre vt tueed of
the Basic paltern seres 21 a clee (or Tecopniting
ket sirwetyral aiele and 3 zaocabed prospeaine
Llruciures.

The straciures of the hasic wrepeh-1eciomic
Fallerns are ea fchelen fulds, en éclelos cnnju-
pa1e stibe-shp Fauhy, tke man wrench faull or
wrench-fauk rome. and on Fokelon ponmal faulos.
These are desgribed below and are Mluuraied o
e models lhgs T-10)

Fn Echetun Telds

En échelyn folds are the mast zhractive prot-
pegtive Uruclured tn wrench zones hecawre thry
ferm o casle amd thus proside vapr donng carly
Rydrocartan migrales, and because they com-
menly 2Tord the Lorgest flovgees 1hat are gend-
calls delaed te wrenching (llarding, 1973 Ag
the ymoues of duplacement on the wiench rene
increates, e imhal folds are brolen Ryl by
fraciures amd Then by faulis [n lver stages of
wieaching ke Lolds may broeme shantered {Fig.
SC) and parrs ef 1he faldy onoenber xide of the
wrepeh faule may be oiTuel [F|5 TG A muove-
ment Al (rusia] Biochs coriaues over lang pen-
s of tecdopie me, the kall-fuldy on one Bk
can be remened eempleiely swas fram the 2o,
and the wrench Tzuft ilell may provide gpdip
Clobare )

The term “em eckelon™ refers 1o the arsange-
menl of siructuiens along a Tiecst June g that
indivwfual Toldy or faulie of the «ome kined are
perutie] walh ek oiber and aie inglingd cqually
o ihe wnke of the boar The pomeat e Tor
derghBung e cubeles Loid sei s Grmulat 1o 1hal
far wiench deplavements. Righi-lasera] wrenches
prisdwce righi-handed (afd ses (1F1g 11AY where
a ravere along the avn ol any fobd 1e ils 1ermi-
nus would Jurm nght o reach the neat fodd o the
er chelon ser (Camphell, 19251 A lef-handed
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Basic Wrench Tectonics

ot of en etk folds in eastern Pamoama (g,
TR F“‘|"'h.|.!"'1"n rﬂ.llrd_ w3 kefe-lareral wiench.

A en dcholor Tihde s rng fosg arg |.|~:|.|]E_\. ul
yrsiar thane and estent, The feids i Trgure 9
gre mare dlnat and mwere wmiborm than wowegdl
far clav-wrenh pundeis, hecaenz o] an vheel ol
e Bl QA% chick} wat mielavered i
the clan B 2% o below ate sorface, Seseral larper
A cohelon folds develered an the pLbr e med-
bz TR0 which are homezencous glay
cahes wnhew plasig Blm The Bads ia Digaes 7
ard § a1t Jow and enly Taimls vkl whereas
prese n Tgee 10 wes darcer, Tion JoTesehie
=pehatis Bocarlained by the rales of defierma-
pon: 14e mredel with Joaaen fallfs (T 10) wan
Jeformsed D5 Lmes Favier than the oiher mudel
(Firs T8

A bee euamimnation 6f Fizere %A oozl a
gmall LaTvrence heteern the aserare Tl rrend -
and the vend ol ahe Jeger aves wl she zlipores,
Thie dilérene prebakly o accenizated by the

gevenoe oF e bR i sheet, shach Sas indlu-

erctd wirantl (he fo‘.,-::r_;. Dikes wmalat gapeme
mentt hote thown that the fald si2e and fuld
AOTE the wrench rpme are cetdied o ke
depah of Fural of dhe pizste film beles the €lay
sutfzcs Shatlower plastie shegss produce sealer,
prore ¢hosely spaced fefls. Another charagiennle
wn-gst 1 redels with 'F‘1.l\=lt Al D -ov g5 the
rapideis ol o"2ir o after slaw defpeas ew hegans,
Proabe erirvme case ©f the Mlasog sheet Suegtly
on e elas soclace, 2 ven sl disetion by
wirt np immediatel fayres folding 1 the
plastic sheet amd in the 2lay it helow,

In pgedels witheyl the plastic sheet fe 2, Fik
PO, ke wenoet glipse 2aes arg peach paraliel
wrth the aves of the eluy folds. This 1 aimalar B
the eil:mee diagram [Fie &1 hul the model elipies’
are sl se eianzate 3 ke hpes in Friurs 6

For o true simple thear the 3azic beturen Ihe
feld avi Boma ass el ke el pse ) and e e af
the wieach zume 1t alwans Jess than 3%, For mev
wrERER BT Saneme Ly with O3, 1B aszie bee
tween en fekeinn Mold anes 3nd she wreneh faule
dpprovmaies 0% !;:-L"':L.'t that ferm aier during
e delvemaios byve e anetee. T
whatehom the cprn e ol esploraiip
1 am ares where wrezching 1 suspeftsd, the
feetzraon,of sevenab opical wremchidone $iruge
s wull wene oo vafine theteald of the LT
Snif 3sd protabkly abes the serce of wrinch Sk
Macenern Byoestiapeliuen from roaleis) thy
1ver of e fohvied JollsD Which anay heaSile
Tw Tes el Cmio st sBozid he al an angke O
T o M wiongd et JLt R E WTNERLY
Sircelivn (lefh baaded feidayorm a coenierchiks
wivg dircetion {Hzhthanged fulds). LE the

e

9

'
A ) k

wighchorong drend it Lnows or suspeeted, and
the alisplagemenl sense s untmown, Faldy augl
eryt A e .1?-1-;'.;‘-:!'1'11 alung the weench tend with
their ases v hned abaut 33 Lo ik irend

I omatere (P 12850 fold anentaluns inoa
wiench ronge can he JTenenl Ry seversl Foldy
along the wame Dglt bend Some Telds or pang
of fotds wpth arropular asial wends, mas paratiet
e wreneh Fawdl or vrons (he wrench fone ag g
low angie. Resenal faolees that ean influence he
shape 1nd 1rend of en écrelon foids iclude con.
searenr of hlecks during wreochune, changes i
tlfiee of the wrengh fLull, :.lrrr cumporenty of
rverigal deplaenenn, dullerences ia bind and
thahness of sodiments, and mobaling of Baiement
mear the Malds,

- Conjugate Rurike Stip Faalr

W:enchinn gautes 1wooseiy of mierecing, wed-
tead fracentes 4 fonrh inoa poedictable vrieniznon
alonp the wrench sone One wel, the low-angle
fractwrze (C-C, Fig &1, makes an anr’s belween
th amd JO% wuh the wrench sirhe (XL XL
whereat the high-angle seu {13 Bp onierecty the
wrgheh 21 3n amche betacen 70 and W% Thrw
compurale Jradiuies tan ke eithe pozis an fally,
ar betho depending ea the magnilede of wrenche
INE.

El'hc acwtr angle of inbesctlion of the wa (-
ture sets a5 depsndent on the mature +f 1he Togla
aind he defvarsaticn; it e waliy in the range of
£0-70%, Thw amgle s bisecied by the darduen of
Tasimum eomepressien {B-87 Fig 5] Onothe clay
erodel wn Tipure 70, ome feadioie of fack et
forms an X7 vutnng the center small ethese. The
wetdge 1o the acui: anpis of the imencehan s
diplaced {Tig 80) wraard the center of the el
]i.]n: a6 deformalron continues Twa wnkrcand
aspects af the defoemanan are sllvsirared by om
wedgsnp: (1) the oppoane wones of laieral -
[lisemizal cm the wé mlareching setike ship
Faultr: and {23} contemparancout plasie defor-
matwen 3ad (aulhing,

The Teweangls Faulis (P T bnlersect the
wreach stmhe thne of ellipse vealersy al 13 and
Save the axme serie of de-pt =R ifef1 Mokl
of the mam wiench pens (b~ 10 CFD-E) and
the Bna) waerah fowlt 110g. §F 0 Thewe low-argle
Caully are cahed synthene wnkealp faults, of
senph vathec fael Tnoeoatrast the faghoag.
tle set of sompuraie siebe-shp Taolns hat o @i
plavemeny sense eppestle hat of the wiench,
these 20¢ kppwn av anbthete suekcahp Dagley,
amd thex anc nzhbdateral n o dhis Telelaieral
wreneh meslel Thes Form angles af 76" with (e
wrepgh and #0° with the syatheng faulv g rhe
ceniel elhpes {Fog TC). The low- and h-l,;h-.\n;le
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conjugate fractures have been rermed Riedel
sheaws and eenjupate Roedel shears, 1espectinely,
by Tehalenh o 2ndd Ambriu s (9700

Certinuing deformathen after the conjugase
fragivres have developed rrocecds ac g combra.
lioa of strike-shp fiulung and plasie digoren.
The aryte antle between (he we Faulis cnfazges
1 Bt o falts 1052t away from eaek ather.
The suppierenian obture angled decrease as 1he
larger wedpes bosnded by 1hem moue ouiuaed
along ahe lerp-rilipse avi (A4 Fig 6} which
mais the diegtion of edtrnnea (of mimmum
Com e |,

The retation ef the conjuzaie Laultd s an inter-
oal flacal} roranien cayred B compacstne defors
mangns and i oot ielated wagLels 10 wrenching,
The +ame confupare fault paiterm, wed ing. wnd
irternal Fault reeatwn are posakle when rocks or
clar) are suliected ta sl evlernal Compie
son, 1hat 1n when e compresane fercee are
Oppred of 3 etraizhl g (R1mpay, 195 2,

Wreaching, however. abwr protuces euemal
(repeeal} redanenal dohrmation, The =« recching
forves, which tesult from repional semp'e shear,
achinoprmoiie divechons 100 0 repurate, Fatals
Iel hrer 3o a3 to form 2 eguple, The totung
defoimation goenerally s ceMincied 10 2 heeas
=rench fone parallel with she couple and 10 che

Ronzld [, Wilcos, T. P. Harding, and D. A Secly  »

adpes of the modisp wruaal bleeks, A lefi-fatesa
wivteh Mus an ouiernal sense of rotarwen thas g,
connlcrichwite 1ps T 81 whereas Figatl
enal wremchet Rave chigiwine ecternal 6 NHT.Y
(P 210 Thin can be ceon mothe moste’s b
netng the sonatien of 1he EHrjie aves as wrengh.
L procesds

The eTeern of Motk the intzrnal retation due 1o
= tiay and the enternal Tokation due Lo wrenek.
ing fertler distinrah sothelie and anonteng
faplis For g tefi-laicral wicneh iFigs 7,81 estor.
nal ferrtion Knds 10 mose the mnthene figl
rouniershedhon s auay from the wreagh end ay
e inicnal relation tends te moac the fauh
clachupe Wwaard the maim wrench The result 55
Iiile st 2tuen of ke sumthetae autian ooctoer dives.
uon. It enzmalls formed scarly paratic! with the
$inke of she main wremeh cone and, therefore.
remains 10 thet fvgrable eoentalion @ 10000-
modas additonal wrench displareme s,

The a-tihetic fauhs, however fermed at g
high aii2ic s the warnch, asd the Conbnwng
Seffmetion caune bath the evternal Jod the in.
Lefnal ranations 1o be countercloriaite (s 7,
83 This tenda Lo ingreane fursher Lhe crral fugh
antle 12 around 90% a0 the wrench fore As 3
conteduenve, Mreral diplacermaals on anichens
fandis 207 vonerally 1mall compated wih thyee on
erher thew wvathers ounlerparis o the main
wreah auln, [0 sunie canes, the Nigh.angle pasis
tgn of r anmbendy iose poorly Fagred Tye
euplacemenin 35 2 prechude ther formanen, In
all e T3 maolels WFips. 7-10 wnshethugs 1o
Fiuch betler descloped and avgwunt for much
were arcach diplacement than (he inithenes.

The combuard cifeon o eaternal and jalernal
toratien vn e Faulg =c1r 4re comred oy Tahle |
For 1B teft-laterat soreneh madel (Mg 708 Nets
1 rewenlt Az of coopupate ahears. death pasatie]
with The o el cultipg the center fliper {F15,
0.

A e lul clue 1o interpretativn is provided by
e aniizheng fowlts thal have Syen mitazed Trea
erona] flansr sthnde felomet bems by ne
eodimred mIernal amd evicinal rotlieas 8y
i1 eppesre directont on either wle of e
wreAgh ons. The map vaew of 1he twived faztn
is 1 fla1 Swph ke arer of the § powniag eward
the dircess af Joplacement 1o, § for el

el
wrenches 1Fi2 AD-F) and 1 eevers 5 for nght
wrenches Pz SO

“Wegreh Fanlis
The deselepinent of ke man. thicughgeng
wrendh fault s the D styge 15 ahe curin prave ol
wremh-rene defurmation The cntire carly phase
el wreackag wvwally consiiuies a bl ad tran-
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Basic Wrench 'T-:l:tl'.'u-rui:s.r

mar perind dn the leng hiceew of 2 majer
woenth Tault Bub b earhy "huc wonf fiea

peimrlbne

-1. T 4 ;‘:e:. el af oscurienl I"nln..:ﬂg and
£an; l.,.,.l.[ lawlung. she rgely qor el ) aciure in
a rrlausey narres zone wuton e ovrralh defor-
Tt ,-.1.']..[51 ard he mrvor weench fawln s
cerated. This provess of regy fardure Tepne 2l
yewsral poanls aleag The wrench done (o . aee
Fr= fE. ecacrr wmll pirgles 4 ard 57 and 4,9
and Wl Assome losatwees & seoikend Tawlt dea-
apes 160 e i peeal wreneh-lait 1rend, and al
b 3 Few Stadture forms mote mease pafalicl
weh the s e ©f the wpench zope prad 2t g emalk
anile ke feathy sanihens Foylin A Lhat proe
cess cantinuer, e main wreaeh felt eracwally
emerged a5 an intireoanecked senes of e ear-
Ver Fraciues, {The Plave Siss sreoenied the for-
rmaon of the 5i!‘=5!¢ wrensh faullin ke medeln

HEY .

A grear vzdety af fault hlocls 1y produeed
wihin the wrench ion:, Seme large blodis aze
caught beracen earls formed branches of the
mun wreneh (Fig BF, pear large ellipee 2t lefLl

2 many ymaller Flos g are sied and deiermed
in7o hersla and ¢iANCRY Tte cen LhE MG WIEALD
fazit apd the tenjucate el Once mdivuingl
faud 'hu-.'u- are scparated b faulunz shev tend

1o deferm somenkal i .d;ﬂcn,:“.n. wor
LOSE HIAN. ADTE T fﬂn..n... and spme are faulied
azan,

Ao divplacement 03 the main wreach Taul ie-
freans- s'.~p drmimsshes om ke ether faulis an the
rene. The aclae Tzuli nlane” of relatsely
vhir, crush pene 2inng the agtise parl ol ke fault
commaaniy shudle oD tde fo swde of thy wreniz
rone, Thitarhen and Diulbng of the whele lone
beeome comples, and hi 1 4 heaided
fag'L paiemn that is npisal of imajur mmc"\
r‘:nu{Flt 1200

Changes in Lhe sizive of the active facll 1ead 1o
additignal defermation gf the wall recis as sltie
iz genuruse The papsble! wreath becumes a
comergenlar 3 daerfent wiendh, a1 teast lecally,
The wife and esienl OF the resullsng c@npres-
sicoal ¢f evienvional siuguses depend oo che
ampunt of ¢harpt wm fagli s and the ambant
of du_xr'!.h:crn:nl Alent the coreed fau" wdrface
within e braaded otiom e Fips B2 and ac-
ceimpaaring w11 Crdurnon of -.‘omnunl and

=
dn-:.::r.l \-'c-lr‘l.ntl

Tension Tractores

The poentation of tgmsfan jochis o permal
Cawits paraliels the shors aus of The szain ¢lhipse

in the pros e I hxdrﬂ alen irap

87

(Tig & R-I), crewes the en fehelon fuld 3ues gl
At angles, and bisects the aguie 4 nrle Setween
the Conjurpate sheary o ffielen oesien fiag-
twet s Terin along 3oweenth rone in e saitial
thape of deformatwn, bul ther raaly we de.
stroved a4 wiench dunlﬂ.ufmrnl muieates and
conprein e siraclures (Telds Tand canpuse
Faulis) pepumme mare prominenl Froclay misdels
of wreaching, tontven flactures are unidmman
Frtaune af the vreng coheaaa wuhin the ¢lay,
Whater pliged voo ke clay surface elimwniies this
gyhewcn, and latge, v:p=, ra ruleln {enupa
cratis ferm i the uﬂunu-u wi other fiaciurot
and Tty

Tag cvamplny of em dchelon norreal Trulsy hat
are '\ltwm:.l iy tie above buned wiench Taults
are 1%,: Late Raua fault zene. Sentang (Fig,
). 2nd the Cotlape Ceave Taul rane, 1o
tFap. 303) In beihy rhese Dawlt peaes. the amounl
of wrench mosemend ool the baverent Blocks als
et sedimentaton has been small —judd evuph o
Flagiere e D\tl:\i.nb sedemgniary pe bt wechaul
Lansing ursficant lateeal pllser Addibenal hia-
ear zones =hich may represend hltr-thlllg hase
heen Ircnp:.‘l.'td near ihe Llate Nann  rone
thrmwlh, 190 4).

The Cettarz Grone #one doplaas o other
Teaturey of ur;'1|:|'||1‘|l The nomheen Mok of the
frain wanlwest Faull oddoanthrosn on the wes-
ern pars of the Tone and upthross en 1he castern
part. Thes wiad of change o ke verigal diclace.
Fieml semag 2loap see 13 Il of "H!'“I‘{'L
The 1easonal mr"upunrnl. ef wiemking is mailed
i b eanterm arey around the Jauly qone by mahie
dites o bontrouems amd sem G152y m enien
famclures ate well hRowm a0 minezal ceposin and
plutenic terranct, and 1Lev fit 1he Traciere patern
Tur wrenchng alvng 1hix roRE.

Artheug Dacturet ankenl some f‘r e en-
wwonal gampnneal Bl 3 2 -wh drlormaten and
commiely bevume pearly cenncal aremal faulis
with re=bpible laleral diplacements & down.
ware Lapadement on ciher of he con;zeate
srne-clyn fyubis tends 1o e e ard e aone
wedee, Thin s el hewnoss id medeh
(g, 10CK where there are fmamy Rni'y apeced
antutene fyutts at hovh eods ol ke wrench pane.
Such copgemraauny of "unnthetic-noemat fauln
impar! g poewioplasiealy 19 Lhe clay M aocka)
th;l permty Uhese ponts 10 deform mete on Tew
wralea ml withow! heing cut s one maih woench
fault. Thun, a srem h foult with measutable sinke
ship can ro it e 4l thete fredlwie poangd
abung 1t wpae where therr 1 the same rezanad
3hJt agroa the une but no wngle faul of Ill;:
lddeeal Snpliceniend.

CoscbactsT anp Divg st Warsafmng
Opposed crustal blodhs tha da nol Move par
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Fo 0= Eaorchekat fds & Dhoppramm st nghin Snll LA banted Bl was loawerd B3 bge 1ad Wef2amra st p o —pe
ity B Radat amape of vurfana Poldh, Dasch Faum, ganern Pazama azand B ol aapinl wresiheng Mrcrms 4o guesd b1
“-'ul-rll_hu'q [ AFISTITS ('m'-leul:mn_ whd T pambraft foan UL, 5 Ar iy TOFPCCIAL Fi Bglughr, v AL

e N —— ,
Aegla Spinpam . Ayl Hamen Py p—
e AT L TN TP L E TV VT T L T T ]
Foperr N i gr dng 4" Lu=thrix Faufl LLISLEITTY I YT LYo 1
— T B =T ——
. Te Fool v w - .
¥ H o 18 e Lol !
ke o LrL art T
&l " 15" n" w

"hn e

aitel with a wrench Ful enher cunserre of di-
verge 23 wlenching preyeeds. Thew ohliges
meseineal Mas be oretaied W onenpanaliel i
Fraaemens of cruslal Bivgls o0 a regnal soaie,
grther —ay be dug 1o gl gha=ees 0 sorilr ofa
ermedly panalel wierih. I is commen Tor bach

eonnetgdned amd Wivergence o deselep becally,

alang & Wreach Censerzent wrenghing, on whake
gver 4€als, lemds o eakanee Lo reians mrench-
rone struiiures, nmarmely Bolds and tanjuzare
prhe-sko LeMs pd sleng censefornoe fan
crure re-eii Nulier and 1h':unin5. The furmma-
ten of tesvivtal sirpdtures, maily nermal fuls,
sl of dierzent wrenghing, .

A ponaielach iwed esampls ol bolh ponser-
zenit and divgizence & seent nerh of Los Ange.
e, Cabiarnic ia the Bun Andreas wrench sivem

Ao i i A podeshaped block, whigh s
azowt 100 fesn and JBrm wide. bes ot
of the San Apdieas Tault ard zorlein of jhe
curving Sas Gubnel faod iz 124 B - faulrs
aog weli-documenied, rratbateral wienunes.

The padushaped Bk hae moeed southean
dlang the wurmed San Gabriel fault and bas
Caured CIMVETLIAGE oAt 30EAEIn And yoyih-
exticIR ©arfing Reverse fauln with scrineeshp
eemperent whoraedrize thit pirpn and allesd
1a the leteral weenching combined with cempres
son and high-acsle throstng. .

Concurrenily, the nosisaestern pael of the pod
[ LTy W L T B Y errd from the curitg
thern tad of the San Gabeel fauh, and vhe
Fadfe banzn was fermed (T, 1JA] Eedimenis
filed 1his bawip 2y fauling eunizued, 180 chey
sl g Tadin mon e men s B plﬂ:hihg HWveral

ChRET 1uch i.}r"«-n wheig tvgler Jieat wepg e’

Plased alongvivle the basn 1144, 1280

One sac. e af fheseie ks 18 presenosd as
ceappe Biedar im the Vielin Breccia (Fig. 124, B,
whith sovumadaie) slongs ahe Rosihedst side of
Cr 530 Cadhel ull sop a4 wrenthin? contia-
Lrd fram the Tae Siowese @ ake late Friogers
Wrowell 1954, b3 The Hidge bamn i ates

hew mair wiench £1ullecan infuence hasin de
selopment and wedimeniation at well 4 1he 1
ete hivery and erueieal w12 le afa sEpgn.

Erechelan Tulds im a elas medel are rahanced
by even » dizba convergence of onls 17 [Fig 13}
In the early viage of mosement. the Falds aoe well
develaped IRruaghoun mast of 1e ventral pare of
the model (Fig 13A) and a few svmikenc frag-
twles han e e At g later seaps iFig 130, the
foolds have hwen pfTaet abong the ssnthebig faghs
and the iecirieny thruwyhginng 4rench A few
aatithete faulty 3lva Fovmcd, ot therr impar
Lante in this defarmation was mimmal,

A mareamiensice £a fohelon rune of fom e
ton et alang 3 mesde] wrench = ih g cone
verz=iae ol 18T {Fig 144 Good 20 éohelon
fonds fieme A the papaw pone that later o
wplfied, and heth sets of compuiate thoary atd
well develiped, Mearly all wrepeh d splaement
s tamwenirated on e vynthene Gavly aleng
which the Bold aves ase el A vide vicw of 1he
tamic o madcl (Fig, 1aBY revealy the rnmi\:“
thrusnng af the wedses wueered up and our of
the wrem®h Iome by the rgng Cemsertrnce. A
these Blw bt T, they were bounded By +erugal
or high anele teverse synihenc faubis, and 1hey
retemble upthrusd hloghs,

Jurs sowth of the San Gabrel Sull in ke Linle
Tegenra Canvon afea wpthiucre out ol the San
Ciamel fauly fone are evpaned (1'g 13} {Revere
favvizne m this area acoanpamied e San Fer-
nandn earldquabe of ehruary 8, 1971: see
Taleier amd Henvey, 1970.)

Lizered wand models 4F mmons, 1967) a0 2l
muruciiee in slutlring 1he reme g Lenad (harags
tersties of wrenph fiulis The fault ront widesy
a1 the wieng b Duglt splans wpward. and indinidual
faulis huve poamald o goverse dip-shp separatian,
depending an how adjacent Liah hlacks are dis-
planed wiihsn ihe wiench rone (Fif. 16

An papertant reiull oF deercenl wienching i
an eneriay al esiensional hluck Fawliing on the
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Fug, Hh=lacered cand m-del nf s wernd ot liegl wresed Fuglt gradiae of curatyer, Moy oA Puokr
Buorough tenies of mael (1708 Bgh asd LHin swied B Liee diamang of faaf ar cheadil, nphaclaersi wrane s

L1- R L LETY

praph el crgus wedten
PR LR A

Adasaypand Titesondl

simple wrench paslaan {Fip. 17A) Grabens lorrs
in preference to hars and newly all fraciuzes
have 3 tendency te dovchep imte hrei-azgle nor-
al Fautt =itk ebhque skp. B echelea Lods 30
poctly developed and bave low relel adeng drvers
gent wrencres. but warping of fault blesks 1w
produce closures Bels eea the faults is prahle

Tre Figrey troerh inoacoibwesiirn Aystraha
(Fag. FIBpbs probatta d divergonl wrench graben,
¢ appears rha wrenching fermed e trough,
whith fled with sedimenty, 30d a final episede o
rdpar wrenching deforsned the basia ) Fa é-
Eelon follds im e wouzh and 3 zene of o ooh-
clon neremal fawlis in the agppining but yhallguer
Meriheast Canmng hasm are properly pnigated
fer she nfesied pight-laterad wrendh fopt alorg
the trepd of the rough (Ravbgan, 1967, Sruth
1%965].

Congrrviass

Larze quaninies of oul aad gas are vapped iz
struttutes cauned by wrenching of inflaenced by
sotee avpect of wrench 1ectongs Raowledse of
the wrenching siewelural sinde juespecially weefil
a erplocation begaute the basie sttuctural pal-
feras of wrenclung re siTme ond Cofsntenl and
ate well dowemented frem many areas. The siruc-

tires and sirwebwral fraps 1 be fspecied inon
wrgnh lemane geneially gan be predieied wih a
Liak doroee of cpafidones.

The pringipai elemenw of the Ravic wrench
patterm are (11 en doheion folds incdned ara
bow angle 1o 1he wrengt cone: 12} temagaie
simkg-shy faults, wncluding asnthene Myl .
chned 2t 3 low arple o the wrench ene Totm
the ppposie disscten Dem the Gelds, and ant-
thekie fanils mesfly pempencvaler L the wiench
pone: 437 the mun wrench fasii pardile] er seh-
parallel with the wrench gones and (4 rermal
fault or wervipn jwinis oriented perpendicsiar
the Fald 2sey. Ans eomiimalen of Ihee siruc-
tuet thay ferm wethin & peen wrendh fone, and
the recegriion of 31 gne ut 3 cembnanas of
tem urealhy = Jl senve b deline the Uend acd
displaceread sense of the wigRit fone,

Threo general sixles of woenching are
:r-;ﬂsﬂ'ijtl_{: (13 nimpie purallel wsenthing. an
wihoh wrustal Blewis mone parailel aith ik
wrenuh Ul (20 conveigent wrenching, avwed
B Flouks meving obiigueh Leward the wrencs;
ard (3 Jiegrpenl wremaing, resultong hom obli-
que moeer e cfohe bhasy e fram e
wieac AT thuee sixles dovclep on both bwal
and Tegional voalos.
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Algunas <o

cerfsticas gue deben considerarse on la deserip

cifn Geotécnica Jdo’ un maciio Rocoso.

A.- Material de Roca

C.-

> . .
Descripeidn Potroocilica.

Propicdades Meednicas - martille de Schmidt, pruchas

Grade deo Inteppurisme ¢ criteris mineralogico.

1.-
.- Clasificacidn de la roca.
Toca, roga aftcrnadu, suclo.
3.- Intemperitacidn - dupabilidad,
4,-
de carga, rayadura.
5.
.- Estade d& Fisuras.
F.- Mlero-cstructiuras.

Perfiles de Intcmperisme, . '

1.-.Descripeidn y clasifjcacidn de iodes los productos inter

medios de intemperispo y la distribuciSn espacial, --

junto con los resultades de las pruebas de labprato- .

rio indicande las prapledades mocinicas,

Z.- Descripeidn de las preopicdades de las juntas en las

diferentes ctapas de alteracidn,

Discontinuidades.

+1.- Qrientacidn prefercncial y sepavacidn enire familias,

clasificacidn estructural, dngule de rugesidad vs. lan

gitud de onda y

2.+ Cacacteristicas

descripeifn de 1a pared de roca como:
+ pndulada

= TUgBSs)

- tersa

« dentada

de las parcdes.

-l —— -

- exprcéudu pot 1a dureia de rayade.

- o resistencia modide por el martille

- EspfsQr

Material de Reiieno,

- compactacidn.

- composicidn.

- 1 do arciiia ¥ suelo,

- zoldada
- cerrade
- ablerieo
- CAVOTROSD
- zuclio.

Otros.

Cementacidnh y cquedades,

- Condiciones de agta.

- roaccignes quimicas.

- etC.

+

de Schmidt.

Descripoidn de separacisn de las juntas,

cualguicr tipn de foltacidn.

esiratificacién o

l

Términe descripiiva

para 15 juntas.

Térpitip drescriptivoe

para }a estrat.fica-
cifsn

separacifn de

las discontinuida-
des,

puy corrado.
cerrado
=oderadazenie
coerrada
akiertn

muy abierto

cuy delgade
delgado

=ediang

ETUCSD

MUy sfFucso

penos de 5 co.

8 gm - 30 em,
3en-1m
12 - 3 &,

mfis da I m,






REPRESENTACION GRAFICA Y ANALISIS DE DATOS GEOLOGICOS

+

REPACESINTACION Y ANALTSLS QROLOOICOS DL DIAGRAMAS ESTEREQCRAFICOS.

f t

AL Rnprcsqgtﬁ:iﬁn de los Datos Geolielcos en la Geotecnia.
1.- Tipos Je¢ Representacidn,

los dates propercienades poar 1a expleracidn pgeolédgica, puede .
prescntarse para su andilisis en forca individual o intepral, -

para la cual dehen epplearse las sipuientes formas de represen

tacién.

¥apas geoifcnicos
Perfiles geotdcanicos individuales
verfiles geeidznices integrados

Estereagramas
- Nanpas Geotégnicos.
Son mapas =45icos que contendrin informacién referente a:

Topogrzflia ¥ fnponin[n {rota vtilizar la escala apropiada)
Litologia [econtactes geolbpices)
Fropicdades doc Suelos y Roca
Espeseores Jz Susle
Jiscontinuidades (dates estructuralies, fallas, fractures,
Tunbos ¥ echadns pleramiente, etcy.
Anrgvechaziontos hidraulicos, masantiales
Ionas d¢ infitteacidn
Terropas pernéables
Hundidos .

lonas inestables [selifluxifn, creep, deslizamiento, ava--
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lanchas],

Bancos de Material
Fanl orasi | :
MURENOS erosives y de depdsitos

LA

Datos sobre ricsgos naturales
Sismicop

Inundnciﬁn, ctc.

= Perfiles Ceotdenicos Individusles,

Perfiles de un sgndeg

Ferfil do un socavén

Ferfil dc un pozo 2 cielo abierto

Perfil de una trinchera

Perfil geofftsico en una seccidn )

[ pucde ser eléctrice, sisaice).

- PeT{il Geoteenlco Integrado o Seccién Ceotécnico.

4

fon €1 objeto deb
¢ deberin -

tde presentar una visién mis peneral s
construir les perfiles gootdcon

darfin

itos en forza inteprada que - --

inf i
DTAACIEN A cerca de lag SStructuras quUe se presenten

en ¢l frca, tal comg:

CSPesorcs v

distribucién de lasformaciones

dc?dgito de reileno;

amplitud probabile de faltians;

direccibn de flujo subterrinens

niveles piczométricns ; : )

determinacidn de citavilidad de taludes, etc

™

Diagramas Esterengrificas.

El

r

Unz ver que 5¢ tienc toda csta infnrpaciﬁn sghre los mapas y -
pcrfilcs,id; rosgos ¥ fenbfmenos peolbpicos presentan en gene--
rai una orientacidn, es decir manifiestan una direcelédn, una .
inclinacitn y un scatide. Por lo tante, al igual que en el ca-
so €¢ la geoiopfa estructural sc tratard con formas geométri--
cas irregulares y esfucrzaos que ham dado lupar a la disposicidn
v orientacién de 13 coriecta lerresire. Sin empbargo, sobre un -
penig de chservacidn, cstds esbructuras groldgicas pueden intel
presiarse comt planos ¥ lineas susceptibles de ser representa-
dos griAficomente: la experiencla ha comprobado que 13 proveeg--
eidn estercoprifica es una execlente herramlenta para represen
tar las estructuras peoldgicas tridimensicnales en dos dimen--
siones, Aquellas personas gue irabajen con geometrla deseripil
va, cpiazin probablemente por solucignar estos problemas espa-
ciales de psta manera, pereo =e encontrardn con la ‘limitacidn -
en tuanio al niéxero de dates gue sec puede trobajar, ya que - -
cuande la informacidén sea 2el eorden de deeenas, centenas o in-
clusive ailiares de dates, la selucifn serf sumamente cerplica
da, diffecil de visualizar ¢ de meche tiempo de spdlisis, Por -
£]1 cenirarie, con 1a avudas €= la proyeccidn estercogrifica el
provlema tridimeaslonal entre interseccidn de planos y'linegas
gqucda resurlie inmediatamente, sin limitacién en el nfhzerec de
datos. [ csta manera la relacidn de. estructuras geeldpicas y -
les esfuerzos inmvelucrados, pueden tratarse estadisticamente -

mediante los dlagramss esicreoprificos,
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En estas gondiclones, seri posible representar tridizonsiongl-

mente 4na sﬁriq de estructuras geolégicas y sus relociones. Ex

te 5 ¢! cash de los plicgues, fallas, fracturas,

foliacibn, estratificagidn, o cualguier tipo de discontinuida-

des y lincamientos relacionados a trabajos de ing

Un ejerpio podrfan ser los rebajes de ioludes,

perforaciocnes, etc.

Existen dJdiferentes tipo de redes estereogrdficas vy el uso cstd
deteralnade per la naturale:za del probicma. Entre las tedes --

mis comuncs cstin la red de Wulff, la de Schmidt o Lashert (de

lgual 4rea), la pelar y la de Kalsheek. En ocasiones basta uti

lizar una de ell3s pero oiras veces es necesario usar en comp

mento alguna o algunas de las otras para Llegar a sgluciongs -

con un prade de cxaciitud satisfactorie,

En el caso de la mecinica de rocas, la proyecciéa esteteogrifli

¢a ha adquirido bastantie popularidad en la identificacidn y --

poetencialmonte --

orientacidn de sistemas de discontinuidades,

inestables para el copiazanicnte de una obra.

De csta munera se pundﬂ ear fo za prc11m1na antigipar ¥ to--

1.,. l.. -M

-mar las dcb1da5‘r;$cauq:un¢; ante’el dcsllﬁamicntn de algiin 3

iud, .-! -

A continuxcidn sg prﬁscntn informacidn s¢hre elinannju,
cisn y anilisis dende se han utilizade los diapramas estoreo--
grifices. Existe una amplia bibliopraflfa y ecs conln que cual-.
quier texto de geolopla estructural contenpa las tfenicas de -
existen puchas publicaciones suhrr cl vipleo

manc jn, asimismo,

enierfn civil.

ocrientacifn de -

e

dflica

discordancias,

i

=
de este procedimienta para solucienar problemas complejos o -~
aquelios za.las que s¢ocuep: g €on uma extensa informacidn sis-
temdtica Lngpr;reyﬁnuosc :stadIstlcamcntc ¥ desarrollande pro-

prazas de computacidn,

En ¢l trzbajo de Ragan (1973) se hace una breve introduccién -
de lus elementos medibies en estructuras geolégicas vy el mane-
je y anfilisis d= los diagracas estereoprifices en geologia es-
tructural.
tificar y predecir en forma preliminar zonas potencialmente --
Price (1958) hace una

ineszables, en la peadiente ge taludes.

Telacidn entre esiructuras geolfizicas y esfuerzes. Ramsay - --

(1967), Denness (1970) y Cruden {1971) proponen el mansjo esta

dfstice de diagrinas estercogrificos v finalmente, Mahtab et -

al., propenen un méiodo donde la informacifin estercogrifica --

puede srr traiada por medio de la computadora. Al fipal de 1a
zmayerfa de cada ar:feulo existe una amplia bibliograffa a 1a -

cual se nuede recurrir.

BIBLIOGEAFIA

Cruden, D.M., 1971, Traces gof Lineation on Rodon Planes: Geol,
Sog, America Bull,, v, 82, p. 2303-2306, 3 figs.
Berness, B., 197¢. A mothod of contouring polar diagrams using

curvilinear countln; cells: Geol, Map. 107,

Hoek, E., and Bray, J., 197, Rock slape engineering Institulf

tion of Minirng and Meiallurpy: London.

Hoek y Bray [1971) exponen una técnica de como iden

iy
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semibrittle reck: Zcl. Pergamon Press Ltd, Oxfprd,
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Clasifleacidn Ingenicril de les Maciros Rocoses,

deere, en 1903 intredujo un pardzetro para designar la Ca
1idad de 1z roca on tunclces nue designd como ol R Q D (Rock -
coudoting designatiea). La deterninacifn sc efectua en nucleos
de perforacidn, elininfindose aguclles fcstigos de tamafio infe
riar a 10 ¢n o altamente petforizades, en relacisn a la recu-

peracidn, sdecds de referivle a un diametro 10 XK.

R o I % Clasiflicacign de la Re
ca.

mayoar %0 Exceclente

75 - 5 Buena

5¢ - 73 regular

25 - &o tala

mengr 235 muy mala

El R Q D expresa un concepte semejante al espacizmiento,
Es decir que Ia fresuencia de disconiinuidades por unidad de
volumen, indica el estads de fracturamiento de un macizo.

Se ha degposirade la relacidn existente entre el espnéia-
oientie ¥y ¢l R @ D (Goodman y Soenille, 192804) de rodo que este
Gltime pardmctro pusde expresarse en fuedn del primere, - -
aceptando un crruf gue esta dentro de los limites admisibles
cn este tipo do extrapolacidn cuando oxlsta estudlos previaos.
Existen conocidas relacisacs que permiten calcular el RO D -
de forpa aproximada. Palmstrom cn 1975 propuse la siguicnte -
CApYesiin:

RGD 415 - 3.3 Jv






Siendo Jy el ndmero tgrnl de discontinuidades por metro --

cdbice. : L
."l
Priest and lludsan 197§ han propuesto 1z siguiente ecuacidna,

014 .
RQD= 100 9.1 {o.ii+ 1]
Sienta A 1z frecuencja de discontinuidades poar metro li--

neal, [Gonzdle: da Valleje 1982).
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TARLLE 4.2

Mcihedy for Measuring the Abanlule Spaie of Sress in Backs

Principle

Procedure

Referener

Complee sirain
relicl

Parnal straim
eelicl

e

i

Chvetoore a radial defoninalion gage
in & central borehale

(L. S B. Mincs Mcthod)

Ohvercaee 2 oli inclusion conlaining
utain gapes | LNEC methal)
(heetcore o burehole with sirain gages
on il walls {Leenuan method)

Dol zrounid A feastle gage placed on
aroch face

theerore a reselle page placed on the
hattetn of 0 drill hole

{dweorsippper incihoed )

Unercore a salt pholoelastic inclusion

wleasure time dependent s10ns oo
Taces of a rock after its relhpyal
frem the preund

ull displacemenns caused by culling
i tabular slot e rock wdl

(Bt fagk eretho)

vercore a ST photoclistic inclusian
with down-hele palariscope

(plass siresa meler)

Civercone LA inclusion to [reeze
atresses inlp i: ingnsure frozen
aresses it U laboratory

(oot g hsion me thod)

Ihetenre g shdl instrumenied
inclusizn (1107 inglusion meLhed})

L3rilb ig the center of a toscile array
on the sarface of a rock face
(undeTooning method)

Monvler rediol dispiacemenis on
deepening s borchole

| {borehale deepering method)

dercili anel
Peterson (1%01)

Ruocha 1 al,
(1974
Leeman {§i971)

Csen [1957)

Levipan (197 1)

Riley Goodman
and Nalnng 19773
Fmery (19620
Veight {196%)

Bernede {1974
Fouginn el o
(19641
Roberts o al, -
(1965, 1965

Ri1f].,
Cieodioan, o
Molting (1917

a5 {1958)
Maiclarks et al,
[136y

Dusal, o
Hoo'ver 1 al,
BRFEY]

[P la Cruz anrd
Coodman {19701

Tiaa armT o ———r

-

R

B mr e a r r o = . B TET amt rmm

o — —————

Techniques Tow Sleasurement of In-Si1g Sieve i

TABLY A2 feaniinrend)

Principic Proceduce Reference

hleasute sirain b fractare a horeliole e b Mruz {1974)

will o betrehole jacs
{Fagh fracturing techpique)
Measute waler pressures 1o create and  Faithurs (1965)
exlend & sertical fraciurein a Haiimson (1978}
Ruek Now or ! burehale {1 ydraalic fracturing)
lracture hieasure siraing that avcasulate in an
clastic inclusion placed tighthy i a
viseoelastic roge
Core discing—observe whether o Obert and
ot U Las accureed Siephenson [1965)
Resislivity
Corrclation Rock nose (R aiser eifect) Kanmgawa,
Deteeen Tick Hayashi, and
pIoperics . tiakaia (1976)
atl siress; Wave velogily
atlier X.rav litlice spaciof measureinienls Frigthnan 11972)
techimmiguet I guAriz
dislocation densities in crystaly

slot s relatonl Lo the pressare reguirec) 10 null Lhe Jisplacement thal oceure a3 @
reenit of bt ewnzing. In e overconing fest, the rock s complelely unloaded by
drilling oot o digs coge sample, while radial displagements or surlace siraing of
the roch A1 menalored an 4 cendral, pacalle] bareinele. Analysis using an unloaded
thijch-aniled eylioder moselel vields stress in Lhe plane perpendioulan to the buore-
hale. In cach case sitess is inferred, bul désplacemenis are actuglly mcasyred. I"re-
cisions ace seidom goeat and Lhe resully are wsvally considered eatisfaciory if they
are anternaily consisient and yieid values believed to be corfect to within aboul
J0rpsi (0. M1%a) The main proiem of all siress measurement technigues is that
L medsurement must be conducted a4 cegion thal has been distusbed in the
pracess of ghining access for the measurement - 1his paradon is handled by aceount-
g ot the effect of the disturbapcs i the analytical iechmgue, gx shawn beiow,

HYyPRAULIC FRACTURING

The hydravlic [raciuring method makes it possibie 1o eslimate the stresses in the
rocy al contiderabie degnh wning borehoics. Water is pumped inta a seciion of the

e, ——— . P






LL: Travel Stresses i Rk atd Pheie Sleasuremen

borelale i=0tated by packers As Hhe waler pressure nereases, e itliil..iﬂ <.‘L‘.Irr|_prhv
sive slisses on the walls of the borchele are reduced and al same points broditd
tensile. When the stress reaches - Tg acrack is filam::d_: the dﬂumho!f v-_.:::r prc;-
siure it 1his paintis p,y (Figure 4 9a). !fpumpu:nys:nn:lnucd.:hc crave u..u.l -:Imn g
and eyenluglly, the pressurs down the hole witl fall o steady value, p,, somebime
called " 1he shut-in pressure,”

tipure 4.8  Hydraulic [raciurtap. 1) Pretdure verug hime dalg us walef o purhyesd
N Lhe pas g ol geglim ) Eaper anent i orogrese yI*ho by Tam Do

Pl

e lniques b Steannrereent ol 1o it Siresey 113

Fovenrerprer e dana from e hydiaotie astiog eaperiment inenns of iniial
ol resses, we teed edelerming U vrigeindioe ol the liplesnlically induged Tagture
{hadreleae”™t The preatest ammunt of Lifermation comngides with the case of a
sertical tractare, aml thiy 35 the usial resull when camlucting 1ews below aboul
st The arientation of g fracture conld e absereed by wsing down-hole photog-
raphy or Wleaswn; haweser o cruck that dlases upon depressueng the hak o
admid e samera wontll be atficult toosee i the photograph. 11 0% beller to yae an
impression pacher, such as one asailable [rom Lynes Company, which lorces a sofl
rybber lmang apains the sall wiale inteenal peessure is mainained, recording the
[ractuies o i impuession an the rodher surfaoe, :

Tl unialysis o 1he pressurg Lest s sinplilived 1000 i4 westmed 1@y penetratgon of
the water into the pares of the 1ock has Liile or no effect on the siresses aroumd the
hode, Making such an assompiion, 11w possib’e 1o use the resalis of the L pown
distiabsition ol siress around o arculae lupde in o homepencous, ¢lastic, isaliepic
roch ke " Kirsel solulion ™) 1 vonipute the initial o1 resses at the point of raglure,
The tangential siress on the wall of the hole reaches 1he least magnilude al 4 s
A {Figure 4403 where it s

Ay = 3[rl\,mlh = Y, maa {4'?1

When the water pressute in Lhe borehale is p, @ 1ensike siress is added at all paints
sround the hole equal {algebraically) 10 —p. The conditrons for & new, vertcal

¢

[]
/({:»‘;\/,\ —
Flan
A;-l- ? _...’:'.4 ", -
! Y o ——-
v

Figure 4,10 [ocatwn of oikal pomis ardund ihe Soreholy uswed Tor
hydfdulg IHaciure






Techniques far Measurcment of [n-Silu Stresses £15

TABLFE 43

Minimum Depths far a Vertical Hydravtic Fracture

Minimum Depth {meters) for a

Transition Value! Yertical Hydralrac Assuming
@yomin O e Of K = &0, 7 . ( 100 ) 7 ( 1 500 )
() (Kv) "TAR =03 T \K-us
<9.31 @ ] 0
0.40 15 3 500
.50 L5 83 1500
0.60 1.0 143 3000
0,667 0.833 188 4505
0.70 0.773 Eay ' 5495
0.80 0.613 192 - 10,490
0.90 0.359 186 ) 25,424,
1.00 0.500 500 o
L+ !
'E-H-_«i,ﬁ}i.

stress, In these terms, a vertiea! fracture witl form at a depth such that & s less
tian{l + N6V — 2y where N is g, .n/Ta ma, (With & resteicted to values greater
than 1) The mimimum depths for a verticat fraclure, corresponding 10 the upper
and lower imits of K{Z1 given in Equation 2.6, are presented for various vahues of
N in Table 4.3, When the value of & is small, or when the mesn hoizontal siress
tends toward the Jower values in the ringe of experience, vertical lractures can
occur at shallow depths. This has in fact been experienced by the oil industry,
which has produced more thap g million hydrofraes far artificial sumulation of oil
and gas wells.

4

THE FLAT JACK METHOD

Hydraulic fracturing ¢an be performed only in a borchole, 1f onc has access 1@ 3
rock lace, for example, the wall wf an underground catlecy, stress ¢an be measured
wsing 2 simple and dependabl: techrdue introduced by Tincelin in France in
1952, The method involves the use of Rat hydraulic jacks, consisting of Lwo piates of
steelwelded arcund their edies and 2 nipple for introduging oil inte the intervening
space. Through careful welding and the use of preshaging bends, or internal llets,
it is possible o achieve a pressure of 5000 psi or higher in such a fack without
rupture. The firsy siep is 1o install one or mare sets of measuring points on the face
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of the rock. The separation of the points I typically 4 in., bul must corform 1o the
gage length of svailable extensomerers. Then a deep slor is installed perpendicelac
12 the rock face between the refecchee paints (Figure 411830 this may be ac-
complished by drifling overlapping jackhammer holes, using & 1emplace to guide
the drill, or by diamond suwing | Rocha et 81 {136E). As a result of cutiizg the sloy,
the pincsepsariom wall doerease [rom dy to osmaller value ol the roch was under an
imatial compresgion oerma | Lo The plune af e slor (Eigure .0 L) The intlial narma)
stresses cuuld be caloulated From the measured pin displacement 1f the slasic
constandy of the rock wees hnown. However, a felf-compensaling methad of siress
determinstian iy preforred making it unnecessary to delerming the roch propetlics
explicily, The flan juch 35 inseried into the slol comented in plage, and pressurad,
When the pins have been returned ta Jy, their imicial separation, 1he pressarz inihs

| —————

lrk

L)
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i
£
4
Tume I ek grdern L3
|
oy =p
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fack {p} approximates the inilia] stress norma! 1o the jack. In theary, the initial
siress paral’el 10 the skt and the 2eomeiric differences between the inssde of the
jack and the inside of the slot requite a correctian 10 this resul (Alexander, 19603,
Howeyer, the cortection is ofien within the band of uncertainty anyway, and if a
Jiimond saw cd 3104 is used, i is negligibly sall;thus pithe " cancellation prediure
o Uie 1271 ") is am dceepable catimate for the averdge siress nofmal Lo the Jick.

Inn the flat jack 1est we have a luree, rugged, ad inexpensgive methuod Tar JJuler-
mining one stress component af the stress tensor, The equipment ean be Dibracated
on site zmd s sinwally indalracible, wn bwpotaat considerdlivn i any
IBslrLmEntITiON OF Medsurement program underground. A s2tious hmitation of
the method ia that the measured stress liesinthe regivn of distucbance of the gallery
intraduzed for the purpose of 1ahing the measurement. 1T the gallery is carclfully
enecuied. this disturbapee might be cafeulaled by conducing an independenl sircss
CORCenlcalion imvestipalion, using nuinerica) methends g, 1he fimige elzment
el I general, il the stresses toemu to the plang af the Jack d1e delermined
af Laree ponus around e section of the gallery, yiehling valucs a, 4, 0,5, dag lof
1h: Langenlial seesscs {streswes pasallel fu the sucfuce of the apening) near e sur-
faze 11 these paints, the initial stres<gs in the ptane perpeadicular 1o the gallery
car, be satculated by amserting the retationship:

Tau T dr dnyg 4

.
Oopy=|®y dr1 Hzs ), & 412
Ty oy iz dyy 17».;-

where the cuefcients u,, arc determined by the Rumerical study. Fuor example,
suppose Aar jacks were placed a0 R and W, in the rooaf and side wall, respeciively,
of o perfectly circulay undergronnd opening; il 1he initial stresses werg kiown 19 be
hortzancal and serliyal, and iof the tunpel radius were Yarge compaied 1o 1be width
uf the fachs, then Equation 412 wouk! simplify to:

{? :} - (_; - :3) {:*} (4.13)

Tharn = (L)0 9 T “:"'v.n
and {4.14)

L {ihtilir + llhl,l

The sitcsses around an underground gallery vary inverscly with 1the radios
squared tsee Fquations 7.1% Therefare, if siresscs are measured in @ borehole at
feast one pallery diameter i depth, Lhe results shoald correspond 1o 1he natial
Jile of stress efore driving the awggereoenl gallery, This can be wcgoiplishe!
il the arercoridy ges.

wheretpun
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concentrically aver the first {Figure 4. 135) This produces a thick-walled o1 bnder
of rock, detached from the rock mass and therefore free of stress. 11 1he rock had
been under an initia! compression, the delormation gage will rezotd an ealarge.
ment along two or all of the moriwored direelion in response 0 [he “avercuring”
(Figure 4.t2h)=nl! radii expanding il the ratio of miner 10 major nocmal stress o
the plane perpendicular 1o the borchole is greater than one-third, As 2 resull o
the experiment, the change in borehole diameter will Be hnowns aloeg Lireg
diamelers, 60° aparl. Sclect an x axis conveniently in the plans perpendiculr 1y
the bolz and ket 0 be 1he angle counterclockwise from Ox to a parr of butiany thag
yiclds resulta &4t Lot the plane perpendicular 10 the borchole be the 1z plane,
with the brchale paratlet ta p. Then, the delormations measuged ars selated 1o the
tniial stresses in the vz courdinale system aceording lo:

lI!“‘":ﬂ-}-'""'xfl +|:r,_.|"1 +dl-lr] - lI:u.lrl- {4I5}
where
=
Jo= il 4-2:4;525;-?5- + -:r—
dv
f E .

1=+t 4t

= 4f1 — 2 P -_—

Sy =4 cos 24) F— * F
|

fq = &1 zﬂ}—r‘:‘ y

In the above, £ is Young's modubus, v is Poisson's ratio, and J is the diameter of
the barchale tm which the meisurement is condueted, Equation 4,15 excludes the
twy shear siress components t - and 1, paralle]l 10 e borehols herause these
huve no influznce an the diameter o the borehole. Gray and Toews (1945} showed
that only three linearly indepandent equations are obtainabls from repeated
diameteal measurements in different oricnlations, 36 the eoneral sizte of stress
cannol be computed from diametsr changes recotded in one burchole. Howerer,
2 solulion can be lound if onc of the siress componemis is known or c2n be Jaswmed,
If the measerement is conducted in a2 borchole perpendicular 10 2 rocs face any
at shallow depth, @, might be taken as zero. 17 the value of o were nnown, &1 3s-
sumed, on the olher hand, the term f o cauld be taken wo the leh side of 1he equa)
sign m cach of thice cynabions repesenting measurements along difTerem direc.
Gy e the crimamng INree Stress camponents okl e detereinad, In this wiy,
the stile of stiess nthe plare perpensdjeulor oo the boreste coubd Becompuicd a5,
function of o, alene A allenmative approach, diseussed laer, is 1o combing

Techmauey far Seasurement of In-Sitw Stregses 11

measurcments from three or mose nonperpendicular bareholes, adapning a single,
urys oonal coordinate system into which the unknown stresses {rom each borchols
are rransformed. The resulting set of cquations will be redundanm, and, furthermare,
since 1t is impossible 10 nceupy the same volume of rock in more thun une measure-
mest, the results will be seanered,

lm Lhe uswal situplinn where measurements are conducted in one borehule
rarsliel 19 v, and 2 value af o, i assumed for purposes of compuration, diameter
changs measurements e conducted in directions &, &, + 60, and &, + 120,
yielding three equations tn ithreg cnbnowns:

AP - fro, fu o A dtl
adfi, + 0 - fia, sl fiy fr0 Srdy 0
Afifl, ¢ 120) = fio, TR TR T I'-*I

Imversion of Equations 4,16, afier assaming a value for o, yielis 1he siress cum-
parenls in the plane perpendicular 1o the borehale. _

The awvercoring test Thas ¢an be wsed to measure Hhe siresses 1 some distance
fpomm 2 rock face. There is & pracical bimit to how far ane botehale con be deilled
concentrically over anolher. With 3 templale to collar Lhe drilhole snd home-
gencous, nonfractured rock, it might be possible 1o proceed for as much as Mm
from a Fzce; but meemally the Lest has to be discontinued beyond abow 5o

The principal disadvantage of the test is the linear dependence of the shresses
upon the elastic constants. The Rureau of Mines determines £ and » direcily onthe
mercore by compresang 1f a3 special larpe-dameler ol comprsssen
chamber, while the borehole deformation pape respands insnte, Aother appraach,
appisabls 10 herizonial holes, 16 10 assune 2 value for v and use the value al £
thet makes the venica) component of siress, at some distance behimd the wall,
deres with the vatue of e unit weight of reck times depth below prouad. Another
senroinh aliogether 15 ta replace the delarmation gage with a stidlz cape e &,
ab e ar steel} forming & sl elastic inchusion. T such g case, The stroses side
e rfusion an oyercoring are 3linost indzpendert of the elistiv modubi of the
ook |lowerer, the preciwsin of medsurement s reduced mab g v experiment
maee Jistewtl. Anether JLiculy with the avercoring methad s the reguirement
o use Large drill cotes (e g, f-in. diameize L There is no theoreusal demard thai the
outer Jtameter be any apecific value, and, in fact, the siresses deduied fcom the
cvperiment will be unaffecied by choice of outer diameler, in prachce, haweer,
difficalty is experienced with tock breakage if the puter diameter is less than at
least twice Lhe inner diameter, )

Ln e Jaorstaprer mcthod (Figure 3,141 steaim gapes ane iied 1o Lhe center of the
sl o 1ock al the bt o af the hole which is then imdaled T thie surrdundang
roch by comtinuing 1he eriginal hole [Leeman {19711, This pronuls the e
pretetive. of stress AL gredter depth but the interpeetation al the JdiLs s maore
precarkisgs The lest is perlurmed as follows. Eurst dnlla borehale 1o nhe sive of

4 16)
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measurement. Then install a flat, poncoring daill bit to grind the hottem to a
smoaoth flat surface. Cleun the battom surface and then ¢2ment onto it a picce of
" metal foil bearing a strain gage rosetie on its upper surface. When the cement has
hardened, thread the brndge wires through the dnl! and dezcpen the hole. This
releases the stresses in the bottom, yielding straing 2., £, ¥, (with the p axis
parallel Yo the borchole and the x, z axcs along two perpendicular lines in the
bollom, sclected at willl Appendix 2 shows how Lo convert strain rosette readings
- {0 strain componenls €,, €,. Y.
The changes in siress at the bottam of the hole (Ao, 5, 8o, 5. Ar,, 5) can be
calculated from the strain components by the stress-strain relationship for finear,
elastic tsotropic bodics.

Ao Pow 0 .
L z
' E
oy p=——s|v U0 e @17
ﬂfl' ¥ 0 0 1 — ¥ T:j

The initial stresses in x, ¥, 7 coordinates are related to the stress changes on the
batiom of the hole by

Ao, g a ¢ b D Z'
Ao pi=—|b £ a O ; (4.18)
Aty 0 00 d :’

Constants a, b, ¢, and d have been evaluated by several independent workers.
De la Cruz and Raleigh (1972) give the lollowing values, based upon a finite
element analysis: :

a= 13 _
b = (0.085 + 0.15v — v} ' (.19
¢ = (0473 4+ 091v)

and
d = (1423 — 00274

As in the overconng test, a, must be assumed or evaluated independently, Then

o, a b OV 'ar, g+ ca,l
g.+=-=|b a O A, p + O, {4.20)
L 00 4 At s }

The " doorstopper ™ method can be pursued at the bottom of a shaft as welfas in
a drilt hole,
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M easurements Made DHrectly on the Rock Surface

If g maching-bored shafl o wnpel i available Tor rock mechanies work, $iress
meaerements may be made Sirectly on the wall if the rock is not highly fractured,
Therz are pt least 1w methods for doing thisoverdning a strain gage rosetre
orplicd directly 1o the rock surface, and drilling o central hole amed o 5o of
measuring poants (urlerceerig)

Strain gags rosciici applied b the rock serface have been vaed in barchales by
Leeman (19711 wish an i genids desice 1o transport, glue, and hold 1he roscties
ot sewernl points simullancously. Upun evercoring the hole, these rosetics then
report strain changey thal cun be transfarmed 10 yield Lhe complere state of stress
{7h,,, - In Ihe present conierd, we Can OLgrcOIe sif3in gage raciizy comented 10
paints alirectly on the rock 5ur!'iic-; Appendia 2 presemts larmules for caloulaong
Whestale of ylrainfg, e, v, fromthe read s of e comtpans il gapes al the rasdile
when (he rock 1o which they are anached 1 ovgrecored. These strains Can 1h:n be
cunveried o sircsyes wsing {4 170,

Lrndercaring is anomeanplicd by Dt [in Houkererub (1% 1o @ preccdure
[or measuring stresses o an expesed suf bwe B rponiignng radial displacemsos
of points around a central botehols {Figure 4 13} Exprassiens tar the radia! apd
Langential displacaments ol u puint located a1 polar eoardumates r, & from the sentsg)
Mte ool o condius o are grven in Vauations 1.2 for plaes stratn; 1Mese 2ypleaians ard
chapped 1o plane sires By subshinning vl + viin place of v 45 Jlscussed inothig
dernation of Equations 71 and 7 2 {Appendin 4],

Equationg 7.2 are developwd Tor 1he condition wheee 1he majur and 1mnor
priocipul sieess Jdigeetives o The meisaring plang ace hoown, For the siress
mcasureticn problem, Thewe dircctions will noL be known apriori 30 ap arbelrary
chviee ol waes {a, £)is made (i 1gure 4 16) The siresses @}, can Ihen hedetzrmine
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Fig-re d1h Cowrdinate sistem for the Jig-
plucement equativtg

from radial displocement measurements (u,) a1 three positions {r, &) usiny 1he
following eguation for each point in twen:!

“i-ﬂ:fl +d1.|r1+t:|:_rl ["'2”

where

1 o
N -'?_FT[“ + v} + H cos 28]

!
f,- B ~{{l ¥ ¥) = M cos 20)

! e )
- 28
5 7 [# s 23]

1
Hemd-(ens

Wuth radial displacement, v
f, Equarion 421 yields

o measured at ey, B, gl ry By unda, anry,

‘ ’ ’lr.ll JII.‘II fo l”.l
B2y S Juy e, - X2
L i, Fu ,f.u lf.,l

R NPT | TR Ill.#nl.ul Ayl ciigunl o, dues il Inf it tba a4 aprsd 1otk by
I P



h-} DIVISION DE EDUCACION CONTINUA
Pt} FACULTAD DE INGENIERIA U.N.A.M.

MECANTICA DE ROCAS APLICADA A LA MINERIA Y A LA
CONSTRUCCTON

ANEXQOS

A

JULIO, 1982

Falecio de MiMlT‘I Calle de Yacuba S  primer piso  Deleg. Cusuhtemos 06000 Méxieo, D.F. Tel.: 521-20-20 Apdo. Postal M-2285



27

APPENDIX. --STRESS RELIEF REY CENTER HOLE
by
Wilbur I. Duvalll

Tha radial displacemenr for & circular hole of radius a in an infinite
medium gubjected to a general three-dimensional grress field (5, S,, S;, Tyy,
Tyza Tzp) i glven by

e} (2 Yoo o
B oo oo st T

: |
. LY = v
Tey [(1+U)1— A {1+y) % + fn{l-\f} -E—] gin 28

- vS,r} .

The axia of the hole g coincident to the z axis and & 15 meagured from
the » axias. As we are interested in the displacements, U, at a free boundary
in the xy plane, we can assume that 5; is zero and that rthe xy axes ceoincide
with the principal stresses, thus, T,, =« {, and equation A-1 becomes

) o e am £

+C 51'2'51 )[(1‘3""} r - (1+V) ir;- + 4{1-v7) -:—a] cos ZE} . (A-2)

+

The displacement for no hole present (a - 0} is
|

= %{CS‘—;—& )‘{l-v) r +(S‘—'ZST-> {1+v) r cos 25} . (A-3)

Equation 4-2 wminus equation A-3 gives the displacement that rasults when the
hole is made, thus

1
1 +8 2
bu - u=u, = E ( 511 I ) {1+V) :_

+( 5,;5, -) [ﬁ(l-\ﬁ] :—=. - {1+v) %;] cos 2.3} . (A-b)

lsupervisory physical research scientiat {now Adjunct Profesgor, Colorado
Schogl of Mines, Golden, Colo.).
. '
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Where a is the radiug of the hole and r is the radius of measurement
{(fig. A-1).

g inch pin

i

\Yo-1nch hole, .- /
reamed toGinches\\ :

—— = 2 F e ey —— r——— e —— ——
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q - If digplacements are taken across a diameter, U '=_2ﬁU. d = 2a and let

R .
k = - <1, then equation A-4 becomes

U -‘% (S‘;S'D (1+v) k +(§‘—;—53-) l:au-;ﬂ} k - {1+v) 1-:“] coB 29}_ (A-5)

Let H--U—?E '

- (14:‘}_ kz- (L) K

'tl il
then equation A-5 becomes "
- - k .

yad [(s,+5,} Mo oS 5,} N cos za] | (A-6)

, and ﬁ+12l‘.‘l glves sufficient

Three measuremente of U, (U, U,, Uy) at E_-“ 8+60
information to solve for §,, 5., and & . Thus,

E U +U4+ly
= ﬁﬂ [ L H3 ﬂful Uﬂ + {uﬂ u:l:'E + (U.'.'l"ul} :I (.ﬁ-?}

E [y +U 41 - )
i 5 = g3 [_1'1-1—3_ - "—EJ{M "U:r]n * (Ua-lh)z + (Uy-ih)? ]

L o Y3 (Uy-ly)
- 1 3
8, 1/2 tan 70, -0, By’
vhere B8;' {3 measured from V. ' .

1
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Economical Method for Determining

Stress In Mines

Ob {ectwe

Develop a simple and
gconomical technique for
determining the absolule
stresses and 1he change of
stress on the surface of
roofs, floors, or wails in
mines.

Approach

Use a commercially-

available, permissible,

wWhittemore-type gage 1o r

determine the stress at the f_
;
i

surface.

templet.

surface of a mine opening

. and to menitor any stress |
changes that might take
place.

How It Works .
-— Tha following equipment is -
used:

+ One steel tamplat {for
laying oul a 60° rosette
on the rock surtace). See
tirst photograph.

= One 3/8-inch rock drill bit
for drilling-holes lor the
rosette pins.

= Six stainigss-steel
rosatie pins.

* One Whittemore-type
mechanical strain gage.

* One drilt (not shown}.

+ Epaxy for cementing the
roselte pins.

» Tape to hold the pins
while the epoxy sels,
The following procedure is
* . used to determine the
absolute stress on the reck

1) Spot the location of the
resette pins with the

2} Drill the pin holes and sat -

- -

the pins with epf:}xy
cement.

3j Measure and record the
distance between the pins
across lhree diameters of
the rosette with a 10-inch
Whittemare-type gage. See
diagram.

4) Drill a 1%2-inch diameter
hole in the center of the

? LLiJ...J_I_L..J._L 4-4-th I ' -

R, punbamgland

The template used for localing the posliions of tha rosette pins,
and the mechanlcal sirain gage used to delermine the stress.

his doourment was preparsd by Ihe Bureey of Mings. Halther the Dalleg States Goue

= Wyl FeOd ANy D On acling On behalf of |he Undted Siates Govsrnment

asumas wry Dability resoiling from U sk &1 the INfonnalion contaifdd In This dormen], o warkinls thal such USe i Thie trom privalely owned righis.
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1'% hole, /
regmed to E"-.._\

N 7

Contiguration of the strain rosette and the centerhole.

rosetie and determing the
in situ elastic canstanis of
the rock wilh a berehole
insertion device or by
testing a rock specimen in
the labaratory,

5} Ream or drill the center
hole ta 6 inches in
diameater and at least 9 in-
ches deep. The stresses in
the rock are thus relieved,
the hole is delormed, and
pins shilt with the surroun-
ding rock.

§) Measure and recorg the
disiance beiween the
roselte pins across the
three diameters. The
displacement is the dif-
ference between steps (3)
and (B).

7) Calculate the stresses
from the measured
displacemenis and the
elastic constants of tha
rock. The equaticns for the
solution of the siress com-
ponents are derived in the
appendix of Rl 7894, See
“For Mopre Information™ at
the end of this article.

Test Resulls
Laboratory and field tesis
show 1hat the absclute
stresses can be delermined
with a precision of 110 psi
without interpolation bet-
ween units on the dial in-
dicator gage. For determina-
tion of siress changes, a
precision of 22 psi can ba -’
achieved with interpolation.
The size ol the centar hole

and the rosetig diameter can
be varied to meet the
measurément precision re-
quired. Stress information
can thus be obtained in
many surface locations in a
mine at a very low cost. The
method has proven reliable
in tests conducted by the
Denver Research Center 10
determine the absolute
stress in coal, il shalg, and
granite rock types.

This method was
developed at the Bureau's
Denver Research Center.

Patent

information ‘

The U.5. Cepartment of the
Interior is not applying for a
patent on this developmeni,

For More
Information

Bureau of Mines Report RI
7894 “Improvements In Tha
Three- Component Borehole
Deformation Gage and Over-
coring Technique”, Is |
availakle. For a free copy
write to:

Bureay of Mines
Publications Division

4800 Forbes Avenus
Pittsburgh, PA 15219

For further Information con-
tact the Technology Transter
Citicer, Bureau of Mines,
Building 20, Denver Federal
Centler, Denver, CO 80225,

The strain roselle nstalled In a mine roof, with a8 &inch-diameter
canterhola for strass relial.
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IMMial SUEeSSESs in
Rocks and Their
Measurement

Any undisturbed mass of rock in-situ contains nonzero stress components due to
weight of overlying materials, confinement, and past stress history. Near the
surface in mountainous regions the in-situ stress may approach zero at some points
of lie close to the rock strength at others, In the former case, rocks may fall from
surface and underground excavations because joints are open and weak; in the .
latter case, disturbance of the stress field by tunneling, or perhaps even sur‘fzice
excavation may trigger viclent release of stored encrgy. This chapter concerns
determination of the magnitude and direction of the initial stresses at the site ofa
work. : y

4.1 INFLUENCE OF THE INIT 1AL STRESSES

It is often possible to estimate the order of magnitude of stresses and their
directions, but one can never be certain of the margin 6f error without backup
measurements. Application of such measurements is fairly common in mining
practice, but since stress measurements tend 1o be expensive they are not routine
for civil engineering applications, There are several civil engineering situations,
however, when knowledge of the state of stress can be helpful or lack of knowledge
might prove so costly that a significant stress measurement program is warranted.
For example, when choosing the orizntation for a cavern, one hopes to avoid align-
ing the long dimension perpendicular to the greatest principal stress. If the initial
stresses are very high, the shape will have 1o be selected largely to minimize stress -
concentrations. Knowledge of rock siresses also aids in layour of complex under-

 tafluence of the Initial Stresses P "

ground works, An underground powerhouse for example, consists of a three-
dimensional armay of openings including a.machine hall, a transformer gallery,
low-voltage lead shafls, pressure tunncls, surge shafts, rock traps, access tunnels,
ventilation tunnels, muck havling tunnels, -penstocks, draft tubes, and other
openings. Cracks that initiate at one opening must not run into another (Figure
4.1a). Since cracks tend to extend in the plane perpendicular to a4 knowledge of
the direction of the stresses permils choosing a layout to reduce this risk. Pressure
tunnels and penstocks can be constructed and operated in rock without any
lining if virgin stress is greater than the internal water pressure, so for such applica-
tions stress measurement might permit large cost savings. When displacement
instruments are installed tn an underground or surface excavation, to monitor
the rock performance during construction and service, stress measurements
belorchand provide a framework for analysis of the data and enhance their value.
When making large surface excavations with presplitting techniques, economies
will be realized if the excavation is oriented perpendicular to a4 (Figures 4.1, ¢).
With underground storage of fluide in reservoir rocks, knowledge of the initial
slate of stress will help evaluate the potential hazard of triggering an earthquake.
These are a few examples of situations in which a knowledge of the state of stress
can be integrated in engineering design. In a more general sense, however, the state
of stress can be considered a basic rock atlribule whose magnitudes and directions

* affect the overall rock strength, permeability, deformability, and other important
rock mass characteristics. Thus it is rarcly irrelevant to know the inilial stress

4

state when dealing with rock in-situ. = .+ .
" Sometimes initial steesses are so high that englneering aclivities can trigger
rock failure. Whenever the major stress in the region of an excavation is more than
about 25% of the unconfined compressive strength, new cracking can be expected
as a result of construction no matter how carefully il is performed. This derives
from two observations: (1) the maximum stress concentration around an under-
ground opening cannot be less than 2; and (2) cracking occurs in an unconfined
compression specimen when the stress reaches about half of the unconfined
compressive strength. Close to steep valley sides, where the angle from the cxcava-
tion to the mountain top is greater than 25° data of Brekke and Selmer-Olsen
{1966) show that rock stress problems tend to occur in Norwegian fjord country

. whenever the weight of rock cover is greater than about 0.15g, [Brekke and Selmer~

Olsen and Brekke (1970)]. Such stress problems can vary from slabbing and over-

" break of rock on the tunnel wall nearest the valley side, to isolated violent detach- -
ment of rocks from the walis or even destructive bursts. Conditions for rock bursts

ore found underground in deep mines, as in the Canadian Kirkland Lake Dustrict,
ihe South Alrican gold'mines, and the Idaho Coeur d'Alene district, where mining
is pursued at depths of as much as 11,000 ft. In civil engineering work, in addition

to the valleyside stress problem noted, railroad and road tunnels under high

mouniains like the Mont Blanc Tunne) in the Alps have encountered severe rock

stress problems. In shales and other rocks with low values of q,, conditions for

LY



Fﬁ! 4.1 Some raamples of the infucoe of streo dirccixon o Practice.

Estimating the Inftin! 3treoey ' : »

rock fallure due 15 concenlration of injlial ctresy may ksd 1o slow comprenion
(“aquecze™) ard deviruction ef tunnel supports eather than violent collapse, bul
difficultien can still be aignificant. The “stand-up lime”™ of & unnzl that is, 1he
mazimum durslioc fof erecting rupports, is ¢loscl yrcleied 1o 1he ratio of maximem
initial siress wf g, -

4.2 ESTIMATING THE INITIAL STRESSES

VERTICAL STRESS - .

1nis generally safe to essume 1hal the vertical normal stress i3 equal o the welght
of the averlying tock, 0027 MPa/m or 1.2 psifll on the average. Neat borzonisl
ground, the principal stress directions are vectical and horizanta), 1t is clten -
sumed that they wre also vertical and horfzonial at depth (Figure 4 20); however,
chiz is jusl an assumption o reduce the number of unknowns, an assumption that
finds reinforcement in Anderson's observillons ihat nermal and reverse faulls
afien dip a1 60 and 30°, respestively [uee Jasger and Cook (1976}, The simplifying
assumption that the principal stresses are vertical pnd horizonial has bren widely
adopied in praciice. OF course, this breaks dawn sl shallow depihs beacarh hilly
terrain, for the ground surface, lacking normal and shesr sircsses, afways forms a
irajectory of principal sipess {Figure 421 Bencath a valley side, one principal
stress is normal 19 1he tlope and equaly zoro, while the other bwe principal sivesses
lie in the plane of the slope (Figure £.25). These stireises likewise approach zerg

sl

Il .
Figws 43 Thhh-nlfwmnhilﬂllt‘“.
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100 . Thle? Seresses in Nocks and Their Menmrement

whese the rock slope b conver vpward but grow Iarger where the stape s concawe
upwird, Benetlh the sharp notch of a “¥"shaped valley, Lhe in-gite $tronsea
may be ¢lose 10 or #l the strengeh of the rack,

Over any significant horizontal surface within the ground, the average venical
siress mutt equihbraie the downward foree of the weight of overlying eock; hence
1he rule s1ated previpusly: )

'3, =4 ' “.n

where &, is the sverage 1o1al vectical seress at depih 2 in rock winh unit weight ¥
This rule has been supported by numesout measerements (Figure 4.7a) nd i1 ane
of the reliuble formutat of stress jn-tite. However it can be violated ower limied
horizantat diziances owing 1a eMeers of gealogical sirweiure, Figure 4.3, lorenample,
thaws how the varucal stress might vary along horizontal planes cutling thraugh
a tuccession of rigid and comptiant beds folded inio synclines and anticlines.
Along linc A4" the sfrest varies from perhaps 8057 greater than y2 wnder 1he
syngling 10 zerd just beneath the anticling, the mote rigid laydricrving 2 8 pro-
1ective canapy and directing e Aaw af force down the limbs of the feld. & iunnel
driven afarg jine 857 could enpecl to pass from relatively undersiressed rock
tn Ihe compliant shales to highly stressed rock as it ¢rossed into more rigid tand-
wtane in passing under the trough of the tyncline, I ihere is o low-atrength sheared

o i T -
"'""J'/"//f’/f.-ffr‘ _,..-I._.__ :!_,. F

n — .

Flipure 43 The influgnce of fokdy in hetcrogencoul, laygred roack on
werical Liresect,

T e—moa. g

mne along the contact, proaduced by elip betwetn the biyers during koMding, the
verlical stress could ba expeceed to jump in crorsing the coatact. Since geatogical
siructure can alter the verlical atrexses and the direction of principal itrestes, i1 {1
wise o inveitigate geotogical effects through analysis in imporianl applications
wherever geglogical heterogeneitics can be expecicd to deflect the lines of force

*- away fram the vertical. Figure 4 4 shows ihe result of one such anatysis, perfarmed

using the finite ¢lemem methad, in & region with herecagoneaus peology super-
imposed on a sharply natched 1opagraphy.

HORIZONTAL STRI:SS |

tn regard 1o the magniade of rhe horizanta) siretses, i) Is conveaient 1o discun
the catia of hottontal 1o verlical stressen. Let
&

Kw .. ) ] (42)
Tn a region of secent sedimenianidn, fuch a1 the Mirissippi Delia, 1he theary of
elatlicity can beinvoked to peedict that K will be equaltovA( | — #L Thisexpression
derives from he symmetry of ane-dimensional loading of an elastic muterial over
& continuous plane surface, which infert & conditfan of no horizontal 1traln;
ruch a farmula has no validity in a rogk mats 1hat hay experienced cycles of loading
and unioading. Consider an element of rock midepih Z, with inittal value of X =
I 5. which is then subjecied 1o unloading by removal of AZ \hickness of ovee-
burden {Figure 4 3). Due 10 ynloading of ¥4 Z vertica? sirese, the horizonial stren
it reduced by yA2Zv/{{ — ¥l Thercfore, aiter erosion of & thickness of rock cqual
to AZ, the horizontalstressardepih 2 m 2, — A2 will become equatio K, 32, —
paZeffl = ¥), when '

) . ) I
K(Z)a Kg + [(L_. - !—’:-v)az];i (4.1)

Thus, crosion of overlying rock will 1end 1o increase 1he value of K, the harizoniat
atress becoming greater than the ertical siresn ot deprhs ess than o certain value !
The hyperbolic rclatianship for K{2) predicied by Fquation 4.3 can be genersied
by ather arguments. While the verlical atr=st it known 12 cqual p2, 1he harizoniai
girc could lie anywhere in the range of values beiween the two eatremes K, o,
and X a7, shown in Figure 4 & K, corresponds 10 rpnn‘iﬁum ftar nprmal favhing,
Cigure 468, in which the veilical steess is the magar principal siress and faiture is by

hotizontal eiensian. Atiuming Coulomb's law; .

K, = crn‘(-li + %) - [(—;)tln‘(d.'- + E;)]-; , [

! Wahibe rrilnﬂiun A& K, piven by (451 1 scomal ¢Mecis have beea ignored.




Estimgring O fuitial Soremms : 1

Pigars 44 mmkm-mum

= K, cerresponds ta conditions for reverse faulting (Figure 4.6¢) b which the
wertical sirets is the inor principal stres and failure is by horironial compresgioa,
giving
' tan? LA W TR
K, = tan (‘i-i-:)'l‘, 7 {4.5'!_

Yalues of lhewe curremw hosizontai ttrenses arg 1abulaied for an wsumed 321 of
rock propercies in Tabte 4.9, 17 there it no xisting fauth, we observe thit the anpe
1 of possible values of K such that K, 8 K £ K, is quite yisl. However, nzar &
preesisting fault, g, can be assumed equat to 7ero and Lhe range of K i3 considersbly
reduced. Althaugh 1enslon is possible, it has rarely been messured and 18 1o be
considored an uneLoal situation.

Drawn and Hock {1978) examined o number of published valuer of in-pita |
tiress (Figore 4,763 and independenily discerned & hyperbolic relation for lha‘..- o

! limits ol K{2), 0y lallows:
i 13
] 01+ M gcosy B0 {4.8)
T Z £
‘.I |I . .
) i o . . . : wheic Z it 1he depih in meicrs and K i ihe ralio of aversge horizantal sieesa 10
Floge 44 Comparisan of masimutn shear sresses benexth valleys in homagentass (2] and verlical atress, Tho range in exlreme values of K given by this empitical exiierion

heteroge necun (& formations, Lsits of shear aeess are hundreds of peunda per pyuare fot,

P . . . ) R
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TABLE 4.1

Extrrrme Values for Passible Hlostznala) Stresses Correspanding 16 Conditions for Norma) 3nd Reserne Pavhng y = 25.9 KN/

Nefore Faulling Ocrurs;

no Preexisling Fauht
Hariponia! Strexy o,

Aler Fauhing has Ocgurted

and a Fauh Exisly

Horizonlal Stresy o,

g, = 118 MP g, = 2 MPa g, =0 =0
. o= 40 ¢ = A =4 ¢ -
Vertical
Siress Kermal Reverse Normal Rewverse Mormal Reverss Normal Rovers
Die pth o, Faultpg  Fauhing  Faulung  Fauding  Faulumg  Faulting  Fauling  Fauliing
Lm) {MPa) (M Pa} {MPa) {MPa) (MPa) {MFPa) {MPa) {MFa} MPa}y .
- ]
10 026 - —-294 MW DS 25 0.06 1.19 0.13 0.5
20 057 . =258 15.1% -0M 1.08 011 ik 1 .25 1.0
440 .04 -1 18,56 —DaT a.13 0.1 4. T6 a5 i
60 1.5% -2 66 X0 95 -G 1 oM LIS 0.76 117
100 19 =43 572 o9 1.7 0.5 11.91 127 L - SR
150 3x -215 368 o9 992 0 1737 1.590 19
200 518 —1.87 1764 1.56 11457 1:13 nep 254 0.5t
400 10.3 —-0.4 E1.49 4.10 2313 r i 47 64 L1 | 2113
150 19.43 1.23 1032 Nt ai.62 i 19.33 9.5 1943
1000 1590 b 1130 1n.m LN 1 543 119.] 127 111
2N 31580 BZE 52,4 2441 107.4 [1.26 382 2540 105.%
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Figurs 4.7 Resulon of surest mesuremenis. {r]'ﬂirmianl of targen hotizontal sirem
deduced Meom wydralic fagturing {from Haumion {1974)) '

hotizanial stres wilh.dtplh. YWhile the magnitude of 1he borl rontal siress might be
eatimated only approaimaiely, it is often possible 10 offer good eslimaies for the
fircciicnn of the harizontal stressen.

HORIZONTAL STRESS DIRECTION

I the present stace af stoees is o remnanl of that which cauned viibla geological
strucruee, it will be passible 1o infer the direclions of streases from genlogical
obgervations. Figore 4.3 shows the relationship hetween principa! stress directions
an different types of siruciures The state af siress 1hal cayser n norma| fault has
a, vertical and o) horizenia) painied perpendicularly 1o the faull trace at seen in

plun. In the case of reverse f2ulting, the siresses thal cauged the rupture have &, -

vertical, while & is horizantal and direcied perpendicutar wo the fault irace. Axial
planes of falds slsa.define the plane of grealest principal yiress. Sirike-slep faulit
are created by w state of surss in which o, 5 horizontal wnd inclined about M
with the Tl brace, elockwise or countervlochwise as dictated by the sepse af
mation un thie Ll These directions of honizental siresses are not thase af crustal
ks caahl dnd aqueczed beiween pairs of parallel faulis; in such Blocks, the

-



Tochaiguey lir Weamsremen of Li-Siis Streesn . ] .

|- primary tiress state of the cron that i Yinked directly to the primary ruptors
_ surfaces will have superimposed on it 1he &fects of the sirain from sceumuleted
fautl motions, s ditcussed by Moody rad Hitl {1936)

Another line ol obiervations comes lrom dikes and Rank voleanoes formed
around larger crajers, Some dikes represent hydeaulic fractures, in which case they
lie perpendigutar 10 o). The perpendicular 10 0 radius from & master ¢raler o a
fank wvolcare similagly ideniifies the direction af lenst horranial stress

. Sefsrnobopist are able to indicace 1he directions of primary Mresses from Rest
molion analysis of earthquakes. 1T the dircclians of the vecion Irom the Tocu Lo

_ ditferent seismic wations are plaied an a »creographic projectian of & unit
teference hemusphere, it will be sgen that two regiung canlain veclors [0 Mations
that received fompressing first motion, while the oiher 1wa rogiont conlain vezlors
ihat reccised estensile irst mevion {Figure 4.8f), Two great eircles are diawn
to divide these fezbls and 1heic poinl of inkersetion defines the dicection of &y.
The direction af a, is 90* from the direciion aof o) approximately slong the great
circle hisecting the angle belween the disiding greal circles in the exlentian firsl
molion field. The direction of g5 is the perpendicylar 1o the plane of ¢, and gy, -
(Sicreographic projection principles are presenied jn Appendiz 33 Dircctions of
The largey horizonial sieess meaturcd in hydraulie Iractusing esperimenty in the
cominental Uained Siater are shown fn Flgure 4.7¢, from Haimson (1978), Thia
melhod i deicHbed belaw, ' '

fawh, (W

43 TECHNIQUES FOR MEASUREMENT OF
IN-SITU STRESSES

Siresecs in-silu can be mentured in boreholes, on guicrops, and [ the watly of
undergraund galleries as well 23 back ealculated fram displacements measamed
underground. The avuilable technigues summarized in Table 4.2 involve » varicty
of experimental approaches, with an even greater vaniety of meaturing 100!y, Three
of the best known and presently most used 1echniques are hydraulic feaeiuring, the
Sar juck merhod, and overeoring. As will be seen, Ihey are complementary 1 cach
othsi, 2ach offering different adwaniager end disadvaniapes. All fipess measure-
ment techniques periurk the rock in order to eredle u response that can then be |
s meacured and analyzzd, malking use of n thearctica) model, w estimare part of Ihg -
! in-sttu ®1ress tendae, In the hydeaulic fraciaring lecheigue, the rock is cracked by

‘ . ' pumping waler into & barghole: the knawn ensite serength of the rock and 1he
inferred congentyation of siress 4l the well bere are procesiod 19 yichd the indial

. . siresses in The plane perpendicular 1o the barzhole, bn the Ml jack 1es, the rock ia
. - . partly untoaded by cutling a slot, and vhen reloaded s the in-situ stress normat 1o the

Reverse faull, {2} Sirike slip fawlL. (d) Dike. (o) Folds. {7 Sterrographi projection of fire: motion vectont flom an

canhquake.

Fipue 4% Directions of streoses inforred from peolopc features: (0 10 {r) aig plam iewt, {2) Norma)

Vg, Nalamars 11917 Voleanoos ax Possabil Liadbwator, of Tegianw Swen Ooendatwn =
- o Pepiple and Fropasal fureiad Peedanand pad Send, Mg b, Yol 1, We | pp 1-18
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| (botehole degpening method)

TARLE 42 -
Blethods for Mensaring the Absointe State of Strem in Pocks
Principle | Procedute Reference
[ Overcore a radial deformation cage Meril! and
in & central berehols . Peterson (19461)
(L. 5 0. Mines Meihod)
Owercore a spfl inclusion ¢onfaining Rocha et al
#irain pages {LNELC methad) (1974
. Ovcrcore & barehole with gwain gages  Leeman (1971)
on ity walls (Lecman method) ’
Compleis struin 'L‘.i'r;t ::_4::::! a roselle g?x: placed on  Olsen (1957
reliet Overcore 2 rovelle gaps placed on the  Lesman (1971}
battom of a drill hole '
(dooraprer method)
Cvercore a solt pholozlasiic inclution  Riley, Goodman
snd Molting 19TT)
Measure lige dependent sieaing ap Emery (1962)
l faces of a rock afier ity rempval Yoigh {1958)
| frem 1he ground
[ Null displaccments caused by culling  Beenede (19M)
& tabulzr slot in a rock wall Rochi e sl
{fal jack method) (1966)
Overcore a 34l photeelastic incluslon  Roberla ol al,
will down-hole polariscope (1964, 1965)
(Etass siress meter)
Overgore a siTinclusion to fresza Riley,
streseen indo L measure frozren Goodman, snd
slressed in Lhe laboratory Molling (1970
Pariisl steain {cast inclusion method)
relief Overcore a 3l instrumenied | Hast {1558}
inclusion (s inchusian method) Nicheln £t al.
{1963}
Drill in the conter of n rosstte arry Duvall, in
ao e sutloce af & rock Jace Hooker et al.
[undcreoring method) L EZE)]
tloninar radial displacements on e Ja Cruz and
dezmening & borchote Coodman (1970

¢ e et o g——— L ——

T hiingurs for Mutvarevars of 1n-Sity Tines . mn

TABLE 4.3 {comrimrd) .

Principle Procedure Relereno
Meaaure strain 1o (racture o borchole Dot ta Cruz (1978)
wilh & Boreholc fack

_| thack fractering techaique)
Measurs water pressures (o create snd  Fairhunl (1965)
catend a verlical Mraclyre in & Haimaan [1978)
Rock fowor ¢ barchak {Hydraulic fracwurning)
fraciure Measure sreains thal accumulale in ap
. . elistic inclusion placed tighily in &
viscoelaslic rogh
. Core Jiscing —observe whether or Obert and
[ net it has occurred Slep honson {1965)
[ Resistivity .
Correlaticn Rock noie {Kuisct effect) Kianapuws,
between rock - Huyashi, snd
properiics . . Nakau (1578)
and utrest; Wave velocity -, o
oi1her X-cay lattice spacing measuréments Feiedman {1972}
lechniquer, - |in quang .
| dislocation denities in crycials

ot is related 10 1he pressure required Lo null ihe displecement that occUry &k &

- eeyull of alol cutring, In 1he overcoring Lest, the rock is sompletely unloaded by

dnlling oul @ farge core tample, while radisl displagements or surface straing of
the rock ate manitated in & central, parallel borehole. Analysis using en untonded
thick-walled cylnder mode] yields stress in (he plane perpendicular to the bore-
holz. In exch case stress is inferred, bul diaplacemenss are aciually measured. Pres
cisions are scldom greal and the resylls are veually considered satisfactory if (hey
are intgrnally consisient and yield values belicved 1o be corresl 1o within abouw
0 psi (0.3 M%) The main problem of all siress measurement icchaugqucs i that
the measurement must b canducled an a fegion that has been distucbed in the
process of paining access for the medsurement; thik parados is handled by acgount- .
ing ot the ellect of the diswrbanes in the analyucal echaique, a3 shawn below. *

HYDRAULIC FRACTURING

Tle hydraulic racluring method makes il possible 1o extimate the sircases in Lha
1ok, at considerable depih wsing boreholes. Wianer is puniped into a secnion af tha
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hole bolated ers. Ad {he water presmure increases, the imt!ﬂ compITy-
:T:mmu on :h:,w:'it of the borehole are reduted and at tome pointy become
jensile. When the stress reaches — Ty, 2 erack it formed ; the down Jhale water preye
sure at thiy point is g, (Figure 492). 1 pu mping is conlinued, the crack will estend,
and eventually, the pressurt down the hole will fall 1o wcady value, p,, somelimes

called “the shut-in pressure.”

2 -*-7'x .
i ——

[y T——

"]

Flgare 4.8  liydrauhe fraciunng lal Pressrc versod time d0i ke wingt is pamped
into the pached-off sechian. (k) Lxpensment in progress. (Fhovs by Tom [}

Tochaiques for Messun ment of lo-Sifi Strevem 1

To interpret the data from (M hydraulic fracturing experiment i 1erm of initial
stresyes, we need 10 determine 1he ofieniation of the hydraulically induced fractuce
hydrofmc™). The greatcst amouni of information coincider with {he case of &
vertical fracture, and this it sheusual result when conducting fesis below abaut
§00 m. The orienlation af a fraciure could be observed by using down-hole photog-
raphy or wehevision; however 2 crack that closes upon depressuring the hele Lo
admit the eamera would be difficul wo s2¢ in the phowograph. [Uis betier 1o use &0
impression packer,such as onc avatable from Lyoes Company, which forces a soft
rubber hning agairst the wall whalz inlernal pressurc is maintained, recording the
fraciure a< an impression on 1he robber surlace.

The analysis af the pressure test is simphlicd if i is assumed lh.:ll penciration of
the waier indo the pares of the rock kas htile or no £flcl on the $iresses around the
hole, Making such an assumplion, it 5 possible va use the resuhis of Lthe known
distribution of streis araund a circular hals in 2 homogeneous, clastie, isolropic
rock [the " Kirsch solution ™) Lo campute the initial stresses au the paint of lracture,
The tangential eeas on the wall of the hole reaches the least magnituds a1 A and
A {Figure 4.10) where it is

Ta ™ Iy s = Toman ) (4mn -

When the waler pressure in the barehole is p, & 1ensile sirex it added a1 afl poinis
sraund the hale equal {algebraically) 16 —p. The conditions for & new, venica!

Fian
rhiwr

L

Figmeye 4.1 Locaiion of criicul poinin arcusd e borchok waed for
hpdraul Meciure,
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tensle crack Ere that the temalle Moy a1 point A rhould become equel to the
tensde strength, — T, Applying this to the hydrulic fracturing expediment yiclds
a1 x eonditian for creation of 5 hydrwlie fractygre:

. ) 3”.,-1- - ‘h.-u_“Fl‘l --T = : H“
The crack once formed will continue Lo propagaie as long at the presture iy grencer
than the stress nermat 1o the plane of the fracosre, I7 the pressurc of welcr in Lhe
rack was bess than or greater than the normal siress on this crack, it would close ar
open accordingly. [n rocks. cracks propagate in the planc perpendicular 10 a4,
In the context of hydraulic (racturing with & verueal fracture, 1his means thar the
stressnirmal 19 the plane of 1he fracwre is ¢qual to the shui-in pressure, p,.

T m ™ P (4.9)

Equations 4.8 and 49 allew the major and miner norma! sltesscs fn the plane
perpendicular to the borchole 1o be determined if the tensile strenpth of the rock
is knawn. If the barchole pressure is dropped and once again raited ahove Lthe
value p,, the hydraulie [racture will clote and then reopen. Let The new peak press
sure, smuller than g, be called p,,. Replacing T, and p,; of Equation 4.8 with the
values O and py respectively and wubiraciing Equation 48 from 1he resulling
equation yiclds a farmula for the tensile atrempeh of the rock araund the borehole

epplicablc 1o the conditions of the enperiment: i
Tompo~Pa (4.10)

Aswuming that the vertical sireus cquaby y2, and is & pringipat strean, 1he sare of
Sleess is now completely known, lor the experiment yiclds the values and directions
of 1he major and minor normal sTress in the plane perpendicular w 1the borchole.

IT the rock is pervious, water will enter cracks and pores creating an inlernal
pressurc pradient wheeoas the theory above presumed 3 sudden prossure drop

_ across the borchole wall The effeen is 1o lowes the valuc of 7, and raund the peak

of Figure 49. Haimson (1978) shows haw 10 modify the analy sty (o solvg for the
principal siresscs in this case, -

The hydraulic fraciuring experiment does nat yield the abave results if the
fracture 15 horizental, Condivions Ror prapagation of ¢ harizoninl fraciure are mes
il the inlerma! pressuie becomes equal wo the veruical siress plus the wensils sirenpth,
Assaming that (ke ensile drengihs for propagatian of horizontal and sertical
fraciures are the same, the vertical frnguyre could ferm only al depihs below which
the verical stress obeys:

2, (N = 1), m., o1
where N = Tu, 'qui_-Il'.

To permit an cslimate 9 vhe minimem depth for vertical lracturing, it is useful 1a
enpress Bquation 411in terma of £, the ratio of mear harizante) stresa Lo vertical

Techniquen for Wessuremen of 1a-3ly Tireems "3

TABLE 43
Minlwgn Deplis for 8 Yertlea! Hydraolle Frctans

Mirimum Depth (meter) for s

Transition Vatus' ¥Yertical Hydralrae Astuming

"‘*"‘"l-‘ of K = j"‘h" Z = ( = ) - ( 4
(N) R0 Z=lg—osl 2=\kr—q
<0 ® b, o
0.40 L L1 00
2.50 s 13 1500 -
8,50 1o e 1000
0657 0.8} . 188 450%
0. 70 07713 11 5495
0.80 {641 192 10,490
0.9 0.559 185 25,424 -
1.00 0. 500 ' 500 @

Y A
H‘m."?i.

sieess Tn these laema, & vertical fracture will form st & depth such chat K b lem
than (1 + N}6N — Diwhera N Lo, /¥y au. [With N resiricied to values grester
atian |} The minimum depihs for & vestical fracture, corresponding Lo Lhe upper
und lower limits of Ki{2) given in Equation 4.6, are presented for vatious vatues of
M in Table 43 When the v3lue of N it smatl, or when 1he mean harizontal ftress
tends (oward the lowes valpes in the ranpe of enperience, vertical fracrures can .
occur gl shatlow deplhs. This hat in lacy becn caperienced by the ail indosiry,
which has produced more than & million hydrolracs for wrifical siimolation of oil
pnd gas wells.

THE FLAT JACK METHOD
tiydraulic frecwering can be performed oply in & borehoke. | one has weeess 1o &
rock [acs, foe example, the wall of un underground gallery, wress can be meaiured
using 1 $imple and dependable 1echnigue introduced by Tincelin in France in
1932, The method involves the uae af Bl hydraubic Jacks, consiging of iwa plaig of
sitel webded around their edges and o nipple for intraducing il nio the intervening
apace. Thraugh careful welding und 1he wse of preshaping bends, or inicrnal fillers,
il 5 Hassible taachieve a prowsmee af SI060 psi ar higher inosuch a jack without
rupture, The erst seep is o instnll une or inore se14 of measunng points on he face
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af the rock, The separation of the pofnts is typically & In, but must conform (o Lhe
gage lenpih of wvailable sxtensamerers, Then u deep slot iy installed perpendiculay
1z the rock face belween the reference points (Figure 4.115); this may be ac-
complithed by dnilling overtapping jackhammer-holet, uting 2 template 1o guide
the drili, or by diamond sawing [Rocha et al (1966)]. As & tesult of culting the alal,
the pin 1zparation wilt decrease from o, to a smatter value ilihe cock was under an
initial compression nermal to the planc of the stot {Figure 4.1 12} The iniliat narmat
tircises could be calculated from the ‘mensured pin displacement if e clatnie
cansiznis of the rock were bnown Howewer, a seif-compensaling method of siyeax
deiermination is preferred making il unnecessary to determine the rock propertics
explicitly. The ftan jack iy inseried imta the sloy, cemented in place, and pressured,

When the pint have been returned ta &, their initial separation, the pressuré in lhe -

frr—re——

) —
v : *
4, e
1]
-
Tuma ] Jich praIna e
! Ny

[ 1]
Flgure 411 The flan Jack i,

Techniques for Measerewent of In-Sihu ftrasss. ' .17

. juck (p,} approgimates 1he inilial strets normal to the jack. In theory, 1he initial
& _wress parallel to the slot and the gromeiric differences between the inude of Lhe
o Jack and 1he inside of the vt requize a correction 1o this resulr {Alexander, 1963}
.r" However, the correction is olien within the band of uncertainty anyway, and H

Y diamond sawed s101is used, it i negligibly small;thus p, {ihe “ cancellation pressure
{ T ofrthe jack “Yis an accepiable catimate for 1he average sircis notmal ta the jack.

3 In the flan jask 1est we have a large, rugged, and ineapensive method foe derers
] mining one stress componenl of the tlress tensas, The equipment £an be Mbricaled
| on site and is virtwally indestructible, an imporant considéralion o any
]
!

the TRéthad 15 that the measared stress lies in the region of disturbance of the gatlery

intraduced for the purpose of lating the measurement, If the gallery is careflully

2t eaecuted, 1his disturbance might be calcalated by condueting on independent siress
concentration investigalion, usicg numericel meibods (e g, the finite clement
method). In general, if the steesses normal 1o the plane ol the jick are delcrmined
st theee paints around the section of the gallery, yielding values g4y, tya, Fye or
the 1angeniial stresses (stresses poralled (o she surface of Lhe opening) near the sur-
face a1 these points, the inilial siresses in ihe plane perpendicular 1o the gallery
can be caloulated by inverting the relationghip:

. Ty, 4 dyy My b
. i Sy phm|ay Oz An | 3y
oy gy, duy Mf Ly,

C o {4ld)

suppose fal incks were placed at R and 1V, in the raof and side wall, respectively,
1. ofaperfecily circular undergraund opening: if the indlial siresses were known (0 be
-a. harizontat and vertical, and if the tunnel radius were large compared 19 the width
i, plthe jacks, Ihen Equation 4.12 would ximplify 15:

-
e

| N T R
I . fra) 1 =-1)1e.n
. J whereupan o
Opris ™ (1004 + (D700
- T i
] . T = (100 + (1300, 2 7

] pfll.:l__.' The siresses acound an underground pallcry vary lnversely with the sadivs

squared (sce Equations 7.1} Therclore, if atressch Aré peeasured in & L'bu:th!:blf:‘u
teast one gallery diameter in depth, the resalts should correspond to the qmul
sizte of stress before driving the measurement gallery. This can be nccamplished

wuing 1he geercoring Iest.

where the coefficieniy a,; wre dewesmnined by the numerizs) uudfr. For czample,

P ipslrumeniaion or measurement program wnderground. A serious limitatisn of ©

L
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OVERCORING

Fint one drills w emalt diameter borehole and seta into it an (nstrement 10 respond
to changsy in diameter, Do such instrumenl is the U, 5. Bureau of Mioes rix-arm

deformation page (Figures 4,173 and 4,13a), 2 eelatively rugged ool that usen the

bending af a cantilcver equipped with sirain pages (2 give culpal vollages pro-
portional w displacement, There are three opposed paint of carbon-carbide tipped
buttona, each pressing against 8 captilever arm fized to a base plate, lightencd
ngainst the wall of the borehols by » spring. By choosing a button of appropriate
kize in each of the six positiens, cach of the cantilevers can be prebent 10 yield an
initial outpul in the cenler ol the linear region and the borehole diamerer chunga
can be monitared along thice diameters simallanesusly, whether the borehols
becomes smabier or larger. After the gage is inszried, the ouiput wires are threaded
through a hollow drill and out through the water swivel and & larger hole i cored

.
T N
] ! R
Pl o fmilbint e Durivcs b+ ok
Figore 4.11 Tha cvrcaring tethod, wiiog th Burceu of B
mines page, . . :

R
C -|'.'ﬂ'l.'.|?

N
SRR

.1._ e :. -
BT -
el r - g
for ke T
RS T S R U
figwre 413 Inditu sz memiurements by overcormg frem 4 rock outcrep. (@) :
S componcnl borehole deformanan gige amd the overcored mensuning bole [b)
eafcrumenl in progress. [Phatos by Rick Malung; Courtery of TerraTek )
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k -

concentricatly over the rst (Figure 4.135). This produces a thick-watled eylinder
of rock, detached rom the roek mavs and therefore free of sirees, [T the rock had

been under #n inilial compression, the deformation gage will recard an enlarge-
ment along 1wa or all of the monitozed directions in responue to the *overcoting™
(Figure 4.12b)—all radii expanding if \he ratio of minor to major normal siress in
the planc perpendicutar 1o 1he borchole is greaier chan one-third. As a ragult of
the experiment, the change in borehole diameter will bz known along three
diameiers, 607 apart. Select a0 & &ais convenienlly in 1he plane perpendicalar ta
the hale and let & be Ihe angle counterclockwise frorm Ox (o & pair of builans thal
yiclds results A4(0). Let the planc perpeadicular lo Lhe borehois be the xr plane,
with the barehole parallel 1o . Then, ihe defarmations measured are related (o the
initiad stresses in the xyz coerdinate systcm according 1o:

Ad(fy = 0. f, + 0,y tafy + 10 ] T

where

- LU=t bl
S =&l +1cl:-1:15}—£—+?

PR

1=yt o

fomdasin2n ST :

In the abayr, £ ls Young's modulus, v is Poisson's ratio, and o is the dlameter of
the borehole jn which the measurzment is conducted. Equation 4,15 excludes the
two shear stresa components 1,, and r,, parallc! to the borehole because thess
have no influence an (he diatneter of the barehole, Gray and Toews {1968} thowed
that anly threz linearly independent equations are oblainable from repeated
diametral measurements in different ansntations, se the general siare of siress
cannel be camputed from diameler changes recorded in one borchale. However,
a sotution can be found if one of 1he siress components i3 kpown or can br assumed,
I ihe measurement is condueted in a barcholc perpendicular (o 2 rock face and
a1 shallow depth, o, might be taken as zern. I the value of o, were known, of a3

sumed, on the atlier hand, Wheterm fyo, could be taken to the |efi side ol the equal -

Eign t each of theee equations representing measurements along different dizecs
tians any the remaining three stress campanenis could e determined. Tn Lhis way,
the ate of siressin the plane perpendicular o the borehale could be campuied asa
function of o, alonc. An alternalive wppraach, discuised lates, is 10 combine

Techniques for Muksiremest of 1a-Sin Surism .. m

"

" meamurementy from three or mare nonperpend icular boreholes, sdopting & singhe,

universal caordinate sysiem inta which the uakndwn wreases from cach borehole

L are irapsformed. The resulting sel ol equations will be redundant, and, furthermore,
*sinee il is impoasible 1o nccupy Lhe same volume of 1ock in more Lhan one measure.

ment, the results will be scanered.

[n the vsual silgation whers measurements are conducled in one borehols
paralicl 1o p, and & valuc af o, is assumed far purpases of computalion, dismetey
change measutements are conducied in direchiony 8, 8, + 60, and 8, + 120,
yiclding threc equalions in three unknowns:

A0, - f9, fa S L (e
A, + 800 - fio,t=1 S0 S S |i®
Ad(d, + 1203 - fio, S o Fuflta

Inversion of Equationy .16, after assuming o value far o, yickls the steess com-

ponenls in the plane perpendicular Lo the borehole.
The overcoring (o5l thus can be uszd to messure the siresses ol pome divience
from a tock face. There i o practical Emit to how lar ane borehale can be drilled

{4.16)

. concentrically over another, With a template 10 collar the drilthole and homo-

geneaus, nonfraciured rock, it might be possible to praceed for a2 much a5 0 m
from & lace: bul normally 1he 25t has 1o be discontinued beyond sbout 5 m.

The principal disadvaniage of the 1cs is the linear dependence of the siressen
upan |he elastic constants. The Bureau of Mines determines £ and ¢ directly on the
avercors by compressing it in 2 special large-diameier triazial compresion
chamber, while the borcholc deformation gage cespends inside. Anather approach,
epplicable in harizemial haolcs, is 10 assume & value for v and use the value ol £
thai makes the vertical companent of slress, ot some distance behind the wall,
ppree with the valug of the unil weight of rock Lines depih below ground. Another
spproach aliogether is to repace the defurmalion gage with a atiller gage {c g,
glais or steel) forming & " still ¢1astic inclusion.” In such a case, the sircsses inside
ihe inclusion an evercoring mre almost independent of the elastic modulus of The
tock. Howeser, 1the precision of measurement is reduced making the experiment
morz difficolt. Another difficolty with the avercoring method is the requirement
1a wse large deidl cgres (e g, 6-in. diameler) There is no thcorctical demand that the »
oier diameter be any specifiz value, im:!. in faer, the sresies deduced from the
erperiment will be unaffecied by choice of outer diameler. In praclice, however, -
dilficulty is experienced with rack breakage if the ouler dismeter iy less than s,
lzast twice the nner diamsier, - -

Tn the doorstapper method (Figaee 4.14) steain gages are fned Lo the center af 1he
stub ol rock at the boltam of the hole which is then isolaled from the turrounding
roc) oy continuing Lhe original hole [Leainan {1971)] This perming the inter-

i pretation af sieess at preater depth but the imerpreistian al the data iy mare

precatious. The test s performed as follaws, First, dnll a borchoke 1o 1he nie of

»
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Tachwiques for Meuseressent of la-Site Strasess ’ o

mewtutement. Then install a flal, nongoring delll bit o grind the botiom 1o a
pmooih Aal gurface. Clean the bottom surfece ané Lhen cement onlo il & piece of

*" metal Toil bearing & strain gage rosette on its vpper surfsce. When the cement has

hardened, thread the bridge wires through the drill and deepen the hole. This
eleasrt the siretses in the bavom, yielding siraing g, &, 7,0 {with the ¥ asia
parallzl 10 1he borehale and the x, 1 aacs along 1w0 perpendicutar lines in the
holtom, selecied a1 will), Appendis 2 shows how Lo convert strain roseile readings
10 S[rBin COMpPONCRIS &, £, Ty,

The changes in siress al the battom of the hole (Ag, ,, Ag, 4, 41, ) 2an be
calculaled from the strain camponends by 1he siress-slrain relationship for linear,
tlastic isoropic bodies.

[ 0 .
A
ﬁdh' £ v 1 ] y
LI i g | 1
&1, a0 d=v]llra
1 -

The initiak plreases in %, y, 1 conrdinaies ars related to the streas changes oo the
batiam of the hole by o

de, .1 a ¢ b ooy [™ ] .
At gtm=|b ca 0)i” ' ALR)
At . & 00 4|

Conslants &, b, ¢, and J have been evilasted by several Independent workers.
De 1a Cruz and Raleigh (1972) give the fallowing values, based upon » Rnile
elemcnt wrdlysin .
' a=1.30 :
b m (0085 + 015w = ¥} . {4.19)
c = {0473 + 081y} | .

ani
d = [1.423 = 002T¥)

Asift the overcocing lest, &, munl be assumed ot evalusted independentty. Then

- H__ “'T[M..nu. )

a b
boa O] {88+, {4.20)
00 d Aty ,
The “doorstoppet™ method can be pursued a1 the boiom of & shaft na well a1 in )
s drilk hole, :

-
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M enyorements Mads Directly s the Rock Surface

1l & machineg-bared shal of tunpel it avaiiab'e for ek mechanicy work, tlresn
measyrements may be made directly on the wall if the rock is not highly fraciured,
There are at lanst Lwo methods for doing this:;overdrilling & strain Jage roreiry
epplicd directly 10 1he rock surface, and dnlling & ceniral hole amid & wt of
mecdsuring poinis {usdircaring)

Strain page roschies applicd 1o the rock turface have been used in Borcholes by
Lecman {1571) with an ingenious device ta transpory, ghue, and hold the roseien
a several points simultancousty. Upen avercoring the hale, these rosaties then
repart sirain changss that can be transformed to yield 1he campliete sate of sircss
o), .. In the present CORIEA, wr can GyErcore siadin gage rosetter comented (o
points directly on the rock wnface, Appencis 2 presenus formulas For caleelaling
the stane of strawn {¢,, £, , ¥, Iromhe readings of the component gages of Lhe rosene

when Lhe roch 10 which they are attached is oversored, These stehins can then be

gonverled 1o siresess wsing (L17)

Undercoringisanameapplied by Duvall [in Hookeretal (1974)] 10 o procedure
for measuring stresscs on an expoted surfice by monitoring radial displacemiens
of points around a ceniral bagehole (Figure 4.15). Expressions far the radial and
tangential displacements of & point tocated at polir goordinatesr, 8 fram he Central
hele of 2 radius # ase given in Equations 7.2 for plane sirain; these expressions are
changed (o plane tiress by substiuving ¥f(] + v} in place of v a1 discussed in the
decivation of Bquations 7.4 and 7.2 (Appendiz 4).

Equations 7.2 are developed for the condition where 1the major and minoe
principal stress direcuons in the measuring plane are known. For the siress
measurerment problem, these dircetions will nat be known aptior so an arbitrary
chiice ol axes (x, 2)1s made (Figure 4,16} The sieesses 1), can then be determingd

Flgure £.13% Undercoring. -

4
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Figutt 406 Coordinate syt for tha dis
placement equinioa

from redial dispincement m:niur:m:nti tu,} a1 thros pﬂluimﬁ ir. P I.llin] tha
follawing equation for €ach point in tum i

=-a,f, + it tuhs 4a1)

where

I,--L-[u + ¥) + H cos 28]
f-lﬂ:[uuy-ﬂmzl] . .
17 31E% . _

h _én_: FH sin Hi]

nl
H-4-[]+¥'}-[

With radisd displscement, v, moasured st ry, 8, 6 g ot 1y, iy, s, 5 0 r“'
4, Equation 4.2§ yietd1

L .urn fir fall|t

ur =S S S|

Ly ) fu Fa Fa] .

(422)

' We atume that The lltuj.culi.l-l duiplacemont 1y does not 13 lucnor the mokiered rediasl dis-
nlicement.
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which can be inverted to determine the streaser This method cannot yield good
precislon unlees the measuring palnts are clase to the surace of the central hole,
ar the rock it deformable; otherwite, the values of u, will be quite small. Duvalf,
placed the measuring pins on & 10dn diameter circle and created 3 5-in. centrad
hole by reaming oul an EX pilot hole. Yojiee Mencl used undereosing ta measare
giressesin the (o2 of & lands|ide in soit rock,* where measurable displacementt were
experienced despite relatively small stresses (0.6 M Pa) because the value of £ way
qQuile low. A varjanl of undzrcaring used n central eylindrical ernansion cefl
{dlatometer) 10 null the inia) radial displacements of poinly aroend Lhe central
hele was uted by Dean, Bestty, and Hogan a1 Oroken Hill Mine, Avstiralia.t
Firgin strexses {the initial siresses 26 the tesl site before it war excavated) can be
calculated from the siress components peasused on the rock walls if the srress
concentrations al the measuring points ace known. The problem al hand resembles
that discussed previously in connection with the fNat jack test. Since the shape
of the bared gallery is circular with smooth walls, the required slress concentra-
Lions can be obtained from the elassical Kinch solution (whose derivation can be
followed in Jacger and Cook {19761 For our purposes, the adapled coordinate
pystem is thown in Figure 4.16; unprimed coordinates x,p 2y, T3¥; 71, €16 rofer

Flpers 417 Coordinate 1yviema for mress mearurments e
the willi of & lunnel,

* 0, Zaruha and Menel, V. {1968) Landrides and Thelr Cantrol [Elpevier, New Yorkl,

¥ Rock atess meaturements using eylindrical juck and At jacis i Norh Braken Hitt Lid,
from Braken Hif Mg Afonogroph Mo, J (19ER), Aurtretian I, Min. bewal b lbourpe,
Avpirabe {399 Lintle Colligt S0y« -

o - e L e e o I

Tacheiqeen for Masurement of [n-8ity Sireuss 117
to bocal cooedinmie dimﬁiqn: 2t each mesaoring sita 1, L st with p,y; ... thvayy
in the direction of the normal to the surfuca (radiuvs of the tunoel or shal) and
x Xy, tic. parallel ta Lhe axiy of the measuring lunnel or shaf. The ¥, ¥, 2" are
globat coardinales with ¥ phraie! to the sxis of the shall or wnnel, and 2’ and '
any convenient of Ihagonal Azes in ils cross saclian, o
. The surface stress concentrations can then be obtained from ihe ;:n:nltmmh
formulas given by Leeman (1971) (se¢ Appendix 4} substituting r = ata idenify
paints an the wall a1 the itz of the measurement: with the above coardindiey,
al cach site

e, =a =0

oy = 7,

Tigay = &,

1d-1”-ﬂ .

Tyt ™ Ty

JFoayr ™ Ty = 0

r..."|
L
.; ‘ n | } u l.'lf g } .
- s b=lg 1 h OO IF7FL - 41
T, 00 8 ap o Ter -
. Tre )
L Fra)
where ' _
: dm]=1¢oadd
eml+2c0128
J= —aan2d
Crogm =3vros 18
h=2rcos 28
= —dyain 28
ne= —2ynd
p=Zlcosd -

Two of mom itet for surface stress measurement [ug, £1) the rool #, = 90%,
nd (2) Lhe walt 8, = O {Figure 4.171] yicld & cqumlions whosa solution determines
the complete siale of siren, Depending on the chalce of aites, Lhe coefMcient
malciz migh! be singular, necessitating a third location (with redundant dsin)
to oblain a complele stress solulion. .



gy | . Tndtin) Zirpres in Rocks knd Thilr Mouwremeny

Principal Soreames -

Il the streases are determined with reference 10 two mrbitrunily chosen diretions
x and 2 in the plane of mexsurement, the values of normal streny will depeod on
Lhe choice of wxes. It is better to conveet the results to the form of pringipal siredses
and directions, {1 the xs plane is not & principal plane, it iy sl possible 1o fing,
within it, dircetions in which the shear stress 38 zero; these wre lhen called
“secondary principal stiesaes ™) Given o, 2,, and v,,. Whe principal steessen are
found from

Coarer = §(0, + 0} + [t + Yo, — 0,)]*
and _ ) . (424)
Ot ™ “”: A R {‘u! + H’t - ‘-]l}”‘

The major principal siress, 2, acts jn & dirstljon &, measured :uunttrr.-lockwuc
from Qx, given by

len 20 = — 2 {4.25)
o, -r,

Since the nrcian is mubtivatued, we must obserwe the following et Lol a
an-'[21, 4o, - 0,)] wWith —a/2 £ a < #/2 then

10-]’ i.ld'.:'ﬂ'-
Hama+r "ilg, <o ande, >0
Wamgen ile, <aandt, <h

Measurement of Stresaet In Three Dimenslons

Civil engincering and mining work rarcly require that wll steess componenis be
knawn. Il rueh knawledge is desired, methods exisl to yielkd the complete siate of
sifesy from & single experiment [e.g, Lecman (1971} and Rocha o al, (1974]).
Alio, daia from technigues enumerated above can be combined lo permit com.
putation of the complele stress matriz. A progedure fof doing 1his was already
discussed for the case of strain measurements on the surface of & drilled shafl
or lunnzl. Ddla can afse be combined [or overcoring, doorstopper, and other
approaches. In each case, the strategy i1 (o lramsfacm the measured tirzss com.
ponenls 1o 2 global conrdinate sysicm to combine dala {frem pon parallel disrecliony
&t defferent measuring sites.

Far example, ernsider avercoring rn.:nsurcm:nts in sevcral non parallel bore. -

holes. In hale A, adopl caordinate macs x,, ¥, 7, with ¥, paralle! 1o the atis af

* Thesr rules werr quggested (g the writer by Professar Sleven Crouch, Unisersity of Miane-
My, .

[

-

Rafercroey 19

the borchole; dismetml displacernents wre mtasured lo dlrections 4,,, 1,5,
and 8, ;. Applicstion of {4.15} 10 exch direction yieidy:

Y0 N TR A PR Y bl
AdBL 0w fon Sua S S UM
Ad(B, ) S A M fu .4

Tug, 4
where 1he coefficient [, ace defined for cach 8, for f, of (4.15). Now transform the
Sirciics in x, ¥, 8, coordinales 14 some convenicnt sel of azes ¥, p, ¥ (refereed 10
henceforth st the = global 815 ™)L This can be wrillen:

. (4.28)

'E:.J
. ’ !
24t m (T} ok, (1M
0,4 land] (brqy
tu:...&

iawhich (L)isad o 6 malris corcesponding 1o rows 1, 2,3, and % of the cocfficient
matrix defined in Equation 21 of Appendix |, und [¢}e pe B8 1he column of the i1
siresd components of the sime cquation. Let (f,) denple the 3 x 4 coeffickent
matris in (4368} Equmiions 4 26 snd 4.27 can lhr.n be combined inla

84 = (KT M"f o (4.20)
Similarly for borehole B, nonparaitel with A,
j3diy = U:'J{T.'.h{ﬂl.-,-.' (4.19)

1) Fagard 410y

Combining the six rows af (4.18) ard (4.25) pives six squations with o, .- 42 h

the right-hand vecear. Gray and Tocws { 1968) howeyer, showed that 1he coefficient
matfix thut derived i singular. Thes 1hrce nonparsilel bareholes will be required
o yicld suffcient infarmation 1o solve far {o],.,,.. One can cejeel surplos rowa
to achieve 1 solvable se1 al six equations, Even beller, one £4n use 1 least-square

tolution scheme. Panck {1966) and Gray and Toews (1973 shawed how 1o handle

the redundancy and minimize erfar asspciated wilh varialion in the wate of stresa
frarn one measuring side 1o It her,

A timilar procedure can be fallowed o combing the rosulls fram “doarsiopper

$eus™ in thret noopacalleh holes 1a determing the compleie state af sress,
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EL USD DE METODDS DE PROYECCION MEMISFERICA INCLINADA
PARA LA DETERMINAGION DE VIABILIDAD CINEMATICA, DI-

RECCTON DE DESLIZAMIENTD ¥ VOLUMEN GE BLOGUES DE ROCA

INTRODUCE 10N

La watnhi]lldad de unm masa de roca dipeontinum, expucstae
¢n wn talud o une excavecifén subterrbnes entf, en muchos casos,
cantrolara par 1a orientoclén, gegmetris y resistencle de lms --

" --antingldades de la mesa rocoss,

Le evelunrifn de la estabilided, el disedic de 1a geame--
tria ¢e lp excovacifn y le especificecifin de wedlas parm i re--
fuerze 2 soporie de dithe mega rocpsa, descansen en lpe Lres pa-

aos minulientes:

Y. Muidlelfn de les caracteri{sricos mes releventes de las
dlecontlrnuldades de le mees rmcasa.

2. Evalvetifin de gue lam dipcant!nuidedea puedsn definir
blocks mue e vuelvan ineeteblrs de acuerda e mecenis
mon postulados.

3. Determlnacifin de la establlicad de blogues potenclala
mente inestsblen, dieefiz de medios de refuerio g so--
porte mpropladoe, y 8l es posible wodificacifin de 1a
geomebria y mecuencis de la excapvecidn.

e

En le moyoris de loa creoe lm forma de controler el terre
fin e irh modificando seghn me veya melorpndo 1w informocidn sobre
lam condlciones del terrena y el compottamipentio de lom medios de =

refuprzno o mgparte.

El Exito en £l primera e lon pasos anteriores depende de
la_uplinnclﬁn de un procedimlento eficlente y 8ln tendencias pare
mueptrear las carpcterieticos de lam diecontlnuldedes. Lom proces
dimientoa al reapecto ee han descrito por 1l comisldn mobiTe estan
usrizacifn de pruchas de lahoretorlo y de campo, pertenaclents &
la Socleded Internacional pars Mecénlcom oe Rocam. {4)

En 1a mayorim de lga cesos, las carscteriaticas mbs impgr
tentem mon:

Orientecifin

T amafa

Gepmettia cde la suparficle
Presifn del Agua
Reslatencie {2

]

51 epapa caracteri{aticas nr miden en barfengs o unao care -
expuratn pdlatantep e 1a mana conslgderadn, pa necEasric evgluer =
haatn Que praco los valorem medlos reflejean los Que correspongen
A los QUY haym BN 1@ mBge fREOsa por BNBLlzerme.

Le extrapnlecibn de datoe de areas cotoCides hacla aress
desconocldan resulere neceserlements o un prosedimiento eatedis
tico, similar & lo descritp por Pltesu (1) o Davie {L}.

Los protlemes de muestresn y patrapolacidn ge cersctaris-
tices de las discontinuidadeas, no sarbf trotmca en gats LEmg: pm-
ra nimpiificar sx supondrd que las carsctaristices de laew dl A



tirpidedes medidas en yne parte e le meps rocose serhn pplicshlen
- a travin de tota la zone de intrrée.

Cnn este suppsicifin, es rezonsble gfopter un enfogue cpneer
varor reapecto de le arurrencie de las diecontinuitdedea en obras --
- suntprrineas, besando 13 geemetrie de 1o excavacifn y Bl dieeflo de
medins fde refuETza y soparke con ia tcea de gue las dimcontinulde-
des prurrichn Enllugarea gque produzean loB blonues de meyor valu--
men y menor eatzbilided. Ecte mbtods Be he demopmineds de "Discontl

ruirad desnlezable’ por Cartney (5.

E1 sr-undn Ao 1pR tres pRICA conglete en examiner le Orien
tenihn y grametria de 182 dipcgnbinuidades man Frecusnten y extpn-
s=a, oara rvaluat gl eatas defifen blogues tue pupden Ber ingata--

L1ps Mr nhyerdo B ounos merAnleman dadoe.

v pate cacn sﬁln consideraremon dos sitestlones de inpsta -

hiliear: la cafda o =] deallzemiento de bloques rinldos, Hey eltua
ginren aha nomplejes como la roteeidn, el volcemientn, la deforme-

clfn y fracture de roce Intacta que em pate caen 58 aparten del ob

Jetlvo de este trabajo.

Funrue algunn£ bloques pueden ldent!ficarse como potenclial
‘peptn Ynestnhles, no egerbn necesatismente 1nestables, en tanto que
sé ponaidernn l#s Fuprzes gue actfign en teds block. EN rpziin dg L]
tn, a esos hlogues ne les derominz en ocaslones blogues cinemhtice

mante wvizhles.

Oara oerlyer 1@ estabilided de glchos bipgues, es Importan

AnterrminaT)
tr 1

g).- Lm direccifin en 18 gue el blogue deglizerie o ceerin,

gl fuerm lnpatabte.

h}.s En que pleno, 0 plenos == denllzerk ol blogque,
£l.= F1l valumen del bleQue.
m lp cunl ae enfoce este trebeio,

taz propledades cinemfAticmm ¢ geomBtrices oe bloguee poten
clel ente lneatgkles puedcn, pere muchos cooon slmples, detarmirer
e can preciplfn sufielente uspndo lom metodne convencliangles de -
proyeccléin hemisférice inferior p superdor, hatblendose deecr!lio —-
por Fgnet (6}, Geodman (7), Hocking (A} y Cruden {9). Unm deavents
Je dr 1m mplicpcién de pops métodos mhora conmvenclorales, conaiste
en nue & veces B8 dificil visumelizar !a relacién entre 1la Informa-
cifin y la geomptrie de 1os blogues nue son viehles clRemfkicanents
fars unA CATA Incllnﬁda deodn, llevAndn & 1A pilopcléin de eriterios
de prueha cipematica fue, no gbstAnte fdar un resultods correcto, -
gvitan vna comprenelén fAcll del problema, Entonces los mEtpdDa e
conventional ey eathn cnrocedos B CcAfas relativenpnto afmplgg, mien
tres que el métbdo que vAmoe e, degcrlblr, ton llgeras modificaclo-

rnes, eliming los inconvenientes antes menclenedos,

El pasn teréern y final mh%es eruntlaona eupohe el uaﬁ.dz -
le infurmacifn producide e lge pBSoR ung ¥ dos pAred dztenminurﬁlu
eatmblllded y dlieefer el socporte o refuerzo. Se hen descrita en o-
tras puﬁlicﬂcluneh lon procedimlentos analiticos ppropledos {1D{ -

per lo que na loe consideramos en eate trehe o,



h Plane horizontal .
{ Plano inclinado |

Polo ¢ Normal al Plane .,

Linea de méxlma Pendiente

Linea cualquiera del Plano.

Rumbo 'del Plano.

Inclinacion de una Linea

Ctreccion de la Linea, _

Eiemplo: Qireccion de la Linea de maxima Pendiente
¢el plano in¢linado a.o0,¢. e . )

CFig. 1 ILUSTRACION DE LOS TERMINQOS OUE DES-
CRIZBEN CARMACTERISTICAS DE PLANOS,

N
3
L
R
I

0

£} 2

PRINCIPIOS BASICOS

te arientecidn de dineontinuidedes plenEs, d& ure Meke Fo=
cors pusde mpdlres sn sunerficigs o en barrenos.

En 1a Filgure 1 er myeatran algunos dr los wlementow deg---
criptlvos de lan discontingldodes planee que sond

INGLINAGIDN, Arenilo vertitel wedido en mentldo eecendente
entre 1m hovlzonte] y ure Ifnes @ un plene, tamblBo Liemede ireer-
nifin, y en lengus inglesn "Miunge®,

AUZAMICATO, Incilrogidn de 1 iimen Op mhuloa peadients as
rn plana irclinpdo. Teamblén we le denom!ine rchedn, sanbeg, bBurdienl mny

to real, etc.

MIZEMIENTE APARENTE. Inpllnmcidip de unm Ilnes diferente o la
de mAnimp nendinnte e un plinno.

DIRECCION, E] mrimyt o rumho geogrkfico owl pleeo werticel -
tue corticne une 1lnes dngn, medico en direccifin de la lPclinecifn.

DIFECCION DEL PLAND, Ruabn ¢ s2lmet geogrbflco of une 1lines
horlrontel en un plang Irclineco, tesblfn Yisesdo divecclén o copa,

¢ almpletrente rumbo del plang o0 selmat del plésn,

DIRECCION DEL fMAMICNTN, 8rimut @ Tumbe geogthFico de Ie -
Iinem de mbrime pendiente pare un gleng dedo.

FOLO DE LN PFLAND, Le Linem que Formes un Sngulo o an? con wl
plano dedo.

Lm arlentgelfin de un glena dedo puede regiatre:se como 1n in
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clinacifin y 1n dizeccidn de 2n 1inew de méxime pendients 5wl po-
lo del plema,

Cymndp ee regiatts un gren nimero de discontisuldeden &a
scostimbre trazer los poloa de cadm erientacifin en une proyeccidn
hemlafbrice, Une enpllcecsidn sotte el umn de los proyecciones b
miefirices se da por FRIJ11pe {91). ’

La orlentecifin ©* rpdn polo se reprraents 00T wn punio en
1w proyecclén, Frecuentempntie tesults Que hay une tendenclm de B
grupamiento en low polos, Ingicento gue leps diecantinuldedes welim
orientedas eh conjuntos ceaf paralelos. Enktonces, Y8 arlentecléin -
medla o modal ge cade cenjunta purde Creseree en la proyeccldn, y
conglderarae como Fepreisrtative e las discontipuldades gue hay -
en el eanjunto, Loa mEtconm regueridos pars musstrear y enalizer -
conjuntpgs de dlescontlruloodes aw hon deacrltn por varios autares,

entre £llos, Hoek y Bray [10).

En =atm t}uhujn, aeomiTewos oue ura masa totosa dads rath
atravesndn par dlecantiliujpgades planaa muy Exlensas, Que OCUrren -
en canjuntos, conalatlendn Estos de on grepos de dlesconbingldedes -

paralelas,.

51 lea discontinuidades ce Lres difetentes conjontoy ar -
fnteraectesn entrs mf com gna eara expuewis o L1BFe, enloncen ae -
definirf un tlpck tetranfaricn capez de ceoer & desllewres (Flg, 7).

El tewefn ¥ fRTAR de eae block werhn dependientey de 1am =
poRicienes reletiums de Jen dlacontinuidedes vy 1o rars llbhee B #x-

puratn.

i
5% hublere mbs dr tres conjuntos de discontlroldedes, Ln-
ternectbndone con une thts 1ibre hanrh diferentes cosbinaclones,



Fig 1

F 1 2%0790
Plang 2 3145760

Plangp 3 1407 3% pendiente maxima dsl plano

Flang 85! ES .

Triangula
esfericog cerrado
de los polos

1.2y tascrurada)l

Ny, No.etc.z Normaies a los planes (polos)
By. Bo..ett. = Lincas de perdiente maxime

Crientacion de cuatro planos definiende 4 letrahedros

Azimut/Intlingcion deta {insa de

Linea de superf.
en bloque para “el

planc 3

7=

el tomsmoa % ponjuntor § oh tlempe de o ocaonjunton toteles, enton-
cer el nfimerg e combirecipnes N oserb:

1

N ————

fn-k)11 %1

51 en un poliedro de W cares, vne dw elles re 1o core en-
puestm por lo eacevac!dn entohces  x- M=1, ¢ peres un telud, 1a - *

perficie #8 pirg cara y w= H=2

Par ajemplg en el caso de un bloque tetranbdrico ek, en -
uny fxcavesifn uuhtzrrEnEulul recealtan tres dlscontimgldedes para
definir £1 tetranpdro, mientras gue =h uf tatud saolo me necenltan
dow dtneontinuidaden.

En im figure 3, Ee mue4iInn 1aa 1inens d= mhxims pencdients,
€8y, 82, B3, B), low polos B Potmeles Ny Moy My, W), ¥ don cirs
touloe mayores e Custto conjontos de dietontirmidsars, unfrdon= u-
nn proyecclfin bemtefbrlon Infecior de steas igualem, 1o cunl ke wa-
pleark en lu3 proyecciones subEECUSTIES.

Su apume gue loa planes se interpectsn entre ol, y fonown -
terho ce tunel morlzonist, geflnienco custra blogues tetrevbdricos
limltadom por 1o3 discontirolideces {1,2,3), {1,2,8), {1, 3,4 ¥ - -
(2,350

£n Lo Figura mnteriaf puserveros qoe low clirculos sayores -
fr trew ¢lecontinuicades gdefinen tribngulos eaf&cicos en ja proyec-
ciln y purden vsarse pare pateralnnr 1a forme de cade blogue.

Anten de eontimear con el enklieis, =a necesarlo deflnle el
téreing *Linen de Superflclp”: Consldereron cuslouler plena, [dera-
winees pleno nostel) gue =es perpendicular & la ears 1ibre de 16 ex



B

cavecldin ¥ nue pesr por el Bplce del hlodue.

. a1 linere rectas deflnicna por In interseccifin de vete pla-
E_ na con la syperficle del blogue pep denomingn *Lineas de superflcle?.

51 1m linem de asuperficie enth definide ger 1np ceta llbre de
lw excaveclfin, 1a llamoremoa *linea de puperficie en lo cars llbte*:
lom pdres de 1iness da muperflcie definldos en les dipcontinuidadon
que limiten el blpnue se 1lpmon "lineas de superficile en el blogue*.
Trem mrismtos del biooue representsn 1inepa ds dyperficle en Bl Blo--
gue comunes a unt par de Planos 'nterAacctbndose. toe térmlnos snterlo

Ten 8¢ lliustren pn l# Filgure 2.

fara que un hiogue de Toca CBdo BE puetdm mover balo lom efec
tos de 1@ grevednd hecle lm excnvecléin, Bs necemario netlafecer loam
Pt

eiguirntes condiciones clnemfiticps:

1. Todws loe pares de linees de superficie en el bloque de-
terfn »er perelelss o dlvergentes hecle le care llbre,

?. Cuentdg mrnps ung 1linen ce superficie en £l bBlogue deberd
arr ipclinedsa cescentdente deade la horironmtel hecis 1le -
care lihre,

3. Tacen 1a3 1ireee fe superficie pn el Bloque deperfn AT -
desce vl Bpice hmate pflorcsr en L carm llbre.

Aungue Eates condlclipnes pueden pareceT algo trivieles, #n
=ote punto pueden syudar el lector no Fenllinrlzedo con lem proyeg
Ciphea S“eminfbricen pars vequlr ¢l desarrollo del snhlisla pars --
blpgues polihédricos expueatos en ceren lrclinedes. 51 copn congdl-
ciones cinerdtlcas ar setlefecen y al lam fyerzma o esfuerzon deses
tasilirpnten exceden a 1pa respintenien, entonces ammiremon que el

hlogue o2 deslizath = 1o lproo de une linee #e muperficie en hlogue,
o cmerd en cirecclén vertlenl.

Esten tree congdliciones pueden probherae en loa blogues tetre-
hidricom mostredos en 1e figure 3. ¥a que &1 plang de proyeccifn - -
enincide eon 1w care llbre (horironte! en este coond, los circulos -
maynred Gue Feprefentan planos norvhples, son almplemente 1{neas recs.
tap gue airaviesan o .ametralmente 1m proyecclfin. Les orlentaclonra -
ge linems ce Buperflcle en blenues para um tetraheden dadn.ne deter-
minan trezundo la intereccelfn entrg lame civrculos mayores de care --
plang y tiness dismptroles. Eato e muestra en 1s flgurs 3 fers el -
tetrphedra defipide por los pleanos 1, 2 y 3. £l lugar gegnétrico de
los puntos de todes les }J{neas g2 muperficle en un blogue dade defl-
ne ¢l tripngule eaffrico para eage blogue,

r 4

Fepre revisar 1p primet gcandiclfin #a necemarls exaniner la p-
rientecifin de pares de §inees ge superflcle pars un tetrehedro dada.
For el hecho de estar empleadd en NuestTas proyecclones la hemiafe-.
rim InfErlor, cuyn plema de proyeccidn colnelde cam 1 cara libre, -
entonces curlguler par-ﬂe lireans de puperficie ¢efinlgas en Bl peri-
metro de eumiquier tribngulo eaférico cerrado tteparnn el reouinsito
de divergencle gue sefinle ests condlpifin. €rtn purde cotproheres 33
minenda le Figuras 3§,

La segunda candlcifin se cumplirf sl pers un tetratedro -
dado hoy al meros une lines dr puperficle en blotue gue ee dirige =
haria #tniz, con Brguln mgnor ge ?Uﬂ can la vertleal. Comp el centro
de la proyecclén en la figure deflne la verticsl, todem lea lineasm -
de superficie de lom tuaira tetrshedros mon descendentes.

Ex clarn que el lung de wna proyecclln hemiafécica cuyn ple-
ro de proyecclfin colncivfe con une cera libre de orientncifn deos, y
tuya hemlaferie e gxtlcnde dentro de 1B pxcrvncifing, emegurerh que
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L) TEAMINACION QEL YOLUMER DE UN BLOSUE TETRAME

=)

la cara llbre alfloranda ern éets.

= 1-

Para roviear ig tercer condicidn (que todea 1mms 1iness de =

" pn eeguitde pera, eplcuwler gl volumen del blogue.

DETERMINACION DEL WOLUMEMN DE BLOQUES TETRAHEDRICOS

"E1 mhtndn depcrito en pute seccifin es unn madiTicacidn del
presentado por Brown y Hoek (12).

Los plenes 1, 2. v 1 previemente dlbuladoe e le flgure 5, &

clones cinemftlcas antee enuncledas.

Atora moeeetrp ofjetlvo s encontrar g] yolomen del mapor =

guatto metras y con diteccifin os 3539,

aar Thrilmente con respecto e 1p geounda concdicifin.

eumiendo que lss gissont!nuidades goe extignden wna distancia eufl-

i -

pueden repelirse pn nupPstra Tigury La. Podemor ver qirg Bl tetrahe-

_blague tetrahfdrico, gue matisfege le condlcifin de alfloremienta, -
ml inteareectsr una frente o tinel con petedes verticales ecparedes

lue bioguen tetrahfdrican definldos pnr triboguios eeférlcoe cerrm-
dos estisfacen gubomaticamente Ja primer condicifin ¥ @9 pueden revi

superfitie en blogees afloren on la cara llbte de !\ excawvacifn), =

clente dentrs de lem mB3m rocoem, me asegurard 1a matiefeccidn de eB-
ta condlelfin sl al dibujer s escala le excavecifn y el blogue proyeg
tados en la eara llbre, eparecen las lntersecciones del blogue con =
Eate dibujo » wscala puede ugeree

il

dro definido por espg plenos eatlaface la primere ¥ segunde condi=

Los difmetroe qQue unen los extremoa de los circuloe mayorea

que representan los planoe 1, 2, y 3, nog indican lm direceidn de =
1a horizontal en ceda ubo de dichoa plencs, y al miemo tlempo, la =

1.,

L



{aterapccifin de eilos con 1e cera Litre hotlrontal de mueatte v«cR-
vaclin,

51 ditwjemox m eocmlp nuestre Frenie, y en ellas na=emos o=
raleles o lop dlemetros errlbe indlcados, se defirkrh le baoe trlen
guler e nuestro tetrehedra, pn relarifin m la direccifin de 1a fren-
te o timel; para metisfacer el criterig de ofioremiento ea suflcien
te oue eata hesas eatf contenids dentro del fAree expuestn fdAe 1la cno;
libre,

Ce mprera almitar ne pueden trannfer)r parelelomente, Imo -

.. direcciones de nuesirag interaccciones, lem gue s# unitfn en un so-

1o punto, guge deflrirh el fpice del tetranedrn.

L7 altore el tetrehedro ee determina comn Fecillded mis)en-
go Ja inclinacién de 1pa tren 1{neas de’ interocccién del miome bR--
t?ﬂhcﬁru. gue Junts con 1 megdlds de pu proyeenlfin cp piante nna ==

serviri pera 1a relosidn

he 1 ton §

Loa tres valoreg qQue resultan de B, mge dmn upurtuh!dad de
eonoter la exactitud gel trebalo. Sin embatgo, debida o Jo8 erpncon
por redordes de lsp lectuTtes de Brgulna, vy @ lop errores gm 1ps me-
dlciorea d8 escale, ps muy popible terer valpres gue wvarien + 5% -~

del valar megla.

1 volumen del Blogue ea un tereio del produptn do 1e mlto-

ra por el &rea oo e bmpe.

Para garnna une lden ge 1m forea del tetrehedro puttde mer -
desestle tonstrulr une nerle de eeceiones m trovéa del blonue, = -
pu;d! tomar 1a longitud de lm bese de ln wiste en plentn, mientraes
gque 108 tuzemierntos mporentes de laa discontingidades ge miden en -

1o nroyeccifin tomendp 1e diteccifin de 1 eecclén. 1loe seccliin obtwe-

| 4

L1

™

El bloque pusde Cawr vertitalmenlie

Ny

Ef $logur desliza 4| ¢3 inegrabts

FiqquRrA S
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"~ coa definidos en el techo horizontel de un tfnel. La prueba cinimb- "7 "Cara lbre al alle  053/75° oo SRR T
F +
tice v ¢l snblimin geoméirico de trles bloguem e reletivaments mim ! - I .
. . Conjunte T 299/66 . . aw
gle, ym oue el pleno donde se proyectsn lnm prisnteclonss colncide | Conjunto 2 190780 - - \ o U
LI L Lo v LR =, .‘*:.,__ﬂ L .
ton el plano oe lm exceveclin, ya que es deuggble retener Fttu Iil_.- ' Conluntio 3 . 44733 ‘. e b ',_ S
; plicided mnmlitice pars ceras libres inclinedas, wele®ls pena Wby i i T .- ' ‘* . ! N
' ror oue el plano de proyeccifn ses perslelo el pleno de le excava-- Coe Tero h ..
-
" £i1fn en cualgqulers de sum CATEA,
- 4 LY LI
LT T e - . 1;u _"; . ; - . . a L ..q . { ft:f‘: 1:._: .
£1 usa de proyecciones inclinades, 81 hien conserva slgunoas Oirecclon de ln "'":'agg‘ - TR LT
. - . [ * - . B .
elementoa enaliticos salmples, requiere le comprenaidn de slgunan 1- - L L T T T T .
dean fundsaentales gue purden parecer poct uocales o pEFMONBS ACON- . . ! b ' '\ :
- ] k
" tumbiredas n la prayecclén horlzantal, . . .
.o . . Cuart Lo e Mg T R T
B AN M s L T SCE Y 2oy 3 5"“&' AT F PR
- ;o . et Fe T e At T Y 24
: , - ESICTIA - S P T R e
' SOUL T o R SUE b
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- ’ FROYECCION HEMISFERICA TNCL INADA ':{} ! .

Le Flgure &€ nom susatrs una seeciin nommal al.tjl oy un th-
. el que contiene caras libres verticales, harizontales & lnclinadan,

todes ellas con direccidn perelelms al eje del tdnel. 1

Con el fin de snalizar lam carpcteristicen ow blogques tetre-
hl:dr_h:un. En catras lihres de cualquler arlentecifing. ea necesaria pue
coincldan o1 pleno de ﬁ}uvlcciﬁn y la cets libre a sptudlar oagguren

L, do que 15 heminferia d= proyeccidn inti #]l »l aire wn ver dx en toCe.
[ - - r .

. rr ta . H L] . .
. - . L. -

tnmn ea evidente, 1a rotacifin da la proyecclidn na alterard - -
1a orlentacifin dp lee disoentinuideden, por lo tanto cumlguler rote- . -
cibn de la prayeccifin en wn Bnguloed | en direccidn dz les moneci--- Neta: Nhf ¥erlical rotoda

ilms del reloj, debe ecompafiares por une rotacidn mimilsr de todos -
1 P P 12,1 circulos mayores de los

potos By MNape Nap

4

lga puntam artentedos en un fngulo oi en direccidn contrarim & law
menecllles del relod.



g S} hublerms diflculted en e lnterpretuciﬁn de ls proyeccidn
Anclinade, 82 puede regresar m 1m prnye::iﬁn hurlznntnl v hu:er en

1" L, - r -A A .,
. - e -
. . .
B H - - ,
. F [

.gllm lap medidas mecesarles.

£l 2je g rotacifn ga la direccidn de 1a E!rn-libru {o hien

. @1 de une lirem horirontal contehida en le cera libre} y dutante 1a

-Totecifin deberf colocerae sobre le direcclén Norte-Sur de la red.
Con el eje de rotecifin #n @sta posicidn es neceamrio en pri

mer lugar, determiner lm direceldn de rotecifin oe la maners siguien

te: 51 1o mmam rocomm lltﬁ ] ln dlrenha de lm cerm libre, entonces,

todon lom puntas nrlnntudnu deber&n rnturuu un - ﬁnﬂuln lt hqnia lu 'i»?
dere:hu, produclenda unu prnyecciﬁn inclinudu :uyn extrema haju Eu- i :&'
‘o

F R

th dafinidu par el lada’ dur!:hu de le prnvacniﬁn. 51 - 1u masa rucuuu

:-ti s 1n quulerdu de le care: 11hrn, entonces le rotecién es B hn-' ’

,,cil le ‘rzquierdm, produciendo une proyeceidn cuyg extremo bejo entﬁ

“hacie el ledg jzquierdo de 1m prnvunniﬂn. .it .:"“ f.;“
1 H 1

Pare una cere lihre el altp el Angulo de rntnéiﬁh ea'ménar )

que 90° mientros que pala uvne CATA libhre nl beja, el ﬁnguln de -
tacibn mech meyor ge 90%.

Como es usual Im Toteclén am lleva ® cabo maviendo lna:pqﬂ Tt

tce spropladoR B 1o largo dE'ﬂiréuluﬂ mehaIres. Si un pynto amliprm

el perimetrn de lm pruye::iﬁn. nnntlnuurﬁ su rotacifin en une poel
cién olmmetralmente upueutu Il 1ugnr de unlidn._:'

. .
L .
‘ . -.-";'_, v .— ot

....-

Enn el Fin de temer :nntrﬂl unhre lu hnriznntul y
bar 1m exectftud del trebejo, ae !uniwre ae roten loe puntuu que -
definen lo migulente: ls normel o polo y 1w iines de mbxina 1ncli-
nacldn pare cadan conjurnta o Fomllis de diucuntinuidudu;, sl polo =
de Im carn libre de 18 excevacidn y el polo de le horizontel.

[

:umprn--- ’

"

.|-.

L

r -
T A B

L]

H,i.u h!dricu.Jnu

o
t

“‘*ql‘trns'cnnjuntns de: di!nnhtinuldaden.

v n,
LSRR B
- L [

?-;ﬂ de la’ prnyenclﬁn.

Pers 1)ustrar 1n snterinr conelneremdn; Une care libre el -
nltu, cnn ezimut du 53 ® inclinacién de 75 wsth intermectwda por

Lk ! . H
l""-.i.-il _\r - Y . i

e
T B

raTlL UEL primtr punu L] trn:nr le normal y ll linge de tursmiento
mﬁ:imn de ceda conjunto de giscontinuidedes, el pola y 1l direccidn

de unp I!ngn hari:untll -1n cata libTe zstudiudn. y el puln v tr-:n :.

dz lu hnrizuntul. n._;i‘ I 8 L '

"o r. r r

£l
il . - - LD - -
. | f -

~ -Pars gue =1 pleno dg ﬁrnync:i&n coincide con le care libre

em ne:eauriu rotsr todos 1os puntom 757 hacle el laco da le mess -
rﬂnnnu. 11¢vnndu nnn lltu Bl pnlu fde lm care libre hacle »l nlntrv

\

wh " g _-' 1 v
. \
Sreg oy - »

e -C.:-" - ".. - . Y ,:‘ ) .

"|,.-J vt

'El polo ce'le hoTizontsl ue musve 75° desdw wl centro, an .
la mipmn dirucciﬁn gue 1d hizo el poln de 1m care llhr', d!flnllﬂ- '
. da, lu nu!uu puli:lﬁn du II verticel, " -

R | b

pUEdEn truzarne d&ndn gus Normales rotadas. Debemos notar que Eun-
que lma lineas de buzamlento mEximo gquedan dentra de 1es circulos

f.quyurEu, de msum plenos reppectivas, pueden fJueder fusra del punto

; ;Eﬂiﬂ del circule meyar, como em usurl. 'LoA cfircutas muyufll de ——
lna-tres planca de discontinuided se intersectarfn pesra Former un
tri!nguln eurErlcu nnrrndu. que definird la Forma dul hluqul tetra

L

T

..a'-'hfu.r“"\’rf r"‘.!“t.-- g
L -S'

hi:in urrihu. pudrumnn revisar 1nn tren cnndlcinn|| cinembtices - -
" pnynciades’entes.

v

Le primer condiclén gue requiers 1o dlugpgencis cn led ==
lineas de superficie en blague, s satiefece sutombticements, puss
al plano de proyeccifin coincide con 1m cera llhre. La ssgunts EOh-

rak
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.diglfn se motleface autnmﬁticnmnntn pare nunlqultr linua de ouper- .
.ficle en blogue fque guede entre 21 circulo mayar que representa 1a
hnrlzuntnl y el 'rnndn' e '

- R B T :
- " . b - L

3 - Coat T te L
', R L PR h, i, DT
. F ,.[ - 1

1 L] '

AL 3 | Engu:u {w) entre gl’ puntn que rer.nuunt- dicha 1inea an
.upgrrjcig ¥y rl punto que represente la verticel,’ pu!dn deternlnn;

* !

“ee heciendo que emboa puntas gueden en un soln circulo mayor, n 1o

lergo del cuel podrewos meolrlas,  "r o0 000 e T5- ol T TN
'R e . " M = . w Ty rhe ... .*.1. RTINS _J..-.L.!-F
n :.,"'.rl. -* .-.+ w o, P '?'.l."FA,ﬂ"'p.‘u' - "T"‘.r‘ K

]
eyt

w

* yolumen el bloque, Coma el pleno de prnyeccl&n coincide con o1 o

planc de s cers libre, en punihle calculer =l vollmen oel hlnque

n&ninu con el métudu emplenca en EL Eﬂluldl tl:hn hurizuntnl to=-+
e s F A P

nanuu gn tuentm qu: El*inguln ;E;re una’ uri-t-rdada y lu boae i en A

shoTa can reﬂpn:tn -] 1- cCarn lihre. Para nidlrrla'fnélinnciﬁn verda

dere de cualguler nrl-t. g 1inea en gnnlrul. " huccn colnzigir el
punto gque represente le vertical ¥ el puntu de interka en un clr--
tulo mayor, midlends deedw la horizantal.’ "
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in.owpa-
] fr)
- “h an e O
d 1
[ N . !

HabiEndone sstisfecho 1ma tres condiclones nlﬂzmﬁtinnu, v'-
determinendo el volumen odel blogue, seth necemaric oeterminer 1m ol

reccidn en 1p gue Gsts se maverd el ser insstmble.

' P -

En general un bloque ineateble ax soverh por calda vertical

o deslizamlento a 1o lerga de ouna linee de nuperficlie en blogue. E1
primer, macenismo opersrd sl el punto que representa la verticel eho
ra girede o rateds, puedera dentra del hrem dul tribngula eaférico
gue Tepresente Bl blogue mnalizedo. &1 esto nu sucediera, entonces
¢l blogue de ser ineateble me deellzarh n lo lnrgn de lu linea de -
auperficle en bloque QuE t!ngn el bnguln minimo w con la vertical.
Tel iinces seréd siempre te linea de mixims inclinscidn de alguno de
tas plenos de discontinuided, O bien ls 1inas de interaeccifdn entr}
doa plenan. .z -

- » 3 -

- ' -

*La tercer candicidn ee cnmprnhur&’durante el cﬁlculn del - ..

~ta

. T -17-

¥ el ' b L)
i [ * 1 - v -
-': . M s -l: - b !
- - L] *.
. .‘Ji- ) ) L .'\

‘51 inapecclonenan 1la Flgurs 7, lﬂtﬂhtrlr!lnl lo migulentel

a
v

T E1 triinguln zlréricu CETTADO nA cnntlihl is U|rtln-1. lus-

gu nl hluqut na caerk, alno pueda denllzarer, -

. . ] -

- . : LY

- . .
. a1 ,1 .'1
- 4 '
"o * - L]
M

Lom tinens de mixine pendlente(d,

te superficlie en hluqu:. lurga #] blogus o pusde demliznrTes ®ObDrm

un sole plnnn., ‘. ELE £ . -
- . el D
-if‘:w.\ v _..'*.-' ] - ‘r
) l_-rll e K -

n_i,_

Ut ver Inentuhle, el blogua debwth dlillllrll m lo largo -
de ln l!nt- de superficie en tlogua, deeccndente, qua ssth mhs cer

# Bars B3z} na san 1inees

cant n 1n vertical, o sea la 1inen ds IntarsecciSn entra los ple-——

nos 1y, '2 nul hace un Sngulo de 29° con le vartical, Luw wstriecis

i

mneu prndu:1d|| par el demlizemientp sobry &l plena 1 Forsarfen un

Qngulu de 1?’cnn im 1inee de méxima pendlents ce wete plano, mien-,
tres que wn vl plano 2 el fngula serls de 289,

Le uricntaclﬁn‘uerdndzrn de un punto definiendo une dlreg=
cibn de deslizamientn me determinm en 1a proyeccidn no rotedn, O =

bien regrmmendo ¢l punto de ls prayeccifn rotads m ung cgnwvenclo==
nal, )

Cads une ¢e les linees de supsrficie en un blogue dagg Ces

" rén en elguna cde lae cetegories sigulentyn:

‘) Oirigidss hecie ercribe, o sea w 907

B ﬂirlgidnn hecie abajo, pero con une inclinacidin marmar -
que el hngulo efwotlvao de friceién Py en lop suparficiaw du dllll;
zamiento, o sem ' ) ’

. w < 90°

-

v {50%)¢ H;

c} Dirigide hacim abajo con une inclinacidn Que eaceds .;'

w¢90® ¥ (30-u)> 8

L]
"



Cora libre al bajo 292/80 . -
Cara fibre al alto o40/30
Conjuntol 353/65- Conjunto4 133/33. s,
no 2 305742

ST ~?~51?waz~w
0 3 045/50 .- M- _

Fn;uraa Gnentacmn de cinto planns que deﬂnr.-n
. r.:he: blnques tetrahedricos :

At i

I r-’rr ..»-‘.r- con * 1nc11n'm:15n u'" [r:;irculn menor) tal comg se hira e lm figura

-
n‘- .

4_
.lr" .

=10~

5i pars un bloque dado, todas las lirenn de superficle =n -
‘:. hlnque Fueran de lu :atenur!u In] entontel Na aa llenarin la ter=
Ycern :nndiciﬁn ninnmitinn v ul hlquI no wa mover{s por efecto da

-\. .

1n qrauedad. -‘

_'_,\.. L. . s, : . .
BT - .

Ty a r r

[

fera Faciliter 1m comprobecifn dr les categaries a linges

;_ ,?f :up!rfi:le eﬂ cunvwnltﬂti trezer o] luger nuunitricn de puntas -

¥

" -t {f .-' ||,.
3; ?. Lnn nutegnrian de 15. lincas dm -up-rrinil en hlogue pudrlun -

i . LY

r-definirue uhnrn coma ;s . 2t
' n’,.,- " . -

A . .
ar - * .

gar ganmEtrlcu du Pg.
£} Le 1ines da superficis aaté entre ol lugnr genmﬁtri:u -
~de B y el "ronda®,
" §1 mn una mase rocoss hublere mée de tram conjuntos de O1a
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cusles cuptro pueden Caer verticalmente,
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TABLA 1  SUMAAIO BE DATOS SOPRE ELOQUES TETRAHEDAICOS
. ESPLSTOS EN UNA CARA LISRE AL B8R0 {Ver Fig. 93
'l.."-:.l.'.‘l
PLANDS DEFINTENDD CATEGORTAS * FLRNOS DONDE ArlmgT f .
OMES VIRELES DE LAS LIMERS PUCDE MADER INCE IMACIDN DEL
CINEMAT ICOMENTE BE SUPERFITIE DESLIZEMIENTD - ° DESLITAMTENTD .
] []
423 - IE ab.c . 2 I055kT .
- a4 . !
- o= 12k i N n, b,k 1y 2 285 /%0 .
w2si, & b,e SEE RV TR © 286/40 ’
5 TR v dealizpatentn *
Te T, : impoyible . . .
. 1355 " mn ¢ 2EA/11 T
145 * SLTLIR Y 26811
v v 7N ke v b 3032 a
: - - e
- 235 nb,e ’ . MOSSLY -7
- p FR) . ”
T kb, . . ZELSM . -
- L - - . F r 4
s - . Oesiizenientos '
- teponible ST, il .
Fa - - .
* aw Liness orientades hecle srcibe . . ._,,.I' v
b= Lireea orientecdss hecls aveio, con boQuin menor » B - .
= Linges orientades hecis stmie, con Bnguln mayor u'_!; .
TRBLS 7 SUMARID DF DATDS SOSRE BLOOUES TLTRAHEORICOS
EXPLUESTOS EN LA CRAA LIBRE AL AT (var Fig. 1)
i D
- _,;- i
PLANDS DEFTWIENDG EATEGDRIAS * PLANDS DOMDE - arpT / )
PLOFES VIROLES Df LAS LINEAS PEDE MABER T & INCLINRC IO DEL
CINCMAT ICAMENTE O SRERFICIE .- DESLIZAMIERTO DESLIZRMIENTD
1z3 " e T 15 F 1
124 a,b.e 192 76440
25 b,c 1y 2 28640
136 . w,b,.E El blopgue ces
135 b.c El blooua caw
1wy ub.C - 5 . 179/82
23k b,C _E1l blague Cam
233 < I El bledque cas
245 - b.c s 179702
1Y} b.c 3y 3 o7
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CECMICRCOTEAMICA EN LA HMINERIA

ING. ARTURC A, BELLO MALDOKADD (*)

TRTRODUCCION

La mineria tlene 8y razxdn de ser =n la extraceifn de partes -
de la cortess twccrstre que contlensn wh minarsal que 8 spro-
vechahle. Pars cuwpllirc sy prnpdlltn, reqgquiere la reallizacitn
dn excavaclones, Que 4n LETRINCS ganerales, sa AQYupan =n -
abicctas ¥ aubterrdngpia, Cuoando astas aberbturaa se realizan

ch rasas del luL:ulIu an 188 Jus exixle agua ﬂrlv?lltiﬂhlIneE
te libre, tales wberturns me constltuyan a0 Zones de copti---
clgn del agus de]l wubaunlo, hacis law gus fluys deta &l modi-
{icarag 1al.cundguluntl hidrontiticay o hidrodindmices natura
les. E1 fluje da agus hecis #xcaveciongs sbiertes o subtarcd

nedd, tlen= dow Iwplicaclones principales:

.= EI flujo de agus hecl® excavaciones atjertssr o aubksrri-
neas induce preslones hIdrudinimicAI* Que &N general gon
dextavorables para efectos de estabilidad, da los talu--
des en lam rxcavaciones abiartas ¥ del perimatre da las

aberturesd mn las gxcavacionas aubtercingaw,

2.- El flulc da agus hacis law excavaclonses reguerizd wien--
pre de su remcocidn, pars mantener condiciones spropladas

de trabeic parvs €] patuonal y squipo ¥y pera impoalblliter

I*} GEDSISTEMAS, S.A, PFMAEEIDENTE DE LA SOCIEDAD MEXICAKA DE
MECANICA DE ROCA3, A.C. 1901 = 1%4].

qﬁE el ;gua pueds acumularee en las emberturas formadas.
Estz implics contar con =quipos de bombeo, qeherslments
a base da motores eldctricos, gque & U Yes reguisran a-
limantacidn de energisa ¥ que en general wigniflcan uns

.roqaciﬁn irportantw,

A

Lo anterior da Jugar s recenocer la importancis del conoci--
mignto de los mftodon pars valorizar loa flujos de agus &n =
law mamas del subsuslao, mef Como las premiones hidredindet--

cas generadaa en todo tipo A% WXCAVACLOnes MInwEas, Y& 4aw -

gque Efetas me eiecuten en mipas de Suslom O en mAdadd TOCCERE.

¢

TINODAMEHTCS DE LA GEONIORODIMAMICA.

Toda sxcavacidin reslizeds an una masa del subsuelo of Qua &1
td presente un nivel fraliticd. genEca un c:ul;in en lam condl
giones hidroatitices © hidrodindmices naturalesr este cambio
prnvnu-un gradiente hidrfulics que a su vez origine #) vl

mianto del agua an la masa del subauelo.

ta deterninacién del gradisnte hidridulico que produce al flu
jo w8 14 Felacidn entre s1 cambio da presionas hidriulicas ©

curride antes dox puntes sspérados una distancis) la espre——

oldn du ssta gradignte as

1 =3r



El gradiecte 1 &0 una medids de la potencialidad que tlens al
#gua para flulr entre sty SJod puntow separados la distancia

dl, & cayya 4+ la difarencia de presiconex rv‘dh = dh.

L1 ‘elocidad com que el agua- fluye & causa del gr.'l.dizn'r_e hir~
dr% 1110 provocado, se depptmind oediante la 1lemada LEY OF -
CARCY, Ccuys oEpresisn an , ’

vek .|
dondo & e el coalicienty de prrmrabllidad de la maws del sub

sa4lo & 1 en el gradients hidrdulico gamarada. Esta relacicn

tue dsrivada Au experimentos hechos por DARCY ubilizando ares

ras finas y provocando gredisntes de magnitod tal que geners-
N r

L

tin um [luio caliticsdo como laminar, mn 1a mana da suslo mig
. ' N .

B - @

o ' - ™ * a

Fa .

Estd velocidad aw une representacidn d=1 avance con &1 tlem--
ps. Aue en promedic pe pusds considerar tlene gl Agus &l abra
veaar uns seccldn con un Jras dada, dentyro de una masa ds sl
le y wn Is diteccidn del) gradienta. Cabe hacer natar gue no
es la velocided con que e] agua corre a travéy de los conduc-
tos formadoes en 1o maca da) subsuelo, #in0 una representacidn
dr 1& velocidad promedic quo-tendrin ®l agua 3i &1 flujo tu--

wigra lugar =n toda e] Ecea tranavacrssl s su cecorrido.

EL gartn, a volumen de agus por gnidad da tiempo Qua Eluya a

«ravils de ane seceidn de dres A 20 la maga dal subsuslc donda

sa ha provocads un gradiente hidrlulico, se express snichoes

por la scuacifin:
Q= k.1.n

VALIDE? DE L& LEY U DARCY,

En im anﬂnic; da Sumlos, comy dieviplina de mayor adad gue
12 Heclinlca de Rocaw, lae pituaciones d¢ Tlujo de mgus en ==
lag magas del subsuwlo han gido ansliradas en muy dlvrrlli_~
sltusciones y condlciones. La ley de DARCY ha sido la base
para eetablecer law condicignes en qua & prilent; k]l Flujo

de aqua hacla poios de bonbeg, hecls drens® o tanjas. hacia

cexcavacioned abiertas ¥ & travis ds maaas de suelow forradas

artificialmente,' como las preaap. Do cstam aplicaciones, la
praética ha deﬁn:trl&n'quu la aplicacidn d# Ja ley de OCARCY

A auelow que van depds arciliag hasta graves; &8 suficiente-
mente aproximada para los finrs pricticos d& ja fngenlerfa.

51 pe #ARliran lam variLaclones de tamafos de 1Om granos Jsx -
guelos en gue la pridctica revela una aceptable aplicacidn de
#gta ley, se podcd ObWervap gue lem tamafios da grance varian
desds unas cuantam micras, para £} casc de llmos y arcillan,
hasta wvaricxs centimstros para &) casc de Las arendsy gqravas;
entre e&tos tamshor estdn compzeandidos warios drdenes ds mag
nitud; en efscto, suponiendo an Prﬁmedln diez micraw para 11
mod y arcillaw y dies centimetros pars gravam, hay cuaktro &1

danes de sagnitud sntce escap cifras, #8 decir, hey varlacio



pes &8 tamaho de grance da disrx mil veces) 48 inemdisto yue -
In aplicecidn da 1s ley S DARCY & misdg rocoEsd cequiszse eo-
amente 1ls saxtansldn de un ordan de magpltud mis =n la cota -
auperiar de lop camafiom &n gue A3 93130 demcetrada la validas
dm su aplicacién, Fig. 1 j por lo tantn, puades acEpLarde qgua
1a lay de DARCY ks vilids en las macam rocoses, donds #1 [lu-
jo =+ produce g travép Jde lon slatemaw da discontinuidacdas y
tiene ons trayactoris irregular, tal coms la timne @0 lom sum

lou., sl bien, o difarentes svcalas geombericas.

FORMULACTON DE LAS BCUACIOHES GENERALEA CE FLLIQ DE AGUA Ed -
Las MASAS PEL EUBEUELD.

Conaidershdo ia genskracifn de gradientes aidrielicas en una -
aisa del sunsuelo que tlens wn cosficlente de parmaabilided e-
niforme, pusd® estableceras de inmediato la |chl:iﬁn matemity
ca ue rige a1l fluto de agus an lae wasay Jdal subsuelo y yud

#s conocids comg la Ecuacifa General da Fiujor su exprasidn -

vireo

,;' sx eatablace ga ¢l Apéndice Ho. 1.

Esta &8 uns eSymcitin difurencinl parcial de segqusdc orden ¥ -
primar grado, euya soluclén general no pusde axpresnces ds ma

nara carrads, ming gue deba proponsrse una forma de la fun---

cifn F que satinfags o l& scuacidn dilareociel y gur sdemds -
cumpls con las Tegtyiceionss qua imponen las condicsiones fini

cay an los 1imitey de 1s rone afsctsda por &) flujo, las cua-

jaz mo denominan Condicicnes de Frontaras,

RIPOTES1S COHPLEHENTARIAR EN LA GEROHIDRODIKAMICK.

Min paca 18 aclucidn. de casca simplaw, anlo que resppacta 2l -
aspacio geomdirico, las soluclonas de tipo cerrade de la ecua
citn general de flujo requieran da hipdtesis complemeninriase.
Una 2w las mdn uti{ligadan ¥y fundamsntada en lon busnng resul-
tadon que en la prictics ha Jemoptrads tenér, ed la llamada -
hipitesi de DUPHIT - FORCHHEIMER. Eata hipdtesis conmidera

que sl gradignte hidrlulico Gue S8 PrERenis En uns mass £n Ja
qua sa ha irducido af £lujo O sgus, pusde celculsrTew en und

asccién vertical, como la pendiante de la tangente & 1a 1inea

do abatimienta del nivel Ao aguas fredbicas y gus la magnitod
de ests gradignte parmanece conatente en toda Js amccifin ver-
tical & qQue coIrespends la pghdilhtl dal niwvel fredtica calcu
lads. Hagcispdo ugo Ar esta ﬂ[ﬁdltlil puaden chteneT i aoly--

ciones cercadas para CASDE slmplti.

Tamhifn, &dn an los casos de'q-nnitrll simple, --.rtquiere o
nocat In frontars da la xond 4n qh- timna lugsr wi flujo de §

gui) pars el caso dx pozos, SICARARDT wetosblecid de sanera empi



rice un limits parn la zonw de intluencin dal mbatimiento, da
signendo Sates como 1la distencie & nedide deeds #} cantro dal

puig y guk pukde calculsres con 1w siguients éxpresidn,
LR I I

donde C #8 Una Conmtdnte empiricaments datarmingds y que =+
JICIARDT astabiecid con un valor de qhu pars &1 saso da un po
16 y 13 ewpress MORETRENCH entablecid con un valor de 130 & -
200 para v} cawe de lineaw de pozoa poco profundos) sstom Q=

timoy walores puedan aplicarse tamblén = 14nias para drunais.

BOLUCIONES DE LA ECUACION DE FLUIO PARA CASOS &YHPLES.

Pars Algunost cAsSs 48 qeomeiris yimple ¥y condiciones de Fron-
tara prfdcttrnlnldln. l1s Ecunciln Caperal de Flujo pusde sie-
Plificerse ¥ wx pusds hallar una solusidn Currads, como es 1-
luystza en €] Apéndier 1 park ¢l caap de flujo de agua hacla -
%n pora excivado en un scuffers Llibre, s denlr.luna Foprma===
citn en la que 8] fluje ke produce axclusivamente por efectos
¢a gravedid, mcauss del abstimispre del nival) de} agua en &l

POre mismo; sl scuffero se considera }imiERds, ee daclr, wo--
bLreysce & un «Etrato Impermeable y sw SOROCE lé cblcoacifin de

18 fusnte d¢ Aprovisionsmiento del agua gues Efluirf hacis ol -
pozo y we extrasrl da 41r ae coneidecs tanbifn come aculifero

[ecargado, es decir, #xists una fuante gua ressplazard, aln -

¥y cuando saa perifidicamants, A1 &gus gue ®s¢ he =ri-alde d« 1a
"

mang del subsualo, Cabe safalar Que an 1s Aaturaleza ls ma+-

yor parts da low sgylferce won recargados por sfeceo de las -

Tluvins.

Pata ol camo que Be presenta =n el Apdndica Ho.2: b wcuacidn
da [lufc se expresa an coorcdenadas cilindeices ¥ haclendo ueo
da Llas hiptteals complamentarias antes mancicnades, adquiers

ia torma pivplificada sigoientw

Q= kiodihg 1-%; =¥
"4 dh L] - '
por tantor 0 = 3Fk -« .r«h

La aclucion ke halla por integracidn de la eruacidn difecan--
cisl resultantd, Que ae de primerc grden y prieer qrado; la ob
tancifn de la mismes gytld descritsa sn el Apdndlce Mo, ] vy re-+

pultnm)
g T (v - iy

LR

A sfaceon de comparer #1 itratamiento gue se da &) problema --
cuindo s& presentan acufferos confinados, = decir, lan par--
tad ¢n la maxa ded) gubswelo donde orurre o] flujo e encusn--
tran limitadss por otras capas cuyo cosflciente de prrmeaball
dod wp relativaseniw tan pegueis, que Is mayor pacte del [lujo
de agua ocurce & travis de l.ll'll.. atla capm, que entonces recils
wl nr.ehre de confinada; et al Apdndice Ko. 3 e& presents sl -

dasaTTOlls para &l flujo da lq’u.l hacla un poao parforadosn un
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aculfero confinado, limirado y racargado, 'auodc-uhnnrv.r;u -

Yus en wats deduccidn se utllizantambidn las hipatesis de Di-
FUIT ¥ SICHARDT.

Otras goluclonss de tipo carrado pare casos Nimplum as presen
tan & las figuras 7 & 10 para canow que am Erscuents encon--

trar #n la pflﬂtldl ¥ gue #n gan#ral coxrclpan&an a poOTIOE, ——

tanjas y Liness du poras, (Ref. NI 1},

-
n L3
- + 1

SOLUCIOHES CECHETPICAN APROXIMAOASE PAMA LA ECUACIOWN GEAMERAL —
DE FiiMO.

a . "

-

l.. s ; )
+ FCuands ja geomexrle dal probless de. fluto de agua wn una ma--

ia de #ubzueln no ?I simple, © sy axprenlsn matenitica no ey
Gnica sino wlltiple, & bien, cusnds las condicionms Frontera
ng san del todo conocidas de antomano, se puede recurrir a -
una wolucitn grilica ¥ sproximads de lnlnculciﬂn General del
Lrlujn de Agua; ssta sclucifin a8 conocids con al pombre de Re
dua de Flyjo y sa pSYd on al concepto matemdtico de lag eo-
luciones de la acuscibn diferoncial genaral de Eluje.  FPusde
demoatrares gua #l la funeifn ?’-F’Ix,y.:} er la ecuacién da
lfl wupsrficias que reproswntan jas crayectorias del flujo -
de aguya #n la mana del wubsunlo, sats funcidn es una aoly=-=-

citn da la ecuacifn diferencial general. Puade demoatrarss

tambidn que el l"-!"i:.y.:} o8 la wcuacidn da las superfi-——-- ™

cisa con Igual potencial aldriglico en 1a mama del avhauelo,

10

esta funcidn satisface tasblin 1 Ecuscifn Difsranclal Gene--

ral da flujo.

Ge identilice sdamis La propiedad gua tLienen aatas dom funcig
ey da tener wud vectores normslss parpandiculares, 1o gque ==
gecmditricaments slgnifics que lae supaciicies que law pepre-—

sentan sa intecssctsn en dnguloa recrow.

Lo anterlor significs quw lae traysctariase da recorcida Jel -
Adus qua B4 pu-d;n trazar an un problems da flu)o en un plang
son 1Inkas gun ae cortan sn dagulos rectoa CoOR aquellss cur=-
vahk qua unen 1o8 punitas 80 lom que sl potencial hidrdullco o8
cunstants un la mama del wubsuslo., Eits hacho pcr-i}. s no-
lucisn da prohlemas de genwatris lecegulnr, por elemplo -i -
que e& presents on ta !lgurae: No. 1} y que corrasponde al Ely
o gque we prepsnta &5 une S4LE Adel wubsuelo wn 13 Que #m ITEA™
liza una excavacifn abierts, limitads par una ll;gull que pa-
netra por abajo de la paEts {nfarior 4« La excavacifn. pero -
guda deja una parta nblu¥tn a través de la curl sp pusde pra--
nenta{ el flujo de sgua. La red du flujo o PreEsenlks en su =
forma [inal, perg cabe sefalar quo Ee define por aproximacio-

nes aucesivan, haeta quw sa cumplan los ﬁiqulnnteu raquislicoa

da Erazci

1.- &m pusden 1dent s [icar dow lineas equipctancialas fronts

Yo, an law guu e conace de antemsnc wl potanclal hidrdy



i.-

11

lico.

Sa pueden establecer don 1fnpas da flujo entre las cuales
tienen lugar todo ol paws de agua en la mass, ae deciz,

son las condiciones frontwra de la ccurrencls del flujo.

Ertrce lag lipaan dal flujo frontera as pusden trazar 1}-

resd adicionsles gue Fgrman loe llamados tubos de flu)o.

Farpendiculaces a ill 1ineas de flujo intermedias se pue
dan identificsr linear dr igual potencial, gue és manera
wucskiva tienen geomettIss homSlogas corn lss LIness wgul
petancialan fronters y pusden trazarew d-li;s-ndu. wa -
cortar & lae da !luju,:nu.drniul curvilinwoe }u; an cada
ublcacifn tienwh iguul.dimnni:ﬁn «n #1 sentido ds lmss 1I
neas de flujo y'an &) gentide de lam liness squipotencia

ien,

Entre rada par de linesay eguipctenciales la onidas de po-

tuncisl wi de 1a @isms pagniked. Fats condicidn ¥ la an

tericr implican que #an cada tubo de flujo,al gasto que =

ccurrs o8 9 ls misma magnltod.
* [

" El refinsaiento de la red de [lujo, e decir, la I(Atro--

duccitin de une lfnsa equipotencisl adicional entre cada
dox lineass da la red griginal ¥y la dntroduccidn de une -
linsa ds flujo sdicipons] sntrs cada dog Lineas du 2lujo
da 1a red original, conduce & obtense cundradas curvili-

11

HACS ﬁuu mantianen una relacifn unitaris entce sus dinen
elones y, ademinm, la caracteristica de la red, definida

comy al cocientw del ndmero dw tubos de Elujo sntra wl =
niinerc de caldas !quiputnncigles. 54 manti«nsd Constanbe

et la red original ¥ ¥n mu refinamiento,

Cumpliende (o8 puntow anteriorem, sl gaste tatal que ocurre —-

en la wasa del subeuelp puede zalculsrae con la wiguinnke wa=="

R H
=N '-

presifn: pars cads tubo de flule, »1 gueto aer ¢ Teofe ot
. - M
H 1

"]'k*ﬁ L

donde k we wl cosficimnte de permeabilidad, H s In colde de =
potancial totel delinids wn el problems y Wp a9 =] nfinero de -

caldur de potencial definidag an 1a red.

Cape hacer notat guw e#sta ecuacidn es aimplemente La aplica-=
citin de la ley da DARCY & unn de los tuadradans curvdiineos ds

tinidod #n la red) sn electo N es la calda de potencial ene

Hp
tre cada dos lineasy H  as 4l gradiente nldziulico presants

.
en el cusdrado curvilineo; k'JL'l al la velocidad del [lujo
Hp a
y k'l % a8 0l ganto que tlans lugar en ¢l cusdrado oonside-
E T . .
rTamio. Como &n cada tubo de flojo el gasto aw igwal, =l gus=

to totsl serk dado por 1s sxpresifin siguiwntaes
9= kH- Nf Lo .
Hp
dorde Hf es wl nbmerc &e tubos ds fluim.
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ES5TADOS THANSITORIQ ¥ FERWANERTE DEL FLUJO DE AGUM EN LAS HA

5A5 DEL SUBSUELD.

Tefizrica f pricticaments se pusds demoxtrat que &l iniclaces
t i
¢l flujo de mgua «n lanm mawas del subsuolo, ese presonta un ~
t
L |
eatado translitorio, #«n el gus lom gradientes, las velocida--
. 1

des ¥ Jon gamiom mQn mayores que conlorme Lranmgcurre w1l Liom

por ww decic, sw presents una ewducciSn de estos pardmmtros |

con #l tismpo, hasts que ay alcanys ol llamsdo estado sako=--
clonstic del [lujo. Por pjomplo, paro al ceso que s trats

en el ApEndice Ho. 1, s ponsiders que la rona d¢ afectacién
dil abatimlanto tigne =1 radio X, qul q:n-rulntnt- 14 Cyfinae
de atuerds con la hipBtegls de BICHARGT, acepiande qQua |l a-
batimiento tisnw ls configuracitin geomdtrice gque se admite -
tn 2] cusrpe del apéndice; we da ewpecacss gua 14 sl metado

pIfximc a la iniclacifn del bombec, ol alcsnce dwl abatimisn
to afecte una manor Acwd da la qua predice SICHARDT pera wl

astado eetaclonerlo; por lo tanto, ja dimeosifin R sacd manor

#n #l eatado lrlnllta;in ¥ ml mbatimiento tendrd una conlfigu
racifin qeométrice simlier) pusde verse ficilments &n las #x-
preslonsn deducidas pars el gradients, la wvealacided y wl gam
to total, Que yn mengr vajay da R eonduca & und mayor magni-

tud de estom parbmetcod.

Cabe hacer notay tashidn qoa ao la sayor parte ds las solu--

ciopas que &g sncoankren n 1l litaraturs téonice, dekas co-

[reapanden a ﬂlt;dUI de flujp eatsclonario, cuando ya sé& pro-
dujo ml wguilibrip hld!ﬁdln?micn e la maga del subsuelo y b&
alcanza la condicidn da fluje regide por las condiZicones natg
rales d% racarga d¢ les weuifcres en que btiene lugar el Elujcy
sin mmbargo, lom geaton nbLenldn} en el egtade tranaitarie --

previc #on mayored. El Eit?du estacionarlo &3 alcanza &n un
1apao guo depende de 1o mégnitud dal coxficiente de permesbi
1idad, dol volumen que efectlvamopte pueda almacenarsa «n ol
frea Afectada jor el sbatimiants,de la magnitud de éste ¥ del
tiemoc milmﬂ, En low canog de pozos y zanjas de drenaje, &8-
tw lapsc cs Telativaments pequodo ¥y no tienm Influencis para
los atvctos pricticor & qua ex destinan astas bhfll.. er declE
W uUfl poRe PAKE c:ptaciﬁn de agua potable, pur tjlmplﬂ 1 =
qua inkerers e9 conoc4r 1a cantidad de agus gue sm podrd wx-—
traur de 1 purmaneniements, asto Em, a0 €l petado eptagiona-
rio y tisne poco mignificado qua wn el estads treneitorio, ==
que durd URAE Cuantsd SEmanaz, pueda chiensr¥g Un mayor voly-

man de aqua por unidad de tiempo.

Paca wl caso de excavaclonss en las que as colocan pozom pars
irducir sbatimiente B un nivel dado, puede tener alyune In--
flusncia #]1 ustado rransitorio, cushdo sR EXLrAR UR EAYOX
ganto, quu mn aatos cascrd, lo usual s situar un nq-eru dn

pozos tal gue pefmita ssegurar =l abstimjento wn el irma e

gqua #8 reguiers ¥ wn cads pogoe colocar un aguipo da ?u-b-u -

. gqus mantasdrd el nival de sgua dentro de rangom < vATim——



1s

cLEbn Intoriures al nivel & Qua ||qu1€ru lograr el abaktimirh=-
to dentro de la oxcavacldni en i} EIEEdD trangitorio estas «
bombap operarfn durantes mis tilampo l! dia qua durante el es-
tado estacionaric, pecro en todo ;Ilﬂ: las bombas g:tlrin o=
locadad ¥ Ciene poca dignlficacidn ol hecho de gque durante -

L
#i s#etado Lroncitoric operen dursnte mis bticepo sl dfa.

« Cuando sk forman drened pars provecar ¢] abatimiento en unm

parte puperficial cdel subsusia, al estado trappiteoric slm?lg
manto revela la necenldad de¢ geperar uh Liempo para quo W -
ptodusca = degaloio de las sguse dal subsuslno nllnivul-]ul

:; requiere y.unl ver sxcavados lom hrnnul; nﬁ tleni RAYOX =
significecitn ¢!l hecho de que al principlo e p;uﬂulﬂl uny -
mayar Aportacidn de aqgua, qu-pﬂ‘?i!lﬂtltﬂtl-dutlnll el ertd-

do watacionario.

En lae grandes excavacicnwm abiertay y subterrineas, qua ¥an
Law que competen o Ja minezia, »] sntado evtacionacio pueds
tenar una eignificaciin importants, dado gue lok volumepes -
de agud que Be empatardn & mangiar por unidad de tiemp; sordn
mayoras qua en wl eetado setacionario y f4te pyede alcanter-
e Rauts une o sds ahas deipulds de Lnicisdo el abakimisn-o.
~
Ls Onics woluciln que sa conoce & la Iechs pars waloritar --
los qastod &0 el setsdo sstacionario an thnelws, «s la mxpues

Ls ¥ devarrollads por A. Bello N. wn sl Apindice No, dr Co--

il

rresponds al cAsg de la sxcavacién de un t@nal gque ww forma

¢ velocided constante wn un aculfero libre, ilimitado ¥ re--

o
Cargado; esta solucién s ha extendido al cawg de aculfarcs

cun nivel de agua original crecients o decreClentw &0 la dl-

teccitn de avance del thpel. Cabe hacer nmotar qus #n la so=

*lucifin propusata por h. Belle M., cxlste una hipttesis com=-

Flementaria y Sevs corresponde a la identificacldn de lam #2
trnsiones gue en gentldo hezlfoptal y vertical tondzri final-
wehte Ia £ona Bn gue 3o produce 1z afectaciSn del sbatimien-
to, causslopor la axcavaclitn Subtercinea. La hipitesin ox-=
preaa que A largo plazo, fn sl goatado estacionario, la axten
pifin del alcance hnrliont;l tendri una magnitud aimilar a ls
artensifin del slcance vertical. Cahe sefalar gque wé BRtlcls
pa que 1a cecsrGa dal |=u1£!ru ecurclirk por sfgcio de laz —
lluviss =n la ¥ons miems afectada por =l abstimiento ¥ mds =

alll de é&sta.

APLICACIONES ESTECIFICAS A LA MINERIA.

Al wiecutatr una excavaciln para fines de mineris, Bsta s ==
puede asimllar sigmpre, o0 cuanto a aJd geometria y para alsc
tos de flujo da sgus. & una de dow condicionasy la de und 2K
cavacibn o genﬂltfia propla de un tOnel, 48 decir, una da ——
sus dimensionas ya variod Grdades de magnitwd mayor que ins

atras dos, o bign, ss pusds considersr COBC uUO gran poso eX=
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cavado en la maks 441 subsuelo; wh ambos casos se pusden en-
contrar soluciconss que permiticdn anticipar loa gaatos de s~
qus P;;l wl eatada tltl::anarI?J " la geometria pusde repre
sentarse comg la de un tdnel, hl:lukdo umg de ]a solucldn da
Ballo se puvds ohtlnfr #1 gasto en el astado transitorio} i
1a geometria puede representarss como la de un"pnza s pusrdn
utilizar slgunas de law solucicnes sxpresadas en lus Piguras

& 12 ﬁ;rl los diferentes casor que €¢ comin hallar en 1a -
prictlica. Un caso intaregants ss 91 d= las minaw #I earbiin,
euando Eatas g #MGAVAN con “frentes largas® en lr;nl qua cu
Pr-n una exteneidn de dimonsionas conelderablements mayoras

que la profundidad de la mina, en cuyo casp se perturbard to
do wl oaterial hawts la superticie; en esbtos casos, es inme-
Alata que hacia la encavaciln subtarcdnes s produciri wl --
Ilujo del volumsn dr &gua gque estd slmscensdo arriba de Lz -
roAe excavada, ¢ CURnto me produzcas al hupdimiento y, poste-
riormente, el gamto qud capke la axcavaciéin aers &1 corpen--
randientd & UN gean BOZID o & uUnA Gran ranja hacis los que --
fi-1iz4 ol aguar pars geomatriam muy lrregqulares de la zons -
hundfda, las eplyloned Qqua sa podrin aplicar a aske problema

#cn lan qua pupden abitsngyes fon ilee redes de fluje.

CONCLUSION.

= considara que 1o antes axpusasto d¢ mansrs brevs y concep-

tual, pusds dar luger a vne eonclupibn de carlcear ganersli

1k

lon problemas de la geohidrodinimics #n la mineris son dal -
migme tlpo que los problemss gue ae hallan en la gechldeodi-
nimlca lpllélﬂl » Ja pecdnica de Syusips ¥ & 1a Mecinica de =
Rocas, 1 bien, las dimensiones de lan excavaclones dw que =
#n trata en la minerfis pueden per considerablemente leuril

yug aquelisd gua s atacan en law cbrae de la ingeaniecie ci-
vily 7in embargo, swte ew gl mismo cano de low problemaw dm

watabilidad gque stafien & lax obras mineca ¥ m law cheaw de -
tngenieria civil, sn las gue capkldn 1a Mecknica duw Eumlos ¥
la Hechnica de Aocas son las disciplinas gus permiten anali-

gar loé comportamientos mecEknicos de estom Lipos de Qhram.
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-APENDICL H® )

ECUACION GENERAL DE FLUJO EN MEDIOS POROSOS.
A +

Cconsiderande un elerento de la mase del svbsvelp a través --
del cusl ocurre al {lujo provecado'por wia variacifn da ls -
carga hidrdulica he h {X,¥,21, se tlone:

L]

V+al

La Ley d.- CARCY Indica que:

- xn &N
VA = hu“

‘U'r-—k]l'L;'

?:--k:E

kn, hy, hz son las permeshilidpdes on lan direcciomes de sus
Indicen.

mnj

El signe negacive sedals que 1p velocidad estd dirlgida en -
el sentida decreclents de la carge hidrdulica h,
EL ga%tp Que entra sl wlemanto gm
ﬂs wDn sy + 2
w ¥x. dy, dz + ¥y, dx. dz + Ve, dx, o

& Bpea:

o h . dh . P
':'E kx h. dydz Ty 5_]'” dx. daz - kz - du.dy

El gasto que 4dle del elementn es:

0 = (Ve +avx]) dy.dz + (VY +AVy] dr.dx + (Vi tAVEidx<dy

Vi
ﬂ'v“'aﬁd"i .c-vr-a;gdyr ﬁ‘.r:-é;—:ﬂ!:
v i - !
Ga= “’"H dx] dydzs + [Vy + %dy]-d:ﬁ; * W"’%)li Axhdady

For CONTINUILDAD, #] gasto que sale debe ant igual al que an-
tIa y pox ]o tANEO:

O, = Q. = 0O

S E

AxT:

ve | Byy , Ivi '
AR TR A 21

o Eifn T .¥ =D que es la ECUACIGH DE CONTIRUIDAD, 1
cull puede CxDrEgATES;

+k::?—;—r+k?l-¥+ktrr-n

que ey la CCURCION GEWERAL DE FLOJ(.

51 =1 redjo es dsoirdpico, km = Ry = kz y &ntoncel, s obtis
na:

'&h ah+3h_u
1] \?h-ﬂ

y resultn la acpacidin de Laplace pars h como sconcids ape—
ral dx1 fiwjo isorrdpice.

-’



APENIMCE NR 2

FLUJO WAZEA UH POZ0 PERFOFADOD EN UH ACUIFERD LIBRE, LINITADG
¥ RECARGAPO, CON PCHETRACION TOTAL! |ver Flgurm N® 1].

e admite gua ol abatlmientd tieng gl alcance K en sentido -
huylzontal) sets distancis se detecmina con la hipfteals de
Sichardue i

R o= C. |A-hv). ¥k

A un radlo r dal centro del pofo ®] gamto totel quw fluye ha
cl.l._ #1 ta, .

Qu-lt.i.h

A = 3. . F h.

y aceptenda la hiodtesis de DUFUIT se tiene
dh

1 =

ar
por tlnt'ﬂ:-
db
Q‘-k+ﬁ;.21 e, h.

Sl Ow 4% conetante, sa declc, ya #0 alcanad al eetado aaka--
elonario. se puede integrar la ecuacifn ante¥icr como algue:

dc

¢ . —==121K k, hah

w I hz
integEenda, lj"..l.nr- F L T+
51 r = R antoncem h= Ny casulta)

QHLI‘IR- in h*l-l;-*!l‘
€e0,. LR - X, k. W
¥ antonces:

o, Lnr= KXK' ¢ Quinh-XK a?
.d ERY

g, {LnR-Ltar)=Fh (3 = b?}

2 2
& oién: L L A e}

- Lt
I

¥ an = I¥ cuyando h = he
Mk IHz - hu’_}_

d

gve mipresa gl qasto. L :
T ¥ carga hidrulics en coalquier poo—

2 ™

7 7
4 bidn:
h! - Hz — _L . Lnl_“:
Kx r

qus #on lap scuscionss de la figura 2,



APEHBICE HN* ]

FLUJO HACIA UMY POID PEEFORADD EN UM ACUIFERD CONFINADC, LIHI
TADG Y RECARCADC, OOH PENETPACION TOTAL, (ver fiqurs X4 3).
]

El sleance del abatlmientg del nivel pleromdcrico sw pue:ir -
pbtanar con 1e hipOtesls dw Sichardt:

R=2C, [il - hwl ¥k

L]
A un radioc ¢ dal centro del poza, ¢l gasto em

o, v k. L. A

A = IR _r. D
¥ aceptandc le hipOteosls de DUPULIT:
S -
T3
owmx, g8 27 e

cusndo ffw mra conktante, an &l estadd sstacionario, se pusds
integrar com> sigue:

Qu. %- iX. n. D. an

Owinre 3% , k. D. h + {
Cuanda r= R sw tiane h = H, y asis

Owinp=2K ., k. 0. H+ C
porl tantody

Ce Qwinad~2% k.D. I
¥ tntonced:

Owlhr=2X %, .h + QwlnR~2T7 Kk.D.E.
¢ bién,

Ow (LA R-LoRwIX k. D (H-h)
¥ w_!l k.D. |A=h]

R
ea i)

=T e tiene h= h,

v w

que vermite calcular el gato patacionario.

mftrica h resulia:

¥ entOnces;

K .h,D. [H-hw|
R
)
PR . S .
h= # I.x.0F

y =1 gradiante hidzdullco ee:

dh
ar

o mes

O bifn:

que decrece con R

. Lo
"TIXTEToD R

n

=)

Ia caiga plazo=
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Con la excavacifn de un tOnel al través de formaciones geo- . -

lﬁgicas que almacenan ugun, 1a unndud fnrmqﬁa c¢n el ;ubnua

.In induce un cambip’ , de . pru:ianas hidrid%ién:"qu- gene;§ un o

flujn de 'agus “hacia:la e:tcnf.ral:i_.ﬁn..l.u';;gtnitud el prnbltu
D Que desde o1’ punta de vista :nﬁ;;;&ééivn u:nsinnl 1n £iltra "

cifn, es creciente con la cantidad ‘da agua ‘que’ pﬂnetra al’ -
cBnel, ya gue ademis da requerirsa inltalacinnnt enpecialel
patra disponer del agus captada cunndn al‘valumtn de’ Esta [ ]
considerable, interfiere con las opuracianﬂu normnles de la
excavacifn. La informacifn contenids en la literatura’ sobre
axcavacifn de tOGneles, ml respecto del agua captada en ellos,
7 redume €n la Tabla de la Figura N*l, donda s incluyen -
algunoz de los tramos del tfinel pars el Emisor central, en
los cuales lap aportacicpes son de tal magnitud, gue se han
cqn:titdidn en factor doterminants para el avance de los «-
trabajos de excavacidSn., Da eata Tabla puede notarse, gue —-
aungue &n alguncs tGneles la :nptaclﬁn ne s dl 1mpertnncin,
en otros Be constituye ap un verdadero :nudal cuyu manejn’ .

para su axtraceibn de la excavacifn, raquiere de caitulal'- et

inptalacicnas y cuidadnnnn cuntrnlel, ¥a gue una falla an -
las instalaciones de bombeo se traduciria en la inundacidn
copplota de la sxcavaciSn an un corto lapso de tismpo.
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Lae parupactivnu[pnrn la' canutruccidn de tﬂnaltnlen ul futu

Y ;wfﬂ“ra,.nyligan & recﬂnsidcrnr lu: prncadimiintn- disponibles -
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-%_\f.para la valuuciﬁn de lnllvolﬂunnea de aguu gue ‘habrin de na

bl A AT

nejarse sh di:ha: excavaciones, tanto por lom procedimicvn--
toa enpacinlul para -u manejo como por al cnttﬂ que sats T
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La vnluaciﬁn ta&rica del ga-tn que captnrl'un tunnl a -
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- ra algunn: ca:ns ainple;, parc denafurtun.dnmentu poco

-
-

‘.u,'frecuunten En 1a" nlturaleza. .Folubarinova y' Kochina ==

leEZJ nntnhlecieron 1a’sulucidn para el’ calnude un tii=
nel.excnvadn-En un ‘acuiferp gue mantiana su'nivel ‘de ~--

e

1agun cnnltlnte:3F!g HE2, snlucinnes e:tnhlecidn- para

Lt
ﬂi,zanjnn ¥ drenes. excnvldns en aculfercs re:nrgadun ‘¥ 1i-
' ‘mitadnl-in!erinrmunte POr un ﬂutratu 1mpnrmeahln“tﬂln-*

4

Bur y Kaufman, 1962), pueden ser splicadas n un tﬁnnl -

que Ee excAvaien un acuffero gue presents esan c.ractl-
risticas y en’el Cﬂll se’ produce un abat:mitntu del ni-
i vel’ ﬁt agua ntiginnl Fig. N"3; la: soluciones menciona-

dag am aplican axnlutiuamente al natadu eltucianariu, -

perc no pernitnn 1a valorizacidn del gastp en =l aptado
transitario, 1nned1utn a la excavaciSn del tfnel, cuan-

fﬁ dn 1nswclptacinn¢: son mnynrnl. | A &1 NS ST
L - ] 4 . - . '
rl;- vy v '} A t "h' v i PR ".1" ¥ ."-1 T

. i'ﬂtrni nutora- taaadman ot nl 1864), han ‘intencado la -
valuacién del efacto en nl precescs trangitoric para -~
.cqupros que deacansan en mantos Impermeables, Fig, N*4,

5 xcavar:e ‘en un mantn ncuifurn. hs =ido. c.tublecid- pa- :

[T
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¥ &1 que se prodouce cuande un tlnel penetra una znnn dm
- mis alta perneah111dad que las adyacentes, 1n cual rp -
1a naturale:a ocurre’ ul encontrar fnllun Y ‘contactor —-—
permeahles. Fig M 5. Inveltigaciunul de laboraterio -
en modelos a escala reducida estdn siendo llevados a ca
bo para el estudino de lep estados trnnsiturio y estacio
nario- (Wittke at; nl,:l&?!!
=studins ¥ experimentou da 1nhnratnr1oﬁrunliznduu nnbrn

.
la infiltraciﬁn de agua en tHHGIEE. na se ancuentru en

A pesar ‘de’ lom nhunduntﬂl -

la literatura revisada, la molucifn curranpondienta al

Eltadu trnnsitnrin Y al entncianario pﬂuterinr, rpara.un

* tﬁnel excavadn-en un ncuitqrn 11hre,'111m1tndn y rinar-
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qadn que f:ucuantemente TS prenentn-en.la prscticn: -n
de Suma’ imporeancia notar sin emhnrgu. qun tadns los =1
. tudios realizados sochre la filtrecifin a tﬁnn]es, de. una
mAanera u ntrn, aceptan 1;- hipthHin fundamentalen da -
v fludoen medice pOroOsScEHE: La de Darcy ¥ ln de Dupuit- '
Forchheimer. \ i-T'

- Y. o - %

=

HIPOTESIS DE COMPORTRMIENTO CONSIDERADAS. ]

Del anilisis de algunos da los estudics realirados so--
bre el flujo en medios poroeos, tendientes a valoritar
la captacién en tlneles, resulta sugerente establecer -

las ziguientes hipStesis para formar un modnla matemiti

£ que permita conoCer las &portacicnas du un. tinel nx-.'

cavado en un acuiferc lihr-; ilimitado y rucnrgadn,?ig.{

-

H"6. . e

1.- La velocidad media del fluin, de acuerde con la hi-

r

pbtesis de Darcy, pueda valorizarse como:

vak - %

¢

rl

‘k: Coeficiante de parmeabilidad.

+.4: Gradiente hidraulico. i »
v ' .:i-l".. . — L .

{ ; prnya::idn hnrizantal del gradiente hidriulico -
'ix" es prqpcrcinnal a la inclinacifn de la supsrfil
cle-abatida del nivel libhre del agua (Hipdtesis de

Dupuit—rnrchheimar] ¥ constante en la prntundidnd -

K dn ln':unl afectada por el nhntinilntn:1: -
¥ - danh . o

- . - o, ' R ]
v, dx 1 v - v r . dwr o,
.-Iu A, G v " Teaat ". Ta b !

£ h. Elevn:iﬁn del nivnl nhntldn dnl .gul.. 2

., . b LY
] . "

x: Cnnrdunida huri:nntll-~ ; L

3.— Hipbtesis del comportamiento en al estado transito-
rio; .

a] - La -upnrficie abatida del nivel libre del agua
-en de confiquracidn’ pnrahdli:n desds al Inicio
dnl fenﬁmeno.

b] .- El volumen de agua gue penetra al tGnel ey -
1gun1 al volumen gue ae pierde an al aculifsrao
a] abatirae el nivel ariginal,
*  ©).- La zona afectada por el abatimlento progresa —

Lnn ¢l tiempa, da tal forma gue la afectacién
_ ;n santido huorizontal & cada lado del ttnel:
-"R", &8 del ordan ds magnitud de la afactacidn

por debajo del nivel de agus originsl) estp eat

FAFL T
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calculaTas cComor -, e

qe -k -1 R (1)

g,

En t=0 = R w 0 Iﬂ ~ L : $1l:*Prayacciﬁn ?nrtical del drea gue ltrlvie:n ‘ol .
. Y, - ':...i'_‘_‘f.;-”'#_'r Y : P R T 'S ',, .- . i B 1.= - b
. ' .t 3 . * .J‘--'::-;"d.:L=}j; Qfluju, i‘..h, _"_", 't "'[ Rr . PRI ;fl wr - '
TP I RO o B T EUETL S N
y En t—= oG .;. R(tF— = B+ dft} L N N B
) b).- La ecuacisn de la superficie abatida d-l agua, gus \
) t: Tiempﬂ P A P ,;f. .. parnhﬁlicn, [ ] -lcribtt
:f1;~$” fr hlcnnce del nbntimientn-an -nntidq hurizun- . ] zfﬁ‘_:‘h -
R m-:* L T P
- o A R, '
Hs PrGEUnuiﬂnd dal tunel ﬂaldt el nivul dn_ - N Frevqr ; &
T ﬂguﬂ original . e . . ~y de acuerdn con la hipﬁtesin de Dupuit-rarchhiimcr:-
= -l ‘. i L} - '_ ‘o J‘-*."I::lig :“-"u '\?h ""’ 2 “‘4. ar
- . d: Alcance 131 lbatiﬁifnta por uhnja Ael® tﬂPFI LT xff{ﬂlftl}:} g; '?xﬁn“:" :
J feta TR :" "“n ="1 -I"-V: ”T’-L'u. -1'?1;::": I:\-ff",?‘!f'-?f;.' "‘1..I'r"j' E
o Para cumplir estas condiciones, me pusde pPrope " e i
. ner la siguiente relacién que se muaatra. graAfi c].--Par; x = R se tiens que: y = B y A = H+d por uni--
- v cnmente en 1. Flgura N*61 oo . ﬂld dn lnngitud: nlI ‘am puade exprapny;
- s Ty (" -.' . "‘... -:;'-':'f ¥ I.-J.Ilﬁ:t"‘.'“ -:_-. }; ' . [T ) . '
el '. "-::"h::' L ':"::L .""kﬂél: e ' - oo -'1R?J' ) H t 1 ) a;. IS
E 2 g TR e AR EEE X . T iR - tan "
: "‘]*d . - 1 .. . . R .. .;i"l ' ) l R R . \
[N ! . . ) ; i
2 - 2 P ! dj.=- El volumen captado an al tflnel en ei lapao de &t =
o gca: (H+d)" w» R + B " ) ﬂ 5 o
) . o a t = , por unidnd da lnngitud, LT I
TI.- MODELO MATEMATICO. _ , _ L -
] . U 'EE q at = kN | {4y i
. Eobre las hipStesiz enumeradas en el pirrafo anterior, ) L
se pusds establecer el |1gu1|ntn -ndeln n;ttultico FATA . Al B}E- El voluzen de agua dcnulujadc del lcuitern qnn tia
_uan tfnel cuya lnngitud 'L‘ prugrena can rupidl: uni:or--n" 3 i,~jﬁ %ff‘k ne un- pﬁrﬂtiﬂad drunnhln‘tvulumen de agua drena—- .
me "“r*: L i ’4- o 'f;"l ' f{?i*ﬁ&ﬁ"“ blu-pcriunidnd da volumen totall igual a *n", an - :
. . ; Lt . a. e - -t . R -lﬂl m:llmnn 1!.13‘0 ¥ lungitud. ear ..
. ) . o+ T . . "..' - P . . Lt .
L =r - t’ . a ) ' . M * - " ' ' .o
. ' . Fp=2?+%'H-R.n 1 1
a).- Sagln 1n hipbtesis dw Darcy, el gasto aportado al ' = . - ) ) .
tinml, par unidnd de lnngitud. al tiampo t, Ppuede ft .F oo
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“f).- De las ecuaciones (4] y (5) puede escribirse:
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()= ke SEocTde a5 e . GREHE)
O Sea: %% at = H%E dR ) ' (ir k]
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g).- De acuerdo con ls hipdtu:is 13 c}. BE tendri

an "

1%
=N
"
]

1

Definiendo: K = %E ST 1 B

' r L
xe =}/ R 4 0 4+ 0 Pt o I Lo LA
T . ! L . A

Como en t » 0, R« {, resulta; C = ~H

per tanto: Kt = Et2 + H; - H {5} -

- De [9), como: - cw o
Htd = R™ + H = Kt+H

y también Rz * H2 - Hztz +2XtH + H

0
entonces: R -1f Hztz + 2KtH

sustituyendc en (3), ee chilene:

q = kY . Kt + H - ':1'3.'!

3 1
IKt}" + 2KtH .

-1

Definﬁmuu los purimetrnl adimsnsionalus;

E) ety -
] an .

J N ' ¥
14 Taa™ L .

Kt * ) '
Jf ._E.. -E - au
asel, se obtienm da (18]

jP_'-r+1 L T+ 1 1123

Vitea2 Yrirs ! o

La grsficn fgue relaciona Jf con T me nuestra an

1a Figura "Ny Y puede racapocecse gun, cualitativa
mente cbedece ¢l comportamiento esperado dea las ~=
aportacioneg: muy grandes I(nmedistam a la excava-—
cién y ridpidamente agint&ticas n un valor corres—
pondiente al gasto del egtado estacicnaric.

hl.- El gasto total captado eén un tfnel gue avanza con

rapidez "r*, puede chtenaras da:

L 1
) TJ/%r; dL = r qgdt
o 0

luega: . .
- - t - T .o
o i f-a kee_ i T2l e
T ey N A
a o .
integrando:

2 = Hfe? g
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‘ciﬁn cnmplutn del problema de valuacidn dal gasto

k!I Lot .- . Tl . - I
—QL—-— - E - T + 2T
k

en un tfinel en las condiciones cnnliﬂazadnu. exca=
rii/x rH ) , vado al trnvﬁl de un aculfero libra, 1limitada ¥ =
. -;;;jqfi'rfig,; -r-cnrgnﬁu, y-tn &l cual ge satisfacen lpa hipSte-- wr;?_
?o- '31;5 - ;"r'lil --tnhlncidal en la prineru partn du e:te p!rra ,

es tambibn adimensional ¥ relaciona al gaste total ""4" . L ' .
H : N * . e .
captado O, con el tiempo, an la forma Que Be mueg~ fo. C T

tra tamblén en la Figura K*?7, donde #e cbeerva gue

- t
M- UERIFIC&EIGN DEL HDDELO HATEHATICG CﬂH HEDICIGNES -
g

dexputs de un lnplo 1n1c1-1 en que O ne 1ncremﬂntn- T

= -

LA S T ) P :; ';‘ B . St el

H - ) . . T s ¢ L i - o=
a0

2
14 Y

L. e B
£

rlpidamentu :on t, ln iiﬁin&iﬁn punteriar ‘Ba pric-. v et ] A g{).«r ,;:c S u@i S i P L-t"
ticamente lneal;l | S OTEALC R Bty PN 2 SRR AN o TR ey N
L R R 4 {';;f it ";-Cunful Propﬁlitn dn u:tabléger una cnlihrucidn del und- REg
3= Para propﬁaitnl fgq!plicacién pr!ctica, ex cnnue;f;h i aln matemitico que ea describe en el pirrafo anteriur. =
niente n:tnhl:cer-ll apﬂrtlciﬁn nedia q par Lni;-: - Lf ?,:.-ne xn;iléifan slam nadiciun::"dnl gaitﬂ llevudn: a :abo T:i}
. dad de longftid wn "todo un trano. .ucavadu}\& - E.Tii ! {f;: _-u'gn .i&uﬁﬁi"i;uht.: do’ excavacin del tonel:del’Emfaot: -*- -
y para obtener una ralactdn a2imensional, se Camfin. LT c-ntral.?; JT: T N B 43-1’:-5? Lt
ne; L o 1c tu N o SRR
9, o " 3 Para nl prnp&:itn 'sefialado, =e selecclond el! trnmu co—
e = ;;-' T - e 7% 4+ 2T ) LRI zrunpnnﬂilntﬂ a los frentes de excavacifn de! 1un lumbre
_ ' A _'ras L-5- ¥ L*E. an donde se encusntran dapﬁnitnuide to--
S o geas . . : - : ) " bas volcénicas andesiticas gue rellenan un vnllﬂ de 20
. ) ) ¥m de ancho por mis ds 20 Km de largo y con wn espeaor :
qu --Jzttﬁgj . . .. 114 ﬂ. . L ”-'f del nrden de Is0 m en ln zcna gue atraviesa al ‘tinal-Un |
i e . DR 1:115 :f-ﬁ=f; . e:tudin gechidrnl&gicu ‘de mate valle [SHH, "1961), ha de- el

i PR Y + '
[ - . . t
) e ¥

fmnstradn quuinltu acuffarc oo recargadu por 1liviss con
: un vﬂlumnn du agun "‘mayor al gue estd slends axtraide --

' u re e

La relaciin ﬁ,u ve T a8 muestra en ln Figura H“”:

:aylfu:::v:.igg :::-::‘n;‘1:'::'::m:a::1::r::15:a' ;_fﬁﬁ . 'del’ tﬁnul enl el tramo an qua lo atravissa.!Las itobas ==

se, »l valor asintético de la aportacién mnd1pﬂ f . . - mon !undamantnlmuntl arasnciaz ¥ 80 encuentran deposits-

tacionaria, requiere vn lapso de £f 4 ee t .. das #n astratos que presentan varieciones en compacidad
: empo m‘?“" - : de semicompactas a Rmuy compactas y con :ePun§-c1¢n as = -

v
r

|
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" ypula a may alta, ln pornsidad media de eutun depbsitos, | 4

AT o ’ = ! "'“
Y nhtenida en el labnratcriu En de p =0, 35- f:l ..’r M

i R N .t . - ‘1..-
$.. I . 'vq .

o1 - B ' ' ] . A

La excavacién del tfinel en eate tramo; e safsctud n"dian
-te 1umbrcr:s de a:cesn a prnfundidndes del nrden de 12n
- A 150 m en- el dep&sitn de tobas ¥, de BD L 1Dﬂ m haja el

e a f*" g’

nivel de nguaﬂ Huperfininlﬂs nriglnﬁl. T .

v - L] . " i * N l1_., o
Bl registro de los gastos captados conforme fpz_’u:.lqmmfn la
¢ excavacidbn del tOnel y da 1a velocidad de avanca de &sta

+ @ partir de la _lum.hrera L;f_-,‘sq_: muestran en la Figura -

- H"8. Con estos datos me¢ purdan eatablecer los siguientes

valores de los parfmetroa incluides en el models matemd

tico antes descrito:

Pricticamente al finalizar ls excavacifin de los frentes
de la lumbrera L-%, ae reglatred u;'l_ gasto total aportado
de O, ~ 400 1ts/seg, para un tiempc equivalente & 17.3
" meses = 44,84 x 10% seg, desde el inicio de la excava--
¢lén, supconienda su progresc unifortse a razdn de 156 o/
-’ mes seqln ma determins en ls Pig. N*@. Para eatos valo-
x'rgs, de_ln scuaci®n (13] se pusde chtener:

o

13 0. 40 L3 . 0.99
B I Gz xl0 - x100 P o
2 _ 0.%93
e decir;s Tl + 2"1"1 —n!—

»

entonces: T, = - 1 + '1/1 + 0.5'53{:112

12

"Usando lam ecuaciones (11) y (8), sa tiene;

L] 4 . -

-
H
K= 1. and k w % nx
tl .
N oy ‘ 2
¥ pueds calcularsel k = _,.._E i- m"'ﬂ n:ﬂ'i.!”l
o . . 3 44.B84x14 .
=& i
C mear k = 1,.49x:0 {=n+|/n"+0.993) (&)

. ".. S
I . r ri " n.

Plrn obtener otra ll'-‘l-lli:iﬁn ds la misma farma que

. 1u antericr, en que figuran como Ainchgrnitas X y-a,

se conplderd el valor de Q, = 720 1ts/weg registra
do a un tiempo agquivalente 8 8 peses = ZD.TExluﬁ -
asg patra proceder de la plsms manera ahtes detalla
da y chtenar ls siguiante ecuacifn:

+

k= 3.215 % 1079 (~n+ }/nzw.:o] {8]

i a
De la solucidn del sistema de ecuaciones {A)] y (B}
se obtisnen los siguientas valores para la parosi-
dad drenable ¥ para el cosficlente de parmasbilidad:

P 0.22 y k= 1.19x10°% n/sag » 1.19x107Y en/ueg.

El valor de T = T, para la primerd parte excavada
del tlnel, os da T, = 3.E63.



tablecido para =1 compartnmianto de los --tldcu tran

sitorio y estacionario del gasto que Fluye hacia un |
tlnel, debe ser sujeto a una versficacifn mis amplia
en sitios donda pusde contarse de antemano con

b
vt

lll_-

L

i

:hp" lﬂl frantnn, de acuerdo con las mediciones r-nli:n—
~.r%. das halta la fecha son una peguefia fraccifn del gam

to total, sin embarge, tamhi#n deben investigarse -

con mix amplitud para poder incluirlas con certidum

[
Pt
-

- s

A

. il AL R "14
e e R TR T o i e
A S Ao t;f _ - P 5
. como 8 = T “-“1“ £ - 35 m -“. ' . informacifn gechidrolfgica necesaria para constatar .
- - 2 ; Wt ) w e QuUE ER grabnja en un ncuI!ern ccn caracterintical -
ﬂ:;i'l:ih:gn: o fi?&;’liﬁffﬁ;ri;a }gs¢§EFqF§Enf Len el prenente escritn r-, .
- e 'égi?? !dtyfn ‘ne reﬁistran mediante piezbmetros lnvva:ia—zﬁ !
‘Efl R “?‘; HJE‘EIBn ¥ 11 alcanca del abatimiento del nivel nrigi--ﬁ'
"[, Te nal del agua’ se miden'lnl gastos tatalen captados N
c‘;: El valor de (I + d} no deberfn axceder el mspesor - ug f?ﬂ?fﬁﬂ del avanca dei tdnel Y k¢ regiatru la'va .
;E total da depﬁnifn he tobag, al cual se alcanza coan S, ] hrin:i&n de 1" lpﬂrtn:iﬂn.' a lo largo del tnel .n.}‘
- do T = 2,50, min ombarge, la variacifn da ia npnr-.}n.": ') :fynciﬁn del tiEmpo, parn taner esf toda la 1nfarma-:_;
N tacifn "q™ de T = 2.50 al valor calculade de T - y Jciﬁn gue -u raquiere para el emplao da las férmulag
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desion ol vm wedvigiowrd racavabioa,  The sted g A

re it can alsg be wied for 2 ek sy detgiled cvaluarron
of the shape and volumne of potentially unstable wdges aa
ilTlustrated in figure BS,

Three plames are represcnted by their great cireles, miried
A, B and _Cd_i'ﬁ_f@F:Ba:_Ihé__SU:‘l'tﬁl ines of theie planrcs

are sarhed a, b wnd ¢ and the Tracry 0f tte wertical planes
_through the centre of 1t prl wnd Phe grear cirele _jmler-
_AtEliony _aic narked ab, &2 amd b, D ooee thal s wguere

tunnel with a *penoof 8 runs 003 i o f1am ?‘-‘3':!‘3'__!?::"_ _

. 110% a5 shown in e 1ower mort of Pigwre BB, The dircctions |
Cemdi s tors Tor geavltiy Jolis of cof the_sirite Ti o5 carrespond 10 tle Liaces of L' planes |
roof cadoes A. B andg € on the horizontal soal of tre Lsezl, Ihese

tri-ngular figure which can be €097 Ayted within Lhe Lonnel
_roc? spen, ay shown in figure €8,

—

In the plan view, _the apep ol the wedge js defined by fimd-
ing the intersection ppint of the Tiney gh, ac aed b,
praojected from the corners of the (fiangular wrdge basc ag
Ahoem,  The height b of the_apes of the wedor abowe The _
_bhorizontal_tuonel roofl is found by taking o sect inu-n__l hrough, .,
_the wedge gpen and_normal_te the Lunnel asis. _ This tection,
marhed _XX_in, figurs BB, intersecty thr traces a_snd o at
the paints shown and these points detine the bair of the
Lriangle a5 seen in wiew KX, The 2pparent fipy of ke
plancy ¢ and 4 are given by the angles o avet § which are
measured on the stereographic projectiom slomg the |im XX
_through_the centie of the met.
The volume of the wcdge is givem By '/3 h n the base arca
_of the wedge a5 determined from the plan view in figere 8.

-

U three jointa interscct ta Tors o mdye in the ool of 2
bndergraund excavativn byl (he v"lii_J‘_'l_ Line, thrpuyb - ey
BRes ol Lhe werge does.nolotald wilhin the have ol the wedge,
iailure can only nrglr__l..-y aliding on ope_af The joini.swr-
facss or_zlong one_ol the line i_ﬂ!_._iﬁlt rseclion, This cowr
dition is represenged 5Itr.‘:n-gr-h_thll:-l|-_ﬁr. il 1he 1ALersect v
figure forsed by the three grest <ircley Falls v ow sice
of the centre of the nel as i1lustirated in the bmwer margin
draming, )

Conditions frm eliding fatlure Anade]: banal _condildone ehich syt e “'Lh-f'rfd:-fnr.'ﬁ“d"rﬂ';‘.

af roof wedoes

COY



Ty

1,\‘

Vigu eof joint traces in the nerthemn
 #idewail secn from the inzide of thx
twrinel or in the soutkern sidmacil
seen from the putside of the twmel,
looking 7n a direction of 340%.

Conttruction ¢l Lhe true view of & wedge in the +idowal]
of a runnel by Method 1,

Figure gj-

-



Figure 84:

Supplementary constructjon in COMjunction with &
aterrographic projection for Lhe determrnation
«f tim shapec ynd volume of a sirgciurally defined

wedge in the roof of a toonel.
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1/5 DE LA RESISTENCIA A LA COMPRESIOH ANIAL SE PODRAN TEWER GRANCES LONGITUDES SIN
SOPCRTE .

CUANDO LA PROFUNDIDAD DEBAJO DE LA SUPERFICIE SE INCRUMENTA O EL NUMERQ DE ESCAVA-
CIOHES VECINAS SE ACERCAN UMAS A OTPAS, COMD ES EL CASQ DE LOS PILARES DENTRC DE
LA MIMA, LOS ESFUERZOS EM LA ROCA SE IWCREMENTAN A UM NIVEL DCHNDE LA FALLA DE LA -
MISMA ES INDUCIDA SOBRE TUDC EM EL PERIMETRD DE LAS EXCAVACIOWES. ESTE TIPO DE Fa_
LIAS PUEDEN QUEDAR DENTRO DE UM RANGO DE PEQUEROS ESTALLIDOS O DESLIZAMIENTOS A -
ESTALLIDGS DE FUERTES PELTORCIONES.

OBVIAMENTE EXISTEN MUCHAS SITGACIONES EN QUE LAS COMDICIOHES DESCRITAS PUEDEN LLE
GAR A COMBIARSE. ) '

B ESTE PUNTO ES DOHDE 1OS RNALTSIS DE ESFUERZOS ¥ LAS REPRESENTACIONES ESTERZOCRA
FICAS JUEGAR UM PARDEL MIFY IMPORTANTE.

TN ASPECTO YUY IMPORTANTE ES EL QUE EL AUMENTO EN EL VOLUMEN SEL WATERIAL INESTA--
BLE PROVOCADG POR EL TNCREMENTO DE LA SECCION DE EXCAVACION, S5 APRUXIMADAMENTE --
PROPORCIONAL AL ACMENTO EN AREA DE LA SECCION TRANSVERSAL. DE ASUI. CUE EL COSTD -
DEL SOpPORTE SELR PROXIMADAMENHTE [PROFORUIONAL AL YWOLUMEN THEATAULE POR SOFORTAR. EW-
MICHOS CASOS PODRIA ANTICIPARSE QUE EL COSTO DEL SOPORTE SERA PROPORCICHA AL CUA--
DRADO DEL LADG DBE LA EXCAVACION.

A) TIFOS DE ADEME Y CRITERIOS DE DISEROC .

EL PRINCIPAL ORJETIVO EM EL GISERAQ DEL SOPORTE DE LNA EXCAVACION SUBTERRANEA ES -
AYUDARHE A LA MASA DE RDCA A ACTOSOPORTARSE,

COMSIDERE EL EIMPLO ILUSTRADC EN LA FIGUAA ANEXA EN DONDE SE MUESTRA UM TUNEL ---
SIENDO EXCAVADD A SECCICH COMPLETA MEDIANTE EL METCOO OE PERFORRCIDN ¥ EXPLOST--=-
YOI, COM S0PQRTE DE MARCOS DE ACERD. LOS CUALES Son INSTALAGOS DESPUERS DE REMOVER
LA REZACHK. LOS ESPUTRIDS HORTZONTALES ¥ VERTICALES SE SUPCNEM IGUALES Y DE UNA «=
HARIITUD Fa. )

EH EL PRSC 1, LA Masa DE ROCA OEMTRED DE LA SECCIoW PROPUESTA ESTA EN EQUILIBRIQ -
o LA ROCA CIFCUNDANTE. [A FRESION DE SOPORTE INTERNA PL, ACTUAKTE A TRRVES DEL
PERFIL DE IA SECCION PROPUESTA ES TGUAL A LGS ESFUERTOS IM SITU Fo (PUNTD A).

- - am wee — - moam - m— ——— e - ——— — L —— —
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Figure 100 :

Increase in onstakle rock wolvre with incredss in
Cacaval ion Lize in mxsmple in which (he CxCBwALion

anis Iy parallel (o the wirite of thee bine of inger-
section of the joints, '

many mings where the enginecrs bave been Surprized at the
significant increase in stability problemy snd avtociated’
Mwppart COsts involved in converting from scraper LO Mecha=

mised operations . | 5. [hiy prublem _is [yrthec

wLompounded by Jark-af adegiptt Control-of blastiec which s

=AUl Lne L SR bows cOoverhraah_and g fu ther geteripration ol
ABCaxar g stabidity., _

Influence of im sitw stress o0 structurdily contrglled
__Imtability

In_the preceding dracussion, the iofluvence of in sity roch
~%tress has been igrored end it has becn asiumed that the

kinemalically waitable wedges and hlocks arc_acTed upon by

gravity only, This s clearly an owar-sicplificalvon, par=
—lIfcularly in_the Case of excavations ar conideranle deprh _

—ai_in (ock masses_in which the doprjzgnial_siresses are
sxcepionslly high.

Unfortwnately the current state of the a0t in rock wechanics

does nat exiend D & salisfactory wolutton ol thiy inter-
T aciive problem and it i3 only possible [0 fitcuss 1he in=
s_flyerce of in sitw 3tecases in very 3imple tevar.




EM gL PASGC 2, EL FRENTE HA AYANIADD ™MAS AILA DE LA .EECCIDH ¥=-X ¥ A PRESION DE --
SOPORTE PL HA CAIDO A CERO. DE CURALOUIR TORMA EL TIMEL HD SE COLAPSARA, YA WE LA
DEFORMACICGH RADIAL SE EMNCUENTRR LIMITADA POR ‘LA.PRORIHIDAD DFL. FRENTE rJE ---
SIGHIFICA (mih RESTRICCION IMPORTANTE, £1 ESTA RESTE_LICCIGH MO EXTISTIERA, WHA PRE-—
SION INTERNA DE SOPCRTE, DALA POR I.C!S_'FT.I'NTUS B ¥ C SE RECUZRIRLIA PARA LIMITAR LA
DEFORMACICON RADIAL AL MISHMO VALOR. KCTESE OQUE LA PRESTCH DE SOPOHTE, PL, DUE -
SE REQUERIRIA PARM LIMITAR LA DEFORMALCICN DEL TECHD ES HAYOR QUE LA WECESARIA PA-
EA PRODUCIR EL MISMO FEROWETG EM [AS PAREDES. ESTD SE DEEE AL PESO DE LA ZOUA DE
POCA SUELTA QUE SE RRADE A LA PRESIAON E_LEQ'L‘I‘ERID& TARR MANTENER [A DEFORMACION.

ER EL PASO 3, LA REZACA SE HA REMOVIDO Y SE HA COLOCADO EL SOPCORTE DE ACERGO HASTA
CERCA DEL FRETE. FH ESTE ESTADD, EL SOPORTE WO RECIBE CARGA, CCHD.SE YE &I EL --
FUSRTC D UE LA GMFICA, PORQUE %O HAY UNA DEFOAMACION ADICIONAL. ASUMIENDS QUE LA
MASA DE ROCA MO EXHIBE DEFORMACIOMES DEPEMDIENTES DEL TIEmpQ (EFECTD VISCOSOL, -
LA DEFORMACITN RADIAL SC MANTIENE RUM DEFINIDA DMOR LOS PUNTOS B Y O,

B EL PASQ 4, EL FROLMTE HA AVANZADN 1-1/2 DIRMETRODS DE LA SECCTON X-¥, Y LA REL~-
TRICCION QFRECICA POR LA PROXIMIDAD DE LA CARA SE FMCUENTRA QOUSICDERABLEMENTE BE-
DOCIDA. ESTO CAUSAAR DEFORMACIONES RADIALES ROICIDNMALES DE LAS FPREEDES Y TECHD -—
DEL TUNEL ¢OoMD SE INDICA POR LAS CURVAS CEG ¥ BFH. LA DEFORMACION DE CONVERGENCIA
INDUCE CARGAS EW EL SISTEMA DE SCOPQRTE EL CUAL ACTUA COMO M RFSORTE RIGTDO. LA -
PRESIOH DE SOFPO-TE 71, DISPONIBLE POR EL SISTEMA DE ADEME (RECE CCM LA DEFORMA~==
CIon RADIAL DEL TUNEL OOMO SE IRDICA POR LA LIKEA DEF.

EN £L PASO 5, EL FRENTE DE EXCAVACION HA AVANZADO TANTO OUE YA MO PROWVEE NINGUMA
RESTRICCION PARA LA MASA ROCOSA EN LA SECCION X-X. SI MO SE COLOCARA NINGUM SCPOR
TE, LA DEFQR¥ACICH RADIAL CRECERIA COMO SE INDICA FN LAS CURVAS MARCADAS EG = FH.
EN EL CASQ DE LAS FAHEDES, LA PRESTION REQUERIDA PARA LIMITAR DEFORMACIONES ADICIQ
KALES SERIA O EN EL PUNTC G ¥ EN ESTE CAS0, LAS pAREDES SE MANTEIDRIAN EN EQUILL
BRIO YA QUE KO EXISTEH FUERZAS ACUMILADAS QUE INDUZCA NUEVAS DEFCRMACIONES. FOR -
OTRO LADQ, EL SOPCRTE REQUTRIDO PARA LIMITAR LAS DEFORMACIONES DEL TECHO PASA A -
UM HINIMO Y CRECE HUEVAMENTE. ESTO SE DEBE A LOS DESPLAZAMIENTDS HACIA ABAJO DE -
LA ROCA SUELTA EM EL TECHD.

COMO SE ILINSTRA EN LA PARTE DE ABAJO DE LA FIGUERA LA CURVA DE RERCCION DEL SOPOR
TE DEL ADEME INWTERSECTA LA CURVA DE DEE:DRI'MIDN OE LA CARCA EN LUS PUUTOS E v F.-
M ES05 PUNTOS, LA PRESION DE SOPORTE RECUERIDA PARA LIMITAR MAYORES DEFORMACIO--
KEs EE EHI::TJEHTH.I- EXACTAMENTE BALRNCERDA POR TA PRESION DE SQOPORTE PROCPORCIONADA -
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: Hypothetical example of a tunrel Leing

methods with kloched sreel nets Being

kT ———

advanced Ly Full Face drill pnd blast
installed after rach mmaing cycle.

The Toad-drformarion curves Tor the roch mass and the woppori srsieom 7K

given in the boneer pari of the figure,
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108 [0 WAMCLS [P RCERD T BL TUMNFL, ¥ MOR TARTD £L 51STIMA OE SOPCETE ESTA MU h:l.'ll
Lipmr™ :!51‘“5.}:.

L5 FTITENTF, A TAAYES DE ESTE SIMPLE E-..T!'_I'ﬂ?w CUALTTATLYD, MUIE FL DISEM BACTOHAL -
CCL SISTYML. OF *CFCRTE DERF CONIS[DERAN LA RATURALLIPE ISTERACTIVA PE LAS CRERCTE- -
EIRT1-25 CRATA LI FORARCTEN TRNTO DE LA ROCA ctm DEL $15TCMA PE SOTORTE, UWN RMALI-
Fi3 INTECRAL DF O TMTERACCLOM SEGHIPICE {H TRIBLI™A THoRICD ESEIS.I‘H'MENT! piFCLL. -
T oA LA FICUA N FAIRTE AUN UNA SQUUCHDH CHANT LTATIVA SATLSFACTORIA. EL WNORTE DE-
BT DISERAPAE 1AFA RES)ETIR LAS DETORMACTOMES THOUCIOAE FOR EL TESO MUEHTD DE LA --
T A SUFLTA ASI OOM0 MOUELIR TADUCICA FARR CARDILD DT ESFUVERZLR TN LA ROACA O MU=
GAROTE A Lk CECAVATION, KH e CASD EXTREMG: EL CUAL TUEDE OCURAIR EN MAEBAS RICOTAS
FILPLUFAI A% & PO PROFUNDIDAD, TAE DETOMMACIOMES 14CUCIOAS PO LOS ESFUERIOS [UTDEMN
S F ITSIGUIFICANTES COMFARARAS OOM LAS PROGECIOAS FOR EL PEFD DE LOE WLOCVEF DE RO
Ch [UELTR, OEVIM*FNTE, UHA wvEL QUE EL PESO A pOFONTAR HA pIba EgtaBLFCIDO, SOLO W
TIETA DILEMRE v SISTERA DE BEOPORTE DUT BESIRTA DIoW: PESCG,

Moy R pOy LOS rPIMTROS METODOE OF DISERG OE BOFORTES, ©Cry) IL pROPUESTO PO TER-

EM:iit, B BASApAN EN OEL DISERQ DE SIETLMAS OE EOFORTE QUE REFISTIERAN LA CaRGh - =
Py KT EST CIS1%03 [ SORGATE PASDVD SOH WJY BURHOA KM TIMELRS RCMEROS DOHDE LL
FFED TE CaPns FUTFTA OF WOCR JUTICA UM FAFEL DOMINANTE, FERD W) 050 B LINITA TH -

ERUATAMITINY S ot NERS [HHOE LAS DEFORMACICHMERE TrDUCI0MY POR LOF ESFUTRGOS EUN IM-
MFILTTE,

T FPFHA IFF 7500 L AUTOR RECOMIFSDA EL S0 pr niCLAS O cABLEE PRRA SOFORTAR CLf-
Aas TUTCWTIRIMEUTE THESTARLESE 0 BLOCARA QUE Ed¢a LIRYLS DE oLELIZAR D TRER PCA SU-
PReT [0 PESD. LT S DEPF A (WK FSOS BLOGUES O CUNAG BE NUEVEN IHOTPEHLT EHTEMENTE
TFL PESTO CF L tASA DT AOCK T DE AL UE AFLICAN CAMCAS COWCENTPADAS 0 LICEHTRI
¢he AL STETFMA [F SOPORTE. LAS ANCIAE T LOS CABNLES 5E ERCUENTRAN Hl;TF'R CAFMCITA=-
trx rakd prEISTIN ESAS EXCEITTAIC IOADES (UF LOF MARCCS BE ACYRD N LOX REVEETIMIEN

TUw T OUIPLTY, ¢ POR TLLD EETOS ULTIMOS DEPLN EVITAMSE SIENPRE QA% SEN POBTPLE,
LA LOHGITID D30F ESCcFRSE OF TORMA QUE SE ASPCURE SU FITACION MAS ALLA OE 1AS --
FeruTERRS DLL pLOGUE, [N L CABO TE ROCAS mARIVAS DURAS COH FRACTURAE MY EEFACTA
CAS, EL USQ DE CARLES PUEDE SER LA METOR ¥ MAS ECCUOMICA BOLUCION, POR OTRO LADOD,
51 'a RivA ST CWCUTNTRA MUT FIStmalh, EEAIA FRIFIRIRLE Cl UR] DE AMCTATES. COMOD +
PFCIA CENZRAL EL FROEIHO ESPACIANIENTO EWNTRE ANCKAS O CaALEl WO DEBE CXCHDER OF

TATCTS FL ESPACTAMIENTS PROREDIO I LAN FISURAR EN LA MALM DE ROCA.

QUanN £E TRABATA EN ROCRS RIANOAG FISURADAS FL CUMSRETD puzanes PUCDE FEELLTAR
WA HERARMIENTA WIT pROERCSA, YA {UE FEPXITE LA D FOP=ACIcn CMTROLAD DE LA po=—
CA FERAITIENTS EL DESARRGLLO DE FEFUTAZOS CORTARTES EN EL

AST CIMO DF ESFUEFRZON TANGLWIIALES EX

INTERLOR DE 1A MAsK =
EL OMIACTO CONCHETD= Mo, FTE TSTE O0H -
FUEE EL CaSh atrTOscrqnTe. ro P‘IJLTIHI-!-- -
CONDHENAR LD PEMEFICIOS DEL CORLFITY LAHZADD Com =

L
DL ANDATE YA QUE, DEMIDG A S CARMITIRISTICN B1MILAARE DE OEPRRANILITAS,
FORMAN UM S1ATFIN DE ROEME MUY MOOERGSD,

LA PRESIOH COMT [RAMTE TEL CIOMCRETD TRO
DCASIOHES REEULTA OO ENTENTE

HABLAM MAS A FONDO OCL CCNCHETO LAWZADD ¥ DE LOS DIVEASOS T3PS of
ANCLAS AEQUERIAIA DE UN CLRSD COMPLETO, POR LG QUE EN £57A PONCNee
CIA SOLG BE MEMCIONAM PARA CBE EL LECTOR 105 COMDICA ¥ 61 Lp T T
RESAN SE PROFUNDIGE €K EL TEMA.
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EXPERIENCIAS SOBRE EL USO DE ANCLAS DE FRICCION CON RESINAS
EPQXICAS EN TUNELES DE LA MINA DE CARBON DE RIO ESCONDIDCO, COAH.

Por: Jorge E. Castilla Camacho*

INTRODUCCION

Como parte integrante de los programas de expansidn de la -
Comisifin Federal de Electricidad se planea la construccibn-
de la Planta Termcelé&ctrica de Ric Escondido en el Estado -
de Coahuila, aproximadamente a 35 km al Sur de_la Ciudad de
Piedras Megras, Coah.

La planta tendrd una potencia instalada total de 1200 MW ¥y
en élla se utilizard come combustible el carbdbn mineral que
seri explotado de una mina construida ex profese en la mis-
ma zona.,

La fibicaci&n de la planta obedece a que en el sitio se en-—-
cuentra la ma?or cuenca carbonifera explorada en el pals, -
cuya explotacifn permitirs suministrar a-la.planta un maximo
de 16,000. toneladas diariashde carbbn. Las reservas detecta
das permiten estimar }a %i&a titil de 1? planta en 26 anos.
El-programa-de'ln—mina,-Euya—pruﬂucciﬁn serd-mayor gue-la--—--
produccibn anual total .en el pa$s.en._los tiltimos anos, ha -
propiciado numercsos estudios siendo uno de ellos el rela--
cionado con el snﬁorte de las hﬁ%edas de los tGneles en la
forma mis eficiente desde los puntos de vista de seguridad,

economia y maniobrabilidad en el interior de la mina.

* Oficina de Mecinica de' Rocas; Departamentco-de-Estudios<Ex~ -

b

perimentalgs. T



A principio de 1977 las autoridades encargadas del proyec-—
to de la mina invitaron a la Oficina de Meclnica de Rocas-
del Departamento de Estudicgs Experimentales de C.F.E. y al
instituto de Ingenieria de la U.N.A.M. a colaborar en los
programas de estudio para el diseno de un sistema de sOpor
te adecuado para las caracteristicas: de la mina.

El presente trabajo describe las actividades desarrolladas
por la Oficina de Meclnica de Rocas de C.F.E. en tramos ex
perimentales de tfineles, cuyas b&6vedas se soportaron me- -
diante anclas de friccifn con resinas epfixicas, la instru-
mentacidn colocada en dichos tramos, los resultades obteni
dos en las mediciones y las conclusiones dFrivadas de los=-

mismos.

PRACTICA TSUAL EN EL SOPORTE DE MINAS DE CARBON
Generalmente las minas de carbbn se explotan mediante sis-
temas de tfineles a partir de los cuales se extrae el mine-
ral hasta provocar la falla del techo, por lo que en estos
la estabilidad de la b&veda sflo es necesaria poOr un cier-
to tiempo. Sin embargo, existen tlneles principales que da
ben ser estables durante toda la vida productiva de la mi-
na ¥y que por lo tanto deben contar con sistemas permanen—-—
tes de soporte.

En México él sistema de soporte para bévedas en minas de -
carb&n se ha desérrolladn por métodos empiricos y ha con--
sistide principlamente en el uso de marcos de madera cons-

tituidos por dos troncos verticales de madera rolliza que,

soportan libremente & un tercero horizontal, &1 cual sos—-

tiene al techo.



Los troncos son generalemente de 6™ u B" de difdmetro, con-
longitud variable. bcasiunalmente el tronco horizontal es- .
substituido por una vigueta de acero de 4" & 6" de peralte
en tlneles en los gue la carga de roca es excesiva. La se-
paracibn de los marcos es usualmente de un metro, en el -

gentido del tfinel, per¢o llega a ser mencr cuando por obser

vacibtn del comportamiento se juzga necesario.

En los tﬁneles que funcionarfn permanentes se acostumbra -
construir muros de mamposteria paralelos al eje del tfinel-
Yy priximecs a las paredes a traﬁés de los cuales se transmi
te la carga del techo al piso. Transversalmente a ellos se
colocan viguetas de acero con espaciamientos vafiablés, ge

neralmente de un metro. -

En los frentes de explotacidn,. sea esta por medio de pe- -
quefios tGneles: & por el método de pared larga, en donde -
la carga aumentalpar falta de apﬂyo_al extraer el carﬁﬁn,y
el £écho estd en franco proceso de falla, se colocan, para
seguridad de los mineros y del Eéuipo de ataque, -"huacales"™
formados por pares de troncos superpuestos hasta llegar al

techo, tratando de formar una columna.

En paises de Buropa [Fréncia,.Bélgica, Alemania, Inglate—-
rra, etc.} y en los Estades Unidos, es practica comGn el -
us0 de anclas como saporte en tﬁneles.de duracifn temporal
El tipo de ancla m&s utilizado es el de friccifbn y de en--
tre estos lo es el de resinas epfxicas gue ofrecen un fra-

guado r&pido y por lo .tanto su-trabajo es practicamente. in



mediato. Las aﬁclas del tipo de expansifn & de cufia son me
nos utilizadas debido a que en la mayorfa de los casos la
roca se encuentra junte cen los depbSsitos de carb®n no tie
ne la duréza necesagia para propiciar un buen trabaje de -

este tipo’'de ancla.

El sistema de scporte mediante anclas ofrece algqunas venta
jas con respecto al sistema tradicicnal del uso de marcos-—
de madera como son un aumento en la maniobrabilidad dentro
de los tGneles al evitarse la presencia de postes vertica-
les, gue aungue pr&ximos a las paredes ocupan un Area den-
tro del tlnel: la disminucifn del riesgo de‘derrumhes por
detericrc del sistema de snporfe:al golpear los elementosa-
verticales por los movimientos propios en el interior del
tfinel; el menor volGmen de material gue constituye el so-=-
porte 1o que frecuentemente puede representar tambi&n dis-
minuacifin en su costo; la facilidad de colocacifin sistema-
tizéda, 81 como la rapidez en lograr el trabajo de los —-

elementos de soporte.

. No ohstante lo anterior, existen desventajas del sistema -
de soporte con anclas como pueden serleo el gue se regquieren
condicicnes especiales de la roca scobre el techo de la mi-
na para lograr un buen trabajo de las anclas, y el efecto-
psicolfgico gue cauwsa en el personal que trabaja en la mi-

na al no okhservar los elementos de soporte por estar estos

ocultos -en-perforaciones.
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LA MINA DE CARBON DE RIO ESCONDIDO, COAH.

3.1 Aspectos generales del proyectg

La breve.descripcidn que a continuacifn se incluye, corres
ponde con el proyecto elaborado por la compafiia polaca que
asesord a la C.F.E. en el ano de 1976. No obstante gue el
proyecto ﬁé.sufridc modificaciones a la fecha, se efecta-
esta descripcibn general debido a que los programas de en-

sdyes en los tramos experimentales se realizaron con base-

en las caracteristicas del proyecto mencionado. Sin embar- |

go, las experiencias obtenidas pueden ser aplicadas a otros
proyectos pues las c¢aracterisiticas de los tGneles seran -

similares.

" Come se menciond anteriormente la mina se proyects para -

una produccidn mixima de 16,000 toneladas diarias. La explo

tacidn seri por medioc del sistema de pared larga con de- -
rrumbre de techo. El acceso a la mina se hari por tiros in
clinados hasta' la profundidad del manto. La mina se dividi

r& en dos secciones.

-

En cada seccifn de la mina existirin tres tineles & caiio--
nes principales-gue deber@n- funcionar -durante -toda -‘su-vida
productiva. Un cafidn seri el de arre;trg, para extracclfn-
de material; otro el de transparté de personal y equipc vy
un tercero de ventilacidn. Consistirdn en tGneles de 4.0 m
de ancho por 2.2 m de.altura, y serfn.paralelos dejandc en

tre ellos un espesor de 25 m de carb6n. La longitud de los .

“'tfineles permanentes seri en total del orden .de -20 km.

-



Transversalmente a estos tlneles existirin los cafiones de
acceso a los frentes de pared larga. Estos consistirfin en
pares de tlneles de 4.5 m de ancho por 2.5 m. de alto se-
paradeos por un espescr de 15 m de carb6n. Cada par de tG-
neles quedari separado del siguiente por 180 m de éarbﬁn,

que corresponde con el largo del frente de explotaciln.

J

Las medidas antericres corresponden con las minimas nece-
sarias para la manicbrabilidad del equipo para explotaci®n
de los tfineles, lo qﬁe se harf con mineros continuos, y -
para el movimientc de los escudos de proteccibn de la - -
frente de pared larga al transladarlos de una frente a -.
otra.

Los tineles & canones de acceso a los frentes de pared

larga, deberfn éer estables durante la exploctacifn del -
frente al que dan acgeso, lo que de acuerdo a los progra-
mas as del orden de un afo. El1 goporte de estos tlineles, -
los cuales en conjunto tendrin una longitud total del or- .
den de '1B0 km, es3.-el objeto de los trabqjus'que se ‘inclu-

yen en el presente repaorte.

Descripecitn de 'la geologia

La geclogia en la zona de la mina se ha determinado con -

ayuda de mis de 200 barrenos con recuperacifn de nficleos.

La secuencia litolfgica en el frea es muy uniforme exis--
tiendo en la superficie, con espesor variable entre 15 y-
22 m, una capa de caliza de origen continental, de color-

blanco lechoso a café clare.-Su durceza es huyu§ariable. —-

Subyaciendo a este depbsite existe un manto de lutita .co-



lor parde en el gue s5e encuentran 1en£es de conglomerado e
interestratificacicones de arenisca de granc fino a medio,-
constituida por fragmentos de diferentes tipos de roca y -
par faldespatos y cuarzo. Su matriz es arcillosa. En la'zé
na de la mina la parte inferior de este manto se encuentra

entre 42 m ¥ 172 m de profundidad.

Bajo este mantc y con espesor promedioc de 2.0 m y miximo -
de 2.8 m se encuentra el estrato de carbln explotable, Pre
senta una inc¢linacifn hacia el este de 1 a 2 grados y se -

alarga en direccifin Norte-Sur,

A continuacifn del manto de carbfn existen areniscas de -

granc fino a medio, de matriz arciilosa.

El nivel freStico se define entre 5 y 10 m abajo de la su-
perficie del terreno. Sin embargo, @8 probable gue corres-
ponda c¢on mantos colgados confinados en los aculferos cons

3 ; -

tituidos por el conglomerado.

Propiedades de 'la 'roca

De ensayes efectuados en laboratorio en nficleos de roca ex
traidos de profundidades prSximas al manto de carbfn ‘se de
terminaron las siguientes propiedades.

Propiedad "~ valor medio Coeficiente

de variacion
a}) Lutita:

peso volumétrico seco 2.15 ton/m3 1%
rasistencia a la compresisn 137 kg/cm2 17"
resistencia a la tensifn 11 " 65"

resistencia:al corte simple 4 " 25"



Propiedad Valor medio ! Coaficiente
de variacifn
k} Carbhbn:
peso vulemBtrico seco - 1.37 ton/fm3 11%
resistencia a la compresifin 175 kg/cm2 33"
resistencia a la teénsidn 9.5 " ag"
registencia al corte simple 10.5 " so-

c) Arenisca:

peso vulem#trico seco 2,20 ton/m3’ 6%
resistencia a la compresifSn 123 kgfcm2 59*
resistencia a la tensién g " 55"
resistencia al corte simple 19 " 38"
indice de alteracién 10 " 7"

TRAMOS EXPERIMENTALES DE TUNEL

La falta de experiencia-en el uso de los sistemas de ancla
je come soporte de la bbveda en minas de carbdn, origina—-
ron la necesidad de efectuar ensayes en tramos de tlnel y-

observar el comportamiente de los mismos:

Para-la ejecucifn de los ensayes.se eligid una peguefia.mi-
na, propiedad de C.F.E., prfxima al sitic, de la que se ex
trae-carb®n para abastecer a la Planta Termoeléctrica de -
Nave, Coah.-Esta-mina-se explota por m&todos manuales;- a
bage de tGneles de 3 m de ancho ¥y 2 m de alto, para obte—-
ner una produccidn de 400 ton diarias de mineral. El sopor
te en los.tfineles temporales de esta mina es el usual, a -
bage de marcos de madera, dejandose ademfs in situ los 10
5 13 cm superiores del manto de carbdn para proteger del -

intemperismo a la lutita que lo superyace.






Las caracteristicas de los tramos de prueba se fijaren con
la asesoria de los ingeniercs A.G. Douthwaite y C. Rudge -~
del Naticnal Ccal Board@ de Inglaterra gquienes visitaron la
mina-antes mencionada-.y conocieron-el proyecto de la nueva
mina. . -

En un principio se pensd en ejecutar cinco trames de prue-
ba, de 50 m cada uno, en los que se soportaria el techo de

la siguiente forma:

Trame l: anclas de 2.4 m de longitud espaciadas 1.20 m en
dos direcciones ortogonales. Entre las hileras de
anclas se colocaria malla de 3 x 3 pulgadas de -
alambre calibre 20,. sujetindole con las placas de
las anclas. .

Tramo 2: anclas de 2.4 m de longitud espaciadas 1.20 m en
dos direcciones ortogeonales. En cada hilera de an
clas transversales al tfinel se colocarfa en ta---
blén de 14 pies de largo, B pulgadas de ancho y -
dos' pulgadas de grueso gue estarfa sujeto por las
placas de lae anclas y_afraﬁezadn por estas filti-

TINAS .

Tramo .3:.igual al tramo .2 pero con anclas de 1.80 m de lon
gitud.

Tramo 4: igual al tramo 2 pero con anclas de 1.80 m ée lan
gitud. -

Tramc 5:. sistema de anclaje "truso" patentado por la Torque
Tensién, Ltd. de Inglaterra, consistente &n un par

de anclas colocadas con una inclinaci®n de 45® en
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el-techo,,juntu a las parede;,ﬂunidas por un tensor

horizental que troguela al techo con palines de ma-

dera.
Las anclas deberian de.ser del tipo ﬁe.féiccién colocadas -
con resiha; Los tramos de prueba deberian tener 4.8 m de an-
cho vy la altura seria igual a la del manto de carb&n menos -
15 cm gue se dejarian para proteger a la lutita del iqﬁempe—
rismo. D;bErian escogerse tramos recien exca;adns de tfinel -
para colocar las anclasg'efitando asi tr?mns en gue el techo
hubiera sufride deformacicnes anteriores. Los sistemas de 'so
porte experiménfal deberian cologarse junto coh el soporte -
de uso canﬁencional en la mina‘f_sﬁlo cuando en los tfineles-
se suspendiera la circulacidn de personal se procederia a e

tirar el soporte convencional y a observar el comportamiento

de los tramos.

Una_ﬁez'establecidas‘las caracterisiticas gue deberian reu——
nir los trémns experimentales y con el fin de no alterar los
planes de explotacifn de la mina, se eligieron los cafiones -
de regreso de ventilacibn ntmeros 3 y 4 para localizar los -
- tramos de prueba. La eleccifn ce hizo tambi&n considerando -
gue estos cailones irfan a permaneéer abiertos un pefindn de

un afio y medio, tiempo en gue se realizarian las cbhservacio-

nes.

5. INSTALACIONES DEL SISTEMA DE S0PORTE
Los tramos elegidos para la ejecucibn de las pruebas se am——
pliaron.-de 3 a'5 m como-se.aprecia en las FigSﬁ 1'y53; ' Para
soportar el techo se colocaron dos marcos colineales cada me

tro. -’ : ) . . v,
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El sistema experimental de soporte-se c010c§ intarmedio a los
MArcos.

En este caﬁﬁn la longitud del tramo de prueba fue de 41 m, co
mo se ve en el recuadro de 1; Fig. 2. Se coloc§ también malla
ciclbn de 2 1/2 pulgadas por 2 1/2 pulgadas cubriendo el an--
cho del techo del tﬁnel. En un tramoc de 20 m ﬁe longitua, in-
dicado en las figuras 1 y 2, se coloc§ un ancla adicional de
2.40 m de longitud, inclinada QS“ y a una distancia del orden
de un metro de la pared derecha del caifn, como refuerze adi-

v

cional, pues en esta parte, en el resto del tramo de prueba,

se venia abriendeo una grieta inclinada hacia el centro del te

" cho del tlinel.

lLasaanclas instaladas en el traﬁé_%udron de dos tipes. Hasta
la linea de anclas nfimerc 26 se colocaron anclas constituidas
por varilla corrugada de acero gradc durc [fyp¥423ﬂkgfcm2} de
1 pulgada de didmetro con una tuerca soldada en st extremo ex
tericr:.el resto de las anclas consistif en varillas corruga-
das de 7/8-de pulgada de diametro con cabeia en forma de tuei

ca preparada en fragua.

Las anclas se instalaron en perforaciones de 1 3/8 dé pulgada
de didmetro en las gue se intreodujeron dos o tres cartuchos -
de resina epOxica de 20 pulgadas de longitud y 32 mm de difime -
tro. Se experiment®d con diferentes cantidades de resina tra--
tindo de que se rellenara completamente el espacio entre las
paredes de la perforacibn y el ancla. Se optd por utilizar 3-

cartuchos pues el uso de m&s impedia la entrada del ancla has

ta el fondo. -
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Las perforacicnes sc efectuarcn con "stooper" y con este mis
mo se introdujo el ancla previa colocacifn de los cartuchos-
en. el interior de la perforacifn. El stcoper permiti iintro
ducir el ancla en la perforacifin con una velocidad de rota--
cifn de 200 reveluciones por minuto aprax%madamenta; lo gue
provoct él batido-del catalizador y el endurecerdor de la re
wgina. La instalacibn de cada ancla desde el inicio de la per
foracifn hasta su introduccidn total en 1a misma tom& entre—
d v 4 minhutos. Para lograr un fraguado inicial suficiente se
qnstuﬁa el ancla, posteriormente a su colocacifin por un lap-

=0 de 5 minutos.

La resina utilizada fue la Celtite cuyas caracterisiticas -

son siguientes:

peso. volumetrice: 1.85 grfcm3
resistencia a la compresifn: 1125 kg!cm2
regsistencia a la tensidn: 170 kg!cmz
resistencia al corte: . 527 kg!cm2
tiempe de fraguado 1 minuto
. tiempo de mezclado 15 segundos -

Canfn 3
En este cahbn el tramo de prueba fue de 50 m de longitud, di
vidido en tres zonas. Conforme se aprecia en la figura 3, en

la zona & se colocd un .ancla central de 1.B0 m de lengitud -

completamente vertical, dos anclas con 60° de inclinacibn --
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hacia las paredes del tlnel y 2.40 m de longitud y dos anclas
a 45° tamhi&n de 2.40 m de longitud. Estas cinco anclas se co
locaron atravesando una pieza de madera rolliza de-14 pies de
longitud ¥ 8 pulgadas de didmetro que sostenia a la malla ci-
clén. Ademds se coloct un ancla adiciconal, de 2.4 m de longi-
tud ¥y con 45° de inclinacibn separada entre 60 cm ¥y un metro-

de la pared izquierda del cafifn,

En la zona B no se coloch anclaje para pﬂdér contar con un -

tramo de referencia con el sistema convencional de saporte.

En la zona C el anclaje colocado consistif en anclas vertica
'les de '1.80 m de longitud, espaciadas como se ve en la figu-
ra 3, coclocadas sujetando un tabldn de.lé pies de largo, B -
pulgadas de anche y dos de espesor, el cual gostenia una ma-

lla cicl&n.

Las anclas utilizadas en este canfin fueron todas varillas co
rrugadas .de _acero grado dure, de 7/8.de pulgada de didmetro-

con cabeza formada en ¥Yragua,

Por 1o que respecta-al procedimiento de instalacidn tipo de-

resina, etc. fueron los mismos utilizados en el cafiin 4.

Durante la instalacifn de los sistemas de sSoporte experimen-—
tal ren ambos cafiones, e procur® estar siempre lo més proxi-
mo posible al frente de explotacibn. Se llevaron registros -
del aﬁance del frente, de la celocacifn de los marcos de ma-

dera y del anclaje en el techo. Con los datos reunidos se =
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- formaron las gréficas de las figuras 2 y 4. Se cbhservs gue
el hecho de no colocar el anclaje inmediatamente después -
de abierto el frente, permite la deformacisn del techo, .-
aunque estén colocados los marcos. Cuando el anclaje se se
pars del fréﬁte del orden de 3 m, se procdujo una.grieta pa
ralela al eje del tinel en cada lado del techo. No se pudo
determinar la profundidad de la grieta péro su direccidn -

tenia Ltendencia a ir hacia el centroc del tfinel con aproxi-

madamente 60° de inclinaci®n c¢on la-horizontal.

IRSTRUMENTACION
Para observar el comportamient¢ de las paredes, piso y te-
cho del tlGrel, se fijaron secciones instrumentadas cada -

cinco metros de distancia en los tramos experimentales.

La instrumentacidn de las secciones consistif en la cnlacg
€ibn de extensbBmetros de barra cuyo dispositivo de medicibn
fue un potencifimetro el&ctrico de presifn. En el techo y -
paredes se utilizaron potencifmetros Heiipot de 10 ohms; -
6.5 de linearidad y 1.5 cm de radio. En el piso se utiliza
ron potencibmetros Spectrol tambi&n dée 10 Chms y 0.5 de i
nearidad pero de 3.5 .¢m de radio y sellados para proteger-

los contra el agua. ’ ' -

La distribucidn de extensOmetros en las secciones instru-—-
mentadas puede apreciarse en las fiqguras 7 a 17, junto con
la profundiad a la gque fueron f£ijados dentro de la roca.-
"En algunas secciones se colocd, ademis de los extensdme~ -
ﬁrns,'un dispositivo para medir la con;ergencia del piso y
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el techo,
En la figura 5 se incluye un croquis de la c¢olocacién de los

extensfmetros y del dispositivo para medir convergencia.

A los lados de la seccidHn instrumentada 7 se colocarén dos -
extensbmetros de 2 m de longitud ¥ 2 de 3 m para conocer 1la

distribucidn de los movimientos de la roca sobre -el techa.

T0dos los cables de los potencibmetros se llevaron a una con
aola fuera del frea de prueba para evitar riesgos del perse-
nal que efectuaba las mediciones. Estas se realizaron con un

Fuente de Wheatstone.

Se coloch ademis un sistema de niveles hidriulicos para se--—
guir las deformaciones del techo, pero este presentd proble-
mas por la evaporac¢ifn que occurria en el interior de los tO-

—

neles.

PRUEBAS EFECTUADAS

Como primer paso del programa de pruebas se extrajeron tres-
anclas de 1.80 m de longitud y 1 pulgada de difmetro, insta-
ladas en perforacicnes de 1 1/2 pulgada de difimetro. La figun
ra & mueséra'las grificas carga-deformacidn determinadas en

los ensayes.

Una vez gue les tramos experimentales-dejaron:de funcionar:i=-.. -
para la circulacién en la mina, se procedi a la ejecuclbn -.

de las pruebas programadas.

Para retirar el soporte convencional se construyeron cerca -
de 100 gatos-mechnicos de teornille gque se utilizaron para --

substituir _los troncos verticales de los marcos de madera, -
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colocindose con una distribucién de 1 m x 1 m bajo los tron
cos horizontales.

Al ir aflojande los gatos mecinicos el techo comenz& a de--

formarse y las anclas comenzaron a trabajar. Las defeormacio,

nes que se fueren presentado se detectarcn con los instru--
mentos colocados. Algunas de las grificas eleboradas se in-
cluyen en las fiquras 7 a 17.

La deformacibn miaxima permisikle en el techo Be f%jﬁ cn 12-
cm correspondiente a 2% de expansibn del techo entre el pun
to de medicibn y la cara-libre (prcfundidad del extensfmetro
igual a 6 m).

A continuacidn se detallan las pruebas y resultados obteni-
dos en cada cah®n.

Canbn 4

La prueba en este canfn se verificd en dos etapas. En la pri

mera etapa, iniciada el 26 de-septiembre de 1977 se movie--
ron seis marcos, tres a cada lado de'la.secqiﬁn instrumenta
da nfimero 8 (ver fig; 1} . La segunda etapa se inicif el 17-
de octubre siguiente moviendc B marcos mis, hasta llegar a
la seccidn instrumentada 6.

Al inicio de la-primera etapa se aflojaron losa tornilles de
los gatos mecfinicos.hasta.dejarlos.priicticamente. sin cargar
Se observaron.las deformacicnes en forma continua prineipal
mente en la seccifin B llegindose a tener una deformacidn de

2 cm en el extensBmetre central del techo después de 2 hrs.

Imm om

de iniciada la prueba, y13.4 cm ‘después de 24 hrs.~ Se pro-—"

siguif de esta forma, aflojandd los gatos gue se notaban -

cargando, diariamente, registrindose las deformaciones que
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se iban produciendo.

Al comenzar la segunda etapa, ﬁmpliando el tramo <¢on marcos
apoyados en gates mecinicos, las deformaciones sufrieron un
aumento brusco llegando a ser del orden de 12 cm en vl ex-
tensbmetro central del.techa de las secciones 7 y 8, el dia
24 de Qctubré. En este momento se decidié suspender la prue
ba para no éoner en peligro la estabilidad del ttnel, por -
le que se colocaron nuevamente los postes verticales de los
marcas de madera y se retiraron definiti;amente los gatos -
mecinicos., Las lecturas de déformaciones continuaron tomin-

dose por un tiempo,

Las figuras 7 y 12 muestran.grdficas de deformacibn de algu

nas de las seccicnes instrumentadas, de los extensSmetros -
cortos {2 y 3 m} y de las mediciones de convergencia.

Cafitn 3

En este tramo s8lo fue posible efectuar_ pruebas en la zona
A, iniciindose &sta el 18 de enero del presente afio. Se re-
muviefon todos los marces de la zonha (ver figura 3), en to-
tal B marcos, teniéndcse lecturas.de.las deformaciones que
ccurri&n. El1 dfa 25 de enerc en la seccibn 2“1a'defurmaciﬁﬁ o
acumulada en el extensbmetroc central del techo alcanzd 12 cm
por lo gque se decidid suspender la prueba colocando nueva--

mente loa postes verticales de madera y retirando los gatos
mecanicos.,

No fue posible efectuar la prueba en la zopna C de este candn
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debido a que la mina fue cerrada al dejarse de operar la

Planta Termoel&ctrica de Wava, Coah.

CONCLUSIONES

a} Los instrumentos celocades propercionaron mediciones-
congruentes con el comportamiento estructural del t4-
nel ¥ consistencia durante su operacifn por lo que -
los datos cobtenidos se juzgan confiables.

b) Las deformaciones que ocurrieron en el techo en los-
tramos.ecxperimentales {secciones 7 y 8 del canfn 4 vy
seccifbn 2 del cahtn 3) fue;un excesivas para la esta-
"bilidad del tfienl de acuerdo a experiencias publica--
das*, Se alcanzaron deformacicnes de 12 cm, correspon
dientes a una expansibn del 2% entre el punto de medi
cidn v la cara libre de la roca, en un tiempo corto -
para lo gque deben estar ablertos los tineles tempora-
les de la mina.

c} Las deformaciones del techo ocurridas en secciones en
las gue no se removieron las postes verticales de ma-
dera fuercon entre 1 ¥y 2 cm en el tiempo que duraron -
las pruebas (ver figuras.?, 13, 15, 1&}.

d) De aucerdc a las medicionas de extensbmetros coloca—-
dos a diferentes.profunidades en el techo, entre 2 y-
3 m hay una deforméciﬁn*importante, posiblemente una-
grieta.

e} Las anclas de 1.B0 m de longitud parecen ser.reduci--
das para el ancho de tfinel ensayado. Anclas de mayor-

longitud.

S ———— T ———— — —. . " . . ol Dl ———— T —— T T m——————— ——————. ———
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pddrian conducir a resultados mis prometedores,

La deformacifn de las paredes de los tfineles fue muy reducida
con valores midximos de 2 & 3 mm,

El piso del tlnel manifest® exﬁanciﬁn con valores del orden -
de 2 cm como miximo.

Los dispositivos para medicifn de canvergenciarpropurcionarnn
datos congruentes con los obtenidos por medio de los extenso-
metros de pisc y techo combinados.

El tramo en el que se colocaron anclas con madera rolliza co-
mo trabes {zona A del cafibln 3) present{ un comportamiento mds
uniforme que el tramo con anclas solas {caﬁﬁﬁ 4}.'Adem&5 hubo
menos agrietamiento en el techo., Sin embargo, la longitud de
anclaje y separacién del mismo, no represent$ un soporte ade-
cuado por la rapidez con qué se lleéﬁ a la deformacidn maxima
permisible. |
Se pudo observar gque es muyiimpartante para el buen funcicna-

L]
miento del anclaje colocarlo inmediatamente atris del frente-

abierto para evitar deformaciones entre ambas operaciones se

formaron grietas en el techo, prbximas a las paredes y parale
las a ellas. |
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¥ especialmente del Ing. Salvador Uribke V., Superintendente
de la Mina, permitieron el desarrollo de los programas de -
ensaye. La colocacién del anclaje estuvo a cargo del Sr. Ma
ric Urquijc B. En la coofﬁinaciﬁn de los trabajos de campo-
participarcn los Ings. RaGl Ramirez Aranda, Sergic Ochoa y-
Alfonso Rodrfguez Garcia. La colocacibn dé instrumentos y e
jecucicones de mediciones fue hecha por los Sres. Filadelfo-
Ayaneqgui U., y Humberto Le&n M. Los trabajos de laboraterio
fueron ejecuéadcs por los Sres. Efrain Esberﬁn ., y Fran--
sisco Vallejo €. La fabricacifn de instrumentosz fue hecha-
por perscnal del taller del Cepartamentc de Estudios Experi

1

mentales; a carge del Ing. Jorge Borbbn.

NOTA: La suspensibn imprevista de la operacifn de la mina -
. al cer£ar5e la Planta Termoel&ctrica de Nava, Coah. -
impidieron llevar a cabo la tﬂtélidad de las pruebas-
programadas. Se pretende continuar con los’ ensayes =

una vez se cuente ¢on la mina nueva,
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t

'PRUEBA DE TENSADO DE ANCLAS
_CANON 4 NORTE, REGRESO '

Las anclas consistiesron en varillas corrugadas de acerc grado duro de 1"
de difmetro y 1.80 m de longitud, S5e instalaron en perforaciones de 1 1/2°
El ancla

,de di&metrn, La falla ocurrid sicmpre en el contacto resipa-roca.

Ho. 2 quedd cnn 39 cm sin resina en la' prnximidad de la boca del barreno.

Las otras anclas quedaron totalmente cubiertas ‘de resina,

40

50

-
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EVALUACION MEDIANTE JHSTRUMENTACION DE LODE
FACIZIOS kROCOS0s, NESFUES DE LA

ENCAVACION

JAVIER E. BELL{ MALDDHADG, I.C. |*]
TRTRODUCCION :

Ler instrumentacionss plentesdss en las sacavaclones minecrmn-
que aqul ae menciopan, tienen come chblativos princjpales vari
ticar lon pardmetros que so utjlizaron an Jos cdlenlon o jou
and]isls de sstobilidad smpleadod en dichas escavaciones, pa-
rs determinar ki sl grads de pprosimacidng, entre los pardme--
traoc phtenidan de prusbas de labaratoeie vy Jo» extrafdos d; -
Proshas 4w Campo sn suficiente, O fnber COn ruc Tactly de so-—

guridad ¢ cusnta pars cads caga,

Todos low cawcs agui pressntados won S excavaClones Blowrss-

ya rwalizaden, ¥ & lam cusles ze plapteo modificar o cambiar-;

U exkbado actual,

|*] CEDSISTEMMS, 5.A,

3

v

Como en cani Lodos low Cheos aqui expuesice, se& manciona la -

ajetucidn

tos hidrlullcom plence; se dars una descripoifn de 1a ejwcu--

da prusbss o4 TAMga “in-siiv™ ¢ Inatalacidn de ge--

cifin de eatos trabajos.

A.= FRUEBAS AL PEIFUFAZD CORTANTE "IM-EITD",

A.l.-

Drscripeldn de_las prusbag de ewrte “in-sjtu®

Los enesyes g# efcctusn po probetas de 50 x 50 cen-
timetroe da bass ¥ 30 om G alturd aproximadamenla,
lahiredss dentro de la mhns rocosa wh sl altic wiegj
do, con el payer culdado posibla, para tratar de--
no afactsr la resistencia an Ja bage d¢ la Prninl'.l,
que ek preslipamonts la suparficiw 4f brupka & mgr—
fuerzo cortante sn la mass roccas, La flgura Na..l

Busstra spquemlticamants lam preparacionss Que sa =

. dlwvan & cabo para podar realizar los ensayes de -—

EAMPD

Cadas snsaye conaiste fundamentalmante en determinar
4l wefusrzo horironcsl qur sé requiers aplicsr on -
la bags de ls probets, sufsta & un ssfusrso normal-
conocids, para producic la falla sn €xte supwrFicie
la probata as pomete pl menos & trws ssfusczom nor-

malea Alferancws ¥y pars cads upo d¢ =llos sw deber-



Bins ol esiurcze horjzontal de corie que prodyce la
falla ¥y we miden lam deformaciconss cavmadaa por los
enfuerzos aplicedos; me obciene ani 1a lay de reain
tenclys al enfudrks cortante, en Luncifin d¢ 1ok gpe-
fuorzos normales ACtuantes €n la Mega roccEa y anl=
tapbibn, #1 crden Ae mangnitud d¢ lam d«formacionas

qux implican la falla wn lm mizma.

Fara parmitir ¢] labrado de la probats ¥ para peder
alajar los dispomitivos de apiicacién da cargss ho-
Tizontales y werticalas, ¥y lon 4« mediclon de defor
BACIORES, wE NECARAYIio raslizar yns excavEclin pre-
v}l de aproximadanents 2.5 u 1.6 retrom de frente y
1.E m de fondo. Eata excavacién ae sfectus Usando-
FREITOradoras neumbtices 3 pierns para bacer un eag
te pravic medlente hlr:t?nl sucenivog, los cusles -
a® parforan tazto «n al parimetra de 1s excavacifn-
coms alradedor del frente de 1s probata. Para Tetl
Tar loa blogques ds roca delimitadoy por =l ;rt—cnr-
‘ta, me Proceds a aféctuar pequefing tronadas mlterna
das con barrenationes, hasta dejar pricticamenty -
descublarcs la probets; ll.llhrldﬂ final s« rualiza

con herzramientas menualas,

Una vz labrads l# probets y habléndoms reglintrado=-

lag caracterintican fis|co=quoldgicas obarvables -

-

-—— e =

#n Cads unk A4 Sus carax, se procedy 4 colar la --
Froteccidn de concrato de 7.5 &M de SIpLSOT En lam
cardk latersles ¥ 4w 10 cm Or la parte supecior; la
parte inferjor de sste cubjarts oueds desligacds de-
ls mama rocoed para lmpadiy la genersciin dw une --
rapistencia sl corte Ajens & la alrecids por la ba-
s de Lh probwis. La proceccln de concreto tiens-
1a linalidad da wvitay qua la probets ax dinlogue=-
debides a av fisuramisnte duranie la wistucifn d= -
la pruaba v ani tambidin, permita distribuir unifor
wmiapnte jas [uerzas splicadss ofH ¢l wnseys; ul pro—-—
porcionamianto del concreto para la p:u?ncﬂiﬁn [
afmcttis para obtenear ls resistencia de 210 ag/cmi a
lo8 ) dia de sdad, a la que ae lnicis la prusba co-.
rraspondience & la probeta preparada,

L4 fuwrza vartical, normal & la scperfjcie do falla,
as aplica medlante un Gato Hidedulleco con capacidad
de 100 ton, wl cual ss apoys ssbre Uz juego dx pla- i
cas "denlizantsa™, colocadas sgbre la p:ubqﬁf, =111
peraleir sy libra desplézamisnto &in sodificar ls -
digweclin da la fuerzs vertlcal)l aplicada) la reac--
cifn de Eete Gato wa trensmite 81 tacho de s wxca-
?lchﬂ mediente plecaw y ¥iges de acerq, retacsdan-

con teblonas de madars.

La fuwres que produce sl esfuwisrd corlsnte wn la ba-
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=& de la prodets, me dplics medisnte dos Gatom pi--
dréuljcen ron capacidad de J00 ton. cada una, la ca
Trers de dus Rletones g5 de 14 cencimebros; para -=
aplicar la fuerza de corte en 8l centro geombtzico-
del Srna de prueba, &) si¢ 9 lox Catos e aitda —-
formands un gngulc de 10 5 15 con Eeppocto & la --
horizonial; la fuarza generada por apten Gatos pe -
tracgmite a 18 pared lateral da la wucavacidn y a -
la probets, por medio da placas de acaro ERFECIN] ==
mante disefadan, lae cusled &¢ apoyan sCHIY muretes
da concrato colados sn le pared de lg .x;av.ciun ¥—
7 la cublezbe de proesceifn €on la inclinacifin co-
Frespondiente 8 18 de aplicacifn de g fuerza. Caby
sefialar quw A4Dido & la tanguncial , an cada incre--
manto da daty fuarra aw presPnts un LRecEMERtS de =
la fumrza normal, de magmitud COrreapondiencty 4 la-

Proyecciin vartical de la fustts inclipada,

Fars 1o medicitn de deforaacicnes durante la prusba
av utilizan ccha micrimatrod con Aprodimecitin de --
0.0254 mm (D.001") ¥ carrera de 1.5 M) CuaALIo Am -
usan para medir desplazamignton hnri;nn:;lll y los-
GLICE Custio hﬂrl_-edlr deicTesCloney yvarticales. -
Estoa wicrfmetrom ae apoyan en una sstructurs rigi-
da, formada con Lngulos met$licos de 1 1747, 1a -—

cusl aw mmpotra an ls parsd postaricor de la wxcava-

clén, totalmentes indepandiwnte d¢ la prooets y de -

lae paradan da apoys dg los wistamas de calfga.

En cada probetd A8 programal bram prusbas, cads unps
bajo difarente #afusras normal splicado; 24 ants me
naTa & eviten las ponibles variacionas en los re--
aultados de las prusbaw, caussdas por 1z ketwroge--
neidad de la roca ¥ gue se Dreasntan al edssyvar &4-
farentus probetas pars cada *afuerzo normal; sdlo -
#n la gltima do law prucbas, pars wl mayor eefusc—
10 ROvmal splicado en cads probeta, s¢ induce la fa
Ila tetsl por corcante an is suparficie Of DIURDE .-
hasta saparay ls probets de 39 Dage; #n 15 prime——
Lk pruabas, pafs enfusrros normales del orden de -
un texcio y dom tercicos del miximo a aplicar, loe -
whfusrras fapganciales sa {oCzesentan heata lograr-
quw, mediante la grifice Enfuerao Cortante-Daforma-
cidh mlaborads para cada prutba, se pysde anticlpar
#in lugar & dudas, =] valor del safuprps COTbahtae -
qus indoclzrd 1a fella bajo =1 ssfoerzo nortmal spli-
cadc. Kl spfuerzo tangencial 84 incremants gradua)
wanta &0 cada pruwba y despula de cada incremento -
ad Iegistran lés deformsciones causedas oh le probe
ta l_ﬂlﬂ1mlndrlu Satad ae sntabllizsn con al tismpo -
»* aPlica un nusvo Sncramants e esfusric tangen--—

cisl.

—— — ay



A.Z.= Rezultados cbienidoa,

B.- MEDICION DE LA PRESICN ACTUANTE EH LA MASA ROCOSA DSANDD

GATOS FLANDE,
LA figura Ho. 2 musstis lad deformaeciones pravocs-

dak =n una probeta al aplicarae gradualmante la ==
B.l.- Descripcidn del diapotitivo de medicidn ¥ $u ina--

fuerzs inclinads ous proveca =] wefusrip tamjen-==
cialy ap la zmlame figurs puedo notaree que ma da--

tarmine con muficients precleitn =] valor dal es--

fuerzo cortante que provoca la Falla en la Probeta.

la fiquzra Ho. 1 contiens la rapressntacifia en un =
Plans e Mohr |Esfusrxo Harmal-Fefusrzo Cortante),
de low valores del seluerzg cortante de falla co--
Frespondirntas o Shds valar del esfuarzc normal —-=
aplicado; con esta grifica ss puela obteney la Lay
de Reslatencis &l Esfuarzs Cortante, para =l rargo
dv e5fuBYiOos qQue Ee RICVocan on 1s probeta, la —--
cual sw mumstrs &n la figurs Ko, 3 come une 1 Ines=
racte) an ln mieme Eiqurl (13 ;;ﬁaln al valoy que -
pusde d-du-:.lrn PATR 18 Iewistencia » comprasifin -
aimpley d¢ la masa TOCONE. COn hasw &0 lon rasulta

doa del snmays al esfuerzo cortante "in-eitu®.

talpcidn.”

Faza realizar lan medicionas da presitn raqueridas
ix uas ung de loa dispositivos de use comdn paATA -
ante propdelto ¥ gque tisne un p:lncipia d+ funcap=-
Arasidhts hldromecinleo muy swncille; el "Cato His-
drduiicn Flano® Edte dimponitivo ents conmtitul-
do por une celds metdlics husca ¥y A% forma plane,-
O a8 , CORn unkd de suz diseneiongs conalderablumen
te menor a las oeras dos ¥ muy Flaxible en wl wen-
tido ds su sanor 2imentifsing #ita calde s llens --
con AcEite & través dm un conducko hermdtico 4l =-
que 24 mdapts ura vilvals de alta prasiss ¥ por =
al cual, por medio di-unl bemta hidrfulica, es po-
-ihh inyeqtar o extraer sesite p.u AURADLAT O ==
dim:l.nu!.r ls presidn inttrm, -ilnl gue tranamites
4 traviis da sus Zos superficies de carga & los ---
CuRrpaE #n LOALActo, sismpre ¥ cusndo ofrezcan un
apoyo wisckive) en otro cenducto se lm:;;rl- on mang

Mitra para madic la presifin axistunts &n a] Gato,

En términos genaralas, 1a medicitn de la prasifin -

- —

o m———




ACLuAntE 40 la MAEA rocoss por medic de Gatos Pla-
nos, as aleccda obligando & Gue laF daforascionss-
provocadas &n 1& roce sl sfectyar una ranury de di
manuionss suficlantes para instalar &1 Cato, #ean-
recuperadan al aplicar prasidn al Gato despufn de-
que Eate me ha folocada ¥ copacado con un pwellanc-

dn Alts rasigtencla en la ranuls wxcaveda.

Los gatoa planos tlenen un Srean ds cargs dg 40 x -
A0 &m ¥ BU EEpeROT wE Aw dproximadsments 1 cmy ---
oportunassnte Bon Calibrados en &1 laboratroric has
ta uns prasidn de 200 kg/om?, para garantizal Au=--
correctn funcjionamiento an el rango de prasionss——

mils ez pl.'l;‘.i.'l:ll N las EXCAVACiOnER,

Froviamante s la ajscucitn de la ranyzs mancicnsds,
e fljan wn'la rock puntos de rafarencis s coda la
da gal ‘lrn FOT rafnuzar, piva pods” medir los mowi
mluntos que se Criginan tARto por la libgracidn d.a-
wafudTION, como wn las gUbsecusnced mtapan d= la -
prusba. Se lpstalan tres puntos de refersncis o -
cads lade da 188 ranuras, Somc Se EMexztrs en la fi
qUrs Hn.'h en la gue también ga indican lam 18-—-
haay g2 lap cuzlas ge 2leva un ragletro de movi---

miantlos durants la prysba.

_ Low mavimjentoa en cada etapa sx cbtienen por mes-

1g
dio de la difsrenciy de lecturss de discan=ié an—-

tre puntos O referencis, &n los lappan requar jdos;
law discanciss s midgh con up eXtensdmetro recini
co de precividn, cop sproximacian de 0. 00254 mm —-

Iﬂ.ﬂﬂ'ﬂl_"} Y Chirera Aa 5,05 mm [1/47),

Ura vox inatalados ¥y fijow lap puntos de refsren--

cla ¥ tomadas las lecturas Iinlcisles, aw proceds-—

‘& la eacavncifn dw la ranura ds 45 on de longitud,

madiante una 1{nes dy berrencs de 45 cm de profun-
d1d4d, urilizando brocs de 5T B (2 174%) . tram-=

lapardo lan parforacicnan para lograr la adecusda—

" formacidn de la Tafura Fequerlds. Al terminar Ja-

rarura, e ?id-n law distenciay anire puntos-da re
farancia, las cuales, rodtadaz dv lag iniciolem, -
proporclionan las deformacioney *inmedistaa™ dabi--
dat al ranurads para can;:lclr lax deformaciones di-
teridas {viscoplfiaticaw] y poder tomar wn cusnba- -
wste wfsctc en la int,.rpuuu.i:ﬁri du ta prutha por-
un lmpeo Ja 2 8 ) d!n o8 tuman lecturam poste----
rioThants, El Gato F1ARo ar instals dsntro de la-
tahury, rellenando sl aspacic librx entrm Lnl Cato-
¥ 1& Tota con un -m-uf:n supanyive, que al fraguar
proporcions un Spoyo adecusde para la tranamisida-
da presicnes ¥ que & los 2 diaxs a¢ colado, sdguie-

I# Uha rasplatencies duwl orden de 210 ka'cml, 'rn'n.-
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currids wnte prriodo dr fraguado, me pusde injciag

1a prusba, aplicapdc incremantos de pf;liﬁn *n ol-

Gato Pland ¥ registrands las deformaciones pioveca

daz entre los puntos de ceforencia.

Eijscugidn de )& prusba de Geto Plang.

4 primera wtapa de la prucka conaiste d¢ wn cicle

de carga y descarga, incresantandg paolatinanence-

ia presitn dagde O hapta ol valor de “cancelacidn®,

o Eea, 12 presisSn que produce deformaciones que ==
ConEralroNtan lay daformaciconcs 1nl;ﬂiltll Fcurri—
das 2l hacer la ranurs; cada Spcramenco de Prealén
o de 10 & 10 kg/omd, A& tal forma qué B8 cuenke-
con datos lufl:lgnt.; Poara definir la curva pre---
aion-gelormscidn, deapuks de cads incremento sx -
mantien® la praslsn dursnts uh lappo da 3 » 10 mi=-
mutos al llwgar & la presidn de cancalaclin za ---
dascarga, tambidén en stapas, hasts 0, mididndowe =
laz gefermscicnes producidss wn cada decremanto, =
tambidn wh un lapao da 5 % 1§ minutgs, Jnurdilt---

mante despuds 48 tarminsr la duancarqa hapts 0, aw-

- CACga puesvaments DOr atapin, hasts alegnzar la Fr#

altn pdXima de 1a staps ADEATIOT; eata Dreazifin pe-
mantiend fonatante durante un lapeo ds timmpn ——=-
dgqual & 14 mitad Ae] tiempd qua toms hater 18 rg--

L - e T amo. .. - 1

11

Hurd Pars 10 Cusl 8 NECENRFIO bOmbwd: aceite cada
vexr gqua baja ls preasidn debido = lanm deformacionas
difuridas ocurrides an la rocs; transcurrido gata-
lapsa, sa depconects la bomba guedands =l Gato con
1s mizma presidn slcanzada, }levindose ahora un =-
control canto wn lab d-fﬁrm.uionqs diferidar como-
dal dapieneo :ernicu-nte on la prazion del acelive-
{ya que &l volumen interno an el Cato auments al==
Frogrensr las deformacionas reduciends ls pPrenidn-
#n ~l Aceite gua cablarva Su volumah); asbs ohadcs=
vaLidn s prolonga POr un lspes de Llempo igual al
traracurcide Assde al inlcio de 14 ranura hpgta=-—-
que *mplaza la praeba, [(del orden de 3 & 4 diaa] -
con al fin F. gue lak deaformacionan difﬂ;iﬂl. -n -
la recupsracifin pe PISSERTWN an unp lapao iqu{l a -
aguel  &h gue Ew Lresentan defgrmaciones Alfecidas
despulls de¢ hacar la renura. Con toadd SRS intorma
clan recabads, se reslics un primer cSleulo ds Ia-
Prevlon actuants ap &)1 sitio d¢ la jeRstslacisn. En
1s Tigura Ho. 5 me Muwhtrs seQuemiticAmants una =«
curva PtiliPn-dlfn:-‘ﬂiﬁn idwalizads de 13 FeCuan-
cla ds medicicras, an l& que al puntc "A" LSpT RN
te La ;rlliﬁn-d.!nr—.clﬁn alcancads #n la prueba,-

asgtin sa ha dewcrito hasta shora,

Foasterlormante, seefectoa un raciclale pure veri-
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ficar In pras.in actuante, =l cuval comstituye-
une segunda prveba ¥ cansts de las siguiantes--
etapanc Lina vexr conectads nuevisents la bomba-
dr mraice me dsscarga por wtapas hasta O, lle--
qindcee al punto “B*., A continoacifn s incre-
N;;tl 1a preslfin, tambiéfn por ctaphe ¥ con la—-
misms secusnclsa antas descrita, hasta legrar -—
gue las delormacionss r:giltflﬂll h partir dal-
punts BT, CLeNGAn un walor f} iqu11'11 indica

do en la f0rmula ajgulents, an ls cual Ios dis-

"tintos términos involucrados cocrsponden a l1o4

datos irdicedos en ls Flgurs Wo. &,
a=§i-8 (6 F)

Con }a informacitn obtanids #n ¢1 reciclaje, e

hace un sagundo c!lculu ds Is presidn actushte,

al cual s compars con el primer valgr calculs-

do y sa detarmina finslments 1i presidn actunn-

te un 8l sitio da secudic, BBl comg una valum--

cifn da la precisidn lograda.

—— e

CASO I.- MINA PLOMOSAS.

l& Unidad Flowosss sstd ublicada en ¢! Estsdo de Chihushua, ¥
eptd miwnde sxplotads por Industrisl Miners Wéxico, 5. A., -
IIMM,5.A-}. =an loa cusrpos "CAROLA® y *FL 13" s¢ sftabs utl-
lizende wl método de "Salonas ¥ Pllaysa™, los arndlisis afec-
tuadon tuvii.rnn - bep_ﬁlilh determlnar la recupsracidn =--

mixima 2ol minaral gua formaban 1ok fdlaresy, figura Ko, k.

Le Jlop anklipls efectusdon aw dut-rnin§ cuslen pllarez np ==
SIAL NACELATIOS ¥ Wk Dodlan rwtirsr ein ningdn problema, y—-
quw pilapes &1 sran necesarioa y dabfan manienerss © suhati-

tulras por otros slementos qua trabajaran on 1 misms forme-

. los pilazes sxistentea, flgura Ma. 7.

IHSTRUKENTACTON . ' -

Fara cartificar la sxactitod de los resulcsdos del andlimia-
dt_-itlhllldld. &h lo qus toCh a law presionss calculsdas so
bra lom pllaram exigcaptes 40 laa |:¢l;lcinﬁ-l, [T T L
madir Ia PriliPﬂ Actuanits «n allow, 1o gue cwrtiflearis la -
validaz del lnflill; ¥ las conclosionas apoyadan an d1. fa-
planted prilipar Gftﬂl Hidr;ullcn: Flaoos, iretalados wn loa

ﬁillrti qua Bu ahcusntran =nlas posiciones sefaladsse wn la-

flguca Mo, &, ©on objeto ds raalizar dichss sedicicohes.

Tambidn se planteasf colocer dispositivos para medir las dedop

-—a - . .

- ey ———
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macione s de Jon fechos de lazs pacevacionam, gue so Provoce--—
rian a)] retirar los pillares exisntentes, la Figurs Wo. & muag
tra 14 ublcacitn de cates dispositivas, lom cuslas consistia
Fun gn LUBGE telescopiadon con graduaciones mn milfimetrom, a
log que aw 1es #daptf un sistema 44 alarma que sonaTia al --
Producirar povimiantss bruscos & €00 velooidad de deforpa=-—-—
€16n constente pOr un parfoda de tisape, lo cual seria indl-
nltivntdc ipeatabllidad ¥ permitirfe tomar laz medldss de -

reforzamiento Rocasarian,

EASO 2 b= HINA SAN HARTIN,

L& Unidad San Hartin, explotads por lndustrial Miperd Méxice
S5.h., (IMM,5.A8.], l;-ubic. an la poblacifin de S;Qh:lrltl an .
&l crtada de Ilacatecas, ancre loe ui;EJ.‘ "y & an wEpled-—v
»l Aiptmma de Explaticiﬁn de "CAmaras y Pllares* con corte y

rxllenn, figura Wo. .

Lod eytudlon @8 Wecdnice de Rocad tuvleron como abyetive de-
Iiniy wl grade de estabilidad Ja lam sacavaclonas & realizar,
lan zeparacionhes Sptimas de lom Pllarss y sus dimenslones ne
cemsyian, anl coma tambidn dq;inir lanm liximes abarturhg q;u
saria poajbie sacavar, sprovechando las caracterisciCas gep-
légicas y de Tedlatencla da le mass rocoes, pars logfer asca
weCiones que N0 requitcen rafverio slguno y lograr asf una--

wliciencis OSptima wn la explotacidn del cowrpo minerslirado.

- s mor . L
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INSTRUMENTACION .

La ipstryusgntacifin QUe B& planted, tuvo Comk objetivos prio—
cipalen, cercificar wl }qupnrtluientn aaperado de low pila—
ren d Apoye, €0 lo qui reapacta 4 wsfuarzox y deforsacionen
inducidas por lap carges gue genecarfan oo lanm axcavacionew—
4 raslizargs alrededor da mllon, y sdwmds,. pars poder preci-
sar los wefusrzom aCtuantes wh losa pilalFes ¥y compararloms con
il.rllistuncll cbrenida para la mama rocosa 0 la prusbas -
de Campt, y ¢on allo poder fuhdamentar la posibilidad dw re-
duair «! Irwa d¢ low pllerss, © en =y Cém0, proporclonar lok:
refusrzon gus me requieran en las zonas sds esforradap o paz

tep mis d6biles. )

a] .= JHESTALACTON q;_c.lm RIDRAULICOS PLAKDS PARA MIDIR LA —

- FRESION MCTUANTE ENM LOS PILARES bhr EOSTENIMIEHTO.

&a plantsd ioetélar un Cato =n cads une Ae dos pllarss.
& la alavacidn 9al Kival an que es inicia al pilar, con
vl obieto SJa conocer la presidn ilmpussta on la Gaer del
pilar y su varisci®n conforme svantaria la sxplotaciéin.
En lon -1"9' pllacws, cuanda sleancean una sliurs d4s -~
17.5 ¥ 15.5 m oo inevalarfan otron Gatos Plencs, para--
y certificar 1a wagnitud y Alstyibuclin da lan presjonas=-
actuantas y cid llti'infurn;ciﬁn ad fundamentacia la po

#lbilidad da raducir xu Sres an la SXPlOTAO0LES zybse———
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cuente, figura Mo. 10,

En los Gatos gque B instalayfan &l inicisr ls explote--
cifdn , los Alspositivos de lecturs se ybicarlah #n jos-
phneles del Hivel 9, con dbjeto de podsr sfeciuar legtry
};l ponteriores al rellenc del sitio an que &4 inmtala-
cian, figura Mo. 11. ¥ en 2] cazo de loe GAROS qus aa-
instalarfan & 17.5% y 35.% m sobre  #) MNivel B, lom dis-

positivos de lectura s ubicarfan &n el airio con acce-

30 PurBanents mis proximn a ias pilarss, tigurs Na. 12.

INTALACION DE INCLINOMETROS FARA MEDIN DETORMACIONES -

HORIZONTALES .

Pard conocer wl comportomiente da los pllarss sn cuantio
e deformaciones ¥ @xtwctar indicios de falla. o bidn, =
satablacer con certidumbre que nb axiste, ss medirfan--
1ab deformacioned longitudineles ¥ low desplezeamlentos-
horizontalas qus sufrirfan los doa pili}ul instrumants -
dow con Gabkops Flanos,con obiato de podsr corralacionss-
eqfuerzoy y defermscionws en ellon, figurs ¥o. 13.

Con £l propdsitc 9s madir los corsimiantos harizonte==
lem irducidoa an &l piler se instalerlian inclindmotyoe
capacea de medir deaplazamisntos en dom diracclonss &F

togonales, para le cual, sn los pllares instrementados

is

e figarfa la tuberis de deslizamisonto del jpelinScetra,
#n tramos dx longitud jgual ul wepesor del relleng de -
Jelus & irmedlatamanta antss de Qque se iniciara la cola
El:i?n de dntor en cads avanee de Ja sxplotacifn., S5e =
tomaris  urk serim de tres lecturss inmediztamente An——
tey y daspyfs de reanlizar las wxplotaciones en ¢l techo,
¥ tambidn, inaedistamgnte antes y despofs de preceder -
4 la colocsclSn de fos rellenos de jalen, con objete —-

fde cbaervatr los sefectos 49 &stas operacicnes, y sdemis-

onocer al comportamianto A lom pllareas con £@ tiempo.

THETMACION DF EXTEMSOMETROS LE POSICTON MULTIFLE PARA-
HEDIE DEFORMACICMES VERTICALES.

e plantifﬁ instalar axtansdmetros wecdnicos de pogicidn
IFItipl.: eon & puntos ge raferencia cads uno, iguaimaen
té sxpacisdos an la slturd total del pllar, parsa medir-
lan deformacionss sxiales rverticalus., Eatos axtenzlos—
trod am lnltlli:r_lln 4R barrance con AlEmetro compyendi-
4 entra I.5% y 31.15%* parforados wn a] e dal pllar, -
deada un tdnel A& pocamo #xcavado s partir de uno de --
los tdhwlan de cperacidn,. mie priximos & li ubicacifin-—-
dal pllar corcwspondisanted, vl axtenucesiTc ¥ sus moce——
morlos deberisn sar Ingtsladon desde wl momento en que— -
sa ampuzaran & Formar Jod pilerss o Ip alturs del nNivel

I, un punto da refsrsncis se ublcaris precisamente & ==

anty OIIVIEI-I-&;.;.‘.'.HHII Ho. §d ‘.-' 1

.
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Todas las lectures registradas €0 1os Lhacrusentos dsberisn-
reportarne #n forms grétick, moscranda la variacidn del sieg

e ﬂﬂlﬂ_b cantra vl ti!‘lpﬂ.

CASO 2 R~ HINA SANW MARTIN.- REBAIE 4-350.

Coms parte de loa eztudion plantesdos pars &1 yobais sancre--
los Hivalas B y £ Ae 1a Mins Lan H.rt;n, rw propuss la dater

minacifin d= los eafusrios a gue sitaban somatidos lom plla--

ref del Rebaje 4-950, ya formado en la Mina.

IMGTHUMENTAC TGN .
.

La inmtrumentacign consietit en la colocacifin da un Gate ===
Plang Hidr}ulicu an cada uno de loe pilares gue sa dejaron--
en este rabaje, figura Ho. 15, can obliato d# conocer law pre
siones actuantss en los pllarves ¥ do wota manara detearminar-
las fusrzas resultantes pbre cada pilar | EDmplIlﬂdD-lﬂi pa-
rinetros medides &n 1os Catos Flancs, con loa calodlados & wl

andlisie’ del MEtodo dal "Arco de Trabajo Winimo-.
RESULTALOS.

l.=- D¢ la interpretacifn de las medicionas Elllillhll CoOn «=
loa Gatox Flapos, v pudo concluirsgque #n wl pllar sur--
Actualbas yna presidn de 7% xqfcml, figurs No, 1é, y en =l

pilar norie e tenfa uny pxe.iﬁn'd.'1|1‘k§;c-:'[1'ur. m—a

0

Mo, 17) wetes presionas conaideradss wvniformes en las --
drzan respeccivan de 1o pilares que fueron medidas di--
ractamants en la Mirs & la wlevacifh &6 que e coledaron

los Catos Planos, figuraz Ko, 108 y 19, arypiaron Iveztss

rasultantes d 19,400 ton. para el pilar sur y 50,600 ton,

para wl pilar norte, figurs Ko. 100

Cal anilimia de wstabilidad penlizadn medinanee £1 mitods
4wl “Arco des Carga de Trzbajo Hinimo®, taniendo T -
ta la variacifn de lam caracteristicas goonftricas da --

lus arccn an funcidn de la awplitud de la saberturs, Fe--

watablecid que de acuerdo con la ublcacién de los pila--

ran, ®l peso dal material bajm lom Arcos o Carge qQue ==
gravita mobre los pllares, era de 1,500 ton. pars =l Bl
lar sur ¥ de 55,930 ton. para el pi{ar norke, Comparan-
4o las fusrras caleuladas schre los pilares mediants al-
método de andlisis citado, con lag fuerranm madidas ma--
disnts loz Gatoa Plancs inatalsdon, sx pudd astablacar—-
qua la diferepcia entre axhoa valoras ara de sdle 4% an-
ml pilar suz ¥ de 10% en el pllar norte); esta aproxiss--
cidn de 1.; fusrzas calculades ¢on redpests & laa madi--
den, vk totaloents Iltilflctﬂr?l para todos los [inas ==
pr!cticﬁl shcaminedos & In evaluarifn de la wetebilidadt

de la sxcevacidn ¥ al disefio de lon pilares gue formaban

) parts del poporte da lom techos, figura MNa. 20,

——— s -

LT
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3.- De acuerdo a los dom puntss Anteriores, ss pudo concluir- . CASC 3.~ #1WN Lk ENCANTADA,

Ein lugar & dude gue achbre 1os pilares de une excavacién-

-ju.ht.rr._In-l a base de salones ¥ pilares, po accus al to—- . IJ: BHCM!TADA. 5. Ao B¢ JOCHlica wn &) mstads de Coahulls, -
tul dr 1a pre-i._ﬁn Inducida por el pesoc dal matsrial que - dantro da 1a Unjdad ContTarss, sn Ocampt)l an anta Mina s (1)
IE encusantra por arriba de la sacavaclén, sino que £3CE - ’ taba axplotssdo por Exrvicies Iﬂdultrilh" Peboles, 5.C., ==
e distribuida n loa lades de 1a aberturs mediants low — una calics minerslizeds denoAlnsds “Cusrpo de Frista®. qua -
Arcos de Carga, ¥y los pllares, néls debhen soportar sl pe- Comprand{s )y watyacclin A la roca qua e gncontfaba ENLTe

30 del material que E& encuentra por Arpibw de slloa y - loa Hiveles de trsbajo 795 & B6D.  El Cusrpo minacslizedo as

bajc wl Arco de Carga, figuras Mo. 21 y 23. sncontraba [uartemants altaradao cbservindons dslaznable an -

. . . ’ . slgunce aition) :ud;ubn al I'.'Mlpﬁ-linlrlllllﬂn&un "Halo Fe--

4.~ Coma resultadn colateral del ohistive fundamgntal dal ss- Eroac Xamativica®, gue wn parten, tambidn prasenteba slteras
tudic, s¢ srtablacid que 1s Fresidn actusnte en =1 pllar- E1dn y ark dulezpeble; la mayor parits de spta "Nalo” s ob--
sur contats con un factor de ssgurldsd amplio del ordes - ssrvaha can conpistencin dx suxlo FiQidn jncemperlzado, en - -

ge 1.3., suponiends g le resintencls de )& sass TOCORR-

apta Cyserpa o4 hebisn formado l.ﬂnnlil POT Aonde e u-li‘ub‘i
en eate rebaje fuese igual al velor determinado de lss — ia extzaccion del mineral; an noviemnre de 1975 se encontre-
pruebas “1n-situ” rwalizadas en el Nivel N. Losm acsayss— ba frsgmentedo el mineral arrlba dul Wivel 493 y 1o watfac--
de Jaboratoric sfscruadcs PArs ashag ublcacionas parscan- Cidn ex reslicsba por el 690 pripcipslmencs, y por los Mive-
indicar que tal scpoaicidn we sceprable. En e} pllar nor lew “I“' ¥ €85, Com resultsdo da Jus watraccionss ¢ nable
ter la presidn actusnts tenls un Facror de geguridad jgual Yormado uns boveds sobre sl Cusrpo la cus) tenis 30 m de lax

a 1.1, que ea aproximadaments lgusl sl mialms recomsndas-- 9¢, 40 m du snchd y uns altura aprosimeds dwl pieo de la re-

ble phts exchvbciones subtarriness no persanantes, por le- Tsge ml techi do 1o bBOvads de B0 m; #] espesor del techs an

e — - — - w m b mir

tanto, sv racosendd que al pllar ports conssrvara sl drea al caniro ere de 56 B, an al sut7eao Ceste de 33 m I, y o0 -
con que contaba el plleg, pers mantensr el grado da ssta- 41 gntremd asta da 03 m 2, Con el 'prnpdu:o de delialr e« .

T pilldad que ae prasentd; por 1o gus respecta al pilss sur, ’ Srado da lltlh.‘nlld;d da ssts bdvada, lé Carencia dw la Mina
si la eacavacifn en la parts soparicr no se viara afacta- La Encantads, £, k., -f-mundl_ﬂ- llwvat & Cabo un andlisin da

. v

da, =l drea da wate pilar, podris reducirss & una saccidn MWecinlca de koces, tendlante a deflair =1 factor de ewguri--

[PPI—— R - s - -+

- - _— - -

de 16 m) comn minimo_

T e mime— e L s, g e



1
1

il

dad de la poOvedsa, 48l come In daterminacidn da las daforma-—-
ciones gue fursen indicativas de inestabllidades, pars compa
Tarlam con las que sarian ragistradar poY loz extensSmetrod

colocados desda 1b puparficis an el techo da la boveda.
-

IMETRUMFHTACICH.

& instprumentacidn tﬂnllnti_ﬁ an colocar dag eitensfantios da
Peicitn h‘?ltlpll‘ de Contrapwacn dewsda lw superficiae, wbloa-
dos wn 1a posicivlﬁn Qque Mmusstra la figura H* 13, con ouatro =
Puntoe de medicidn Cade yna, coloccados a lax profundidsdss -
qué wefialan  las Piguras H®. 24 y 1%. Estos axLanafmatran
tuvjeron la particuleridsd de conter con un giptema A4 alar-
ma, polocado del uxtvnl_ﬂ:ntru, & 1o casets A= operacitn del

malpcate, 2l cual sonarfy al producirse Sciplazamiantos wh -
los puntos, de uns mabers bryaca o con velocidad de deforma-
cl_ﬁn scutanids por uwn p-r!.udn largo; #ata Ln:trmnr.-cl_ﬁn (1

coRplementt con nivelsCiones qua se rit;l.ttl.rnn sobre punLol

de rafwrencia fijos, locelizados suparficisiments «n al _Irrll
de 1n bveds , flgurs N+ 23}, con obleto de conocer lom anan-
tamlgntos 1up¢ff1cillll &n loa ixtlnl_ﬁ"trbll., !l‘.l.nhi_l:n -t ==
planted instalar Gatos Hldr!ulicu- Flanos pars madir los ws-
fukrzom mctuantes &h 14 pasa rocosm sdyscents & la chvidad)

¥ Extansimetzos da posicidn npltipl- da bocina pare medir --

los desplazamiantos de puntos d& referencia situadca a 1, 3,

%y 10, 15, 30 y 50 m desds la pared d4¢ la ExcavaciOn, low --

T - -

¢

cualen fusron instalsdos schryg gng de las paredes ds low tfi-
neles pafa svitar la slactucidn d& un barrens perigrado axpra
mamente Pars apte fin, 1o cual fulk ventajose tanto dasds ol

punto d& vista de oparacion dal inetrumento, COMo sn ] L8-=
pecte econfmico, At0d Eitanddmetrop permitirfan cbtaner los
desplazamientos horizominlas dp 1o Phoedes de 1o bbveda, £l

gures 26, 1T y I0.

Dwl #ndligis de sstabllidad s#fectoade sx concluyd gus sl los
delp{lzlﬂitntnl alcanzaban alredador da 25 e an total, & mu
velocidad Ae d-!nmcl_ﬁn tuparaba 1.0 mm por d;. wh un lapmo
rayer da 10 dias, astoa merfan indicios de inastabilidad po-
tencial; ¥ lag lecturas sn log .Ixt|nl_ﬂ':n¢trﬂ1-l, complamentedes
‘con las nivelacionss de low bapcos de nivel luptrtlni;ll!, -
permitirgnn conptificar sl volumen da roca con potancialidad
da rcolapso,

rllhifn [ [ :ccnntnd? wieCtunT prusbas de resistencis a) sn--
fuerzo cortants sh CASPD, COR uhietu de verificar low vale—-
ren dw lag resistenclea smpleadas an lop andlisis, los cun--
les entaban bawsdos &4 pPrusbag ds laboratorio, lo gus parmi-
tiria cervificar lon facteras da wegurided cbtanldos an loa

lnﬁlilil. los cuslew magtrabsn gua al gredo da ssgabilidad -~

de la bveds wia sablsfactorip,

RESULTADOD



LIEE T

las figuran Mo, 24 y 25 mutsirsn los desplaismimntos Progoe-
aivos con la profundided & Siferenies fachay, pars cads uno

da lo# puntos de referenclis de los aatensdmatros BO-1y BO-2,
Como sx pusds ver, loa dasplazamientos an el sxbanadestto ——
BO-1 aon dal orden da 1.0 W ¥ an 4l sxtansdnetro Bo-2 alcan
Fin hasts 3.5 ma; 1s airecclion del desplatamlanto scusaba un
SRCAnL0 wn lom puntos de pxfarencia, que por slacmadticoc an

todos wiles lpvalidaba 1i (Osibilidad da Gue sa debicra a oo
rrimiwnton del instrumentns las vapiscionas de tempersfura y
humdsd reagistredas tampoco modtraban rlllcildn. conelmtente =
COh lam varisciones medidad, ¥ por 11; ARt , Aw daduyin gue -
tal compartandento debld obsdecsr & apsfitamiantcs de 1w su--
parlicie dal suslc apbra 1k béveda, cavssdo por lm u:l:i_t‘ln re
tardada dul aflojamiwntoc gua e8 lnicisba ap lps limites de -
la covidad, y con al tiempo, progresaba hacis la superflcle,
¥ haturalments, tambifn haclis =1 inktericr de la masa TOCORA

Tuv rodesba s cavidad. las nivelscionss en lom puntas [1—
Jom gua sw propusc inetalat, hasta swa fachs Do as hablan to
madc y por lo tanto no permitisron confirmar qua asse compor-

tamients deducido hubless 83ido COTTECLO, pOr 1o Que sd Ieco-

mendd aimctuar 1as nivalaclonas sobrs lon cinoo bancos sefa-

1ndos para cada aXtenBimALTD, indicando gus daberiasn 26T ca=-

rrudan y ds presicidn.

Acaptando wl’ ssantamiente suparficie] 44 1.0 mm an al sxten-
sdatyo Bi=1 ¥y de 4.0 pm pn £l BO=2, los depplezamisntos PIO

- - - -s - —— + - = oam

| ommom e
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gtasives graticadons contra la profundidsd eh les flquras Mo.
Ity 1% revelaron wna total metabllizasion wh al B, ¥ un
sperent® aflojamiento an 1a fain A8 15 = da aypasdr adysgens
te a la cavidad an la wbicacitn dal extensbmeiro B2 ante
aflojumiente fud de 1.5 =m antie abelo :tl ¥ [ebraye 71 de «-

»

193§, ¥ »0 T4 indicstivo de potanclal colspeo,

. -

El 756 d» Agosto da 1%76 & lazx 3 A M., lnn;ﬂ 1a alarme del sx-
tenndnetro BO-I, colocado en ;1 irss satw da la bdveds figu-
a Mo, d%; anta slarma fud provocads por un desprandimlanto
de matarlel del tacho de la hdveds, Quis avcantrd = d&8 Dup--
_tos dy tefarencia de #ste extensimetic, los :nlncseu.- & k0 m
y 35 » medidos dende ol brocal ‘el barrana, puntpe Ma. 1y 2;
al moviniento detactadd sa tradujo despuds wa wl desprandl--
wianto I:M'I.‘Inua da fragmentos, que =] personsl da la Kina dw
dujc wrdf da tamafo I..il O mxncd Qrabde & juu.ql.f por loa gpal-
pus Jua B8 sscucharos 8l cear los dasprandimianton &5 le re-
l:g; ) !?rllbl &1 colchin,

Los caidas cOntinuaron durants tod0 dba dlh ¥ huaviamanbsa so-
nd la aleviea dal ixtinlpmt:n B)~7, & causa da la galda del
pantg Mo. 3, colocads a 47 @ da profundided desde el brocel,
gua tllhi_ln fuf srrsntrado por al desprandlmslento del mate--

‘rial, -

E#¢ Obaalvd on =l Mival 7%0, wna fracturs locallzeds mn in du



" mmm
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sembocadurs del tdnel de 4CCE#0 & la bSvads, con uns Abertu-
ra da 1 77 de separaciSn, noténdons en lan pareden ¥ en =l -
tacha dal tAnel un alio fracturamispio._ Tamhidn &1 27 de -~
.qu.ltn -.. rgncuﬂurgn desprendimisnton dal techo de 1s biveda
da manor tamaio gue loa del dis 36, saeqdn deduio el persenel
dw 1& Hina gua smcuchf 1os goloas an ambos dinsp el grance =
an al - dis 26 [uf mis & manck constants ¥ _lﬂln wn la noche hu
bo un lapso, :1--:1: 1aa g hr, hasta law &,00 A.M. Ol A%fa 27,

an gue no e eacuchsron desprendimisntos, la noche dal 23 al

- IZI Lampn-o A& eRcucharon cafdow; d¢ la chasrvacion de la —-

oqueded sv deduio que aprofimsdaments tehdcle 14 configura--
cifn que »w muestid e la flgura MO, 19; sadends av chaervo -
1a superflcie del tnrrnl;a l_ohr- la biveds y cercans n dlla,

¥ I wr localiaron gristas racleantes 0 indicies de inestabi

dad supscficlales. EL parsonal de la Mins n‘nurwlﬂ- por el Wi

wal 790 la occurrepcls de otros despendidars, ll_i oomo, el pra

ducto da fstow gua sx pudo daducly wean de paquafas dizaneio
nen ]r #9 habisn acumulado Zormando ufh talud desde ls oquedad

formads y Paste vl KHivel 720 sproximadiments,

Coma ar pusde var en las lactyras da los eatun sOmeTTON, lon

danprandimiantoy ocurridos en 14 parce noroaste de la hfh-m:..'

! afectaron de manars mis AMpOTCASLS &l ntami:—trn B2, don

dn por 1m calldsd de s Foes, & juzgar por av RQD, &a conmi-
' ﬁtrlhl-‘nnle meior qua sh 41 barrang BO-1, donde por la baja
calidad dg la rocs ara dew #3PACACEd Son mAyor probabilidad -

B ' a — gy

] |

la urrepcia de desprandinianten.

Lay nivelaciones que s& Musstran &n la Ligurs Wa, 10, ll.ﬁll‘l_
ban que como ra habTfas Anticipady A4 lss primarps lecturcas da
ics axtensfmstron, sparentemsnts 91 Aras sghrw la hd-ndn Eu-
Irid un dwacenso gque extaba comprandido antre 3y 17 wm l'lt'l
gln acumaran lu: Puntas de rafsreiicis Mo, 1, 7 ¥ BNE; afln ==
Suardo 1os rasultados Ae lam pivelaciopes BOMECRIOn fuar----
ten dasviaciones, fuf dafipitlvo Quw al PUNto sabrre ml matan
s0metio BO-1, bajl L oma y al cOTTERpOndlants 4l extenstma-
e K-2 bals alrzededor de B WA, ¥l s toman los promedicgs

*
da lam enwolventes probables de 188 hivealaciones,

Law madiciasnes rarllzadas sn lop extenidetios, graficadag--

centrd 1s profundidad, haste a) 7% de Agoate da 1976, flgu--

rma He, :u y %, J.ndln:.urnn gua wobrs Wl barrepc BO-1, 81 moe

\rili-nr.n auperficial vy il de lap puntos dw relfwrancla dal ax

:tnlﬂl-t_rn mhhn 2ida impercagtibles, “m -4, fusron del -

| ordsn #u frascionss ds milimatro; en cAabla, stbra 41 axten-

vinatro M-7 gw confirms Que In phrts suparficlal wufrif gn-

descanyd d¢1 orden da 7 R, mighiras Qua Inl Punton man . cqr-

canos x ln béweds la ruvi-rnn mr-ndldn antre Jo4T y 1,7

Deanpulis a» rubcr.ucu;ridn sty chldos an la BOveds a4 race-
mandd tomar madidas dw prevancifin las Cunlas connlstiagon wn
‘ralnutalar puntos de refecencia s @l sxtnnednatiro 30-2, 4 -

-



discancine de 2, 5%, ¥, 15y 1% m, medidos desde #] brocal st
bre la pAveda actusl, 1o gua taabidn parmitleis determiner =

cor cartidusbhra =1 limits gue alcanzston los dewsprendidos da

Aqouts 16 a septienbre 2.

Tambifh pe cwcOmendS continuar con lss nivelsciones sobp= ==
1o puntos de referancia superfleisles Que e habfan esiado
nivealand0 hests se® BOWenRto, pero adoads lu-_l indiepenaable =
titusy otroe puntocs de nivcluirlu-n an ionas dafinltivaments =
fuara del dcwa wi Gus BE DroyecLaban SxCAvaclOopes Eubterrh--
neas, con obisto A% ANEQUEAT Que wetos puntos no tenfan mavl
minnto ¥ 1qu-- Jan nivelacisnas achre alles mcuseben eata cGR=
dicifin, para poday aaf carvificar que la aproximacicn de 185
nivelacionas sobre loa puntos gue =i tanfan posibillidad de -
movimiants fuase l.ﬂ--i.‘..l.lbﬂl,

sa conaldard alramsnce Tecomandable parfocar un barrene de -
::pil.nr.c.‘.ld-n en la ubicacién aa que hlhrlll'l tarminsds los Adsa=
prandidom pccurridon, con objeatc de moalizar loa matarialas -
pusstiendon wh waté Darrens ¥y ds4termipay 4w sata mansras sl ¢
sulntin O no la falla g-u]._ﬁgii:- qua los Mechos plr-c}u avi-
denciar, sdwads, 1a instalacidn d4 un Huavo sxtansdmatrc =R
¢-:n bArrend, parmliiris deCectar &l progresc de movimiantos
gulla continuaclin de low E--pr:ndidn; ¥ p-ruiti:;u ancloi=—

par le poaibllidad da ctroe desprendidos an =l futuro.

Comd resultada da 1ss Prusbas da -;fu-r:n certants resliza--
dag #n la Hira, pe sstablecid gua la cemistencis & COmpra---
slén simple da la magt IOCOER da la bAveds, fluctud anptre 31
¥ B0 k3/fcm2, con un prodedioc de 63,5 hgiond, gqur 44 acuardo

con las chesrvacionss PaTa Claajficacidn da ln roca prassnta

en 1a hiveds pudc aar splicads sn Jenaral pars 1s wisa roco-

44 A# la bSveda. N

e COBpALATOA law presicnes sedidas en las Gatos Plencs, con
lop esfusrzon calculsdos por medls da la g-n}rlctdn de lag -
Arcog ds Carqe, detwiminando Ix flachs, longliud ¥ sspeser -
del Areo .d' Trabajo MInimo ¥ calculendo loa ssfuerpcs & gua

titabs somatdo e) Arco, & la alturs correspondisnts donde ~
e Installl, comparandc &l csfusrat mmdida sn wl Cato Flape -
baciends intarvenls =1 dagula das in:ll.n;ﬂ.‘ﬂn CON QuUE BBLTE =

al Arco de Carga an &1 #itis an donds ee co0locd sl Gatg,

Loa rasultados obtanidos da la cn.plnﬂl.:ﬁﬂ teslizads da low
weluarcon mad)dos en 12 mass ToooRs, ¢on los calculades, con
sidarande 1s g-n-r-dii_ﬂul': del Arco de Carga ss musstran sn la
Figura Wa, 31, Como =a cheerva sn ls tigqura, lus difsrap---
cian cbtenldan de asts comparacion fusron de 2,80 ¥ 2.4% an -~
los Gatcs eolacsdos wn 108 Hiveles 730 y NEB, Por 10 que e
pudo conclulr quae on w1l Nivel T30 sw tenla uns presidn de —
I8, 3 vg/om? ¥ en al Wivel 300 sctunbs uns premidn e 9,3 —=
kg/ocml, i
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TEASO ) W.-  CUERPD 65,

Sarvicios ;ndu-:rilﬂu FPafcles, B.C.., tamblén plentod eaplo-
tar en la “Mins isx Encanteds”, al Cuerpd del mineral denoni-
pado "Cusrpo B&0", aplicanda el n!tmldn "rorte ¥y Rallena®,
par 1o qus ShComendt 1levar & Eabo los trabijos y estudipg -
dr rechnica A8 Roces necesarios, PACe ansiizar 1a embah]]j--
dad ganaral de las sxcavacionss Que se realizarian, pars de
ARta BATGFe, fundasentar aobre mejores h-nu lag Aecermjpg-=-
cicnas de las amplitudes de las wxcavacionen, da los #apor-~
It.ll. 3,' Teluaizion nacesnrice, y da lem arcuenciss de explota--
"©16n, pars 1lograr una total nr.upcrl::mn'd-l cusrpd minarali
tado, realizando los proceson de sxtraccifn en eacavaecipnss
segures ¥ de cOFto no mayor al Que feaultara de ApIOVECHRr =
al mislmd powible las ::ract-r_:hti:n de resjetencia de la -

Mk [OEONN.
IHSTRIMERTACICH,

A fin de econtcar con certidumbrs scsptabla la resistancla de

les formacioneas rocomam, se Planed sisgutar tras Prodbsy de

ssluvarza cortanta *inp situ", dimtribuidas; 4cs wn el Cusrpo -

v

minarelltade ¥ uns eo la caliza estdril, Gue aon las forma--
Clofwe O0nde se genazarian los Arcos ds Carge, qua cOnRAtitu-
yan al sacanimmn de autoscpoTie Os laa excavacionss mubtyrrd

nass, Lam ublcacionsas d& los mitios da pruoshas meleccliopa--

dus mw ihdican an ls figqurs Ko, 32, estos sicion fuertn ceg--
pregentacivon da lag cendiclonss mediss y mis denfnvorables
spreciables mn la kocna de interds sn 1o qQue as refiafe & Tes

simtencia de la mang rocosa,

Pars ohaervar #3cala natural los ofectoy qus producicisn -
amplltudes del ardez da magnicud, de lee anticipsise comc na
CAFATLIER an law sicavacicoss pars saplotacidn an Ia roce mi-
nerallinda del CuaTpo §60, se decldid llavar & cabo le excs-

vacion de rebalen plloto con aberture dw §, ¥ y 18 m dantro

d¢ I formacifn de intards. Ee wACAVALON sOlaments dos raba

Jjas pllecay sl prinrd an sl Nival &35 da & 8 13 m Ay hasw -
por 3 = de alta ¥ ol segundo an wl Hivel &40 da B9 x 13,7 m

de bass ¥ 1 = de altn aproxisadsmentsa, figurss 33 y 33, °

EZn #f zebsle du § 2 13 m, Caicamenca s Ghesfvd wh desprendl
do ds conajdersciln, de sproximsdasants 1,5 2 1.3 = da basa
¥ 9.4 = d& asj480r) an cambio an al rebaje da 0.0 3 11,7 m -
"-I FraBSRCACCR YACLioe depprendimlanton del techo, desds al -
romanic miamc de terminarse la sxcavacion y adn dsupuda da -
anacizar, los cudles desputs tendfan s enbovedarss con sl —

Eranscurso del Liempo,

Ex plenced madir las deaformaciooss inducldas por la ancava—
clédr sn lcs rabajss piloto, con obisto d8 COMOCAr EU Progra—

2 con al tiampa ¥ B corcalacidn con lan ponibles I.Mluhl-



n

1idedes cbaarvadas en loa Tebdles, o Dida, sstiablecar la g
nitud de las deformaciones entra tachos y Fiser que implica-
risn la complets sstabliizecidn & lam axcavacionms, Con —
tal chiaxo, as inatalaron Puntoa dl_r-tnrlﬂcil pora madiy --
lan warianlonee de Jes distancias del pisc il techo de la &x
cavaRCidn wn variap sitics, las ubicacionsd & muasktran gn 18

flgura Ko. M.

lag distanclas sntee lop puhtes d refarencis instaledos, ee
ajdleron parlddicements coOn un langli—trn da presicion figu-
ra W3, 1%, Qqua coneta dy una cinta da acef0 "lhvar™ gradusda
a imervalos da 5 me y un dispasitivo en o] que sa fida 1a -
cinta ap wha de sus marce? da 5 mm; al apAFSLO coOntlane un -
Alnindmat Yo para medjr r,-nli._ﬁn ¥ un l.h:r'_&l-tl.'n dw clr._llull -
grsduads an O.40]1 s, Despufs da colocsr an un punto da gw=-
foruncia un axtrazs da la Cclnta y an &l punie opusstoc al ex-
tramy del disposlitivo ds :nldi:!._ﬁn, s tenda wl conjunto A -
1% k9 y wa lee en 4l -1cr_ﬂmtrn 1a distancla qu-ld-hi THELAE

& & la marca &n Qwe we Iljc la cinta; al resultado adicjona

do d# una conatants dml sparato, parmite Obtaner la dipteh--

cia resl #nt¥es lom puntos de referencis, sadids cOn une san-
pikillded dw D.0) =,
an las dI;Inrll:!.nn-- Pro¥ocades.

KESDLTADGE .

Lak variaclonan 4 1a distancla acu--,

n

O ACuArds one los parisstros abeanldos an lay prusban de sy
fusryn corcante EC-I, 5C-II 'y Bo-ITI, -t-:t'undu an la HMinx,

ax puda canclyir gue las propledsdes de Twslatencis & Comprs

"sl4n no confinaeda, qua interviapdn praponderahiaments & los

andliniy d& aetdbilidsd de lan sxcavaclonas, tisnan lop valo
rEs GQue Bm conalgnan an 1a figura Mo. ¥§. Da acusrdc con la
chaarvacidn da laz ayperficias Je falla snlas musstiras angs
"-_éf' ¥y 1¢|_r¢_._ult.-.du| da las prusbas de laboretazla :.‘;lil!
das; s concluyd qua para los anblisis de sstabilided de laa
axcavaciones & sfsctusrse Gara 1 wxplotscidn 4al Cusrpa 4D,
sacia necsaario adcpiar para la rocs minaralizsdas sl valor =
Aw revlstanclia & compraaidn ne confimads Gu= 15.1 Rgfeml, rw
sultants d& los PrOMedins de law pruabas da campo FO-1 ¥ M-
II, ¥ wos reaisteacis qu= I8 kg/oml pars 1a CellEs aptdril,
que resultd de la pruabs 50-I1I. n:m velorens wv Nilllas—-
ron para jusgar los asfvarzcs inducidos sn log AFcon de Cll‘;
g8 gus ma gensririsn como macanismns de woports Ratursl de <
las sxcavacionss, LARLD 4n 1a fOrmaciln de 1a calien werdril
ancajonants comn an 4l Cusrpa dal miseral slsad-

[} .
fos resultados d¢ las wediciones sfectusdas fuarop Tesllwe--

Aas wn el lapeo . ndrvi..-!bn 10 da 1076, cuanda e lntul.-:
roo lom puntos 44 raferencie wo #1 rebaje de & x 33 8, al U4
de dicienbre d¢ wew Blsmo afo; ¥ pars al cobaje S0 B, 8 x ---
13.7 %, =1 lapsd dr liz msdiciones qu- as musptTan fuargn --
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-

del 16 da diclembra da 3976 2l 15 dx mnarc dw 1%77, Con ba-
A2 &h matas obhaayvacionss sw pudo conclulr Qua an &1 TRhaje
de & & da ancho daspufis 4 un buan amagizédo da laa rocasm —-
degprandidaa gque ma prlulnuban sl finslliar la excavacidn,
e ﬂhlll‘\l‘ll}l una astabllidad sagiefsctoriar las deformacio--
nEs "g.“t"d“' indlcaban tamblén une satabilidad gradusl,
gue can lan medicionen polt:rtnr_n »x saperaba cn-prnhlr-q'l..u
ya of pregqresarian, ¥ ®4 Sondesushsis, U YA NO OCUTTisran

deaprondimienton del Lecho, figurs Ko, .

"En al rabale S 5.9 W da ancho, sdandn da gua &w tuvlieropn =-

grandes dapprandimientos al sxcavarlo, aldn despuds & un ri- ’

_Ouroky dastirsdo, coRtlnusaron presentdndoss fon frecusncia -

desprendimlantos ds dimefsiones conmidarshlas, flgura M. 8.

Las deformaclonew wadidas en aates rabsje lndicaban que sz ==
1o sitios de los puntce da rafarapcisr’ 3-8, 7-8, ¥-10 ¥ 12-
17, ¥4 RO pragranaban apracisblemante; s ICl.ﬂli.ﬂ, an los pun
tos 1=3 y -4 mm obsarvaba qua loa movimj4nios CORtinuaban =
con yelocidadas y magnituden cnnlid.rahli‘l Yy &fs dv SEJEYAT-

e gqua daspudy A apero 5 o&e prtunurhIgn“dlliar-ndu.hnto
l!‘.lm RayOT dntie los puntoa 1-2 y =4, ::ur lo anterior, ae -
concluyd qus una axcavacldn de 0§ -¢ de aheho an al Cusppo =
minsralizads, no podrias considecsrss satlefaciorisments asts
ble, puss p.r.unt_l.r.il s hoa d-:p.r-r.ldl!._dul diflellmsnts con--
trolables qQua um;_hn la aeguridad de las cparaclonss, mip

ain cuandc an la wtaps 4 extragcion las sxcavacionss serfian
L] P '

o —

»

wiltiplos ¥ ax propiclarfian mayorments las inastabilidedan.

Por tanio, se detarmind que Yha sbarturg da B, % B an PIREL)=
camentd ml 1imice d las smplitudes que e panible ekcavar -
an la daplotscidn del CusrPe 560, DUn ancho de 6.0 W xh robs
1% simple. preswntd une wstabilidad satipfactoria tods vay -

qus los techos A¢ entan excOVACIODES sa amacicen ¥ se prota-

Jan contra &1 IRtamparines, qu-_- tampbidn sa obadivd alactebs
nectablements wl matarial wapuasto en los l1imfies de 1 weca

VaCionee,
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CASD 4.- MIHA TRGVIAAAN, - NIVEL BOD. -

L4 Mins inguackn sste alendo eXplotads por IRdustrisl Miners
MEulgo, E.N. ¥ e localize wn el estpdo de Michoacdn, carca-
de ls poblacidn dx la Huacend, la raalipacidn da los traba--

Jom ¥ sptudion, tuviecon como Phietlyo dafinir wl grado de =

entabilided S» loa thnelas 48 sitraccitin dal Mivel 100 d& --
1a Hins y.en #u caso, lop refusrzon que resultAThh Sécanp--—-
rios, para podar juiger la convenisncla da colocarlos y amtis

- e

clpar las zonas da la Hink wn gue =8 probahle e aparicifn--

da ipsstabilldedaw, con el propﬁ;lt.n de plantsar las Cpers--

clonas dJa prizaccilln an sl Kival BEOQ, de foTEa k4l gus sl == *

volusan 4a materlsl ssrrafds wn snts Hivel -I‘: ol midximo po-

aible ¥, aaf teabidn, preayvey la dpoca an quy serin convenien
b

tr Iniclar 1% praparaciones pPara raalizar la sxtraccidn por

,los Hivelas infarloces a) #00.

¥ -
| IMSTRUMENTADION., .
! =1, e )
L] " - -

't LN

| Pate cumpliz con los objatiyzd d+¢ los trabaics y satudion --

I
(plantesdop »n la Mink, sw programaron hacer Prusbas ds oorte

4
i .
‘anfydres oortante de la masp FOCOEE, gua habls sldo deducida

“dir Jos reavltados A las prusbap da lakorgtorlée antariormsen-

LY

ta wisctuadss.

("ip-gitu®, lam cesles parmitirfan pracisar 1a Tasintanoie al |

Tenkifn se plentad wadic la pr.i:ﬂn actuanta wh logs pilarag--
da apoyo del Hivel P00, Para copocer la magnltud que sctuaba-
wh lod pllires qua #8 ancontfaban antra low tineled ¥ campa--
ned de extraccidn, y &3] poder compafsr dicha prasidn actysp-
ta, con la resimtencis & Jp fal)le d# la mask zocoss ¥y con lom
rasultadon Ae)l andlizis dn ancapilioad raalizedn, =& Drogramd
1a medicithn dn s presidn actuvants an b aitige, cuyss ubloca--
clofes B4 BwELran E0 LA H.gu-rl lo.. 1%, En ssts figure tam--
biln 5a mpematran 123 } rlilos de Jes prudban da coTte gQua ae-
.I;ctu.run ¥ que [usron representativos e las copdiclones——--
madian y mia Axpfavorablan chesrvedad i le zons O intarda,-

an lp gue gu Teliard4 a la reuistancla 48 18 maws FOCiss.

4+

Con =l propisl to de conccwr wl grado de aptabliisacifin logra- -
* - = " r

do con lu inscelaclin de Joa anclales pare refuerio de la wa
L KOCORE alredador da los :anlnn da azirsccifn, gque fuaron-
definldos coms nacasarios en al aisshe sprowlmade inleinl, —-
sw antablaciarcn sacclionas ds oontfol, oA las que Ba iEskalg-
1-1un puntcs Am yaferencin, pach spdibf las dAsformacitones indu=--
cidar an loa tfpalus por le prasidn., Las whicacionds da ap--
AN MaCrionss da n:.nr_rnl i Puwitran »n la figura Mo, 13, -
E:tll dulormecionas sa mldieron p-r;ndinll-nt- «an un lengf--
metra de preslcitn figure Mo ' 33 el cusl conmts f4 uns cinta
de acere *invar® gradusds & .I.n'i‘.nll.ln: de 3 mm, y un dlaponl-
tive a0 8l ql-J- sa fl)s 1 cinte, an unlh'_d- AU Rayces de 5 omm

contlens un d!:n.-h.u“n PATH .‘.d.tr tensionen ¥ uz micrisatra-



————

. *
i 1"

con carlituls graduads &0 D.01 mm. Despudd 22 colocar an un--
PFYNLO du referencla uh sscrama da 1s n:l.ﬂ'l'.vlIL ¥ un o{ro punto lll
Ill.'l_l’llﬂ fal dispositive de flieclfin, =a tenme 4] conjunis a =
1% kg ¥ s+ lag.en al mlcrimatrs la distancia qm; debws ruE-F-
ar & 1z marca en gue s Li3d l& cinte, ldlcinm.da de uns conp
tante del aparato, parh T 3 ﬂbt.ll'l.rl.l'.].l'dlllntl.nl;.‘ll Teal antra -
1es purtos de refetdhcls, oon Une lln:ihilidld dr 7.01 mo,

RESULTANS OATENIDOS . *

Fl

[ lam tras probabas da p;rtln Ijlﬂ'l’.;ﬂll we Ghtuyvierm los wi
Iorms p.u.: wl safusarzo corcanca & ls falla, w]l cunl se midif-
con euflclante clarided, Pigures He. 40, 41 y 42, ¥ que co--~
rrmaponda .;1 anfueprzs naraal apllcadaop ll's.n:- valores Parn ca-
da una de lap tros pruchas afactuadan, l:l'l.'ll.l It.‘Ell probatar —
ansayadan, sx graflcaron an-un planc de H?hrr, {Eafusrio=Hor=-
nal-Enfusrsoc Cnr'r:l.ntli » FATE rﬂthl:II: Inm- 'h]l'l.hﬂI Rllilt?‘-h“
clia® gua as musstran an 1l figurs Iln,: l_!j.II'I .1: grifica a» In
"1""““,1“ variacicrnes &8 raajstencia dsducidas 3 los snad

T ]

yan d& laboratorio, tomsanda &n ¢uasta la prasszoclia de discoo=
S

vineldades &n _1. magh FOCGEA; PAca ssbts caso, as pudoc ver la-

satiafacroris proximidad da las dsducclonas ds 1lhu_rltnrio --
con respacta & los ramaltadan da las prusbas d= (.‘-I.q?ﬁ. Toi—=
bikn 4z las tras pfutb.l Illiillsl':_ﬂ‘lrl:mlnu an la Wina,-
#n loa tras distintas pllarss d-‘l l;iv-l B0O, s mncluy{r quE=
1s tmalptancin & canpresidn :1,,“,1" xl“'“”f' &ptra B3 y 148 T

~kgfiml, cOn anh prewsdic 4 130 kg/cml qua-me.aplicables an gE=

L1

nazal pars al Hiwvel w0d, angln se deducw de la obasrvacidn y=
clavilicucidn de 1la roca sn todos los pllarss de msw Nivel,
L# los cesultados dw lap mediclones sfsctusdss para conoca: -
1as prasiones 0 €1 Nival BOIO, ee Puds conelulr que en loa pl
laras donde s+ midierocn ssduvecaon de compreaidn da 30 y 1lg -
rg/cm2, los ssfusrrocs calculsdor sOn d2 36 y 113 hg/cmd res--
pectivenante, lo cusl {odicd una sceprable pr;ﬂlcﬂlﬁ-ﬂ dal wnid-
o0 de t;lculu.

a+

1 L

Da los resultados de les OeIOSBACLGRAS Tegletrsdan wn el pa—-
riodo de agosto 24 A= 1974 a febrezo 10 de 1373, ma datarmind

qua las seccicnas 1, 3 y 4, moetrercn velocidedes de deformes

" elfn pulss, o Ees gue pradaptaron teandanclas sstahles; na Al
1

- ——

las amcclonas 2, 5 ¥ & qua scuaaron las mlguisncas daforma--

cleoneat . .

Bwecifn 2 A— Con los dscas dlepoalbles se pudc oonclulr gue-

2! techt del t8nel descendlt us promedic de ¢ =, sacrs =1 7-

¥y =1l 10 de nviembra ds 13Td, y ul pilar laguiardo, que co—--—

riasponds al intermedico sokre las campacas 5 y §, se alargf--
4 mm an mantido borisoncali #ats saccidn me ancontraba préais
ma 5 lan fallam gaoldglicas dal Llrea nocroasta dal Cuarps alnes

rh.'l.i.udu.' figurs Ko, 45,
‘

1 .
Bacaléin 5. - En ssta saccltn se sptablacid, de acusrdo con la



. . ) T}
. -
1 1

interpracaclon de las sediclonss, qus se produic un movimlan-

t0 causado por eefusrsps cortantas ¥ de compresifn, acupando-

eh &l tacho un corcimiento de & moy hecie w) cestm ¥ un daaCEn

. Lo,
&2 301 orden'ds 4 wm, Tigura Ho, 46,

" 1
P

1 - '

Seccitin 6.~ De J-llhllvldiﬂiﬂl'lll afsctuadas en wathd seccifin sw-

FUA0 matablecer Gua sclamencs s+ habin presentado un dapcensc
1

unifcrme del teche, del Orden dw 1.0 sm, figura We, 47,

[

PATA madir 1n pr:nlﬁn actuants ed 108 pilares d!l MWlvsl A00,-
s® coloceron 5 Gltnl Plancs, su uhinlclﬂn an luIltIl an lll-'
figura Wo. 39, wn cada unc da lps glt_nl instalagdos, s4 pigc--
tul coma primers fuse da la lillﬂ.cililn, uh ciclo ds carga y das
CRTOA ¥ una lfiqu- cn:gf. Erllltlndﬂ cads una de setas skn--
Ef'_fﬁ“ incritaqféttr d“"?fﬂf?‘ ;- pr.-ng: a intarvalos de
tismpo a;:nxiy-dcgcqg- igualay, 1s Primern carga we llttﬂ ham
ta una prasifin tal, gue canceld ls deformaclon bruduciﬂ, du-—
rante §l ranursado, park 1o cual sw' Tequirlercn de 4 & 7 incze
TANLDE d! prl:lll:ﬁ.n: - a:ntinu;cl.&‘n l'r- dll?lrgﬂ tﬂtllﬂﬂ_t.-‘ al -

Gato cnnhdna ﬂ‘cfilﬂﬂtblnd. Pragidn ¥ snweguids se cargd con-

oy lncremantos, ‘hasts alcanear la Risma presisn de 1s prime-
' .

Y4 StADA ¢ CAYga,. En Cads uns de las _itru. atapas _I.lnl:iﬂnl-;

Jas, la prualdn prndur:idl sa mantyve durants 5 :l.inur_n., ml=--

[ B |

dilndoss I M!nm:iﬁn indu:!.dl alradedor ﬂ. 1-. ranura an ca

.
da cama; por tanto, darante toda -lts};;;-, aa midiaron sflao
lanm ﬂiturIAcian-l prlntjclllnt.';n-tlntinun:, -
- L ¥
e iy " y and
N i, 1o
- g‘ : "
1 - - B o ! )
' L] L2 b o
[ ] ¥ " 1 4 r
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Con jos detcs obrwnldcs ds la primsrs fass de if prusbs, Ba-

afwctud une primara setInacion de la [;:I‘Iliﬂﬂtll'l‘-“lﬂti AR cas

da unc 4 los aiclos de mediclny Ios Gagos Flancs se deja—-

Yor cargados con una pranidn del misoo ordan de la sdtimada,
aa antswgld una grafica pragidndelcrmagitn l'iP:l-‘Il.-ntlH\"l da-
cads uno da los Gatos Planos inatalados, :9'1. cuarta calum
ne da 18 flgurs Mo, 40,88 myedCCad 1o valores daducldos da,
sstan prizaras gstimacionss, #in ambargo, el tiampa Sranscu
rridc antre ml ipicio de las Jarforaclones Caguer)dss ;-:::-
formar la yanurs y #1 inicio Aw la pruaba,; 4 por lo mnap -
trag & Custro dips, ¥ las Asformaciorss Lnducidas sn la Toca
Praviamente & ls prusbhs sumaptan paulatipssente, an 9se lap-
so da tlezpn, debids al coaportamlanto wisco-plistlco Sarags
tacintice Ax lap masas rocgasp; en daclr, la Focs que cirgun
da la ranursa Erasants uns defocmaclén prictlicamenta inatan-- '
thinaa 8] pArforacla, ¥ una a.]um:lﬂ_n diferida, o "fluancia”®
duranta &l lapso de tismpa arriba senciorsdo, que incluys &l
timmpo da ajscucidn ds la rapura an donds ha de slojaras al-
Gato, lm 1n-t-1n¢|.ﬁfr| dsl ﬁ_nto Placo, _:_1 rallerny con mortarnt-'
del sapacio lihra ancrs’ al Gato ’lll'_:.‘jl' La roca y ol Liempo
de Cragusdo da Jicho mortera, que as dal orden de J§ hre, pg‘
ra qJas llcli::. und raslatangis sdecusds PAFe Que BOPECER -+
lam prasiorss & Jlas gua lltl.l'.- :mu.udn durants la pruabs. =
En cashlo, 1% primers Fass da 1la prusbs sv sfaptod segdn sa-
menciond, midiando duformacionss prhcticamenta izsgantdness.
Yor lp tanto, paras pod;r compdCar lan dafarsacionssd produci-

- . - . - ——— s
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das durznte ln damcarga (ranpuredc}, gue incluyan la Iluen——=
cia antes : mencionada, ron las deformacicnes prodocidas al-—-
cargar el Gato durants la prusba, ea necesaric medir ademig-
de lag deformacionen instantineas producldss durante la pri-
mera fane, las daformaciones difaridas producidas en la roca
durante un leapad de tieops al menca del mismo orden del inaj
" cado en el phrrafo anterioy L3 & 4 dTas), pars estar &n cone-
diciones ht caloular gon maynr preclelfn la carge actupspte——

en el Bltle reapectivg,

Eormaliments, despubs dq.[pqli:ur lea medicionss anten descril
Los, sn.da por cenciulda 1a aedicldn con el Gato Plano, Bbtg
niféndoas ta presifin actuante en la direccifn pormal al die-
positive. 5Sin emharge, .come an este caso se requirid medir-
1n variaclén de prepfopss copforme prpgre:a'?..la axtraccitn,
ea continuarcn les gbservaciones da La prnniﬂn indicada -n-;
lok manfmatros y 8l progreaan da lam deformaclsnes ;nt:e lon-
puotes de rafecenclsy de Ja madicifng da sstas mediclones se—
‘nbnervﬂ un importants afacto de fluancis visco-pliaticn da--
la mARA TOCOods, AcuasdAa POF UnL r-du::iﬂn-dl la proalfin ra=--
gletreda, oconpafiedy da un prograsg an las Aaformeciconoe pro
.wecedns #n la recacrga Jdel Gate. TLa falte de antecsadeantss sg
bre aste comportamiento an brechas grancdieriticas, obligf--
& investigarlo detalladamenta 0 low Gatos insteladon, pera-
lp cual me rpalizd un ciclo de descarge ¥ ISCArgs BN OB ==

disponitivens, ragilstrando lom variaciopes de 1a dim ===—ro

L1

tancis sntre lus puntol de refarancia, Con bass an erros s
ciclijes de la presitn, sa determind la influsncis del —---
comportamients visco-plistico wn los valores de 1n presifin--
deterninados inmediatamente d=gpulda de inetalar jos Gotoa, =

que se viaron afectidos DOr la flueancia vinco-pliptice gue =

oourre por dascarga al Yeglizar la ranura ¥ por IBcarga ai-—-"

efectuar & primercs medicifing coms los 1.}.°. para la fluan=-

Cia por eatos motivos RO fon lguales, we Decessrio detarmi--

nar Fu efactio,

Despule de cbaervar low Gatos cargados con.ls prasidn da la-
Frimera etapd, gue produls  ln gatabtlizaclfin ds las dgfor=--
maCiones por electos visco-pifstlcos, se afectud le ERCATQA=
Frogranads para poder valorizar &1 #fecto da ls flusncia, ==
Al terminar el reciclajs ¥ con gbiets de obascvar las warie-
ciones de lu prasitin, se dels an cada Gate une proslfn del--
miama oceden Gue la OTeespondieanca & la Frimeyrs antimaciin -
de.la prenlin actuints, misntras se wstudif ¢l pfectc da la-

flusncie viaco-plintica.

los rasultadas da las =udi:iqn-- da la presifin l:éuunt- »n--
loa pllages dal Hivel B00, indicaron qua las valoras calouls
don comd rasulpads del Anklicils A& sptabilidad & Lass ds Ar-
com da Chrge, tienan sproXimacionan coaprendidan ankrea =144

FHLEN, gue fusron tobalmencs satlsfacearlan dsads 41 pantg--

de viata pr&celcd, "para Gk anSlivis de axcavaclones subrarrl



45

‘hean madlants un prozedimianty sinplilicsde del compartamien

to meclinlco, coma fus wl aplicado.

1E
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X DISROBITIVOY PARA WEDIR LS DEFOMMACIONES PARL ESTA ZONA ST CONSIDERO QUE LA EXCAVACION  ~ = LIMITE DEL CUERPO MWINERALIZARO
BE 109 TECHOS DE La% EXCAVACIONES GUE SE PROGRESARA HASTA EL LIMITE Y 3£ WEGUERIAN LOS _ ) i
PR " ADDS. '
Enl{;ﬁi:zg? AL HACER EL RETIRO DE LODS PILARES PILARES wmOSTRADDS LIMITE BE LAS £XCAVACIONES EFECTUACAS
' E4 €L CuEAPO "EL 32°) i :
. '—__'
~ { T Beanes cow aem==-LIMITE DE LAS EXCAVACIONIS EFECTLADAS
. . ! @ @ 100 m" DE AREL "\ - EN EL CUEAPD " a Clﬂm.-l' b -

¢} PILARES . QUE  PODRAN -RETIRARSE
[ B
LI

*

P FiLiHES.QUE DEREAAN DEJARAE PARA SOPOR-

, TAR LDS TECHDS DE L&y ERCavACIONES
- v b 1 '

UBICAC DN DE GATGS PLANOS PapRs OBSER-
wAR EL COMFORTAMIENTO DE LOT PILARES
DE SOPORTE, AL RETIRAR PILARES

MO SE RECAMEREN
PILARES PR
EATABILIDAD GRAL.

Vs LINEA DE _REFERENZ|A ;FLEEEEEQ;J&?EH P ; . Y LINEA DE REF. ",
B - i R — . -
ESTABILIOAD =
A LA AMPLITUD PROGRESA &L GERERA,

v LIWMITE SUPERIOA &L M E. SEAL MECE-
SARD CHOCAR PILAREY ADICIONA=
LEY EWM E5Ta ZOKL | PaRh GBTEHER
Una KELAZIONM OE 1:10 DE amta OE
LFULAAES DE COMCHETO CON RELAGIONW
AL AMEA TOTAL.

NO SE REQLHEMEN PILARES
FOR ESTASLIOLD QENEAM,

MINA PLOMOGS A R . , . .
PLANTA DE LOCALIZACION, CAROLA Y'EL 32" : ‘




+ LIt it Mo Jon rocavandns,

. —=TAQWETILR
T igj FAR Erlf W A S

Ry I ﬂt i
_h__l-glarun_: Ao ovu- PFLACA DE FIJREKIN / |
crelo cic]fpan, _ DLL TURD BUPERION. . TORMILLON

Filares Az
mhreral.

Jdarla de Yas
Lronaclas. o g

- o~ Tumo DE auyumee 174

N Lrenr:jﬁn de 1a sblida it
" ' ﬂ- L onada . Inl.:
- LA RENL A WAADLAGE [N m.
LSTEMA DE ALARME pamy GITECTAR I
DPEFORMACIONES PELIGROSAE - .
1 Ll DL WL [icliCIh PRAA .
’ & ! | LECTURAS .
Bt jzar ‘vecho para apmsar
el piiar. 7

R I -
Fodieme cian B borg de alla ST
resiscencia y pIC\piBiﬂdES -
capans v g,

Techo de la excavacibn

.'-'.}mg concretas cicléoon (picdras o
nores de 20 om B a.}mgad.aﬁ €5 concretn- [

normal de £' @ 250 %7, en l'mf’-‘fl'lﬁﬂ
'-:mmﬂyurd: ﬂl.mmlmm:l I |

| L= TUND BE ALUNIMO D [ M
u| ’/ |

&.:recavacifn [ara dar
ayc-a al pilar.

Pigo de la estavacifin,

A —

PFLASA DE FIJRCIONM

- ot ol >
- : +-'—-—-¢"-'F_?5Im de dimansidn ro neror de 2,07 m.

: : il
rermienda formar [Mlares de oo BEL TiD ELPEMMR " | l
| “ BLtFNIN
ELEVACION ; = il 2

) . i . . —— -
Cyitecio Gonoral: ! MINA PLOMOSAS W— @ T E &‘Afm
. 3 - . . ]
éfiﬂ%;ﬂ;ﬁfﬁ};rﬁﬁr}:hﬁﬁlﬁf': PILARES DE CONCRETO CICLOPEQ DISPOSITIVO DE WMEDICION OE DEFORMACIONES
creto C1old;en. : ' OO - BE PISO A TECHOD

MINA PLOMOSAS F.JQ.URI. N-I' a

FIGURAR HE T -




LRl

HE

- «f
[ |+
e - e ———— - —_— = =
3 ©
|} il §
) x 1
! < |
L | o A
3 r M j1! .A_H.
i ] n -.nr |
b H &k =L}
I ._ u_ % R 7 | =
- & - I W DH. —
- L ] b = : -
M m i < i o
L. LD.
- " PL_ =X
ﬁ -— b ozl =
il =
m ' -ﬁeﬁu" =
q.l.|.l|.l.ll.l|l.-J....I._. _ GZ_ o
[ EH“ L1034
u ™ 1 = . ') D“.
. 2 a : wl
* - - = il o
. L= " =
. aman - T E——— e aan e L | - —
. o X =
{ ) Vol.
b . _ BE
L > =%
k ¢. 1 .
] .
h

» S SIWMBOLOS

S MULATRLLS ORTIWDAY En PARGUARIDN o ¢ =

= 1Ty DEwEl Y n:ﬂ.__r_-_:nl batk Pk
- LB ComTE CUN=EATUY

. _....r.,.
™ arm heR ep .o
x higat 4 p F ’

=1 &L

Z_ANTA DE LOCALIZACION 75m. ARRISA DEL NIVEL B

MINA L SAN MARTIN. © NIVEL B8




T et P i

ke ey s £ )

o = Iffﬁriijzzh:ﬁivk‘”""“‘:7(

Camucit Py MRS T LY.V PR FL .
r; I P e T

. o o e ;f .
_—\-/:L-!A l .‘__.-E_"_;‘_-t_ 3 L ‘.‘%E-'__ ‘

oy ?Ejf/ﬁ-a
e R et ] b4 « "
- fi

iy SRR L

_':_:-}r

A

LILEIT —7{——— - b Y

ELEVACION

A— CUANDO_ DEJAN DE FUNCIONAR LUS ARCDS DE CARGA

RESULT2DOS DEL

AMALISIS DE ESTABILIDAD

Fysp sacTcdfte #n loza y pileres - )
£ un afvéa ae J5 W 2% om,

Mt #CLUSALY - o Lobd.
F

FemiyitrIld o la co=rrep ™"
de ia rora.

PLFlatan=id =
ar I3 rovh.

-
M JadmiTT

=FlaerIC aF T exif’ aczuanoe,

It omamtridacd a3 Lz TLEwadn.

L
-

T 5t CSNRiucia ~ur afl0Dke topetS une
FRESre 4. Z.vel w.

1
1

— =

£ - W) oA 54,375 Tan,

- Ak, 10 Tor—n.

To0E Tpasal.

Troeoairo il TARsaT,

T:a T4 Torsas,
I, L.

alpsta -4 150 o ar minerel fracwr-misan

MINA SAN MARTILN
.m:

- *

N -

FIGURA

"

ddyrewe et TR g et !
S wi P BT rﬂlmﬁ .



e R L

Ureml, 40r: & mererp g .
LLY IR T R r.‘ﬂ_—_“}'_*_{'.‘: = e AT
AR L W R § ltr MY TS [ PR F I R R T -..—__,--

l" .
_\/___xﬂx Rt U 1
. . -\-..l"l.h-";..-l.-u-;r:. pom?

ey
-
RELLVRS
ra

LTI TI

[T Sapean

!
!
"ELEVACLON -

- ey

E—ECSPESDOR [REL UWLTIMD CORTE FOR RECUPERAR
- e e Ry e e e ——

RESULTLAODDE DEL Ak e L1515, DFE ESTABLLIDAED
m

Feco azicAfte en losa v prlares : . . : . i
Bn oun 2AFea ar FL » D4 p, i R U ) - 1 TIOmEY Tes ; -
. ) B
Acmento ESTURTLO & 1F 104k, E ™ -- AL 2D Ter——=.
. L
hELrsTentie & 1. camsTrealbn | , . - .
ws ls roca. . -y A A3 Tonr=-. -
Repigptw=—ed ¥ 180 Tiepnlfit & i - -
12 “o=a- . ' T: - S T oS
Lapmans Zinaws o fa losa. . =ir. .5 = L

MLTA: Er conticxra cus able e wnwneErd L ATTufa He-
B R Or raleTisl YIaTTHERLARS EFTLEa 041 N avael
L.

- - M INA SAN MARTIN

————

o

- FIGURA N& 12°




Toos Br Stenoinr O FIe g

£ LQuErtIF poriy

oerane e I — g o
PRI : ' r - " L -
'-'- el . P '-1..;.‘.:'_._' R

.L._nfc ar 'n--w:.'_'- ! d "'| tLTe e

u . - . Tt
' . ", . -n... - -
- . - - | p— " . - M e e LT T
— | s r il p—
ey X et ArAr
hroor o Tyor o luibip o ' 1
¢

J4E' Fping If

1
N . .
: Lewy dn oy § oword by o
. '
Tonarc el T

L bk G T .

-Fllbl o~

P DETALLE K" 3~— Fijatidn or Tbetin,

INCLINOMETRO PARA MEDIR . DEFORMASIONES HORZONTALES

MINA SAN MARTIN
e e e e

1

T FIGURA ~N2 13



DETALLE N- 1

powren ot 50 37T
ae dicmpmry

Pusic dz A
Fylareront -

. —
i
——t

. '
e el P — — — P e — — el PP — — e Sl — — —

DETAL LE H* 1
A —— e T

DETALLE M

-.-.H.-._-I-l-—

®

E Lepy
—

\

B 1
=]
L

i
-
-
rat £

[T o T
fPurig e cplrwor,

e . AT o ey

L
1
]

|

A L

DETALL E We 2
e

=]

i.. g -__.E_...._i.-.--_.[_'.. ...

;.

- d—mm e m
[}
=]

Newrt @t vagwn d I EEAEE e
———
i
ri

A
1
+—

i

+
[t

AT - L] T - e

EXTENSOMETROS PARA MEDIR DEFORMACIONES VERTICALES

. MINA _SAN MARTIN

FIGURA NZ 14



"~
T
i -
-
o
-

# — GATOS

Aren AHDNENS
folac ®1 fULOT %5

Ereo (niatonm 4
solar B pom noite
L — - a L]

Atz @e iyt

a
&
-7
v
' -Jq,__’-
-
& f
Jr ;
/ PLANTA - RE2AJE &-950 3
[ == T fEIilioh %
. )
z: . e
1 .|5

‘FIGURA N®

o,



_Jr_fd's;

pom a4

Fresion

é} pora t=I17 hrs [Smen

p {ngsernt)

¥ 30

Pc= 75 9fom

[(Tomoedz enpsms Iox
Glerpntag Trecs 2e a2

100 (e
Deformacion S{G_DCDJ"'.I

MINA SAN MARTIN
FILAR SUR

RERAJE 4~ 950

FIGURA -RE.iB

— - — - ———ar - —_— ——— -



et

'l.l.i‘l " LI
_;.:.,.“] | . ‘f_pnln re . 13 b L
+- e T i ——
! _ E pwa | n &4 hin
3084 - ! CT
. - L w
0D -

r—F: =102 by femt

{Tomondn ¢ Crenta kay
Avierenies naas dr comiel )

.n:n- Fa

o wWated .

——
ye— | 4T H WO e

T

Paligoral Ot !'!T"'? '

L I
X
/ |
[ =]
D laﬂ z&u I;ﬂ
Olenmaciis § (000017
ak "
LATOD -1 o
. A
LINEZ =2 - L -
WMINA SAN MARTIN
PILAA NOATC
ARERAJE 4- 950

LATA = Var wmdakogia o 1, 3

FIGURA NE (7}

PILAR SUR

LEVANTAMIENTD & LA ALTUAL OFL CATD PLAND &-F {130

MINA SAN MARTIN
' REBAJIL #-93D

FIGUAM




fyrom A
-

i

33 307 ICON BRUSALAD

A WA E

Poligonal o ntfzrancia

—faca 46

-

PILAR "NORTE

LEVANTAIAENTO A LA AMTURA DEL GATO PLANO &-I0 {130 m;

MIN A SAN MARTIN

REBAJE 4-%%0°

FIGURA NT (&

MINA SAN MARTIN

+

TARLA I I

. . P
FESULTADOS ORTERIPDS EN LAS HEDICTOHES DE PRESION CON GATOE FLANOS

EN LOS PILARES DEL REBAJE 4-950 If
CRTO FAESTON FINAL | FRESIGW REAL CARGA
PLAMO | PILAR | ER LA PRUERA® ACTUANTE ARER TOTAL
B kG/CHD RG /M3 u? TON.
G-I SUR 81 75 25.9 19 400
G-11{ | wonTE 112 1g2 21.9 | ses00

TABLA

- .
COMPARACICON CE FUERZAS MEDIDAS ¥ CALLULADAS SCBRE LOS

PILARES DEL REBAIE 4-950 ~

-

LII‘..MI FUERIA MEDIDA FUERIA ACTUANTE DIFEAENCIA [y}
[TABLA K*1} CALCULADA -
{TON ] (TN ) ITON. )
MORTE 50 600 55927 5317 . 18
SUR 19 108 18 629 71 4
] - - -

Lol |

FIGURA _NF 20

L Il



e - a . ' i ot LWL ATD et
. ™

Motersd gk 100 M
elpltr e

,
a - .
pew T i \ ' , !
4

[ .
.

.'n""lllﬂl ek MOperia 4
&1 palr
Lilie 133 =

' lgtl% 2 Y0 3m
'.Il..'ﬂ e farga -

e - . L]
\. ‘
! 1 "
Ty =t . =T o =F
1'1'.. \ ) : T TR T A *
—_—yr Jrrices ' ¥
i [ : + [, 7i6+310= ‘ !
-+ CariZcw w00m 1 -, .
- H SECCIDON TRAMSVERASAL BH-B— PLAR NORTE
. _::lﬂ___"‘#-?;z;.:‘_*i’m ,
SECCION THAWNSYERSAL A-A- PLAR SUR - '
=== = y e il 1300 RESULTADOS OHTEMIDOS OFL AWALISIS DE E3TARILIDAD
. . L . R =
REZULTADOS CBTEWIDODS DEL “ANALIYYY OF ESTABILIDADR 1 -
———— = e ——r—y——— MPrET— - tan Toan
T Tt Fexylzonce de, fcerzam RL" H-I 14376 — Ji]31 fa.
fesultance & Sgerzass ' R ",f_|. L¥3Y 16%75% ‘.‘m_ . -
. !, Usjebar mdx i . ho[m} T —— 190 =
Lsaepar-rdxjma: . h (ml. 1.0 r. , - .
I Ton, 32 ) —_— yxys TOR, 3
. . Csfuerzo mediog .k PR ] 11%4 1333 " .f_ ..
Esiucrio medio: Qe [TU";_J'I 1305 1211 T."I-r_:_l N Qo L L
. . "~ Ton -
. . . Reaistencia de 1o focdt ieny TIL0 Fed.
FeplEtencia de Lla roca: fy {an"fmh_ 1410 Tﬂ“f-?_ ' ® Su L] o
i . . Fr$. en =) arco du caraar L 1,80
I.5. =n »l arco de carga: e \ - G-
' Te L AG— ) , .
. - . -
_ " o8
M | H A T AN M ART I N . . : - -
- REBAJE 4~930 - MINA SAN MARTIN
o - AEBAJE #-B30
L e S | 1 .-
- . - - - -
”,
- ¥ s lam. ’ - ! L] -
- T FIGURA MY 2] - - . FIGURA wF 2% .
o T



§ b e b A e e — , anmr -
Mopren |.::

Frotlam B
. P

T ar B
® e de
mlgricl

LR

[q!” Tatenndmefrd
v Bancoh gy Mewal

TEYFw

M| Ha LA ENCAHTRADA
CuLRrQ LA PRILTA

LoCaLp e A L [e?ie5oaW ths v o
LO% mawCh o wiviy

TIGUh N2 3

WIHA “LA ENCANTADA"
CuLpm] LA PRETH

OrWL Al AR LY R R e e Ll T LG
pe bl mswl Tan RO

ficyma Wk opy



L]

—_ +|ulnr...~.|l

- =

MINA LA EnCANTADA

- =
ol z
=4
.=
"
= .

I
o =<
T 2 8
e T ———— U— .
——iTn T e Z| =1
ranTTT— - o D_
e TEATRTS T —— o« 21
— ......_._h-.m...._.l,/fizl.l.l.! =3 N“
— !
nh. 1rﬂU-lJ|lJ.lJlf! o
e W
i B!
£, o _
FYS b4 ‘
.. I e =
% teo o, NL_ H
af &
o !
s '
M|
=
=L
"
3
_ L_
1
: 1

g w

m -
n M =
¥ .
o 7 =
[ =] L ) u...
-
zf o= T
L AL
we £ e
.Nnrm.u
..r_.lm.l.
.nu_mm
Lm =]
.-.Rm!u
T
.-HM_.M.!
=% u T
- 2
= 2"
L !
-
-
-4




] v
1
"

h,"' L ' HHM
Ll ~
a’ JBETaLLE ¢ o

. v - —-—-__,) @ T Son

~ Fmgrgiyte
=]

LOCALIZACICN JEL EXTENSOMETRO N-720

P L AN TA

MINA "LA ENCANTADY'
FIGURA He T_’_'.'



R,

BOCINA DI LOS

— 10
D ETALL E Nt
. F et Lairt
Tukerrl ¢y vrood _ Tored el taer .
ael PLliz warc i - il
e T —_.——ire )
u
S i Arclan o ".‘.' PoUute f13r DY Coentgs ac PRYeter Do
y 13 tubwarig
Tawnule * Escomso-
4 r T y P
—_—- -....."i:'-.}_-—-u.t"
horgorg de, [o——
gresgr - 1
f

Fre s

Llgmlre
—_——

PUNTQOS

OQET A LLE Ne 2 ’
MINA "LA ENCANTADA"

FIGURA NRZ2B



- . - — e —— i - _
=
=
-
e — — a- - = ___._._.,.__._..-_,l'.____._. —— o —— - o -
-
B'&E - — 4 ema e im b —_ - - g —E-.—-F-c- —_ - -_——— —
o
- - —— - oy m —e m ot e ——— - e — —
=
— — E—- i e ——— ey - =
3
- — —_— - L
——— —— ——— -— p —
.-
6 ———— —- b o — - o — —— -—= _
- e —— . i m ——

COF QM=o [aniCh e r
L [ pfacry Do wry @ 3 E~Jome w1y

[l lyﬁvﬂ. B oEgt O LT dTT. gRTLT
———

T Talug ——
TR = e T TProbobie devues
de boa gh:#;-tnd;mmm

"
k]
wiiny gal =N CTan

?Eu _:.__ gty .-._:__T'_L__:::.._-'-f_:-:—_-_-—"-:* e -_'T—_-_'_'_""f‘ —— - -
L] = - —a . .= .- - G

LRI - - % T ==

- - - - -
‘H -

", -

e o= — - o

695 e - - -

MINA "LA ENCANTADA" _
CORTE LONGITUDINAL ] . !

. . CUERFC LA PRIETA SGURA N 29




MINA LA ENCANTADAT
SUERPD LA PRIETA

MIYELALIGNES IUFERFICiALEX

FIGuURE N2 30




o " -
] n -
} | . :
AT E 5 R
:. T A
54 m_ ]
i3 < £ =
i ol ¥ 838 ¢
- S & £ 5 o %
= 3 & 3 =
of & F F L €
nt I o3 . @
I I B
_..._.,.._ [y .....m Vi M =
| N 1
0= o e
o [1ffl <
ta
! <
.uU H -
EF Z o
L = o
E., S &
= oiln
. _H.-h ad o
m : L= 4 &
“ . = -_L. ”
___ ".;. <4 5
: LI 2 z o
: m 1 == -
i J = u._.nn - x
J N . a3
_ v &z
2 $ ’ I
g il g
TAREE NV 1T \
FUUSSITON DR A8 TISSTITAN (TIINAS T MUTTEC LAV O Mg UTFUHILOE o000l OHETTOATY DA mIEuSIn,
IS LN g T BT TTUUR1D MINDD
u__.m.uﬁm....m_..um.. PRESI0: sToIina
P .z“._um o CUUSINMESTT i AGSO PRES IO CM O AR
.n.._:nn." o U0 I DohoIlls DR AR OOSIDETASTO 1A
) i OC CALA o RESPICID oiowsIiy Dol
PRSI rmﬁﬂ.uﬁ A Uh POSIDNN 2 ot twrs ne DTERE
A (b dae r.wn iy OE. 4070 FLA TESL D MINTD, CIA
ne loppamSior pEIZIN (KD KD 1] k) w
1 Eivel MO0 hcrizontel 5.3 545" 11.4 11.1 7.E
11 Sivel 750 horivomeal M. ne 15.% 0.3 2.0
-
M1 N A LA ENCANTADA
C UERFPEL L A PRIETA
. Il 1 GUR & N Q)

N 32

sFISUR &



ui w
7
g ]
| / e
o0 N g Lol

!
"}{; rz& 1__:::: ?;;;h”:u j
i
|

(L0 I LR R —_—— _________________________‘_:! _'_'_"':J___-_.f:__-'~
|
o
o
b

SIMBOLOG 1A
FLANTA— Nl"‘JEL, 535 -~'}— \oesirg oiteroda

—_ = 1

fELALA 11100

5 Rerelt pilete €8 5.0r 15 0m

-#— Frogmurtes 2€ rogg Caizgiodos

M I N A *LA ENCANTADA
CUERPFO 660

13
L
in

FIGURA N



. r- - ) L_
Y oo
]
&
-4 78 =12 E
' % = :
J\f‘_ J""- r-
Ba
IS Pyrias <k releresnic
A
' 4 4 ») '
L] — - .
S dl r Edl
1=-2 il 7 9]
Frr e i
R e P [ TP e e ]

REBAJE PILOTO—=NIVEL G0 }

EREELL 1,125

-

.. e

vigoeraLe 1 e’ REBAJE PILOTO- WIVEL

AR
e
{[5]

EGTala LIZE

LA Capdm -
L .[—?,.-'_‘
.
! _;;' aAnic 1 D MGE faer T nnr
‘ E -h. W gaIERE A PR

e

o 1l

R MIN A ‘LA ENCANTADY
l. rlt? . CUERFD 660
i 1|‘ et

Bacala tizs L bos

L

H

ALl
-
=
-
m

I--n-

h
0
!
1
1
|
!
i

BrTE " Apviuceows 48 MIhed

TRl o e T 5 _ FEGURA NEX

-



WY '." ]

TP MOLNIRE Y0s

A I
M

n

d 0% DL oan

LT L RN

1'.-

LM AL awndl

£

-

bl i

-5

L1
LI

HE)
-
o
=
r
-
i
=
o
u
-
-
K

s

Hiind

-

"Livl uv

]
Jan

tul wirl LHyLUILELY

3...:.

b

AL

JoWE KT A

A

ELep 16 HTE RT1adY il MIREDH

L D LaW I

]

B

SO8E IVIS

-

2
.

Junwy I¥Ia

..
l -
|
DT A

Lo EYAN

= 3

HILEN

J3-59

Thita Hé v

PROPLEDADES DI RFSISTHHCLA DFE LA MASA RINCOSA OBE 5

EEAROR DM EL ANALISIS DF CSTREILIDAD UE LAS EXFAVACINS RS

——— s,

Marmrial
Ravgy can '

mY -1l

Cali..
rarfArgl

Ieer

Resjfrencia =
compies1fn no
confinada,
Ardoeicla de
s prueba
J‘&L—-—

ki fcm2

Tl Ty Aey e

Fara analizar el
me: pipmn de so-
o e lag wx-
CAYAC oWl e | Ar—
cos de CATOa), =
1 &1 currpa mi-

neralirndn.

Para analitazr «1
“hren de Carga™
gentral, gfnepa-
do en la caliras
estEril al explg
tarte el cverpo

mineraliradn,

153

In.D

[Falor proardio e -1::
prueban 5C-1 y XC-11,

“in mitu”.

talor obtenide in la

*i1m-

prueba 5C-171,

sLtu”,

M I NA "LA ENCANTADA

cu

ERPD B60D

FIGbutl A Ht= 3%




MWL owE ' . 1 L - a - E - .
a 43 - ] H 4 [ L] n] vt ] L L) FH] F 2% th i ] 1 - T
— FLl-s
L ]
a 2 ui)
° EBAJE PILOTT 6 2
& o n ) LOT2 6 2v ! -
—— MNivEL 51
1043 4
x
o
10~
MELLE
wn -
g L1 .
fru
F R0 - 4 “BAMBOLOGIA  PUNT
w . -
- BT .
- ] LEL]
= //\ M 2.3
r .
= 12
LE)
o B0 .
a0 -
| A
TN
= and MINA LA ENCANTADA
-
2 aad DESPL A I AMIENTOS M EDID S
z
-
] F_— -
- FIGL = & '
B 1 C 4+ wE TF 17H [ 1 " L] o e TT
W M 77 4+ 2 4 ¥4 R T S T L 1 I
FEL-:
BLLE
MEBAJE PILOTO DE 3811% ~-
2404 SIMBOLOGA PUNTD VEL EE2
- -z
— A N 1-a
+
= a 1-4
o ue M -0
Q L] *-¥ & .
z 1204 v =12 QES REHDImEn.DS
il r ———
: E1 L) L Dia o) HURD Lk DR MR AWEa T st
: 1 LD3 Pimild 1= v L-q O 4dmls I D15
a Lhih L3R T, APACE-MalaMLNTE.
; 200 1 IL UiA TR AL I:IE.F-FENIJ!:I aTec T9uwy L
: AL ENTAL UL Pyl eF - 2ee 3
E bl I RalGaldem, AfROXmalimlNTE
:' L 44 2B, CERCA CEL PUMTD -2 ZE 280
120+
E OO 4 7 CEACA SEL MywTD 4-+ JPEG .
Py GHn Ol O] APROTIWAGSMENTE
KL Dix 30, fqmca pEL Puntd 3-a TEA S+
i W dIm, AMAQXIMADAMLNTL.
=0
2]
e
& e MINA LA ENCANTADA
g‘“ BESPL AL AaMIENTQS M EDIDDOS
B
;1 FIOURA 4t




T auton

Stmmm - Gpsmn e medoen e A TATMOEIOTES
o 1D ELCavoCIan

® - Coxs MOmMuhcor peos POIE MEde vOlOLOn

de prEncn  errhco '
oy Sitips o z:?:u:lc.n OF Jruedps A% ciluern
' corlanle qurpte
5300 K |
MINA 1GU & R A N

PLANTA Df LOCALIZACION DE DISPOSITOS DE MEDICION

. FIGURA HT 2D




rl e
- Hrn HA
R

"’P

“|| 11 11“ |1I11:I1'1 '

e FM”;]I :.'li:! bl ” ” i Hu

|
HitilL g HI Ll [ I[

gy !
1

l!

[

SRR i SE L : l\':
o | .~_ii1 ‘:= liulnll"- aatmig g, b
L "'l ""|”“j!‘!' I!l da,'l‘:_. ) 'Ii &
it P !i!i ::'I'}Llf;“.rlin B m.“ rl. l I -.~‘r 3
!.1.!..I_.!I RN 4|| q.-nlll;:.j.; My :i..:u'.-- RN

i ||r||-| L H A I ST ST A I TR 1“

MIMNA THGUARAH
FRI b4 BE ESFULHLD CoditatiiE EW Caroen
Flbeds LY ey




e — L T T LI 1 i et LI -

.I‘ L

IR

Tl

ca- --r Wm‘__—
‘E ;u'd rnr.a..r.,q : : . - . I

i Mﬂii il

el

'IlH

t h :
[:._-hth:“l‘ﬁlT 1-; eyt f-u.
I M A

gl -
]

IHGUARAN

FHLLGA L vurbhAfL Gy fabinn BN CaMig

Footerrli iy gk

———— e ——— gy D

- — e ———— e — "

bR

e s amee



_.___."_% r‘

i ..‘.1I.u:|*a ngr Mgl

Sl g i 25 462 (17 tw v
-;I:.slu":u HLaE-R Y ] , f'
.,: 'un [hec) ‘5 ﬁﬁ ?FH LR N

e

MINA INGUARAN

FHuE B4 BE ESFLEHID Cuk}2HTE 10 Chuind

FHnle e e A,

o W MR o el el R ik - B ALk sk st R Ea P

[T T iy PR Y T I Lowaan - e tmTaa . P T T T R



Sy
100 e
.
B Mg rent) A
(K1) tr:u cortone .-}\
S Resislencio & compesidn simple e \\\
na conlnodo lomonds en cyentn -7 A\
el lisurgmiento de o roca, .
~ =" [Dedwidos dt proetas de loborgtoric) \
N Resistencioy o compresidn
aedusrdas cde 10y procbis
o¢ compg.
tzuw' \
Rongo poin
5C-2 y SC-3
Ranygs parg SC-| \ 1|
——rrr—— b —— e a (LS
~ Ly
- ¥ 1
H 1 T L
/1 2 100 150, 0 {Kg/em?)
Estoerzn  recomal
':E;n:-
- 1-. MINA TNGUARAN
LEY DE RESISTE HCIA DBETERIDA DE
L45 PRUEHASLY DE CORIE N-SITU







2 HE1

M1y

iz

T LI

Ny dvynsad

3

H I LT B

v

wedding W I0ng O

.
Lot
e

ugigiterd A iAW

[T
N g0y R DA A By dipwd

L RELFE I+

L CV1-FR Y

—
Ta
[FL L™

LR T4
L)

FUE e e gy

Nk p e

L T T R Y

I § _‘U LI P H

"IMd] DravaA A ap  sopung-

- e
.
[T
"
1.
-~ e
o
. v
-
P
33
i3
E
==
=
A ,
bz
[ =
O
-
! "
-
L "~
o
-
a
‘MR
S
| &
=
rs
t

A = — gy ——

i
al

—— e T e w

Iyt ] |

LN T A

i" wrp B, tRFITY

M, 1nT.

e M L = g me-

nodrapmraly,

14 - v

aA
[
ML ol | & IACCHIN

-r

Fiam [

Punlon du ralermucen PR
A

E'.-

L o i _

—am m -t

Las daloaruis Anlia FH w0 miden £07 un

fongumeten dn preCivida gque garmele leg—

turnn a4 4] OOV Ar pulgnde.
P ad w41 1A R 5 - Dn-‘l[ﬂ_ﬂ:_nmienl‘_.g: en mm. [ ¢ 3= Aeortamlentos
o bm i = Abtargemienton. o .- ;
Conchizgnrs : El recho bajé E_E ¥ ?l-.g_i l:_f"- Lzguiecdo sa corcil 4 .

hocirantalmenta, shamnchindase. "
Enigrpretd; A.D-H. - S t
ﬂnisuf: e
MINA i K GU AR AN
IMTERPRETACION DE LA MEDKCON DE DIAMETROS
' FIGURA N 43




Pragecte | CTLMA _TnnLANIN, TIVEL 00 q.ceign ne: 5
Fugrn; Moo - Mol S - - =
TUNEL CE EXTRACCHIM
A L
! A 1,20m I 1.2%m -
aDm
. - acn 1 RRPAIEMTES
7[‘. 3 . ! | CILIULADGS
i T : P I T R T
r 3
P L |
' ) 3 : Pualos de raferencic!PR)
- 0.5 ;

A
i
i
Currrdy -'“-l"1h'l"t1_.jll L)
-
Las difoncics =atte 79 50 muden con un
longimetre e precisidn gue Jermije  lee —
turas a 0.001 de pulgedo.
Chywrvnicigna s _—e=————=f= Cenplazamientas en mm. (= 1= Acoriamiansas
{ = } = alarqgamienras, 7=4 v 7-% corsestonden 4 o 15, Lm0
Lectura an e llos.
Conclusinnas - __ 9= Rigsa un Sgrriml-'nis pnr cortance de 4 =m. ncia els -
wrmenBAi2c =2 v ppg Padeda del techo det ocogen de 500 oo
Interzretyg: ALALM,
Revisg:
MI N A ING U ARA N
INTERPRETACICN DE LA MEDICIOM DE QIAMETROS
B crpr ey 1laf

—_




n o ——

r— - ————

eaUy e LAY Lrh MTWEL ADD

1
I - PROSICH Mot7 CROUTECA PN
i o oy PREIT EoISTHalv L Aifll5is OE
| TDNA. | Aalo DL e 2i Il oEsE o TIoAALIAD,
WOCA Zrhzma, [ A ST Furs: i ihia I 1375,
[ jub g =i Wik- ol e - . 1
QLF Ta [ kil TN Z=binse | B TuORE- l el ’
FRmmT lome ProsiThl et ToEh. b O ATEL om0 mBTes ] 4R
- Lok lamac 08,3 n 108 5 . GE=-57
I 81 +E +T.8
1
o h=5 39=-11 kL] | k- k| T — — 15 =11 =1).1
]
o, =T S6=57 98 1] 37.5 19 13 105 +9 +9.4
o1 } F o | BE6~E7 i1 i —_— H— — i +17 +1E.1
i [ 'y £1-432 1.5 1E0 £B.5 L1 L1, 102 =1 =4, 5

T AL LTEENLAT BYSCLLLT 1A IEGATIA En Gotiorg G DHVD. e Donprool o i Caio hatIz sido definitaviceciie catata, pro

Lol @swnil (Lo 1af LETACAL B0 las LN0.clalitnes dal 51010 Cf FIucla, POT Lo QuE 1o lug posible efactuar dicta pes
carza. (War Iigqura 3.4).

racrente 4 la descaroa se presencamon ¢aliog anoel bechc e la Elna en la TSna o4 nialasiia, desido al —

Rt oo o LA esxmltimaAciin, T ID e D SR gAMLY bl CFDGISETO CE presilones despufs el I0-3I-15, Docha en gque pe
rudilteed una prevadn da 65 semd. |Ver lagurs 3.3,

M L N & I N GUAR A N

FIGUR A NT4a

£ £ i
Py d
E P - ta
= n -
=2 e r [
o e
T . 1= | & %
- P -
— |+ n -— .
I 4 " B . E a1 -
i ' . A F = x
- - i =
1 > \ al/ 2 | % g &
" F Th o - -
1 ] rr I i) - L
' 3 : “ 11z b3
= ap
| = 1 E -..g
| ]
i -
+ <
: b - - - bl
i d 8 c 3 -
. : El £ e
. - e 1 3 <@
: E in T H e = £ g o
- g |E H ct = | g Ta
- ] o ¥ u tal
b p " o F: a e I O
- - - " Y . .
'E [ } - w 3 W o - i | L
= wld.._;_..:_.-——q- - EE E Eqél ! 1 -
T aad ' f - x o - 4 i -
x E - = = H
5, P S 1 %3 &l ogE -
- lg - t w T x £l = i 1
el R . ' e P el &l : i =
=1 5 ; LT3 b bl 4&
1 . - il ol I o
Sl ) s.3 ol slg 13
- ' | | == e Ll = [T -
o 2,0 Bln .)a =
— a H - -
=2 | 2. IE E| 2 | | -
. H : 1 - Beom}ow -
L ¥ L3 1 = - =T 1 t iTE
T ey h - >0 U L i hud
- i H I E o3 Il ol Al . i -
b : I - = 1= =] & ' -
H I~. - ] . I Ve 'nl 1': -
e |- : L S o -
% ‘ L IR :
‘1' s T i ay 2 -
= om bl * "'i ) ! .
o v |l et i
a0, owl E. e 0 r
| P T
P =l >z & .
w ? . = £ =
oL & N £ &
i







DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA U.N.A M.

MECANICA DE ROCAS APLICADA A LA MINERIA Y A LA CONSTRUCCION

METCDOS GRAFICOS EM EL ANALISIS DE TALUDES

Ing. Victor Manuel Havarro Hernindez

JULTO, 1982

) de Minerin  Cafle de Tacuba & primer pite Deleg. Cusuhtemoe 05000 México, O.F. Tel; 521-40-20 Apdo. Postal M-2285






x

Us DL STEREONET PARA LSTURIAR LA ESTARILIDAD DI ROCAS FHACTURADAS

L PROFILDADEY DE 18 FROYECLJIOMES ESFERICAS:

ll Ceneral.

La grientacidn e uwn plana en ol evpacio, definida
por su riaplbio y maalea, S represenia medionic
Ia taweregin ale didhwo Iﬂ:lhn a1y i ofora de
acferencia a 1tands de cuyo conno pasa el plane
en cucslion, Tara dewerminar cwa Linga de jmier-
seccidn en ol e, £3 nocesatio pimyectagla selne
¢l plano ccuararial de ka esfera, Biloiemnes méioxdos
de projcceinn lut side ideados; sin cmbarpa 10y
alistutsiones quoc s prwlucen al pnoyeaiar varizbiles
trisciinemignales en una pliosn Lidimensional no
baas siila resuchias, 1fata obiiar esins poohlemas doa
sipos dilciciney e proyeccionoy a8 wan en pealo-
fla ostiwcnnal, Eoocrstalogealin v oesibstiidaed ode
talundes o3 thesealile mar o1 méimeda Je proyecciones
el [ W e guee oo dste Lanoediday angh-
1o mer aon ebisondenanbis, Enosires casos, cuando
gpuicre £onowr Valeres ostabinicns de densidud
f oncutacion ale aatruciuray geoligucas, o impor-
Eande  proscivar iud CHTCE tepresentacian de
dichs ¥ en comscinengia e emplean las proyee
cioncs de Schimidi. La proyoodddn equiangular
(Walllf) o3 el ncrodo wsadda en esie cxuilio.

12, Meyercicn cquianguiar,

E] mftada de proyecciencs Wulll he sde exiensa
mente explicado en Ta bibliogralia (1.2) ¥ no nm
estrmcfpremny o detalles. A moiln iludtrative Ja
Fig. 1 mucsiza nn plane tipe {reprosentacidn de
wna fulla o lexcwora geologica) incereeplando 1a
oafera imaginaria y S0 paslenior preveccidn median-
te un citenle mayor enoel pHlanag eroalorvial, La
Figura 2 muesira un diagrama Siciconce obienidg
e wna proyeciom equiangular o el lemiferia
infetior. Fn & sg sepreseneg un plane con rumbo
NS inelinaalo a J0* Ocue ¥ 1ambicn se indica la
posiciiiin e un plann con b X127 L inglinado
0% 5, ¥ la imerseacionn Jde amlus, Sc,recomicntda
gue ni red de esie tiga se dibaje co oo plisics
trawsparenie 1ol quet por snperpesiodn ¥ retacion
det tiansparenie se pocdan dibujar simuluinea-
mente Hncas won diferents manco y tambo,

*lngp. Jele dlel [oalwraiasio de Masuica de Recat.
arlancnla il Minos, Facultad e Cicirigs Fisicas
Tatrmdiicas, Univcisinlal de Chile,
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11, UM: TIFE STFREGNET k4 JVALUAZ Lag JUIH A4S
DESLIFASIES ¥ RESIATES1IL FAZL LN CURA DE
RECA Lo DRALIZAMILN IO FOTENGT AL

E! uso de Stevonet en el andlisis de esezbilidad
para recas fracturaidas ha sida dorita por vanios
augares {1, 4, 5) - El moiods punde awr ilizads
pata evutuar 13 estabilidad de voa cuiia e reca

Cong de friccion
parg g=-g90°

H """-?
_,," .
Dﬂﬂ U H ﬂ"‘n‘; I|'nr
{a)
H

Estable

triclimensional alescansandas wie €] plann gen
resiencid Niccioual. bu aplicacmin w6 3emicjs 3l
sistemna puligoaal para semar fuctsas geilicamenee,
pcro en ey cave Mrla 12 aricntacian {y ne la moag
mited) de las focreas se deweminan diteccamecnee
coil Sizrgonel,

En ta Fig. 3 sc mucsra a orientacidn de b
fuerras tle reaceidn oo el plano de fallamicin

Inchingcign 30

feiecedn

(b}

Cono de Iriccicn pera ¢ = S0°
Ly

O, LI_

()

Inesighle

Focter de seguridad
j.- Debido ¢! peso'W

L5 =.En_'!i.ga:‘|.‘|5
F Tan 3C°

.- Debido o Wal

F.5. - Trnr'la*q'rﬁ . I
Tan S{° 0.7

{d)

Fig, N?E-t{ﬁlizumienlu en un plono., -
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ara ¢l caso simple e deshizinicnwe en up plane.
=1 andlisis de esabilidad soodiviste en ados pacies,
Primerg se alibuja e Swee by oricnuacian Je
1a reaceion ale resiitengiad faasina M en o plane
de fallamiziu porencial. En osie cavo corrosproade
a la compentute resistene delinida par £l dpgute
de fricciom interna g, el el determing un “cone
de Iriction”™ {& mados ton revcoa 3 la noomal al
plano). La acgunda pane oorfesponde a [a deer-
minacidn e la oficiacion de las Tuerras desli-
zamiet acpuancka o I cudio Exeas fucrses [weciTen
mcluir el I.vr_‘in del maerial, luersas de aceleracion,
presidn e apua oen das plaag e Talla v loerras
pujanics e s prosentan debido a csuructaras
de supoificie fejenapsla apoyos de represas de agual.

La suma grifica dlg voelores se ina con Stercunet
pata deicrmaiear Boonientaciin die b1 oresalinee e
Fucrras doslivantes, delimendhine von elle ranas e
extabilidad ¢ inestabililad scgdn ol dAppulo on
que 3ctita la fueria dealisante 1caubiange. For ejem-
plo. s exta foerza actaa con un Songubs mds alejado
de¢ 12 wormal, con 1epecte 3l plane potencial de
falla, que ol dupula e rosiaencia de reaeciom
M s Ima & M p'rul.lllcc el ilealisamentn. ¢ destaca
que la nhicacidn cxazia e las fucrzas 1o es cono
cidz y 1a sivma de tomenioy na se eleetits,

En nuvestro ejemplo el plana X 9% W oulica
u pulu sabre by Lincu N5 en Siecrcouet, Mara dilio-
iar ¢l cano e [riceitin ¢ = W o5 neetsanio wsar
el enmarcado de 40 dewle N e baorod Sterconct.
Se obnerva gque X ne eatd en vl centra el ghieulo
formade por ¢] cono de [riccith.

En la Fip % 1e hap estudiade den cazm pasiledes.,
En ol piimero I cuiia ale roca cad solicipada por
W propio pese W que sc roproenta oo el ieag
de Sierconer ¥y por lo tante dewnto ile la ozona
estable delincada por el cone de Miccidn, E] {aciar
de seguridod paras it caso o5 1 4% Tnorl seguda,
# ha supecsio und naidn de poro U, oquiva-
lence & D44 W 1o fue B3 desciada Ta resuloanee
W U en 209 fuera <l la woriiczl. Ewn en
Sterconoy sipnilica quedar Tuera de B zonz esiable
con un faowor e seguridad D1,

1l. AKALINA BE FSTARILINAD Taks MULTIFIFY SIS
TLAMAS DY T RACTURASY
P

El ejemplo antetior ilumraba ¢l case mds weneille
para vua cufia de reca deslizanic sobre nn plane
anico. Fl mdwnde pucde hacciwe extensivg a ona
cuha formada por dos. ires o s Manos de desli-
mraicnte. Tons mihiples plavos Lendet y 1lco-
drou’ han plineado varios pouibles modan e
allamienio. Para el ejemple mosuude en Fig. 4
palemos suponcr los siguicnies modes de Izl
anenic:

Desliramicnts coesia abajo en plano 1,

Desliramicnto aestn alajo on plans 2,

Paliramiente cuista abajo cn incrkccidn de
planes 13 2,

Adeinds se picsenian las imsihilinl.udn refiricas
de “levantamuento ¢le Ja cufa™ Jdowl= los fHanoy
1l

L1, Orierincitn de o linpg e interieccicn de
fns plivar y frerin de reaceidn en el pluno
dAe fallamienta,

La aniemacidn de Ia linga de inigrsecoidn e los
planos represeotadaos en la Fig. 4, a2 obtiene en
Stereance al slilgar los cirelos inayores corres
pondicnier 2 ¢ada plann, Vir Fig. 5. Ln nucsara
ecmpln la Linca de dmerstoginn esti arigntada
S 2T\ con ena jnclipnncion 0% deule 1z hari-
ronual.

Para ¢l casa de deslizanncntas selamente en cl
pane 1, L wrivnoaiin de’1L L ropresentad oz
cb vong e riceion qu el plaga §odeline las zonas
estaliles ¢ jpestaldes. I'arn Jdeslizamiciues en la
intenccgiin 1k planos 1 ¥y 2 la oricmiacidn de
RLI 4 K12 scpata las reaeas estabiles € jncsaliles
EF liviiing enere leslizamicutes on Lu Lnea de inter-
secciin y deslizamicatos «n plang 1 resul ser el
cirenlo maver que pasa a iy de N1y 81, sicnsdo
estas I Tuereas normales v e ciralle pcwainlo
enor] pling I,

Flespulio de esqalalidad se indcia Lammyendo
Ies conas e Teineinm pra ooy planws. Lllos
quodan dorerminmlas a ponie de las wormales
MUy N2 owegun ose explivd en la Fige 3o Para el
cast e deslizzanicnres en b nescecidn de aml-os
plenes Lin fverras de divalle 5 v 5, achitan en la
divecdidin del deslizamicnwn yonea &t pralely a
2 linea de de intepseccidn, Law Tunrens §, 5 8, =
dilfjan en ¢} miyuna pumte cn Stereoner, Conos
citles ™ ¥ o4 para cadda plines, L luerzas de peac-
Gon 16speaivas se deduween alircaamente y ren
In resulutne BE en cda Plowe actuanmda ¢n la
MIsING scetidn AMe sns tespetivas Ny S, Por ojem-
plo. 1o diveerim e las Fectenn e reacgion RLI
pucde localizans dibjands un circulo mayer u1m-
vésale W oy 5 RLLse wbica dande este cirgulo inter-
cepia ef cono de [riccion a gravéy del plano 1.
Couocidoy RL1 vy BL2 1o resliatee ol el sise
tema RLI 4 RLZ dele acuar en wpa plana
paralele a LT ¥ RLE Ene Sicrconer este datn e
eliticne truzande un ¢irculo marvor a travds de
RLIy RLZ y la reaccidn tonal se ubigard co almin
lugar de cue circals, Sin vmbage se olnena gue
su pticidn esaces dependerd Jde Lo evicnraeidn de
las etras fuereas deliznes por considaar, va quc
la oticnmuion Je ealss setoies alecta 1a magni-
bl relagiva Jde BRI y KL%

LLE Fuerzar Minimay veaueridas para cowniar
deslifamienior & estaliilizar la curia,

Para camar wleslizamicuiey en la cuda, ¢l veolar
deslivante resulianie debe yacer Tucra de las zonas
cables y ) [acier de segurindadd el ser pedueido
sl valor wne. Estqueniticimenie cle x camsigue
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Plarol

Pleno 2

I:z

FIG, K24, _ Deslizamiento en dos nlanos .~

mediznte una lucrea NW que dibujada ¢n un polis
gonn de [uerra se ubicasia entre Ja punia del
wvectar eaistente (vecior pexa W oen euie casg) y
perpendiculas al plans RL1 4 RLIL

+ En }a Fig. 6 el dnguelo enire W y RLI1 4. RLI2
£1 cualro praidos. S5¢ obswrva que ol rumbo de la
fuerza minima KW (5 40" W) no e & misme
rumbo de la Jinea de imercccidn {5 27% W), De

acucicla al estjuemn de luerza presentade on a-

Fig. G 1a magnited de la Tuera minima roquetida
Fata iniciar ¢! deslizamicntn es jgual o 0,07 W
¥ £ arienta al 5 4B°%W a 4* lacia arriba.

Una rve1 que se ha estiado Ta magniid v dicee
cidn de la [ueyza quc podria causar ol dediza-
micuta ¢y pecesatio determinar ja magnitod v
dizcecitn de Jas fuerzas nceerarias para cuabilizaila
¥ ostablecer asi el lacwor de seqonidudd, 1o carze.
terinica de la fuerza esnabilicaadara dependerd del
lipae de esturzimienia obsepade, por epempla:

case 1.
La cuila de Fig. 3 oiid selicitada par una fuera

26

deslizante b y escurte polencialimenmie en el pla-
no 1. .

En esiec exse la oricntacion N1 y D ex conocida,
siendlo 16le neceaario dewenminar lus caaceristicas
de 51 y RLIL Los veaoes 51 y RL1 actdan dentro
de tos planes definidos pur N1 ¥ Dy $n pesicidn
seoolbiene dibujzade un diculo mayer a ravk
de N1 v 1 (linca sdlicda en lig 7). Rewoliz ol
que 51w uwlbica a B0% 4de N1y RLY a2 o grades
de N1 a Ju Jarge del cirevlo wmayor, En el ejemply,
el duguin enne N1 v RLT ¢y g =1 240°, el dngula
cnire RLE1 ¥y D oes 375 Tl [acior de segucilad
resultanie os:

FS. — Fuerz <le ciralle nuixima —

Fuerza de cizallc mavilizada

‘Tang 20°

Tang (20" 4- 31°}

Fara oste camn ol steslissmienta de fa cuha serd
en dircecidn de Jas fuerras de cimxlle E, con incli-

R T ——————
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Flano paratelo \

a N'”r 5]

Dedizamisnto
en planc 1

Levantariient

Levaniomisnto

PlunnTI N enlas planos

p— —

L—~ Plono

Destizamienlos
hacia erribo en
Interseccian

plencs 1y 2

Deslizamicnta

Flong 1 en los plunna\ en plang 2
5 \
“ Plono 2 '
Deslizamientos hocia \
obojo en Interserccion
de planos by 2
™~ 1
FlG N5 _ Slerconet paro deslizamientes en dos planos. —
nacidn de Iﬂ“iy en la direccién 5 40° W en el I'niw = D -5cn 37°
plane ). )
La magoited e la fucrra minina T, requerida crsa f

para cerear tos 310 anpulaves caisenles ontre KL

y P {y comisecucntements aumentar el [acror e

- segutidad a uno}, puede deweinunzne de la cons

ugcion prdfica oo la Yig. 7. 5 b mognied D oes
aecila entonees Ja Tuctsa minima o3

La cuiz ¢ solicitada pot €l vecior destizante By

_ csenrricd,a lo Jarpe de Ia linea de interseccidn e

los planas ¥ ¥ 2, 51 y 52 actuan paraleles 2 1a linea
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Centee NI 4 N2y RLI 4 KLZ,

S40w
{Direccicn de HW)

S ITYw
{ Linea de inlerseccicn
de plenes 1y 2 )

Plane ¢e RL kL

|t
[__. HY o 1. - - .

NW= 0?7W eslo dnigida

ol 5 a8 y nclug hecia
arriba a 4% de lg herizontol
normol ol plarne Rbye Rla

Fib.K?&..  Deslizomientos en dos planos .

Fuerza minima requerida parc cousar deslizamienis, .

-

de inleneceidn dJde eiten planes. La pesicidn de
NI 4+ N2 ¥y RLI - RL? quadard definida al
dibujar wn ¢irculo mwaver {linea sdlida en Fig. 7)
a travds de 51, 52 y 0. El vewar RLI  RLZ
se localiry on la interseccido ele evie circulo maves
y atro circuto que pasa por KL y RLE Tambida:
el vertlar N1 p N2 e tocalizs en la fnferacecion Je
les circules mayorcy que pasan pun 51 o 52, B oy
N1, K2 respoaiivamente.

H I[acler de segnintad queda delinido por Tos
dngules 51% cntre W) o K2y Iy el dogule 334
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F. 5 — Tang 33 -— D53

Taug (33% -4 189)

la direccidn deld slediramicnte o a lo largo de
la linea de inteneccidn § 277 W con inclinacidn
40° Liacia abajn,

1V, PEQCEDIMILNTO £OMFUTACKONAL

El mérends deserito 1cznlta aparentemente compli-
ade y wcdima on :lil.-ujo mznual, pudicndo
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Pminz D sen 37°

Coso 1
Deslizamienlo en plans?

1%®

B w ™
Q —
[+
2.
o5
oo
.
. Frmm
. Pmin=18 Efn 167
! Cosg 2
Deslizamiento ¢n interseccion
de planos 1 y 2 '
L 5
FIG.N? 2. Fuerzo minimo requerida para cstablecer Iz cung, -
awmentar las difiguhades al ereoer ol aomero de A objeto de olniar aitos problemas se han _dl-
caeas libies de | cuna de voea on estbio. Poes fua sciiado una scvic de pmogramas tlﬂ_ I pUILAL G
muchas veeey no 0 encudniza delinida 1% una (8.3} paza procesar Loda Ja llﬂu_rl‘ll.'lfillr.l r :'t.t_p:l.
- aglara ¥ delincada linca de Lalla sinn por vna serie LE! victo e imicin con la recnleccion e 1I;1{ur1n:ltll‘}n
: discontinuidades geoldgicas  {veras, diackoa, en tetreno ditidiendo 1a rona a oatudiar ¢n blo-
o} que presentan planss de debijlidad, ques {mctros de galering, minas subierrineas; super-
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ficic de bancot, mina a tajo abicre). Lot datos en
forma de rumbe y maniea para cada discontinui-
dad greldgica wo procesatdas por STheoneT 1 pata
dibujar ¢oacemrucion de pale en una Red e
Wullf, Straee~eT o idemtilica [nrmaciones de gru-
pos de paloy sacancdo su ericitagiin media ¥ des-
widgidn starmard. Finalmenwe STonrexet i oticne
las inteneccoones abe planos principales y amatica
bos [acuores de seguridad, .
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l.- INTRODUCCION,

En el afio de 1977, el Instituto de Ingenierfa de la UNAM, fué con-
tratado por la Comisidn Federal de Electricidad para realizar un -
estudio sobre la estabilidad de taludes de dog futuros tajos a cie
lo abierto, denominados Tajo A y C, que servirfan para la extrac—-
cifn del carbdn que serfia utilizado en la nueva planta termoeléc-=-

trica de "Ric Escondido™.

En este estudlo se sefialarcon los problemas gque podrian afectar la
estabilidad de los taludes ¥ se hizo hincapl& en la necesidad da -
conocer, con m&s detalle, las propiedades mecfnicas de los materia

les ¥y ~ las condiciunes-geohidrolﬁgicas del subsuelo.

En Agosto de 1977 52 crea la compafila "Minera Carboniferas Rio Es--
condido", con el propdsite exclusivo de dedicarse a la extraccidn

de carbhtn para C.F_E. 'y en Marzo de 19792 se iniciaroh una serie de
trabajos en los taiﬂs, ahora denominades-I y II, que dieron origen
al estudio gacohidrolfglco del Tajo I presentado por nuestra empre-

sa en el mes de Septiembre del miemo afio.

En este estudlo se definieroﬁ lag condiciones del flujo de agua --
subte}rﬁnﬂa'y se recomendd hacer un analisis detallado de la esta-
bilidad de los taludes, va gue existfan una serie de fracturaas gue
canjuntamente con el agua afectarian seriameﬁte la eatabilidad de

los mismos.

La topografia Sumamente plana de la regifin no proporcionaba cortes
" que sirvieran para obtener datos sobre los buzamientos de las frac
turas, por lo gue fué necesario esperar hasta mediados del mes-de
febrero, en ‘que s; da inicio a la_excavacifén del Tajo 1 pars reali
zar el mapeo de las discontinuidades y obtener elementos para los

cllculeos de los taludes.

En el presente estudio, gue s5e expondri a continuacidn, se presen-
tan los resultados ohtenidus de la Exploradiﬁn de campo ¥y de los -
cilculos de gabinete. &5e concluye con una ;erie de lineamientos -
generales para poder abrir el ‘tajo en cualguler direpciﬁn que lo -

considere conveniente MICARE, manteniendo slempre un factor de pe-

guridad adecuado de la estabilidad de los taludes.
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2, - GEQLOGIA. )

El comportamiente mecinico e hidriuljico de una masa rocosa depende -
primordialmente de la configuracidn de sus discontinuidades. Estas
Be agrupan epn familias de diaclasas, plancs de estratificacidn, su——
perficies de foliacifn y fallas. For tanto, el primer pasoc que se —
. Biguid fue la clasificacién y levantamients de dichas superficien de
discontinuidad. '

¥Ya que este trabajo es una coiltimmacidn del estudio éeahidrulégico -
presentado por. nosotros en Septiembre de 1979, nos permitimos repe—
tir los comentarios realizados sobre la estratigraffa y la geclogia
estructural; pero en esta ocasidén, se verin enriquecidos por la nue-

va informacifin gue hemos podido obteper de las excavaciones del Tajo

2.% — Estratigrafia.
La columna estratigriafica de interés ‘para la explotacifn del Tajo
I abarca desde las formaciones Upscn, San Miguel y Olmos del Cre
ticico Superior, hasta las rocas recientes del Terclario ¥y Cua--

‘ternario.

—

Las. caracteristicas litolBgicas de dichas formaciones se nﬁ£uvi5
ron mediante 1a ejecucidn de 16 sondeos exploratories con recupe
racidn contfnua de niiclecs de roca, empleando un barri} doble gi
ratorio de didmetro N. En cada uyna de lag perforaciones se de-——
terming la litolcogla de los nilcleca, £l porcentaje de recupera—-
cidn, el indicea de calidad de la roca ( R.OQ.D. }, la permeabili-
dad de los distintos materiales, las profundidades en que se tu-
vieron pérdidas de agua durante la perfuraciﬁn y la ubicacifn --
del nivel frearico. La recopilacidn de esta informacibn puede -

consultarse en el Anexo II & este trabajo.

Sin embargo, cabe mencionar gue estos 16 sondeos se localizaron

qntrerel borde Norte del Tajo I y el Rio Escondido, y @inicaments
involucrareon a los materiales permeables que eran los fque inters
saban EQ_el problema de flujo de agua. En el intericr del tajo,
se echd ﬁanu de la infnrgaciﬁn ohtenida por C,P.E. mediante ba—-
rrenos perfnradns.con brocas tricBnicas que Gnicamente Eirven »-

para definir, en forma aproximada, el tipo de material y no muy
¥






conflablemente la localizacifn de los contactos entre las distintas

formaciones.

A continuacidn se presenta una breve descripeifn de la estratigra—-

fia del subsuslo en la zona del Tajo I.
2). Eras Terciaria y Cuaternaria.

superficialmente s¢ atravesd una capa constitnida por un snelo li
mo-arenoso coleor café claro, con distribucibn erridtica, presentando
un espesor variable entre unos pocos centimetros hasta 4.00 m. En -
ciertos lugares podria consideraree gue mas bieh se trata de un ca-

liche alterado { S5uelo residual ).

Al incrementar la profundidad aparece un estrato de caliche, compac
to y duro, que presenta en su cuerpe una serie de fracturas. En la

porcidn inferior del estrato ge observaron peguenios canales de diso

lucién.

El caliche se encuentra distribuido en toda el Srea de estudio; po-

see espescres variables entre B y 20 m. - -

Subyaciendo a este estrato hace acto de presencia un congleomeradc -
constituide principalmente por fragmentos de roca caliza bien redon
deados y de color claro, los cualés presentan formas tanto eguiaxia
leos como proladas. La maca en s{ se encuentra mal graduada, y el -
tamafio de los clastos varia entre 1 y 15 cm, En menor proporcidn -
se incluyen fragmentos semirredondeados de-pedernal negre, gue jun-
to con la caliza, ae hallan Empncadaslen una matriz arclllo-arenosa,

gque &n ocasiones presenta partes bien cementadas por carbonato de -

calelo,

Este estrato también se ve afectado por fracturas y por canales de -

disclucidn.

En el block diagramftico del Anexo III, se muestra la distribucién
de estas roces en el perimetro del Tajo f y su variaciSn hacia Rio
Escondido;: de donde se concluye gque los conglomerados se encuentran
esparcidos en toda el frea, aungue en clertas zonas se acufian., «=

54 espesor ascila entre V) ¥ 7 m. perd su promedio es'de 3m. Por-las



caracteristicas mencionadas hasta el momento, es de suponerse que
estos depdsitos se originaron al erosionarse las rocas calizas de
las montanas pertenscientes a ILa Sierra Madre Oriental, siendo —
transportadoe los fragmentos de-roca por las corrientes de squa -
que los fneron sedimentandc al perder Estas su capacidad de arras

tre.

1o antericr explica la forma de las particulas vy la diferencia en

los espescres de los depbsitos.

B). Cretfcico Superior,

En el Area circundante al Tajo I Gnicamente 5e detectaron tres —-—
formaciones gQue resultan interesantes degsde el punto de vista de
su implicacifn en los problemas de flujo de agua y de estabilidad

de taludes.

L]

A continuacifn se describirin brevemente sus caracteristicas empe

zando por la mas joven.

FORMACION OLMOS.- Constituida principalmente por lutitas y limeli
tas con intercalacicnes de areniscas y capas de carbdn en su par-

.te inferior.

Las lutltas y limolitas tienen un porcentaje de recuperacibn me—
dioc ( 0% } ¥ un R.Q.D, bajo ( de 0 a 25% }. '

FORMACION SAM MIGUEL.- Constituida por areniscas de grano fino a
grueso, duras y compactas, Su porcentaje de recuperaclén y su -
R.0.D,. son altos { BOA ), lo que indica la alta calidad de esta -

roca. En ocasiones presenta pequefias intercalacicnes de lutitas.

La formacidn, de acuerdo a los registros de perforacibn, tiene --

una potencia comprendida entre 8 ¥ 15 m,

FORMACION UPSONM,- Esta formacidn solo e encontrd cerca del Rio -
Escondido y consta de lutitas y lentes de areniscas, presentando
el conjunto un -pa}centaje bajo de recuperacibm y'un R.Q.D. gue -
indica una roca de mala calidad ( 25-50% ).,

Con el fin de poder determinar la estructurs gecldgica en el Area

de] Tajo I ¥ sBus alrededores, se elaboraron nueve secclones genlé
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2. 2=

gicas, cince de ellas perpendiculares al Rio Escondido y al eje -
longitudinal del tajo, y lam cuatro restantes con direccidn para-

.lela al eje del tajo.

La localizacidn de las secciones puede encontrarse en el Anexc I,
¥ cada una de ellas en el Anexo III al igual gue =l block diagra
maAtico.

Unicamente se ecnplearcon los barrenos recientemente perforados —
por MICARRE, en donde hubo recuperacibn continua, para la unidn -

de los estratos. \

La discordancia entre las rocas Terciarias y las del Creticico -

" superior, ha sido bien delimitada en las secciones I a“V,- Ademas

pueda apreciarse que existe un parteaguas subterrinec en direc—
clbn NE-SW, aproximadamente a la altura de las secciones VIT y -

VIII. '

Esto probablemente se debid a que cuando las formaciones cretaci
cas s€ plegaron ¥ guedaron expuestas a la intemperie la ercsidn

diferencial ntéc& con mayor rapidez & las lutitas de la forma——-
cifén Olmos que a las areniscas 'de la San Miguel, dande por resul

tado la formacibn de una peguenia colina.

Clasificacibn y levantamiento de discontinuidades.
Estructuralmente, las formacicnes Cretdcicas forman un suave mong
clinal ligeramente ondulado, en donde laos estratos se dirigen al

Este con buzamientos menores de 5°¢

Para tener uvna primera idea del fracturamiento que afecta la re-
gibn, se realizd un estudio fotogeoldgico; el cual se verifich -
mediante un vuels aérec gue abarcd un &rea comprendida entre los

tajos ¥ Piedras Hegras,

En los plancs del Anexo IV, se puestra la orientacifn de los sis

temas de fracturas.

Durante la auscultacidn de los pares esterecscBpicos se detecta-
‘ron-dos sistemas-de fracturas; elabordndose las rosetas de-frac—
turamiento respeétivas en donde aparecen, en forma estadistica,

4

las . orjentaciones preferentes de ellas. .
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La primera sefiala rumbos variables entre 10%y 30%al NW con buzamien

tos de 45%al NE y la otra con rumbos camprendidos entre 30°y 70°al Nw.

La expresidn de las fallas en superficie es débil, por lo que los -
buzanientos reportados se han ido obteniendo de los datos recalecta
dos durante los trahajos de excavacidn del Tajo I, ¥y que aparecen -

mis adelante en los estereogramas que se mostraran en el capitula 5.

Es importante aclarar que no necesariamente las fracturas principa-
les, © de mayor longltud, caen en los grupos con.mayor nimero de in
cidencias; ya que estos diagramaa se elaboran utilizando {inicamente
los rumhos y buzamientos de las discontinuidades,

La observacidn de las rosetas indica cue las fracturas son de ori—--
gen tectdnice, posiblements del tiempo de la Revolucidn Larfmide. -
Ver figqurase A y B.

Uno de los aspectos mis importantes.en les anilisis de estabilidad
de taludes rocosoa es la recoleccldn sistemdtica ¥ presentacifn de
los datos geclbgicos de tél forma gque pusdanevaluarse ripidamente

e incorpeorarse a los anflisis de estabilidad. La experiencia de -
varias personas de renombre en este campo han demostrade gue las -
proyecciones esféricms son un nmedio adecuado de representar la in-
formacifin geolSgica, proporcionar las condicicnes de fisuramiento

de la masa y poner en cvidencia la orientacifn en el espacic de -~

las principales familias de discontinuidades.

Existen varlocs tipos de proyecclones esféricas.. En este estodio -
ge selecciond la de "Proyeccifn de Areas iguales™, tambifn llamada
" Proyeccifn de Lambert " o " Diagrama de Schmidt ™.

Fn las siguientes figuras ( 2,1 a 2.5, ) se muestran alguncs aspec

tos de la estratigrafia del gubsuelo en la zona del Tajo 1.
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Fig.

vista del caliche haciendo con- ‘

+*

tactoc con el conglomerado,

5
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y en el puede

L

H/
!

"RIsn Escondido
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apreciarse £

1 fracturamiento en

N

la masa de caliche.
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Fig.
Contacto Caliche

Cenglomerado.
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betalle del conglomerade, donde se aprecia
la forma de€ sus clastos, -3u granulometria,

el cementante y los conductos de disolucién.

Fig. (2.4}

Practuramiento del conglomerado.



Contactoc del Conglomeradeo con la

formacién Upson.
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3.~ FPROPIEDADES MECRNICAS DE LA
MASA ROCOSHE,

Como ya Be menciond anteriormente, el aspecto principal en el esty
dio de estahilidad de un talud, es la determinacin de la gecmetria
de la masa rocosa dada por leos sistemas de fracturas., EL siguiwnte
punto en importancia 1o conatituye la determinacidn de la éesisten—

cia al corte.

pado el tipo de materlal que formarh los taludes del Tajo 1, exis—

ten dos formas de obtener estos datos. -

a) .~ Prusebag triaxiales,

b} .~ Pruebas de corte directo.

La seleccidn del tipo de prueba obedece a la direccifn de las cargns;
¥& gue cuando éstas originan una superficle potencial de falla que
debe atravesar 1;5 fracturas egktructurales, la resistencia al corte
seri préxima-a la de la sustancia rocosa, perce cuando la diraccibn

de la carga es paralela o semiparalela a las singularidades estruc-
turiles, la resistencia al corte vendri regida por la superficie de

discontinuidad, .

A continuacifn se presentan los parfmetros de resistencia gue se uti

lizaron en los anflisis de estabilidad,

a).~ Caliche.

peso volumétrico Y = 2.0 t/ml
Cohesifn. - = 1.9 Fg/om2 .
Angulo de friceibn in -

terna. g= 4.7

bB) .- Conglomeradso.

( cementadc en parte ).

pese volumEtrico, Y= 2.2 t/m3
Resistencia a la compre-
5ifn simple. Cc = 60 Rg/cm2

- Resistencia al corte di-

recto, Gw= 2 Kg/cml



c) .-

Anghlo de friccidn in

terna.

Lutitn.l

Tesc volumetrico seco—

Fesigtencia a la compre—

=idn simple.
Resistencia a la tensién.-

Fesigtencia al corte di-

recto,

d) .-

Angulo de friceibn in--

terna,

Arenisca.

\

Peso volunmEtrico seco,

Resigtencla a la compre-

sifn simple,
Resistencia a la tensién

Resistencia del corte dai

Trecto.

Angulc de friccidn inter

na.,

i7.

g = 50%.

Y= 2.3 t/md;  C.v.. = 4%
Ccm 137 Kg/m2;: C.V.. = 176

Ot = 11 kg/cm2; C.V.. = 65

£= 4 Kgfcm2; C.v. = 25y

g = 70*

T = 2,2 ¢/03;

Oc= 2323 Kg/em2; C.V. = 57

O = 30 Kg/cm2: C.v. = 55%

ray

19 Xg/am2: C.v. = 3Bs

go= 730



El fracturamiento encontradeo en el taje se debe 2 fallas bien --
identificadas, ¥y en su mayorfa las superficies aparecen pulidas
con estrias-en la direccibn del echado, mestrando un cnntactol——

roca-roca, con 1 mn, de abertura.

.Por las observaclones realizadas en el caliche, el ¥ residual --
debe de andar del 6rden de 30! y s5e estimd un Sngule.i de primer

6rden cercano a 5% y ninguno para el i de megunde &rden.
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4.- CINEMATICA DE FALLAK DE LGS TALUDES.

Considerande los diferentes tipos'de materiales gue existen en
el interior del tajo y las discontinuidades estructurales que
cruzan el Area de interés, se pensd en las siguientes posibili

dades de mecanismos de falla:

2].— Palla del talud a travEs de cufias bi o

tridimensionales formadas por fracturas
k).~ Falla circular.

a'.- Falla a través de cuias.

Para definir el tipo de falla a través de. cufias en los bor
des del Tajo I, se dividid® el perfimetro de la excavacifn -
€n 15 caras, y =e elaboraron los estereaéramas correspon--
dientes en base a la fntainterpretacién realizada 'en Sep-—-
tiembre de 1979, y a los rumbos y buzamientos medides en -

los primeros trabajos de excavacidbn.

En el anex® VI se muestra el ﬁlanu denominade estabilidad
de taludes, eh €l cual pueden identificarse cada una de --
- las 15 caras mencionadas; y se ilustra, a través de los --
estereégramas respectivos, la relacifn entre lasg disconti~
nuidades gehlﬁgicas ¥y la direccidn del talud propuesto en

cuanto a la probabjilidad ¥y forma de algiin deslizamiento.

Asi, se pueden llegar a hacer los siguientes comentarios:
Cara l.- La proximidad del pelo de un talud pronunciado
con la familia de fracturas con inclinacidn --
promedic de 75% hace posible pensar en una fa- -
11; de tipec bidimensional. Ademis, existe el -
riesgo de formacidén de cubas tridimensionales
con salida hacia el SE, para taludes inclipados
‘hﬁs de 50°. '
Cara 2.- En .esta cara es prﬁbable que gcurralb .algupos -
desprendimienkos provacados por el deslizamien
to de cuﬁas'tridimensinnales, con salida hacia‘
él SE, inclusa para taiudes de inclinacibn me-

dia.



Cara 3.,-

Cara 4,.-

. »
Cara 5.-

Cara &.-—

Cara 7.-

Cara B.-

Cara S.-

'_Cara 10—

2C.

La posiéiﬁn del pole del plano de 1a cara, hace
factible pensar en una falla de tipo bidimensic
nal para taludes pronunciados. pAdem&s, hay in-
dicies de gue s presenten cufiag tridimensiona-

les inestables con salidas hacia el SE y SW. '

La disposicién de las fracturas indica gue para

un talud inclinade mas de 60% hay una fuerte --

" probabilidad de gque se presente una falla de ti

pe bidimensional. Adicionalmente s5e tienen al-
gunes cruces de discontinuidadas-gue podrfan --

dar origen a la.formacifn de cufias tridimensio-

-;
.nales ¢onh salida al SE y 5W.

Excavar este talud con una inclinacién pronun--
ciada implicarfa tratar con una serie de cuias
tridimensionales, y con la posibilidad de enfren -

tar una falla de tipo bidimensional.

Este talud tiene una alta probabilidad de sufrir

una falla de tipp bidimensional ya gue s5u polo

se encuentra préximo a una falla inclinada 45°%

La direccitn de las fracturas on esta AGrea del
tajo, podrian provocar una falla por voltec de

blegues.

En este caso tambifn tendrf gue cuidarse la fa-

lla por volteo de hlogues.

k1l parecer, la disposicifén de las fallas indi--
can la formacién de cﬁﬁis tridimensionales bas- -
tante inestables para taludes preonunciados. Al
parecer dehe penearse e€n un talud poco tendldo,
cuidande dAe todos modos la peoeibilidad del vel-

teo de blogues.

5in problemas de establilidad,

Cara 11-"Posibilidad de volteo de bloques.

-



Cara 12.- Ho parece tener problemas de estabilidad.
Cara 13.- Riesgo de falla por volteo de blogues.
Cara 14.- Posibilidad de falla pof volteo de blogues

Cara 15.- Pormacifén de algunas -cufilas tridimensiona--
les inestables rton salida sl SE para talu-

des inclinados,. Eevisar volteo de bloqgues.

b}).— Falla Circular.

Ya que el caliche al parecer .no presenta las caracterfsti
cas de una roca dura, sine mis bien blanda y . _semejande -
EU gomportamiento al de un suelo, habri hecesiﬂad de revi

sar la pesibilidad de que se presente un mecanlsmoe de fa-
lla de esta“inﬂnle.
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5.- ANALISIS DE ESTABILIDALD,

5.1 — Anflisis de Falla a través de cufias.

pensandc en que la excavacibn del tajo se efectuark atravis de
una serie de franjas afin no bien delimitadas, se optd, como pri
mer Pasc, en elaborar un estereograma general, en al cual sg -
condensS la informacién geolSgica, encontrindose nueve direc--
¢ignes principaleg de fracturamiente. Con ello, se analizaron
las posibilidades de formacidn de cufias tridimensicnales y 5e
obtuvo el factor de sequridad en conQiciunes secas para cada -

una de ellas.

A continpacibn g presenta una tabla conh las.caracteristicas -
de cada una de las descontinuidades y en la figJ.Jiel estereo—
grama general en el cual se indican los.factores de seguridad

para cada una de las posibilidades de. formacidn de cuhas.
TABLRE 5.1.

Caracteristicas de lag discontinuidades. '

Disconti Buza-~ Direccibn Angulo de fric-
muidad miento del cién .
Buzamiénto
1 70* 163* éE'
2 T0° 131° as®
3 gO* 1063+ 35+
.4 75° B5* _ 3s°
5 45" 191° ase
6 40 219¢° + as*
7 45° 24p* 35°
.B BE# 55# ase
9. 50‘ - 4B°® 3s*

12



23
Considerando gue el factor de seguridad se reduce aproximada- |
mente a la mitad en condiciones de lluvia intensa, flujo de -
agua y falta de cohesidn; y gque ademas cufias con factores de
seguridad de 0.50 o mepores en condiciones secas son diffei-—-
les ¥ costosas de estabilizar, se delimitd una zona inestable
dentro del estereogramn y se calcularon las inclinaciones de

los taludes de forma tal de gue ninguna de las trazas invadieg

ran esta regidn.

Log resultados de pstos analisis aparccen en la figura 52. ¥y
en el planc del anexo VI. FPara poder determinar la ineclina-
cidn de cualquier talud excavado dentro del tajo, finicamente
deberf conocerse el azimat de la dirececidn que lleva la nor-
mal al planc del talud dirigida hacia la excavacidn; y bus—
car en las flguras mencionadas’ el angulo correspondiente, Do
esta forma se ve que un talud excavade en direccifin Deste-Es

te con buzamiento hacia el sar, deberd tener una inclinacibn

de 20°%

Los taludes asi excavados tendrdn un riesgo minimo de inesta
bilidad. Ademfis, como estos taludes se excavarin en un mate:
rial! estéril gue de todos modos tendri gue removerse, el cos
to del movimiente de ti;rras originado por los taludes poco .

pronuncindos no es representativo.

En lo concerniente a los cortes en la periferia del tajo se

tienen las siguientes consideraciones:

CAFA 1.- De la observacibn del estereograma de esta c¢ara fig,
{ 5.1 ), puede verse gue con un talpd a 50°se evitarfs -

el riesge de falla de cunas tridimensionales.

&

El incremento de la pendiente del talud conduciria a la

-

necesidad de pensar en tener que llevar un mapeo geoldgl
co de detalle, e ir haciendo anZlisis de estabilidad mas
profundos ¥y muy probablemente tener gue drenar y anclar

clertag cufias,

Como el caliche en sf es de mhy mala calidad no puede -
: pensaree en un elstema de anclaje para estabilizarle, por
lo cual se recomienda no excavar este materisal con un gn-

éuln mayoy de 507 En el conglomerado y 1a lutita podr§ -
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ESTEREQOGRAMA GENERAL "FIG. (5.1

e —

NOTA: Los nGneras encerrados -
Gwir una circonferencia, -
indican 1 factor de so-
vuridad en condicionos. -
secab, para cadd combnina
ciGn de {racturasm. -
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ESTEHREOGRAMA DE LA CARA 1

Fig. [5.1]




b

correrse al riesgo de incrementar e) 8ngule del talud, pere -
habra gque tomar las medidas mencicnadas, -

Existen las condicliones geonEtricas para.gue se presente una
falla de tipe bidimensicnal. De estas, la inica gue pedencs
controlar es”la inclinacin de la cara del talud. 5% se de- |
sea evitar un movimlento igportante de la masa, =e recomienda
no excavar o] tﬁlué COon fngulns m;ynres Ae 55'medides desde -

la horizental.

. . ) _ .

-

CARRA 2.~ Un talud inclinado 60" parece ser el mis adecuado =
para esta cara, sin gue 5e tengan probiemas serios de es-
tabilidad.  Un talud a 70° podria dar lugar a la apari--
cidn de cufias tridimenmionales diffciles de estabilizar -
por ;u'reducidu factor de seguridad. Con dngulos compren
didos entre estos dos extremos se tendrfan pruhleﬁas in-~
termedios. ‘ .
En este caso tambi#n, la mala calidaé de caliche ne pérmi
te estabilizarle zon aﬁclas. por lo cual se recomienda no

incrementar gu inclinacién arriba de &07°,

CRRA 3.- Al parecer el talud a 60°® parece fer el mis pronuncia
6o gue se puede llevar con Lp minime de problemas. Un ta-
lud mAs inclinado ocasionaris tener que tratar c¢on cupas -~
tridimensionales inestables ¥ 'vigilar la generacifn de una
falla de tipe bidimensional gue abarcara una huena porciérn .
dél talud.

CARAR: 4.~ Un talud a 60° serl el wiximo recomendable para esta -
cara con peguefios problemas de estabilidad de cufias tridi-
mensionales, Un talud mis inclinado prdria conducir a una

-

falla de tipo bidimensional de ipportancia.

CARRA 5.- Para egte talud ge recomienda excavar £)1 caliche a 4517
El resto del material.podria llegar a excavarse a 60" te--
niendolque estabilizar algunas cuhas tridimensionales me—-
diante anclas y dzenes. Un talud mfis propunciado ceonduci-

ria a-una falla de ‘tipp bidimengional.

CARA 6.- Se recomienda excavar' este talud a 40* y evitar de es-

te modo 1a formacldn de cufiag triAimensionales inestables -

al igual gue une fslla bidimensional.
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ESTEREQGRAMA DE LA CARA I

Fig. {5.5}




ESTEREOGRAMA DE LA CARA 4.
Fig. {5.6).

_—

_'_...--‘-'--"-'-lq




ESTERECGRAMA DE LA CARA 5

Fig. (5.7%)
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CARRA 7.~ Se recomienda =clecrcionar un talud comprendidao entre
65" ¥ En{. La ;irecciﬁn de las fracturas en esta zona del
tajo podrian c?nducir a una falla por veolteo de blogques,-
lo cual reguerird de una revisifn cuidadosa de la pared -

durante la excavacif#n de la misma.

CARA B.-— Al parecer el talud resiste los 80° de inclinacifn,
5in embarge, habrd qgue tener cuidado con el volteoc de - -

blagues.

CARA 9.- Este talud podria llegar a excavarse a 809, con pocos
problenmas locales. Habri gue cuidar la inestabilidad gor

velteo de blogues.

CARA l10.- Podria intentarsc empoZiar a excavar esta cara a B09,
que aparentemente no-o5 cruzada por ninguna fractura inpor
‘tante. Sin embargo pedria llegar a presentarse fractura--
mionte sccundarioc gue cbhligqgarfin a modificar la inclinacidn

de este tnlud.

"cERA 1l.- valdria la pena intentar un talud 2 BO® y en caso ne

cgsario anclar y drenar alguna cuha gue pudiera llegar a -
presentarse. La posicibébn de las fracturas que cortan el -
cuerpo del talud podrian provecar incstabilidad por volteo

de blogues.

CARML 12.- Se estima razonable proponer un talud a 80°, y en ca
50 necesarie estabilizarlo. Este {iltimo aspecte scrfia lo-

cal ¥y no muy carc,

CARA 13.- Este talud puede execavarsce a 80* sin granm riesgo de
que se formen cufias inestables, Sin embargo, deberi cuidar
sc¢c de cerca la formacibn de un sistema de falla por volteao

de bloguos,

CARA 14.- Al parecer este talud puede excavarse sin problemas
a 66%, cuidande fnicamente la falla per volieso de blogues.
He se recomienda un fngule mayor, va que esta pared se haya
MUy Cer¢ana a una zoha nmuy fracturada, gque en un momento -
dade podrfia dar lugar a cufias inestables muy diffciles de
estabilizar. 51 se desea aumentar #l1 ingule del talud - -

L
habri gqgue llevar un mapeo geclogice muy cuidadose.
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ESTEREOGRAMA DE LA CARAE B

Fig. {5.10}.
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ESTERFEOGRAMA DE LA CRRA 12,

1 Fig. {5.14]
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ESTEREOGRAMA DE LA CARA 14,
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CARA 15.- Este talud puede llevarse hasta €0°%y on caso dado anclar

i

y drenar para asegurar algunas ¢uhas que se presenten,  Un ta-

"
lud mis ocmpinado darfa scrios problemas. Es conveniente cui--

dar el wvolteo de blogies,

NOTAS ACLARATORIAS:- Los Angqulos mencionados en este subcapitulo -

deberin ser medides con la horizontal. Rdemiis, deberd llevarse

un maped cuidadoszo de los taludes de mode de poder afinar laos

cilculos,

ya ¢gue la cantidad de informacidén con que se cuenta -

al momenta vs bastante modesta y basada en obuervaciones de ca-

racter goneral.

- analisis de falla circular.

Las caracteristicas que presenta €l caliche gue forma pafte del

Tajo 1, hacen pensar que on este material pueda presentarse uns

falla de tipo circular de las conocidas en Mecinica de Suclos.

Fara llovar o calw ceste analisis on la masa de caliche, se hicioe

ron las siguicntes hipbtesis.

a).-

L) .-

cl .-

d] .-

@) .-

£).-

El material es homogéneo.
¥l esfuerzo cortanke del material se caracteriza por
una cohesidon © ¥ un anguls de friccidgn #f , gue vienon
relacionados por la ecuasidn

& = Cc+FTan (A= i)
S0 asumira una superficic de falla circular gue pasa
por el pic del talud ( Terzaghi, en su libro Theore-
tical Scil Mechanics, demoestra que aswilir una falla
die pie para estn andlisis, conduce al menor facter -
du seguridad paria P=57).
Se supeondra und grieta de tensidn vertical en la —-—
parte superior o en la cara anterior del talud,
1.1 localizacidén de la grieta de tensién y de la su-
perficie de falla se hara de tal modo que ¢l factor de
seguridad sea el minimo para la geometria del corte y las
condicienes de flujo de agua consideradas.
S¢ supondrd gue la garga normal se cncuentra. concen

trada en un punto singular de la superficiec de falla,

En la tabla { 5.2.1. ) que se presenta a continuacidn se

estudid la relacion entre el angulo del talud, las condiclo

nes de agua, la altura del corte y el factor de seguridad;



! s

adcmis de la sobrecarga que puede llegarse a tener .

]
en la cresta del mismo.

' TABLA 5.1.
PACTORES DE SEGURIDAD PARA DIVERSAS CONDICIOHES
DE RGUA Y ALTURA DE LAS MISMAS,

44

Cara y an condicio
gulo del nes de C c F.5.
talud. ~agua. ©__H ¥ tand FIF
:
o 0 1za6 0.20 5.0
' RE B.10 0.20 3.3
1 . 20 6-08 0.20 2.5
550 2 10 12 .16 0,21 4.8
f ' 15 a.10 Q.20 3.3
20 G.08 Q.20 2.5
2 A5 8.10 0.1 3.2
p) ' 20 6.08 0. 21 2.4
25 A4.06 6. 21 1.9
60° 3 _15 8.10 0.216 3.0
20 6,08 0.214 2.3
2N .06 0.213 1.8
3 . 1 10 12.16 0.215 4.65
: 15 g.10 G.212 3.13
20 6.08 0.21 2,38
_ 2 , 10 12.16 0.22 4.54
60° - 15 B.10 a.2 a.17
Z0 6.08 0. 21 2,38
2 15 B.10 .21 1,17
4 20 6.08 0. 21 2,38
25 4,86 0.21 1.90
60° 3 15 8.10 0.216 3,08
_ 20 6.08 ¢.214 2,34
25 4.86 0.213 1,88




|

Cara y an Condicio

guloc del noegs de [ o g
talud. agua H \(H’hhﬁ YHF TE
5 1 15 B.10 0.18 3.70
20 6.08 Q.177 2.82

i5°
25 4.B6 0D.175 2.28
2 15 B.10 0.18 3.70
6.08 2.178 2.80
25 4.B6 Q.175 2.28
6 2 10 a.05 0.17 1.96
a5 3.47 .16 1.746
40 3.04 0.158B l1.58
40° 3 30 4.05 0.17 1.96
s .47 £2.166 172
40 3. 04 D.1l&a 1,512
7 P 30 4.05 .17 .90
35 3.47 .16 1.%2
90 3.04 0.15%8 1.52
40° 3 30 4.05 .17 1.96
is 2.47 D.166 1.72
40 3.04 0.164 1.52
B 2 25 4.86 0.192 2.08
30 4.05 O.lE8 1.77
35 3.47 0.18 1.5%
50° 3 25 4.86 0.192 2.08
4.05 .19 1.75
35 3.47 0.18 1.5%
9 2 40 3.04 0.149 1.68
30° 3 40 3.04 0.15 1.67
10 2 49 3.04 0.149 l1.68
ao®, 3 40 3. 04 0.15 1.67
11 y 12 1 20 6.08B 0.283 1.77
Bo" 2 20 &.08 0.284 1.76




i6

Cara y &n Condicie

gulio del nes de - C C F.5
talud. agua H E—Hhﬂ?f YHF .

14 1 15 8,10 0.245 2.72
20 6.08 ' 0.24 2.08

25 4.86 0.24 1.66

66° 2 - 15 B.10 0.245% 2.72
20 6.08 0.242 2.066

250 4.B6 0.241 1.66

15 1 15 B.10 0.2172 3.13
20 6.08 0.212 2.36

4.8B6 0.21 1.90

60° V2 15 8.10 0.215 © 3.1lo0

' 20 6.08 o.213 2.35
25 4.8B6 0.211 1.90




CONDICIONES DE FLUJO DE AGUA NUMERD

Tolud bien drenodo

2
3
Superficie del aguu Jveces la allum
del talud atrds del pla
4
: Suparficie del ague 2 veces la oltura:
: del hlud mms del pla
5

: Talud soturado sujsto o
iracurqn !uperfll:lﬂi
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6.- CONCLUSIONES ¥ RECOMENDACIONES.

La informacidn disecutida hasta el momente, pearmite goncluir
que para llegar al mante de carbdon en el Tajo I habrd nece-
sidad de efertuar una seric de cortes en r)l terreno natural
con prefundidades comprendidas entre 15 ¥y 40 m.: ¥ la mayo-

rfa del tiecmpo bajo nivel frcitico.

L,as exXcavaciones se llevaran a cabo a través de una sSecuen-—
ria d¢ caliches ¥y conglomerades, @e las Eras Cuaternaria y
1

Terciaria, asi como de¢ areniscas, lutitas vy limolitas de la

formacién Olmos pertenecicente al Creticieco Superior.

La masa rocosa st encucntra swurcada por una serie de singu-
laridades estructurales, ﬂentfo de las cuales se pueden dis
tinguir des familias dominantes. La primera con rumbos com
prendides entre 10° y 30° al HW, coen buzamientos del &Grdan

de A45"al HE, y la sucgunda presenta un rumbo variakle entre

3o0* 70¢ al HE ceon burzamientes de 70° al NW apreoximadamente.
¥

Sin embargo, para fines de estabilidad de taludes, se des--
compusicron cstas familias en 9 direcciones, como sS¢ muacstra
al tnicie del capitule 5, de forma de poder analizar mfs de

talladamente la formacidn de blogues inestables.

Ya que ailn no sc han realizado pruebas e¢n los materiales es

pecificos del Tajoe I, s5e utilizaron los parimetros cbktenidos’

por C.F.E., en la Mina de Rio Escondide, ¥ por nuestra empre
sa en Mina II, para tener una primera idea de la inclinacidn
gue habrid que dar a los coertes. Ezta informacidon s5¢ comple-
mentd con la observacidén de algunos peguefios deslizamientos

que ya han ocurrido en el interior del Tajo I. En el capitu

lo 3 pucde consultarse la informacién mencicnada.

Para realizar el estudio de la estahilidad de les taludes, -

se dividid el estudio en dos grandes partes,

W L

4B,
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La primera de ellas concerniente con los cortes gue se ikhan a
efectuar en el interior del Taje, y por tanto de caricter Pro
viszional:; ¥ la segunda haciende referepncia a los taludes de -
la periferia del Tajo, ¥y gue debian ser lo mis pronunciados =

posikle, desde el punto de vista econdmico,

Al comenza¥r a claborar los estereogramas respectivos de las -
15 caras en gue fué dividido el perimetro de la excavacidn, -
asi como un estereograma del conjunto, se v¥id gque coxistia la
prohabilidad de gun se presgntaran los siguinntes mecanismas
de falia.

al.- Falla a travig de cwphas hic]imensiﬂnales+

b}.- pPalla a través de cufias tridimensiunalc5+

€).- volteo de blogues. e

d).~ ralla a través de una superficiec circular

en ol euerpo del caliche.

Poyr supuesto, no todos los mecanismos se préscntarun ch cada -
une de les cortes, sino mSs hien fueron combinaciones de ellos.
En 1o5 capitulos 4 ¥ 5 se mencionan leos muecanismos de falla —-
para cada una de las garas al igual que gbn ol planc del Ancxo

IIT.

En 1¢ concerniente a la inclinacifn de los taludes para los -
cortes internos, y gue podrin llevar cualquinr direccidn, se
delimitd dentro del estercograma general una zona de inestabl
lidad yue no deberia ser cruzada por la traza d¢ nipnguno de -
ellos. De esta forma se presentd en la rig. (5.2) el angulo
de gada talud en funcidn de la direccibHn normal a la cara del
talud y orientada lhacia la excavacidn. be este modeo, un talud
excavade con direccifin Oeste~REste con burmoamicnte hacia el sur,
deberd tepner una inclinacién de 30*. Estos resultades también

aparccen en el plano del Anexo VI,

- .,

Fafa las 15 caras peripmetrales se estudid a detalle los posi-
bles mecanismos de falla en cada una de cllas, ¥ su relacidn

con el &ngule de corte, la altura .del talud, n; tipp de mate-
rial, la configuracifn dc las discontinuidades, las propleda-
des meclAnicas de los suelos y rocas; asi como las condiciones
de agua en cada una de ellas, llegandn a los siguientes resul

tados.



TABLR 6.1

INCLINACIONES RECOMENDADAS FARA LOS

TALUDES PERIMETRALES,

Cara Inclinacién del
corte, Obscrvacicones.
1 50* en el caliche, Sobrecarga maxima de
55* &n ¢l restoc dal 20 T/m2
talud.
2 60" énbrncarga maxima de 20
Tfm2
3 60* Sobrogarga wmiaxima deo 20
T /m2 v
4 GOo® Sabrecarga nixinma de 20
T/m2
5 45°gn el caliche Sobreearga midxima de 20
v 60%en el resto del t,fm2
talud.
G q40° Sin sobrocarga.
7 40® en el caliche 5in sobrecarga. Habrd gue
i f 1t
65% en el resto del g:li?; l:ﬁ alla por volteo
talud. qu )
i 50° an gl caliche. Sin sobrecvarga. Habri gue
cuidar falla po lteo
B0® en el resto del de bI; izs por %o )
talud. 4 -
9 if® en el valiche. Sin sobrecarga. Habra gque
1drs f lte
80° en ol resto ae1  Suidar.la falla por volteo
talud. q i
10 30" en el caliche. S5in schrecarga.
80® en el resto del
talud.
11 BC® 5in sobrecarga. Habra gque
cuidar el velteo de blogues.
12 BQ* %5in sobrecarga. Cuidar el

volteo de blogues.







Cara. Inclinacién del
- corte. Observaciones.
13 Boe Sin sobrecarga. Habr& que -
cuidar e) volteo de blogues.
14 686" Sehrecarga mixima de 10 T/m<.
......... Cuidar el velteo de blogues.
15 60" Sobrecarga miExima de 10 T/m<

Cuidar al volteo de blaogues,

1
Las inclinaciones recomendadas deberdn medirse con respecto a la

horiznntalh

L]
"

Como complementd A #ata tabla, pueden hacerse. las siguientes recec

mendacicnesi

)

o ) ; 4 )
Deberf llevarse un mapeo geolégico de detalle

en todas las paredes del taje, de mapera de po

dey correlacionar las fracturas gque cruzan el

mismo y de este mode afinar los cllculos gue se

hicieron para la estabilidad de taludes Y para
el flujo de agua.

Serf necesario obtener muestras cibica=s inalte
radas de lns'diskintos materiales, asi como Fi
gunas gue contengan fracturas pnra‘realizarinn
pruebas de corte directo ¥ triaxiales,
Resultaria conveniente realizar un barreno en

cada una de las 15 caras, obtenlendo muestreo

continuo desde la superficle y hagta la base =

del cnrpﬁn, utilizando algunas de las técnicanm e

de orientacién de testiges. Ademis,se recomien
da 1a uytilizacibn del barril de triple tube para '
obtener una buena calidad del muestrec. )
Debe recordarse que la mayoria de la informaclén
gue se tiene del tajeo se obtuvo de barrenos psr
forados con broca tricbdnica ¥ gque en algunas ca
rag se encontraron esphpesores demagiado grandes

de caliche, lo que origind mbatir fuertemente =

1la incfinacian de losg taludes, como e£s el caso

de las caras 9 y 10.

1






4.- Ser& conveniente evitar en lo posible dejar

caras convexas dentro de la excavacidn, ya

52

gue esto preoduce la relajacidn de la roca -.

con la consiguiente pérdida del esfuerzo. --
normal ¥ la reduccidbn del factor de segquri-

dad.

x

v

-’

"

5.- S5e recomienda llevar alguna t&cnica de con-
’ trel de voladuras.en las cercanias de los -
taludes, como podrian ser el precorte o el
) smooth blasting Euyn maycr beneficlo es gue
reducen el mantenimienteo, y sobre-todo el- - .
. riesga de catda de blogues de roca degde la,
cara’ del talud. R . -
. . i , .
Sobre este rengldn, cabe mencionar que no - .
debers usarse brecorte en rocas muy fracty-
radas. T )
A continuacidn se.presenta una tabla gue po
dria servir como una primerxr gufa para el --
difmetro de los barrencs, el difimetro de la
carga, la carga Especifién* la piedra v el
espaciamiento de los karrenos. .
= DIMENIONES RECCMENDALDAS PARAR .;:n. i
' SMOOTH BLASTING Y PRECORTE. ., ot b
--::---=:l-:==--=8'--=#--:==I-II=---5_1\“‘ 3;}]“- - ‘-H.‘l .
EYRTTL Nt Lt
Diadmetro Didmetro Carga S$mooth Blasting Frecorte .
del ba-- de la especi- Espacia Espacia !
rrendc. carga. fica. miento Piedra mienteo
. . - . E v - E
mm. mm . Kg/m m. m. m. )
ao 11 - 0.07 0.5 c.7 0.25 - 0.3 ',
37 17 0.12 0.6 0.9 .30 - 0.5 -
44 17 0.17 0.6 0.9 ° ©0.30 - 0.5
&1 22 0.25 - D.B 1.1 0.45% -'0Q.75
62 22 0.35 1.0 1.2 ° 0.55% - 0.8 -
- 75 25 a.50 1.2 l.6 o.& - 0.9 .
B7 25 0.70 1.4 1.9 . 0.7 -- 1.0
100 ' 29 0.%0. - 1,6 2.1 0.8 - 1.2/
125 40 1.40 2.0 2.7 7 1.0 - 1.5 't
150 50 2.00 2.4 - 3.2 1.2 -131.8
200 . 52 3.00 3.0 1.0 1.5 - 2.1477

E
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n el

ESTAEILIDAD DE TALUDES EXCAYADDS EN ROCA
Carlos A, Soto

£l siguiente articulo ha side reproducide de la revista tocnica
MINERALES, publicacidn aficial del Instituto de Ingenieras de Minas deo
Chile, Val. X¥X, Ko. 31, 1975,

El articulo constituye una recopilacidn de i{nf{ormacion (wver
referencias) acerca de los principios basicos que gobiernan la estabilidad
de taludes en roca. 5e disculen aspectos econdmitos v de seguridad,
propiedades mecanicas fundamentalus de la toca vy sus modos clisicos de
falla, factores gue influyen en la cstabilidad, principies de los odtodos
de estabilizacion mediaznte reforzamiénto, etc.

El cbjetivo dltime do este articulo ha sido discutir brevementne
los principios basicos enunciados y, al mismo rieompo, ayudar a definir la
naturaleza de aquellos problemas cuyo estudio ¥ solucicn requiere el usg de
servicios especializados,

En esa fecha, el autor ocupaba el eargo de Ingeniero Investigador
en ¢} Centro de [nvestigacidn Minera y Metalarpgica (C.I.M.M.}, en Santiago
de Chile. El articulo fue publicadeo poco después que ¢l autor concluyera
sus estudios de post-grado on Mecanica de Rocas en la Facuela Real de Minas
{Roval School of Mines), Colegio Tmperial de Ciencia y Tecnologia (Imperial
College of Science and Technology) Londres, bajo la supervisicn del Or,
Evert Hoek, quien ontances ¢ra Prolesor de Mecdnica de Rocas en la
Universidad de Londres. DPesde 1975 a la [echa presente, ¢l 5r. %oto ha
manienido el carpo de.lnguniern de Mecdnica de Rocas y Estabilidad en
Golder Associates, Vancouver, Canadd. Esta empresa es unm grupo

internacicnal de ingenisros consultores genteécnicos vy de winas.
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AESTRALY

Struciorelly tontralled lmefabflivy iy on= of
the major Teciery 10 br consleered in relaclon o The
design oF wungrrground rechvatlons In hard, jointes
rock mpdpes,  Thie Inalabfl11y may fake 1the form of
graviiy Pabls af wedjesr o blocwe (vom Lhe roof of
It racavatlion gr ike -|Ih:||r|.g along planes or Hlaes
af Inierseecbon uf plares 1o ke ronf and side=nl|s,

Thix paprr describrs & npusber ©f simple chechs
For Tubling wr wllding vilng vrareooraphic plors of
Alructural data ohfained Prom borersle care =r pilat
tunrgl raoping.,  Theww vimgle winemazle Checks are
uded fo IdeAtify problen sradt =Rith can then be
analyyed |ln greater dnlail walmgy slereggraphic
bechtrigques of compuid|ved vecter analyses. The
dimenyiony #w hendr the melgmi of zach blogk gr
widge which Lon Fall or wlide can he Calculaned and
4 reinforclog syslem con Thes ba desbgned fa prewent
ingLakiilye,

Thetr condiderarione lead 1o & musher of genzral
conc luvipnt o [he Ol Orierlalion of wndergrownd
enparhfimens in refalfon fo L pLTuciure oF [he o
whis inm whith Ihey afr laddted. The dequence of
encavation It alwg impgrtan], parifeularly ohen targe
St @ Lhet Inlxrsecclone betwton large #cfavations
ave beling ¢rrated, wnd the Linely fmspallation of
refnforcing elerrniy Lo present ihe dewelpprsgnr of
Insiebiliny & sech Fafavdlion tLlagr 14 didtussed.

IWTROTIT 10N

e oeupmple of ihe rele of serverursl dlscomtin.
vitiet in contrel [Ing the prablline of an wneergroung
wncdvpllon f3 dlluniraled In iTgure | whlck Shows &
Lerrtl i 4 slate quatry In The Inliled Kingdom. This
tonrel way compbrucied approsimacely YOO paars age
wlihowl amy farm af rotk suppart @r relnforce=ent
and the twnrel phapr by sfabillead [0 Confors «lch
Lhe ktrwcteral paddecn [p the rogh mags,

tn rost modérs Fock rxcavallens, close conktrob
of Lhe rrcavatbon praflle 1s requlred pad the degree
of ovrr~breah ppparant In Plgure 1 T4 wnaeceptable,
Consegquent Ty, poeeavlably wavtable Blacks or wedges
mytt be fdantlfled avd dealt with, elther by agjest-
menlf to the vacavallor lozarlen or prefile e by
relaforcement or pupport ©F Lhe renth maas.

The basly Informatlom required for am asvaluation
af the struclural slab[llty of a0 sacavatloa [+ che
eriencatien, imelinaclon, spazlmg asd cracacteriskics
of discontinalflee putn gt Faglis, Joincy and badding
blanes In Lha rogs rdvy, This informarlon can b2
obralned Froe erfentad dfaons arltl core or from 1he
mapping of serface puttrops or plict tewnels. The
darh ara skl £onven | et ly asunsbled and presenied
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A wwrndl |noalate showing

Flgure 1
the [nFlurnce &f sbfuciural aistoncin:
wieles upen crcavarion wLabilloy.

con pletting gridy preparead by spharical projec-
cign, Ygasy doas mot permli @ Full Alpguaviom on
these Tecnnfouey nd the fescer |n refaress ta
corprenens | ve daverlptions & PRlITpL LIS,
Gorndman [1976] awd toeh and bray (L9771
Thegughout this pepdr, tha BERrEagraphic or
equal magle projetrlen iy vies for the preyenis-
chom #nd aseivels gf sfrwiiwral datd. Tnilg
projeciiohn hasy twdn Chopen ke prelscescsd o Lre
equal area projection betsuse §1 2*Tordy & ~afe
convenbent mraay for condtrlling the Qnte-sec-
tion figures required for stabblily analyses,




KIKEMATIC CHECKS

Two simple Linemallc checks For falling or slid-
ing wedges arc iltustrated in Figure 3,

Gravity falls from phe ewcavation roof car ooour
when the apes & of a wedge of roc= falls witnin the

B-C, a5 illustrated In the lefr hand skeich in

ure 2a. Stereographically, this condition is

satisfied il the centre of the stereonet falls within
the closed ligure formed by the intersecifon af a:
least three grest clrcles representing discontinuities
in the rock mass.

s5liding af wedges [n the ercavation roof can
pccur when the apex A falls outside the base B-C
provided that at icast one af the planes bounding
the wedge dips at & stecper angle than the angle of
frietien. Figure Zh shows that Lhis condition is
satisfied when ane gf the three greatl ¢irgles repre-
senting the plames touches or falls within ehe dashed
cirele delined Ly the angle of frictinn 4. The same
kinematic chack applies ta the sliding of wedgos from
the excavation sldewalls,

bn regularly jointed eock mastes, Ymlrear-image!
wedges oecur §n the [loar and opinsize sicewall as
illustrated by the wortically halched areas in figure
Zb. Sliding of mirror+image sidewall wedges can occor

when Lhe sterconat centee falls within the Intersec-
tion figure as illustrated §n figure 2a,
&

ligure 2o Kinematic check Tar gravicy Talls
from the toofl of an escavation

g

Figure ?2b : Klnematle check for the <llding of
werdges from the roof or sigtwalls of an eacavatfon.

5hb-2

The hirematTe cheeky [1lustrated in figure 2
can be ysed durtng the preliminary evaluation of
siructural data gbtained from core logging aor
erplaratory tunnel mapning. They will give an
indication of problea areas which can then be
invetzigated in greater detail. The sinematic
checks give no informallon on the possible size
of falling or sliding wedges and, since this
information i3 required far the design of support
systems, & mare cdetalled form af analysis is
recessary. This amalysls is described below.

DETAILED WELDGE AMALYSIE

Figure 3 gives the construclions required 1o
find the maximut size of wedges which cam fall or
s1ide from the roof or sidewalls of a sguare
tunne]l running due casl-wesl,

A lower hemisphere sterengraphic projectian
of three planes is qiven in figure Ja. These
plancs are represenied by Lhe Lhree great circles
marked A, B and €. The sirike lines | marked
5, b and ¢, are plotied 45 are the lines af ifnrer-
section ab, ac, Ea.

Singce the Jower hemisphere projection has
been used, il is convenienl [0 vidw The wodge in
the roof of the eacavation in the rame direction,
i.e. from the apex Lo the base af from Lhe inter-
lor of the rock mass knto the tunnel. A plaan
view of Lhe wedge i3 given fn Tigure 3b and the
construction of this view i$ carried put as fol-
lowe

Tre strike lines &, b and ¢ Tn the sterca-
graphiec projection are cquivalent to traces of
the discontinuity planes in the horizontal turnel
rocf and Lhe directions of thete traces: can be
determined dircgtly frogn Lhe sirike lines, <iar:-
ing at the norlhern side~all, the Lrace 2z is
drawn across the full span al the tunncl, paralle!
te the steime line &, From Lhe inlersection of
the trace with Lhe porthern s$idewall, the trace
b is drawn partallel 1o the sirike line b ang,
cimilarly. the trace ¢ is drawn from Lhe inter-
section of trace @ and Lthe southern sidewall,

The intcrtection af trages b and o determinegs
Lhe plan shape of the largesl wedge which can
fForm for this particular combination of discon-
tinuities in this tunncl.

in arder to [imnd Lhe position of the apex of
the wedge, draw the liags of ingersection, from
the corners of Lhe plan view of the wedge, paralk-
lel to the lines of iptersection ab, as and beo
in the sterepgraphic proujection,  The vertical
height “r of the wedge is found by taking a
section through the apee of the wedae, parallel
to Ehe turnnel alignment. The apparent dips 2
and £ of the traces of [he planes in the vertical
plane running parallel to the tunnel axis |, due
rast=west, are used L0 define the height of the
wodge as shown. The volume of the wedge is given
by the product of the base area of the true plan
wview ang one third of the haight kp

Construction of the sidewall weodge shown iR
figure 3¢ is slightly more complicated as appa-
rent dips o, B and £ have to be used to define
the inrersection figure in the sidewsl} angd be-
cause projected views of the 1ines of intersection
are reguited e lpcate the apea of [he wedge.

Starting at the roof of the tunnel, the races
a’' ang ~° are drawn at the apparent dip angles o
and £, determined from the stereggraphlc projec-
tion. From the intersection of the rrace o' antd
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b, Flan view of wedge in roof of tunnel seen
rom inside rock mass looking into the
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c. Yiew of wedge in southern sidewall from
inside the roch mass looking Inte the
tunnel,

Figure 13 Detailed wedge analysis.

1

the line defining the floar af the funnel, the
trace B is drawn at an angle & 24 shown to com-
plete the intersection figure,

The projections of the liney of inrersection
ab, az and E= in the vertical sigesall have L0 be
determined by stereugraphnc comylruciion or by
caleulation. The angle 'aut is given by

Tan %k
Tan 41y = E;;—EEF
=Tl

where %.r is the plunge of the $ine of Intersce-

tion =) and

8.7, i5 [he angle between Lhe trend of the
line of intersection amd the aligrment

of the tunnel.

The angles ¥got and Ubot are found In phe
fsame way. These angles are used to locate the
apex of the wedge as shown in Tiqure o

The height ks of the sidewal) wedge it found
by determining the angles tapt’ and T30l " which
represent the agparent dips of the lines af inter-

teclion a2 and R in a veriical plare ap rigne
angled ta the afignment of the tuanel. The angle
Cactt s given by
t
Tan Ygps = Jan fec
5in fgn
and simitarly for tip:*,
Figure & illustrates the oulline of the roof
and sidewall wedges which have bren ideniil ed

Jor the example carsidered and Lhis typr af figuie,
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togethar with the weights of the wedges, can form
the basis for a reinforcemnent desiqn.

In the cave of the roof wedge, bolls or cables
wilh & total load carrying copacity of ajproxi-
mately Lwice the weight of the wedie and a lemgoh
of apprasimately 2% would provide adequate sup-
port. The sidewal| wedges would faib by tliding
along one of the intersection |imes ar omn ane
of the planes and the frictional resistance of
the plane vr planes upon which sliding Qefurs can
be taken into account in calculating the bolr or
cabkle lgads. Hoek and Bray (1977} have describec
calculation methods which can be used for 1his
purpose,

Flgure &: Qutlines of mazimem posslble
wedges In the roof and sidewalls af the
tunnel, looking west.



COMPUTER ARALYSIS OF UNJERGROUNMD WEDGES

Ir spite of the apparent cooplexity of the con-
struction given in figure 3, the exanple considered
g itly one of the simplest which could Gocur.

real sitvations the underground excavation
dz;’r may be faced with five or si= strongly ge-
veloped sets of disconrinuities ingersecting an in-
clined tunnel with a curved roaf profile. The stereo-
grapghic apalysis of potential imstability in such
CASES Can become 5p complex and tefdious that even Lhe
most enthosiastic structural geolagist -3uld soon
become discovraged. Toe most difficgl: croblem of
all oceurs at Lhe intersection of pep underground
tunpnels when additianal” free faces are created and
where stability mas to be considersd wery carefally.

In order to overcome these proklems , Golder
Associates hes developed o set of computer programs
which are used for the design of major underground
ercevations in hard jointed rock masses. These pro-
grams cak be used Yar initiel kiremalic checks ar for
detailed srapility acalyses of speeific genlosical
features. For exarple, from detailed geolosical mac-
ping in 2 pilo!l tenrnel, sgructural Teaiures can be
prejected onto the final eacavatien profile and wedges
which can Fall cr slige identified, ¥ith such advance
warning, the installasion of reinforcenent at each
excavation stage can be designed g provide complere
suppart for the roof and sidewalls of the Tinal ex-
cavation.

INFLUENCE ©F IN SITU STRESS

¥her the height %p gr %g 0f & wedoe i3 loos than
the spam of the excavation or the neighi of the side-

wal® 1t p5 unbiwely that 1he s:ability of 1the wedce
@ influenced significantly by the in sito
2ty - in the rock mass.  Howewer, when the apex

argle of the wedge becomes acore, the normal Stresses
gcting across the patential failure planes should be
considered in the stabpility analysis.

Lonsider the exirems erxanple of the slidipg of a
block betwren Two parallel discontinoities o5 i1Tus-
trated in figure 5. The condition of limiting equi-
Mbrium for the block of roch of weighi W can be
written as

- W orsin g Los & }
Tho AT = 5
2hy ‘Tan ¢
where oy, 1% the average normal stress acting across
the disepntipyities and
¢ iz the angle of frietion of the disContinuaity
surfaces.

When the average normal stress 2, is less than
the right hand side ©f the equation, the bBliock will
be unstable and reinforcement would kave to be pro-
vided in grder to resipre ity stabilitv. 1f the
Average normal at1ress is higher thanm the righl hand
side of the equation |, the amount of reinforcement
can be reduced ar eliminated, depending upen the
factor of safety which is requireg.

The magnitude of the average norrmal stress o,
has 1o bBe computed from che measured in sftu S5tress
field and the strest redistribution associated with
the ¢creation of the sxeavation., If this stress /s
I relied vpon 1o provide support , cate shavld be

0 check that this sbress coold not be reduced
o, < Lreation of other excavations clese 19 that
being considered,

Figure ¢
on the stability of a bloch in tre rool
ef an exgavatian.

frfivence 8% ir situ siress

CRIENTATIOQN OF UNDERGEOUND EXLAVATIOHS

When the designer has a choice of (he orien-
tation of ap underground escavation, considera-
tion should te given to the selecticn ef this
orientalion to give the smallest rwmBer of rogf
ard sidewall instabilicy problers. “ran orly
one major disecantipuwity, tuch as a fault, is
preseni in the rogs mass, the oplizusT grientation
is abtained':y placing the sralles: plam direA-
sion of the excavation parallel to the srrise of
the dittonlinuitly. In the tase of & tuanel, Lhis
means that the tunnel should be aligned normal
to the strixee pof the discontinuitly.

When tcyeral sels of discontinuities are
preseanl in the roch mask, the c¢h3ite becomes
rather more difficult. One obvious orientation
to avgid |s to align a tunnel parmallel to Lhe
line of intersectian of two important discontin-
uities at *hown in figure &, Hooweves, this may
be enly onf of many pessible forms gf instabi-
lity in a heawily jointed rock mass Ang i¢ nay
be necessary to conduct @ sensitivity study on
the structural data in order to arriye 3t an ap-
timom otfientation,

SEQUEMLE DF FXCAVATION LHD SUPPORT INSTALLATIDS

It wibl be gbvious from the exarales corsi-
dered in this paper that the dimensigns of wedges
which canm ferm in the roof and sidewalls of ea-
cavations depend upan tng span af the rpof and
the height of the sidewall. !f such potential
wedges have been rerognised at an varly stage of
excavalicn, the subsegquent excavation tcauenge
can be desigred to permiy the sequential instal-
Tation of reinforcing bales or cables. Hence,
the gilol tunnel can be used at access for the
installation of the firsy reinfarcerent which
should have sufficient capacity (0 Support any
blocks ar wedges which would be unstable at the
next excavation slage. Onge the pext stage has
bren excavared, additicrnal reinfercing can be
Instailed to secure the exposed [aces amd to pro-
vide support for subsequent stagrs.

5R6-4
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Flgure & : '"Cathedral™ failure In the roof of
a tunnel aligred parallel to the line of inter-
section of two well develaped ditcont lnuicies.

LIS 10N

In most publications dealing with Lhe design
of underground escavations, the emphasis Fs usually
placed on Instability due Lo stress in the roch mass,
While stress-induced bpstability is impartant, It s
nat the only form of instability which must be con-
sidered and the treatment of structurally contrelled
stability problems has been reviewsed in thls paper.
Early recognition of potential instability caused by
the intersection of discontinuities in Che rock mass
Is Tmportant T effective remedial measures are (o
be deslgned. Simple Linematict checks Can be used
te Identify potential problem arsas.

Where wedges of significant size are Llkely (o
be exposed in the roof or sidewalls of an excavation,
determination of the size and weight of these ~edges
is necestary Jn order that the length, capacity and
direction of reinforcing bolts @r cables can be ex-
tablIshed. Such detailed analyses can be carried
out wlth the aid of the stereggraphic projection
methad cutlined in this paper 9T by a computer anal-
ysis of the interaclion of the e=xcavation shapes and
the structural discontinuities In Che roch mass.
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PROJECTS

C 0O Brawnar

Preipel Partper, Gokder Assoc-nes Lid
Ewert Howk

Pongipal Partner. Goalder Assacaiss Lid

Camade

The most {epartant faetars which coacribute co the insta-
kility of rock alopes on hlgnway projecca ares

(a} Advmzue peological disconzinuitier in the rock masze
in which the slope is cur.

{b} Iigh ground water presdures in the rock mase,
{¢) Damapa o the Tock mass caused by hlmapiog.

Tho deaign of o rock stope depends upon tho early receg=
nltfon and laterpretaclsn af chese faczors. The pater
describesa the techolises wRich may be used 1o beth the
faanibility act! the final design scages of highway pre=
jmets. The uBe of alr phoroprazhe, fleld rapplng snd
dlamend drilling tr genloglieal intarpretatlon ia coneid-
ered tagerher wich fiald and laboratary Lestd to dechr=
mina rock scrength and ground warer paramecaTs regqulred
[or stablllty acalyses.

Exphasle Ly placed on che design of blasting patterns
for Ckae sacavation of rock slopes co cinloize dasage Lo
the Tock maus behind rhe slope face.

Fven vhen che Tactors 11tted abave have been recomired
and incorporated Inio 3 Blope design, it ray be lspos=
sibYe or uneconeele 1o desipn a4 stable slope whilch de-
pendr only upen the s:irenstip of the rtock baxx, Ia much
aityariona, remedial measurcs =ust be cenaldraied and
thebe Inelude che provision gt dralnape o iellieve
pround watcr presgures, Lle uge of anchored catles o1
bolee which apply rescraining forces to critical por=
tipne ol the rock base and rke applicacdon of suriace
layere Lo protect the expoded tock mass agalnst deteri-
pration coagued by molxfuie gnd cemperature changes.

MICIHWAY BLTE SELECTICH

The priuaey cunaideration ln siting 2 highway is the
locyl bon of popularion of ipduscry cenbres £ bo oserved
by bt Lighway, Unce the overall toute has hogn esia-
Bllated phere 18 uAwnlly 3 ronsldarable Amount ol floex=
1hdey I the decailed roury to ke lollowed Jrom ohe
catikre 1u the onedar and 1t g in tkha salectlon af chia
dorplled rourting that pectechnlcal consideratinna cdn
be of wajor iwporeance.

At veamlnacion of alr photegraphs of patencial highway
routed by & trailned cbnerver w1l earabliah che lotation
af much fratures 26 old landslides which should bn
avoiged, 1L ar all peaslble, in routing the new highway.
Mutatled reglonal zeological maps exist bar many parsis
of the wurld and chese wIll ygually indicaie the broad
tange ofF otk cypes and StTuccural geciogicar fndtares
whlch woutd ke encouncerad on a parctlcoular teute, Full
uts should be made af such zaps and ax eagloeeccing
§eolog gt would notmally ke able co identEfy geakral
47oasd vhere pocencial slope stabllity probicma could
ealut wnd wvhich should be avpidad L poteible,

Havipg satablished two or threxe possible reures on Lhe
bazis of alr photography exaafoarioa and a conslderation
of tha reglenal geolosr of the area, ield surveys of
theras potentlal coutes afe rhen vequired. Inlilally,
these surveys can br carried cur %% englnestlog grolo—
glste or geologlets with 4 zound understandlog of Tk
wd poll wlope behaviour and the surver reFults can ba
presented 1n gencral degeripsive teten. Featutes wvhich
should be noted avae:

(a) Screep-aided valleyn in hard jointed rock vhere for-
matlon of & highuay ¢urting could induiw inazabilicy
higher up the alape,

(b} Armam where sxincing Ingepbilicy has been notwd froa
alr phorograph examination or whete such lnetability La
avidant Erom the ground.

(€} The genaral surFace watwr flow tharacceriotics of tha

araa and portleglarly any seEpd ar SPTiNES whnich coald
ipdicate ayh=surfiace wator | lew whilch will have an ad-
webie InlJuefice wpon Atabllivy. )

tdY) The prescoes of cluys, particularly ectlve clavs sach
av montmoriylenices, in Jolnt filtings and in slope fe-
brin, Those materlals heve wvery low strengih charactar—
toelce and wikl genmvally loedleste che oeed fo- carefaf
cofimldnraricon af slope geatility condizions.

{r) Tha presence oFf narerial such as shajes, oudstomes
and Chayseeses whilch are prome oo delerlaraze Whean ep-
Poded 20 the armpaphere and <nich cequlre speslal Efpat=
pant in alopes,

(1) Tne presenca of faults or of partic=Tacly well
developad joilntlag vhich coucld play a doslaa=: role in
slope bahaviour.

Thw final chofce of the highuvay Towute &2t gexarally bm
aade on cozplation of these fleld aurveys aad it is gvi-
dunt chak, ccher lactors pernicring, the roece with fe
apallaar nusher of potentlal alore proble=s should be
chosan, In hilly or miuntalpoas reglons, che optinmas
routs oAy stL1) include & nuosher of porenclal?v unsiatlae
rock Blogew. The remainder of 1his raper is devwiic to
vt dotecrcion, anatysds, and treatfen: of Rich canpes,

CORMUX TYI'ES OF SLOPE FAILLKE

Several tommen Lypew of elope inatatdlity ase §tlustrated
In Fiywre 1 and each of these *allure cwpews is dlscucsed
brielly Lalemwe,

(a) Clreulay fadlure securw im rpils and =07 rockE and
aleo In rock masaes which Ligde beesn very hweavily @Is-
turbed Ly placlal or tectonde acpivicy. The fa2lure surs
Facr & Apnroximately hemi-gpherical in shape and —uooe=
merit lu Charsccerized by a alumping of che crest =f the
slepe and o bulpinp of Lke tue of the slepe.  Wore
proupnd wayer Lw present in the aloge, the lailure cap
gecut AUy kuddonly wod the (alled matorial can move a
codlderably hnelzoneal disranca Etom its orlalasl posi-
flom, L'ntler curiddn extrema condltlons, the fallure rap
tuke Lk fgrp of a Flow slida sdilch has =anyv of the
chiracLerlat l¢g of an avalaoncha and can move large <[g-
tancen a4b hiph apeeds,

Manv large landslides have che overall aprearance of
elrculmr jwlluren alrheuph, in many cated, porzicns gf
the [ailoye wurface will follow pre-exiscing =wakaeds
planew suzh asw Lanlts or bedding aurfaces.

[b) Plane falbured accur ln alopes cut in (ouw =355€g
with vaty ptrongly developed arcuccural featocres such as
Imulte, beddinyg planes and Joincs. Shen ome a7 chesg
gtrustural Ffusatyres, vhleh [8 very —uch wedner than ire
Lpract roch materfsal, L3 exposed Ir che face of the cur
slopa and |p Inclined 4t an angle preacer chan aheut o
inte the cygring, wiiding can occur oo thiz plane. Shear
tevta o0 che weak material can b perfor—ed o detercins
the appfoximate corliical angle for stavilicy.

1) Vadge Tallures #va A Bore cooplex form of I0CK flope
Tailurse in rock madges with ceTongly developed strucryral
[vatures, In this case sllding takes place alang the
line of Interrection to twe ddeconiinolty suTidces. Fig-
wiw 2 L1lustrates & wedge fullure fn 4 TOCK Flepe.

{d) Teppling failure can occcur In gleopae in which stewply
dipplng dipcontinulcics separuta the roce oass Inte a
serlanm of colwme. Thie type of fallure hes onby besn
describad ip georachnloal literature in the past decade.
The auvithors have found that lc 18 a aurpt Isingly comaen
talture moda, FReocognitdon of porancial topnling voodl=
tlone In & rock muew iy Impartant (£ affective teoedial
wradubrsps ura (o be applied (0 o alopa cub In this rock,

(o} Ravwnllilng of heavily joinged rock Ew generally &






wradual procens which ovcare o o resalt o pr.ndoal
weatbering uf weak partlans ol the rows fose of heroiikns
of freczefthaw conditiona ln cold Wl gldmal s,

{f} Weak seaxg af shalr or mudatenn tend o Weather more
rapldly than surrpupding rocks such as sNandefope sand

thifm can glve rine Lo undetcutcding obf blueks aof 1he Bae-
der overlying rocks ay Elludbtraved 1o [ipure 10, Hecop-
niclon of chls porential wedthoeving presblem le lmpurgant
gincd Itvshly exposed phale or mudnounu may Appoar Lo be
good seund rock and the Lnetabhillty due bto underewcelog

Figure 1: Comon Cypes of rock sloape inscablilicy,

#) Circular faflure In soile snd vory diaturbed
and altercd rock.

b) Flanc fallurc on Lhrough=polng planar
dizcont inull Irex,

c) Medpe fallure alopg the lins ol inleraection
af tve dlscaontionuicien,

g} Toppling Taljure in wmicep slopes In rock
with srweply dipplog dincontInultive.

e) Kavelliag af lweavily jolnted am! diwturbed
rock.

i) Undercutting ol bLlocke on mlope duu Lo
wedthering ol weaw smabw,

Rl Borbfalks from bwavily jJolpied vock mobsub.

] Bocklalls Tiut sbepe Tacud doatapgesd by beawey
blasiing.

-
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Flpure I: Wedpa Taijure in a hatd rock wlope 1n-
voulwing rlidlog alumg tho Line wE incav-

section of twe diwgontinediy planas,

Py bl wevatal vtars bw Cesyelap,

(g} Rocktalls frum heavlly Indnled 1003 Fasdes ase ax'n
to the ravelllng prorowe diwegwsed in (o) above, iceeze—
thaw conditiens atd detecloration of joint in=fuliing
marerlala can tesult in Individoal blocks becoming de=
cached and Fallimg wbeh wory Heole warning, Scaline of
loase bloeks con be on offorcive remedls) oeasure.

th) Slope inacablllty Llmluced by cxcassively heavy 2last-—
Ing Is a man=pade problum broughe abour by aa fnadegquacte
understanding of the procews o1 rock fragrencation re-
sulclng {cem the detomation of a contained axplosiva
chacge. Flgures ) and 5 {LLlustrage Lwd extraoe cases af
this fragcentaclen. l[a the regh slupe shawm i3 Figura J,
serlows Ereczures hive baen Induoced by very heavy Slavi-
Ing and {t wlll be noced chae cheps fraccores Talicw a
random cucving pattern, Lynecing the natural fracrove
planes Ix the roch oess. On the other hand, Figare =
shows A Toce lace grealnd by conteolled blasring cech-
olques and it will be yean thal therg are e loose un-
s1able plecea In chle Taco. The amgunl af eaplos!yet

cogquirtd po develop tle Lensnion crach which i1 Ses-
the {inal slope face. Favowrable roegles 1n avera;e rogu
vill wsually be obiained With the use of aboor 0.7 2f of
explosive per squate wetdr ol rwrk [acs.

Flgure 1: Damage 1o & rock facw by exceseivaly haaww
Flaacing giving riaw o rocwfall Inscatiliz-

Flgure &: Clean stable rocs fTaes cruated &y pre-spl
blascilng teehmiques.

SITE INVESTIGATION PO# RONY SLOTY DLSICH

If prellninary field murvoys have asfablisked char ena

of mwore of fhe faijure oodas 1llugrrated in Figu-e ! ace
liwely to be eagounceried aleonp a4 chosen highway rocce,
detalled iavestdcoailopm of areas of porenclal dinszabilicw
are requlied Lo extab]liwh Lthe surloausness =f the prohlens
and Lo provide (he barls for the dedlgn af remedial maa-
Sures, These slin Inveetigal Lons showld fazlule paoloafs
cal mappimp of dALrugiural [edafures v rock ouzcraps, ce=
talled Logelog ol diamemd drlll vore ro decear variazions
in tock strgnpth condit lons and fo deternloe atstiude aof
structural Ueatucen In tha tock mada, rack atrenseh tests,
perticularly of wveaknews planed aml glav-f1iled dlszea-
tlnukgbes, and the obrrfvitlon ol eround vacer condi=-
tlpns, These lattor oheervat loaw, lowalving che inctslla-
clon of plezocgtery In dlanead drlllud bersgheles, are
very topartant singe che prowonce of wacer 4o 4 foch
slope 13 alvays decrimental Lo wbability and zhe redsc-
cion of water presacisw by Jrafnage 1y ope of the =cac
efieccive and sconomical ronedlal medyres,

A detalled discussion on wlts Investigatien techaigues
exceeds the scope ol thiw paper dnd tha {aader s re—
ferred to the text boos by Ioeh and Bray- vhich deserihes
the techolques vhich abould b used and che Incarpreca=
tlon of the retuicn o[ the Invewrl aclons descriced
above. Thase Investtigations and cha aubrequent interpre-—
tatlon and analysfs of resulte should alusve be carried
out by an englnecring geolopint or weolechnlical rpaineer
#ince »erious and =xpetedve errord can ba made 11 Che
inforeation is miwinturproted by womeons licking adequate
teaining or experienca,

MHEALYALS AND DERIGH

Heoek aod Hrnyl v rowlewed tha graphical and mathe=at-

lewl rochnlgues which are gvnllabla Tor che analysbs of
L ehe Fallure cyped Lllyswiestad In Flywres le co d. They



hawe also ddserussed Pl 307 Tywnew ol Tadaip oy, e the
atabllity ot rocy «lufes (Flgore Ihiy. Sce alye The Misderq
Techniques of Hock Blasting by Lanpators ,ad Kihldcres=,
Fowt of thede technlgues ace relaciwaly sigple and have
been foung, from experience lo many practical mpplLliea-
tlons, to glve a rillable baals for che design ol ewchk
ulopen.

M analyrical techniquet dye avallable far che types ol
tailure Llluseraced in FEgures le E@ g and the succuss—
ful deslgn of wlapes 1o which chese problems otcur de-
pendy upon rxperlience and an gwarwness af the range of
repedlal measures which are avaflable for deallng with
thewe failure processes.

Hormal rock gxcavailen pre«tice has genecally bueen to
ipeciiy that nev slapes in rock be cul Lo /8 vo 1 and
thar shallow '¥" type dizches be used. These slopea
vers not desipned accordéing o the strenith or quality
afl rha rock. With s enmaledge that mev cxlste In rodk
pachanies, The stahle slore angle 27 be detoctined with
rennonable xuctess anc 41 reasenabie CosT,

Where the rock screngsh of vhere Lthe geologlc atructure
Is favoursble, rock cutlz should be designed and con-
sLrycced wlth vertical slopes (Flgure 5. Thia will ie=

Bard P AT T Fr
o Lgan e o bl g
ot mi e g e

Fipure 5 Froevdded the teck sereapth and rerlogls dlrme-
Twre 15 favourable, wertlcal slopos dhauld be
cansldered uvalog contrallad Dlasclap, (Draviog

podifled trom Blpchicdl,

duce quantLies, allow wlder ditches co Eg used and re-
ault In rockialls deoppdng vertleally inta tho inner
dibch Instead of bounelnd or ralllog onta che Diphay
{Brinmet 2},

Whrre peoloplc aeruccural weakbnessas dlp ouk of tha Blope
at 2 steep apgle the slope showld be cxeavated to this
angle (Bravwaeri},

Controlled Blasting wsins pre=split or Cushicn bladtioe
ahouled be speclFlad for the exeavatlen af all cock slopes
where the gealople srtuctore 1s grieated fawgurahly for
atabllicy. The rock lo tha alepe will ke suwjecisd te
lean damage due to seis@lc aceeleration porees which, Lf
large, #an breax rocs dod ogea jelnt+ fer tens of Leet
back Frem the slupe fazd. =irh <ooirolled Blasting,
wlopes van be sxcavated SCecpec and Lhe gingpes will vavel
lexs, tequiting ouzh [edd paintoesunce oogr che Yedrs.

The denign pust specifv Lhe magnitule of the blasting in
the malp ares of any cub e wept L0 A Teasptable ninimo
by the ude o delavs. Soroally oot Aore than ¥IN pouceds
ot explealve per delay rhould be dezomatied at one LiSe.

HAINTERANCE

More problems penerally exist with stabllity of roch
cloper rhat vere constrscied decados 2E@ cather Than on
recent convtiruetion. This is geaerally g result al hap-
taratd consgructfon procedures that have becn yeed In
the past.

The moet lgpactant maintenance tochniques that ate effac-
tive mre Gummarlzed in the fallowvlng tear,

(n) Scaling the Rock Face.
Vhers the Tock 1a jeinted with randem orlentation or w
1elred number af blocks appear te be ungtabls these
blecks can ha Temoved by dcaling. A prolopic nppoadsal A
reacommended [ locata rocks thot vequlrs gcalley, Scalling
ta notmally net recomeondied wheroe very blocky tork exidcs
or whate tha rock ¢1ps vue ot the slepo. Scoling <an Ta
perforeud uging hand oi hydreullec toels. 11 exploRiven

EEE IO TT [ MU T S T ]
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Leaawasy Wropwg powchen vl ool

[hl ¥lalranlng the Slone,

Where asccunlve rockralla oecur or whese chie Jolors az
brelding Qipm our wf ENg alopy, the sbope can be flagtea=
el. A wnljorm ~lope Ba¥ Lo w-inl o the cor can b Bepch=
wd. The beach ahould be wide enough fo elpar since fall=
ing ek from Jbove My bounce from o debris fi17ed
honch wnra the road,

{¢c) Slupu Dralnags.

The mavt goemopn Bochod Lla to delll borizancal drain holes
Intu the wlpse oo 3 o (O marer venlers for di-cances of
at luast |O maters and par nere cthan 0,25 clzas the slope
balght. 11 che holot collapas, pecforaced plastic Pipe
should ba tostalled. I Lew glaclers develep the lrafms
padt be inmuclated or heated with beating cables. A rrack
mounléd parcusaion unlc con be ased for rapid lnscalla-
tlen. Tha dralng Aro papgileularly affpctilve In sofc rock,
A typleal drain 12 shoun 1a Flgura &,
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Hut lecntal dialem [patalled po orecduee Lha water
pransprd Inoa peck slopa,

{dY Surtiere wrabflizat jon and Shovrornpe,

Comgrela o b sproayed oey 1o oeoech face Lo inerense re-
nlwtinre vy pavsbling, 1o edace vaalheekar ool 1o oaoad
vxpiard Jolatk, The proceduro is pactdealerly wgpolieahly
le hlocky phapen. The vl mst ke claan and weitod
frler L appldeatbon, & (blckness of poly & to & om0y
rgtpulrod Pur jung tead neabllity. ®here larpse hiocks ,
cxldr wlih jolnta 1ar apart Lhe shoteepte nesl noc cover
the onllry surfocs ol cha intect pock but needd only ex-
tend 241 g 25 em. buyosd che cracks. Far more shotcrete
thean Iw aggunlly neoded 4x | eequeacly applled By the
eamteactnr ot cunkldarahla unnecesbary eapensa. Fregueac
draln upaninge ate Tofqulced so0 chat wuger pressuce daes
not bulld up bebdnd tha whareracs. Flguee 7 shows o
typical portablo Ahotcrors planc and application.

Whete tha rock s aatremaly Llocky or che zone of weath=
ering ia copsldarable, wire mezh can be pogmed £o che
rovk, follonnd by tha pplicacion of sheccrete.

le} Pock Suopport with Rock Bolts er Cobles,

Kocks whigh previte Koy auppore e blocks hicher = the
sloep 4o b wtabllbzed by the Inscallation eof rock
bolts, To duvelap long torm weabillcy, they sheald L0 -
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Flgute ?: Fortabls shotereto planc {left). Field appli-
catlon €0 wtabilize rock slope friphtd.

woyn be venwlonnd and fully groutssd. The tensloting in-
craaken (1 mhear wtromgeh aleng che fetar and the prouz-
ing romipie wirows relaxnt fon and mipimizes the probg-
BiliLy o1 correwfon, The Instabllatian chivold be deslgoed
to develup o speclile Joad capactiy. I sult roch, batts
may bt yagd In cembinaglon with ehoterele and wlre pwesh.
Flgura # ahowe tock bojow balog Loatal bed,



Whezw the roek folacs £lp rar oz che ~lape o o Poder=
ately mteap anile, hart wieel dewels oan ke groutoed In
place in front of the too: face to provide susrerpco.
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(I} Gonererd: Swppart Ancicasses.
Whete latpwe blodke aof rark pverhang o &lope or shero
ercavellon nuy wndursbine 4 large wolums ot rock, o con-
cTate bullrwwy cum b coddbtrected 1o provlde sapparce,
See Figurn 9, The bultrues moft be capable of taking the
Eull 1load of the rock alawe, Ueoolly the Luceress should
bo keyed dpte the rech wich ercel dovels,

Tnatallavion ol re¢k bolts,

Flgurm %: Concrete bButtsoEm to Supporc rock.

(z) Specia) Diteh Deadpn,

Highway ditchen ran olten ba eeonomically exravated with
sulMicient drepth and o mreep roadside slepe te catch the
majoricy of the rpek which may fall inte the ditch. n
less lopuriant rasda, [(hie procedure I3 reasorable.

() Carch Wallm,

Where 1t would bhe cxpoenswive o devolop deep ditches the
condt rucklon ol cateh walle con bo effeceive Lo cooiro]
Tolling twrk. The elopy wide of che wall must be weciLieal
to teduca bl polonlial of the rock relling up and over
the wall., Concrute: wnlla ara el dl and freguently crack
and bruoak when Bt by large rocks, Ghklen walls ars more
regilionr 1o lwpace, and Lees vupenslwa thay guncreete
walla, mee Flpurce L4,

i L vn{_:&]— L i
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Flgure 10: Rock Fillad gablon wall conetructed to catch
relling roch.

[1) Yire Hush Blankulw.

Vhera blocky rock im prevalent 1n the wiope and ravell-
log 1s » problen, wire maeh draped over che 3lope can ba
#ifective In congralling rockfull, saw Flpurae !1. Tha
blocke roll dowa baliind cle wits mesh and drop into the
ditch whate thay ara resweved with maintononce equipeent.

Flgure 11: Wirk peah draped over a blocky rock slape.

£3) Bock Shede,

In wery ruehy odantaln Aroac where tnck cends 1o rell cr
fall from & comuidriable hobghe, it may be necessesy Lo
congLruet ro2h nhedys 1o carry the rock ower rho hilghwsy.
Figurc 1¥ ahada Bolh concrets and tirkor wheds,

Sf’ (i 2
Py J A ..,ﬂut.;.i
Flgure 1Z: Conereta and ticher rock shads.

ELCGRDS OF ROCEFALLS AXND SLIDES

in areas vhere rockfalle otcur, records should Te nain-
tained vhich record cvalry s&rious fall vhich requizes
calnbenance Cloan=up. AL Such tire ¥2 fundd are available
La laprove wiabllivy, ghe records 222Y shew the locaticn
where Lhe rmt [requent and most serfous Talls oceug,
Srabilization of rheste wress can chen be develuped o a
raclonal privrity biein.
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AHoeritieal review ot the present "Stare of vhe Arn' of the demiyn of surface worhings in rock is presented in
this reparc Yhich i¢ dividad into Eour asscgions:

I. Appraisal of rock masses

§. Design tothode

3. Hnck shopes

4, ¥avlk foopdaginopny
Sitv wnvestiFation pechpigues, lalerataty Lesrs, mathecatccal and physical rodels are all examined im the Lizke
nl their relevance to eorincering desipn.  The use of the Faczor of 3aferv at a derign index 05 discusserd rpd
an ausessment if given of Lhe most practical apprnach zo desipping tock siopes and foundaricns. The influen:ze
al yroundvater on the ntabilivy of zurface vorsines is comaidered and Lhe wse of drainage and prouting for

previwwater control i% difcussed.  Other methods for ioproviong stability, iocloding the use of controlled Blasting
iechniques and Lhe reinfarcerent of the rack mass, are considered.,



IWIFE ANTe LOSEH .

L ENERAL HREFORT

PITRODUCTION

Far centuries building on rock llas becs sensprm
wille hoilding $arely.  During the past fow devades this
situgLion has cuanged and Lhe {pereasing size al
ACruciubes Such a5 arvlh dans and opencast Hines DA
prodentrd engincers wich an wntirely new ae: at
problems. The severity of thess problens and che
inadeguacy nf exisring drsigp machods has bech enphas-
ised by 3everal catastrophic [ailures whicn have
DCCuTrEd 3N THECAT YRATS.

The solutiog tg thes- Atahléns is ool sitmnle,
Tegipn melheds in rock enpibgering evolue glovdy,
Tavpely Ty tcial and errgr sipee the phvaieal aml mech=
anieal laws geveroinp L behavicur of reck rwssee ate
puprly undersrood. Goolopisis, wlwse contribulion to
Bl yJevelapoment of rock cagineering is vital, alaa [iml
thenselves in ifficuity In dptempting Lo quantily
problems which have dipcnsions of borh scale and cioe
which are smalier tham thoee vith which the geolopist
is normally cencerned.

Aa desizn tgihoady are cvaleed, new pTohlens which
bt nnl Been ant feipated ariae.  Hew Failure madoes ar
chiginal fohibinations ] Irteey gre rocolnd sel angd ke
otk eppiteer L Faced Cibh 2 mew 86 ol upsglved
proablems . It ol lee o misCake ea TeRcel Uiy stnte
nf affairs. Ut the camteary, even if tlwe enpimnespe is
frustrated by Bis ipabil ity to anlve these pew pronlens
the vory facl Lhae these prohlyms ace recogniaed 14 4
flvp towards increascd safetw,

In reflecting wpen thie cuctent state af develop-
mrpl of rock mechagies, e peneral Teporilcbs are
preatly ecncenraped by owe pargicolat trend uhieh has
bugun L elerge during the past deewnde and which
suppepls thal lhe suhjeed 16 siowly reaching matucicy.
Thip is the trend (o work todards a faiovsod designg
cvern LF Aall the Faccors whiel coneribute towards Che
averall behavicur of a structure are oot kpown iHith
any great prec:’siun1 AL l1east the influeney of each
Iagror is considered in 4triving at an asscazment of
the probable behaviewr of that strurgure.

fev Lhe past epe tended to find "scheola™ ar
"techniques' eophasised. There wag, for esarple, the
“Augrrian' schoel or bl "Rogeh Atrican' schaol oand Lbe
"pheioelastic' era amd, mere recently, b Mfinite
vlement" eta.  While theae individual appreaches made
anl will eontinme ta ke wiloadle contribytians b Lhe
devvlopment @b rock mechanics | ther did mop provide o
compleler or 3 balanced picture ot Lhe whale, JusL as
the pedical worid has leng fe-alised that there is
oe kpproach whijech will sadve all 1he probvlerns of il1-
news, ®8 the roch capineet (1 realising chat no one
meLliad will selyve o411 1he prohfems wbick he i likely
Lo encounteT. Rock is Jan gxtremely complex enpineer (Mg
material and designing Lo 1ock vequices the application
of ay murh seivnce o¥ relovane, as much cxperienoe a4
svailable and ag much oD sunse A% passilde, Above
#ll, & design must be halanced in chat every lactor,
rven those which connat b Quantified, musr be conaid-
reed before reaching a findl decision.

Turning mou o the SEFuUcture of Chis teport on
surimce workings. Tws sub-divisisns ate immedidtely

obvipus:

a) Hotk mlppes

*a

<o

Flow charts showing the main steps reguited ipr
the dreinns of these [iep typea @f Consiruction atre
presented [o Fipures 1 gud 2, 1t uill b noted phat
there ACe many corron clemonts LR fhese tio charts,
particular]y those areds copccethed with weelagical
data eallectinn, prelinipnary stanilice analvsis and
aheat streppth cesting. @a (he ather hand  detatmat ion
behavioul {3 a £rucial design consideration fetr found-
atzont but pot for s'opes while contralled [ailure ia
acceptable for some slopes but totally unaceeprably
for [oundatjons. Thiz Teparc in Cherefore Sivided jnto
four major seetisns wiich deal with the prablens
which are particularly jmpartant in slepe desizn and
probleis which are patticularly impeitace in [oundat-
ivn desipn,

Bather than present a catalague of all the things
whieh we can do twll, the general reporters have
chosenn to place the nmaip emphasis on rhose chings
vhich we do badly, where out knowledge (s inadequare
and where research 15 tonsidersd necegsary, Hanv of
the statenengs vhich ITo preacated are conirovrrs$ial
and erroaln parTs mav even be hiased, This is brcaase
the pencral teporiers arp typical warkiog eagineccs
wha have npl stlempred (o read wld the literatuse, vhao
hawve mnl ymderscaod Al phar chey have read oamd wha
have mat fecesaarily terped unhjased apipigns upon
chat whigh Lhey Bave underaterd, This is 1 repatt on
the state of the art in rock slepe and toundation
appineering as s#on thcouah (he eryen of chese two
genfral feporters awl ip is hoped thar b <ill stimwe
late otherg o lenk oore claacly al seme of The Quegt-
ions raised,

1, AETRALSAL NF RGCH DAGSSCS

1.n Tntrodnevian
The enpinceting appraisdl of & rock mass includey:

= & gqualfrsiios eseimate of the vesponse of
the rock mass to chamge in sithe: peomepipw
or loadiog. Thix imeludss an assesscent of
possible failure modes,

a gquanTiiAiioe meaanterent of pATanrcters
used in rhe oumerical analwsis at the
hehaviour of Lhe glope of Foundation,

Bvevural means have to be wged:

a) geclepy and hydroeralony

k) detailed degeription of the structury
{peometry of discontinuigies, in{illing,
ete.) and degermination at engineering
jdenrification indiceg.

c) divect measypretyail uf Acghanical patameter
meters Eor use in bhee amalysis,

d) ranltaring the hehaviour af the rock raan
with ¢hanges in foed 90 with time.

Point {a) will mac be dealr with in this repote
which it Jewoted to the pechanivadl aspects of slope
and Toundalion bebaviony, || is 2iTeased, howewer,
that grafpgy, with its desctiption of the rocks, pheir
gencain and history and the sarts o 1earures that
characketjne the regicon, topether weocl sonimages by,
with (tn dewcription of (he groumlwager Fepime, sre
vital for & complete understanding od Lhe dite,

L
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L.l List o1 mevhods of appreaisal

Kok merhanics offora pany meihods for eosting
sannles, invesiigalion of rock nasses Jod copitaring
cock mads behaviour, Ipdeed, 49 many oechods are avail-
anlv thit cany engineers are confused by the chaice,
sceprival abour the teliability of che resulcs ard
famcLitwn Joublful about the meaning of these reaulrs.
The purpose af this repory ie Lo propase 1 splasiten
of technigues whicl the wenern] Tepariere conmider moer
uselul for the inpioecr Wwho wanfs ca wned Che finnifi-
cant cupinmeetiog propertieyg wf rocy Sasses.

Each ewthod described ia particulacly applicahle
to a specific srage in the atydy af rack slepes ar
foundativrs. Svne ommchods vicld pnly rough gualiiazive
Sndfves which provide varniegs or vhich lacilicate
fonpariseh with othier sites, Mher cerhods supply
FuITILaILVe meIsureswnss of variables vhich can be
used lor analysis,

The catirgarievs, which 1re cormon te bBall slopes
amd Jengiolat iems, whieh are- considered hire, der Ln=
2itu ihwestipalicies ard lahoratary tests. Indifuroentas
tion, [ORether <ith rethodys of wnalesis, ia required gn
TElL ditferenr rabes in oroch alope and in foundation
vrpinecring and will b discussed vpder these headings
later in Lhe repore,

The pethrls selveced a8 thie faasl reliahle ar Lhe
AL promising ares

Tordirn [hwest Pgatinn

Mapptng of structiures om surface
nutcropy in exploration adits or on
borchale cores,

Craphical pregentation of strudtural
pealngical data.

Ceaplhvsics

"Petite siamigue"

Ruck qualivy designarion (RGO}

Lugron teska ’

Tackiaor toeth

Keziduval iress measurezenra,
Lahﬂrnlnrr Tekls

Compeessian and point load tescs

Rakial perewahbility tests

Slusar test® on Jdiscontioueties

1.2 io=situ investigation

1.20 Iacraduccinm
—_ 7

This seccion iz devated to investipationn garried
out & Lhe Aftco.  Some ol three methods apply from the
wery firab mraye of the study while others canm 1y he

sed when horchales aond adite are availahle, These
weLhods are typical of tecent dewvelopments in engineer-
ing grolaopy.

Thete a7 testa other chan those discusstrd here.
The writers have selecoed onlv hote Chich secm
partivularly relevant to the presen; purposc: fhe
deaign of slopes and foundmtions an engincering sLrucg-
ures,

—.'-—rp
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1,21 appimg of struciucal [eAtnres

A deseriptina of the reck structure (gecsetby ans
natute of dineonrinuities such as faalis and jaines)
is an rusential ingredient im anv analwvsis of rock
slope stabrlity or of feundation behavicur., The amvont
of devsil? requived for different s:sges of the analy—
sis dependt upan vhether otre is desizring 2 slope o7
a Tourndation and thiz diffcrence is Siphlighted im
Figures 1 zod 2,

The rock alope engirecr ik freguently [ared with
the prehlem of designick Pilet 9f S“ishway ¢ur ot ggpe-n
pit mine beneh amd [t is elearly irpossible to wuap ail
tha scructural features involved. Cocsequently thr
feolopical data collection i% weually carricd aue in
tvo slaped, sepavaled hy 2 prelinmirary analvsis which
i5 intemlcd ta isalaie critical slores. Maly thets
crivical alopes are considersd in derail.

fin thee suher kagd, Lhe comseqvences of fallurr-
wf a faundalian arn usually 4o keticus thay whe
preliminary desipn iz careivd oul i mmch proaler
detail and the detailed geelopical Zatas collettion i
reauired At 2 myet earlier wtage in tie investiparisn.
Sinte the foundation eAaginesr L cancecned ~2ith &
particular site of linitel ewtent, the amguny £ wors
is not usually excessive.

Mapping ol sutrfacr @guicrans of rock i5 gne of fhe
Pl el iable medans of definder the situclure o! A
rack rmdaM, Happing tcchniques Hocl As Lose deseribeld
by Broadleay €., and Nipprte, Bl {137] are well
developod, Dangeraus and inaceesdihle faces can be
mapped by terrestial phoregrammetric merheds (foax-
Brovn, DL, and Atzinson, K. B, 1972)_ e either case,
appropriate corrections owat be applisd "o cocprnsale
for mapping errors {Terzaghi RN, ,1963) .

Thear suriace mappinpg Lechhigues are mos[ slieci=
ive when applisd 1o freshlv exposcd hard rock ldces Lo
slopes, trial excevations or im raclotation adits
althoueh rate must be cakes to allow far hlaating
damage in cleese faces. Surface mapping is bess alfesc=
ive wvhen thete t5 A conaideorable amcunt of aver=burlan
spi) or vegeration overlving the site or when the
surface euprautres ate heavily vesrhersd and the
structutal pattern 1ll-defined. Ln these casos, wer
must by mide 0! sub—surface cxpleration methads,

Ferdepar?on o 30e, althaugh by tar the most
expevtive rothpd of suh=wul fagr explaralicon, arve
probahiy tlie most ctfective, Yop onbe do thew provids
& laree acalle wample vf the rock magss bur, Sec0u%e 2he
gEologing can gain acerss Lo Che interiar of the Facs
maxx, the pature and the crientagion of sgrosfural
feratured witihle wirhin the 3diL can ho determined
with considerable precision, Site iavestigation
owthods which do not provide infarmacion on the inciin=
atign and ariepgarion of structural features are ol
little value Lo rock enpiovers niace chia fofeoirat job
ig wital inm any stabilitv amalyris. Yith caretul
plaaning, thesy adits can be amscl (o1 latce scals
drainapge textd (Sharp, ., 130Y scd can themarlves
becoew drainage andfor proucting galteries onee rhe
copsttuction has corrwaced,

Trfal (rencheg can only he nsed vhere the depih
of averbucden i9 smalt Fug, wWhere this method ig
applirable, very wvaluable information can bhe phtained
‘aumobvior & cottEinweus porireplion of the fodk and of
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its muin gerological fratures with no gaps over preac
leapt i, Mnsidesing that excavation ecuiprent for

At 2inte these treaches [+ readily available on post
Hites, 1L L5 surprisine thac so little uare i% cade of
this methad for site inwventizacicns for zock slopes and
foundarions,

Eigrend Jrilide s in Lhe most corrwnly uted 17te
investigat o rethod tar unexposed rock casses.
Alehough diamond «rifling +quipoent (Teffere,J.F. 19603
and Jdrilling Serhoda (Raepngeen K. 2. 13%9) are highly
develnped, the resglts af & diacozd drilling progra—e
are Lreguencty vnsatisfactnty. Sme of the rajor soucces
ol ditticulty i5 associaled with core oricntatinn.
I'mlesn e orientation of structural featiures visible
in the garv in kaswn, the Envestmant in a Jrilling
profpedames wild ke Laggely wasted since the eote will
ol b of gualitative walue o che slope er foundacion
eribyl.  JWENSSs of cube arientation ace available
(heope , woF o 1967) Yop becayne chey require careful
creagieent and because ghev incroduce delays inga the
drilling timetable, Lbesr method are disliked by most
diamend drillerg, The dewelopoent of sinple and
swliable caire erdomigiinn ayroems 75 oa chal lenge 1o
e Thiaa wguiprant manutaciurers and che sucressiol
el Lot of suc!, tpales wonld aepresent o qlgni Mieant
5l torward km o slfe invedrication tealpalomy,

i

M all the techniques wsed in site inveatipgation,
dimetd deilling susy sueely be che one uvhich is
subjosied o che masg abute. Al too frequently, in
eTeder 40 %aTisfv A site investigation specification
derived {rem sore gut=dated fade of praceice, an
inEapericmed driller i8 provided «<irh aniiqualed
drilbivr cgquipmeot and instrocted to drill in a pumber
of logan fanz hich have heen chosen with Ll de
recand Lo loral geolepical roudicivns. Pavment an the
hinisx af lengilh of hole drilled ragher thap an che
corre reéruvered is also placing the ecphanis incorcectly
and the 1inal result iz wiuvally of oo use vhatever. AlLL
curey boses shoull be ayseermrical iy phetozraphed, so
as Lo xeep a safe vecord of thes. AY] 1oo pften the
care hoass have disappearcd when thelr examinAation is
ot pequifed, Good folant piviutes are adoquale for
choghing imporcant feadGriow,

Mevelupiient of site investigalion contrdel polic-
iva haw simply not kept pace with developmenl of
QUi pRent and with 2o mped# o7 e rorl enginede
This roagtvss could bemefit greatly Drem the presens-
ativn of a mode!] disgnend drilling copiract for site
investigalions %y an expericnced geocechnicel consale-
ant wiwr ix familias with the problens of mewsciating
such ¢nptrdccs in diflepent patts of the world,

Sephisticated drilling techmigques such .18 integral
gampling (Rocha, M., 1968} although having great
potrneial, are unlikely to jain wide acceptance vhile
the qualiev of basic diawond drilling generally avail-
ables L3 su povr.

wognition of the difficuley of abeaining high
qu o diamond drilling has lead some companies (@
advocate the use of gradwgl cr relevdaion prafen for
the reamindtion ol botehele walls, In theory, Lf such
teols could be made cflecbive and relidble, thers
would be no nred for expenwive disemnd drilling end
heles could be drilled with percussion equipoenc ac
fow cont, Unforivnately, chie theary iy Far fcon
realisntion and currently swailable barehale probes ore

raceedinogiy cagtly amd motorioualy unteliakle and are

probably motc cxprarive 06 use than hiph ualitw
disnoared drilling eguipment. Io che Lands 2 wpecial-
isrd companies having the necossary Lreheira! experi—
ig$e LD TAintain and to operdbc these wpits and o
intetpret the rescles, #xeellens Tesules fan Be obtais-
cd partieularly for Lhe detvetion ot Lhin sotr lavers
which are livety 1o be missed By the coring. "Do-it-
yaourkelE" cperations are ta be svoided,

1.2? Graphical reoresentation of scructucd! daca

The Teader rav vontider iy vnasual that this
topic is icentilied for epeciail diecussian and veg,
wienl one tonsiders that Lhe graphical prescpeact
BtiucLural prclagy dala [5 a wital liok jn Ihe
carriunicacicns chrin belween e pealopiet amndl the
cppinecr, [t beconcs ebvious that Ehis is nev 4 trivial
question. The praphical presentation af Tesulis wlizh
depend upen nore than thise paratefers iy a4 prreoanens
fource of worry for Che éngiresr, Here we have oore
than ten variahles, not &it haviee the 40 gigni
ange, but atl zequiring presemzation in # farm ohich
con be wades 21gad and wiilised Sv the vmgirrer.
Vuithet researe! icte cothods of data prescntaticn
weld rertainly he worth white, Improving Lhe presgnzs=
atdien wvidd emavie the engdineer oo undersbaml e
pealagical stzasiare mu oy clearly and Lo (eropnlae
rechanical Sehaviour papterns Sore eaailv. This
improvrd presentation would also cansideranhly case
the difliculties vhich occur in the dialagiv beoween
pralopists and eapincert.

Several Tetlods have heen proposed for presesting
the thrree=dizmensional geological sittucture of a siic
and some of these methads are brieTly reviosed here,

fafer Traiurer such 86 latge faoles can be drawn
an & fep, €learly showing their direction in space
(e.z. Multer,l,19%3), Suth maps are reat imporiing
when considering the owerall zealozical ceadiciens o
the tite #ince smaller scale [eaturcs which cay have
a mare direcc inflyence wpen the stabilice of the
pite will usually be Telated £o these majer frifuraes.
’ Mue preat JifTEiruliy in prepa iog poolegicial maps
ig to recopnise the cdmfinuliy or pergiaietse of
sttuctural features. Sipce a chin clay evasm af laTae
extenl rav be roce critical cham a large pocuet af
crushed marerial, the defermination of esntinwicy fros
cut<Teps and borehale iRtrtsections L¥ 47 importan:
part of this stape of the Eife Investigation. The
weiters have found vhat Acefe odole of the kife
{consrrucre frem rivid plastic sheet or LTem rods)
Aty ertreme Ly wscfiul bn this respect sinee 0L 0
possible Lo vizualise (he throe-dimensienal nature ol
the rock structure Tre casily (Fig. ). Mupticate
modele in the design and site offices will pininise
migunderscanding,

IHuor Testures such as thin jeinte, bedding
plancs ctc. cannob be represented individually since
therr aTe too many of Lhem and such [catures musl br
treated sratistically in order ro establish ferwctoral
prtternt. Tolar Jdiagrams, projecciens of o wnir
hemiapherr, are widely uned [or chis fwpe of analvsis
(Phillips,F.C.,1571), The efwTi arcz projecrion
(Fir.4m) is otten praferted by structuzal gralogists
broayse i atlavs for chsy plettiog of the diseribaor-
ign [requency in space. The dfrpeorraphisc or rqual
sngle projeceion (Fip. &b} is preferred by many
engincers hecaune all circtes on the hemisplere Temdin
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vircles on the projection and this propetty ablows
wery Coanvenicnt graphical tredrment of efabijbitw
proabiezs. The vrrors fo detetmination af the =sLARist-
ical discributinn af sirgcqgurs) features CEn ke Rinin—
ired Yo using & sprcial prid {oar cousring plocted
pufnts. The writera supnest that These counting Frrars
berwe buwen ovgrecphasised since thece are certainly
YUSLiMacic ecyoi s in (e dala rollecrion procers due
te hTas reswlting fram the dirverion of aolcraps and
adivs in relation to the dicecrion of the Arructures
(Terraghi R b,  1965). Moreover, there are lively ro ba
differenace in the swatis-ical results o! tys survrws
carrivd oot by tww didforent teams. Hence, the wrizers
Auraest that 1l fgacictical tredaiment of structural
patcerys and phe suhseqoeny praphicsl stal@lity analvses
wan b earticd wut vith comparakle adcuracy uning
either equil-aren or scercoptashic projections. The
choice of whigh merhod tu be used cap therefore he
tased upon conveniernce and pefsonal prolecence.

Use of (hedc projectinny fof preseptation and
atalveig of stewrtural lava provides vhe enpineer and
thi- #rolagisl wilh a Very powerinl 1toal, Dpee 1he user
lhin become lamilisr vibh thit weel, it is tapid,
convenient And reliable oo ase, The general reporeees
vigh Lo enter 3 sklrong Diea thar Lthe use of Lhede
! ttions whould Torm an rosential part of anv rock
[ Mos Learhing procramcoee,

Io spate ol the advaneares of the Aethmls Alrcadr
deseribed, [y must he paTpoed wue Lhat oo oee Focthad
b Araphical presentation i4 eneirels satisfactory
becauvte wo one nethod can cover all ke sargwiere af
the praklen: dirvcpion, gpading, ¢eRCinuity, apening,
tauchness amd infilling of attyetural discoptinuigias,
Wience, in addition (o plots of siructural hptterns,
Lt duchees wisudlfse the need [pe something sinilar
L the prading rurves used i mail rachanicrs. The
daveloprent of such & svetem ip a challenge Lo TeEsearch
watlers in fochk Beghanics,

The surf{age rouphness af srructural discontipuii-
irt 15 a quealiom o vital inLerest te rvotk plope and
tound.ttion sppinectys, The sbhedar glrengeh ol the
dikeoarinailier awl che pereeakilicy al vhe yock nass
are sigeilacantly in{loencel by Jidatamey gl rough
jaines Juring shearicp. This dllazancy §x clapely
telated 1o the shape of the =murface ttreqularities and
1o the previous histety of shear displacenrnt. In other
words, description of che surface roughnesr of foints
v a1l ecalea v patt of the peometzic deacriplion ol
the rock stryglure, {Feckor By oand Repgers,'t, 109780,
llew this deseription can he doip- t5 a vital question
tor discussion.

1.71 Geoph¥sirs

Seipme relraction in a well established method
whed by peaphymicists to meaaure the thichness of
©octhered Logk or spil epwet. 1t has proved enlrémelw

ul @& a aite investigation ool Far rapyd compaci-

begwern grveral siveg. This method vieldn onle a
goning of deprh in rernt of Iongfrudvaal welosiziea,
1t iy well knvn thar longitudinal velocities are not
wrll correlated wirh other Pechanical properrivrs of
rork. The question them raiscd is: can we 1obv upen
this seismic survey for a [itaL seleccion of sites?

Apother develaopment which may in cime plav ap
lmportant pate in pite investipmtion is chag of

s s Lo rataa aa umcat hw the ail

irdystry . The advantape of thear mechods 14 EXat
p¥redssion Arilline racher ehan diamond eare Avillins,
can Be uzed , resyltine in a gonniderable covt reduction
Various twpes af larging tools ate avatlable amd have
1hown preniving results when anplisd to protvbens out-
pide the perrolewm rogineezing imdustty {Tebanek J.,
1M6B, Aaltosser,*. 1), and Lawrence Il Y, 16970, Beerot
ioyeatigar tans (Lakshmanan, ., and Allard, 7., 1971 have
ahown thag thepr i% a good eocrelation beiweep Lhe
[racewred drntitv within che rack nass and the
iraeeverge velpadty of the geismie signals.

Fimallw, t% recent inprovesenls in graui-gim
liave oade it poaaible zo use LRiv zeomnesical Fechad
[or the deterctian of vaids in teek formacions, 1t has
been succezsial mince 1970, ulpen hish sensitivily
aravimeters vwore buile hv Lacoste-wamberg, for localis-
ine buried Audrries ar karsgic channels,

1.2 MTetd Liwninug”

The method called Tetice Sismique [Sehoeider B,
19433 08 entituly dilferent im iT9 pripeiple af
aperation, Instead of gee, aeveral gefaris papaseieors
fparticularly tranavepse velaciby davelongrh and
Attenuation) are meatured and shown on the rapd (Figz,
5, Sooevhat unilar to a pagapbre, ~Mich does ool
full deseribve i1y wolder, hut identifieg hin
sufficvientlv for potice offjcars, the Tevite Giemicup
pives the fdenlffMrsiien of the sitc snd enaliles the
lifferences, ol aimilaricies, wilh ocher sites Ln ke
degected. This Lechiigae hiy been soccegafully waed n
2 pynker of rouacries and Arohably deserves Lo be nged
more widelv, Ralitration of a§ Aualicacive index of
this tvae can opalvy he achieved by collcoctition and
coppatison !l lhe Tesules @ many succrxsful pnplicaz-
[ons,

510 '

Figpira 5 t"Modlito Sipmigue™ vad for a wite,
ISchmeider B., IohT ]
(1) Time for transverse ware,
{2} plstance betwpen shoch and qeophontt.
(1) Gatn (LAl unitwe),
(41 Frequency.
i5) Schmidl schleromelyr ceadinga.
(GY ALl wavr lopgth (traceverae wave)
{7) Medlan welocity.
[B) Hedian atienuatlion,
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1.3% laek nualite Jesipnagien (rom)

The toch Auality degicnation (PO (lwere D07,
196A) is an imdes af gore recdvery ebtained by suming
the Lenpth of oieces of gore onzer the L= and
dividing thiz lenpth By [ topal lenpth ol hole. I:
it o indes of frgeture !reguencry and hav proved werx
useful an nany Siied For eELipgrics (hoe depeh of
excavation yequiped hefobe food qualitv rock ausitable
for foundations 1g teached. Noe ol gz main advanfagaes
ia jts extrenels 1o gonty the computatiom st BN for
Ttdpeds of Aegten can by done {noa b hours, eicher
on aite or [fren photonraphs af <he cores bouen,

The main gucation ik ubecher the quality of wrk-
oanghip can waflyesace the lengpty of imdividysl core
+iecer and hence (he WD walue, 1o i beliewed thar,

rey{ded the drilling eperacions are carpied put be
quil ified personnel weing moedecn equipment e preduce
cote ol at least Soppm o din diameter, the W or =similar
fraciure frequency indices ate useful putdes tw che
wrchanciol characteriatics of a rock mawe.

The presentation of resulcs of the sufgesaful
reprriences Involving the use ar B0 would ke usefuol
in clarifying some of the nnferteinty awsoriated with
thege techniques and im fonvineine sceplicll enpinrera

of thair valun

1.2% lugeon test

Yhis wel) enown Leny, crizinaily praposes =<
Mpurtee lepoon a5 &4 €F¥iterzon far gooaurabilicrs, is
widely uscd ro cMLIRATE Ly =étTvablilby @l Tiem
mudnek, The resp ravelves jacring olf o secliex of
barehele anl measuring the amoost of water whkich eas
be ihjecteyd ipre the ruck raes throurh ghig sectien i-
& given porjed of tiMe And at an exc€as pressise of
10 kRfem* {1 ™ Paj}.

Several authors argue that this fesr is fpwalia
in rocy bLécause r exflss oressure ef 0 xpfex
aulficlent ro ppen #l9gOntinuitics 454 1@ change the
primeabilily or the bydraoplic comluctlvily of zhe Teock
rass.  Indepd, iF o greap deal ol teogbhde 1a czken to
arivet the hele at iRl anples tw the pet ol (8Sures
in which propeabil ity 08 o te oeasufed, bo vary ihe
packer pdcing and Lhe pressure af injeccion, 4 creat
deal of inlormation can be dedoced on che apzzi«r zed

the opening p” Jlacerzinaiziez. A furcher refind-ent

to the Lugegn (est, iAvolwvinm the ute o! idut BACHErE
inttead of two, hak beem praposed by Lowis {19700, In
1his trst, the coniral fe¢i1an betwoepn rhe decond and
thitd packurs 15 Ebe PedsyTing seclinm, while the fup
guler #vrlipns mctl M Ddpw warricis which are creiered
Lo #paurTe Lhay radial floc occurs in fhe meadur Do
svetion (Tig. 7).

Fhgere 7 0 Medpraulie tobple probe for wpter Tests.
{ louis,C., 1070}
(1) Frote,
(2) Pacher (0.8 m Ioeg 1,
13 Coemtral ArARUEinng eectiion § 3 T Som bangl.
(%) Cuter Tlew baps i setbion [ m lougl.
[5) Flow Huew 4 padial in contyal section ),
(L) Piezemelria in Lined holes.

A gquespion Chat Ehe geoeral Teporters rdise is:
are we really improving (he Lugron Leaf which is
exlreaely 2inple and adequace for mis) ajres? The
maditications to this test deseritod Ahawe muv pive
the i1lusicon of preat sccutacy bul thiq JCCWTACY Tdw
not va fact he obrainable in a rediud A comples as
rock, While the repafters accent Che need lor the
mloption of o geieatific approach 1o the veory ditbiculy
praotrlem of water serpase in rock Maisen, thes alzo
ferd Lhat there ia & peed foar & clear and wha=tiemous
presentation of Ll resuley alreadv mCpjeved, a9 cRar
the peneral reader can judae (ot hizeell whether prog-
trsF 19 being oude in Chis tield. ¢ gquesiion =hich
will be discussed {n Bt decatl lafeT in thiz teport,

‘but which has & bearing gn che use of the Lugann togy,
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P9 does Lhe §low e conzept slegived Jron the cops =
vratian of flme throurh poraus rodia apply te rack
TASHCE AL (3 L0 ACCUSSACY Lo uAn A0 appraacl hided on
Fhow through imtivideal discontinuicies?

1.77 Jacing Lesls

Jark preta desipned oo odeterming ghe rdnlus of
clasticiey Af o reck mARS are ApFe Televant o Ergned s
ations than ta reck aiane desipn, Sever theless, | hedw
tests are ditewsaerd o this eafron seciinn hoeaadn
there Are sare cases o oldeh results gf faeking fosps
rav give infnrmation on Tock mass belavinar whirn j
useiul to Lhe rock stope designer.’

Most IACKINR [estd Are inberpreted inotoree o
the Boussinesg rquations which provid. a rebatianship
e Laeen rearayed load aml displacemene aod e modg] s
f oclasticiiv, Hince Lhese quations ave onle valfil
for an eladliv vant jmum®, yheic pgee vields a rwnlnlus
at elastiedity for an "sqnivalent™ eontinuous Felium,
Comsequentl¥, the first guestion vhieh ari<es is: ¢an
the codulus uf rlaxticity obiained bv 2 jacking Lest
e apnlicd Lo the desifo 0! an enpincering c(rucbure
lomlod no o disconeinous poek facsT

o vxamiuat inn o Thaes resnits ol o jacking
L, o Bl The pelaliondtip betioen Toaloanl
derveeeey o 14 penerally an=Linear. [0 other wnrdyg it
i persgible o infer ftom oa given oest scveral walues
ol deformabitiow depending an e manpizude amel L e
<ifm (loading or unleading) of Lvwe afndicd load. Tn
Tact, rhewe Nap=linear curwes Cam be ysed 4« a0 sldig-
tiooal [feet S 00 Spn Pedee oy the reel mass
(fehneider B 10 FY, Corralat ions with ather ponitgeet-
injm prapertiey bave shotvm char varions =laoms o e
curvas (Fig By are indical (ve of o fragiuoc-
broquency and the Dechanigal hrbaviour wf ghye rock
mass. Thene ideatificacions imdices Ay he geelul fur-
nf Lhe pn'll'ninnrw sfee inwertigation, The paa=linear
lamf defarmation curves ohiained in jackior crave are
alwo u=pful in eetaklishing Lhe stregs limits Rovopd
which e roreepl ab poniulgs of elasticily Seented
meaninkleas el vhwere A Tewodaljon desipo bBased 1ipan
rlascic thomr s could nprty he codabdered coliable.

Jagking rests are uspally pertocssl in adits
wheoe Lhe rraccion to the applice Ioad is spowided b
the oppasite side 0f the gallere, JuTface [eald can
alss be cartivd out §f the load reas:ion s previded by
deap anghwvi g (Srace, 196TY, The pain saipt of contra=
versv in the g af ghese Jevices relares o the €524
al the Lpaded araea and the macnsende of Ehe applicl
boady, moall load ares amd hiah slresa, o barpe 100
acrea and low arress? The secoid ylgecnative Lx Mo
£xponsive hut probablv claser to che cynditions wiijch
will apply ko the full scale structure. In fart, Che
crucial point of ,thi= arpument i3 the question of
what ¢i1ect the cale of the stroctore has upen Ll
 -~datjon deformations. Tt 18 wunlilely thap thin

tign will bo resalved hy Lhegretical digcunfions

what i@ weeded {5 a cerrelaLion herwedn jecking
test results apd the deformurion of foundations
measurd on full rrole structurea, Sore altowpre have
been made to eprablish amch coerelations {Mard end
Buciamd, L909) but jt canppt B¢ claimed chat this
question hat been adequately Tesolved,

Repehole Jachs hawve been developed in meveral
countriry and have the advantave wf Lwing cApable af
annd Teweion ar dreth within o fock miss. The question

'?Ec.-—i’— "’ﬁ’Ll

> U.I.|. ﬁ s

{ (1) o<« o m 1 ¢

Fronpraor dl 5 The jackimy bepl aanl (tx LTSI o T T
[ &chineidm, [WT).

v

(1) Nisplarement ot plate.

{2) Fiate stroan.

13) Moincs 1o & given site,

.0y Slopey.

Cpooin 1075 mp qur s,

£|| irrevorsiblbe i splacement s,

A Arne o quantiboal by vdastic delormations.
B Ao nrcdmpuertand irrevpesih o ale o) mat Do,
Wl Fon ol SO b Dk

b fone ol averane rock.

c Fore of npen juinced rock.

ol aedle vifve: is edoep Mite (ERITtanl 0@ [hié rase
amd manv enginvers will eemain scoptical ahaur cheit
wst yntil ic bkas been ponvingingly deronatrstced thay
the pesulps are eelevant Lo full-seale founddtion
desipn. The valls of a Morehele ,wotover are less
diggurbed than the walis of ap adic excavyted b blag:
ine. Thig is ip favour of fhe torehole ipchs.
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Figute 9 ¢ Displiacement wereus Time = LEmItlrg 1omd.

(1) TDiwplacemeny,
(2] Time ( log, scale )

. {3} Limitiong loaa L L. = L]
lim, 1
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L _'.ur.:ini,; Tenr4 49mw thal detarmerion i
famerfn =0 T b4 thervfar.- istereatine ta investipate
the ef fect 0F sustained Tnadine,althwmet suc™ Lesiy
are nat afren cartied ayl 16 sitd P tuge 8 the hael
revar and time EedAwitTemepl., it has Ywen swazpestsd Lhag
AN opakioum SEEain ate ander canstant foad flac can
Leoaceralet 35 Lhat eertespondioe Le e upper linear
EnFWe dn Fiaus, o hieh steain iw mlorged davainsl Lhe
Itraritam nf cime, ™he Poad plvioe (his FPelavriane ix
the maxizmn sernissilile lezd ahvve thich failure nf
the fountatior «{1) aceur aleer a Finfee lapse of Lime
e Iesks can be rarricd sul v nlate laslice AL the
rorl: surface, of b the gee 3fF bBerclole jacks,  The
inflyenee af Lln oacale of 1™v oSt Lpam L3n LiTer
depentenl chararteristies ceAasured % an inmerlant

poinl requifing toriber juvesligatien.
U1 Resicual streixes
sestoud? SATCOTTS

Bofave applvitg a pew lead o & rork foundalion,
it may %o impaviant oo knac Che mapniomfe 8l stregsed
al Lecbapnic neicin which alrenly exiel wichin ol rork
aads. A knoscledoe el These ciTeswda b5 less immerlant
ter toek sloe voeimeers, altionel 13ere mas boocases
vl high SCCesticd Fan doetelan mpeat the syrfare, oop,
al the tae of o hMiph clit?.

Mo tothad of w1 sg ceasuresent s 10 use a Slar
Catt which 38 Dhevried dnra oo gl gul iarn e orock
aml pressucised e aesitare e ceadings am A deiormas-
LRl tale 300 acrPoss U slabl, Fliis Pt lew) has the
wlvantage ob 2iving o dirvet measypesent nf the siress
acting Avrass Lhe alol, hut it haw the digadwantage ot
heing timired tn shallow Jdepeh from Lhae racs surlare
{riz. 10},

Flgure 10 ¢ Flat jafk tnyt — cutling o 1oL =ith a
p Circular ap=. { Photomaph by courtesy

ot 5.F.1.b., Paria .

An Alternative method i3 to wse clectrical cesists
Ance tirfAin papmes, or phatnelasgyic trafmduters wo:ich
are alue! {nca rhe horehale dnd sToests relicwe] v
ool oYrind, These Pethods permit the reasurezen: nl
stroesars at depth vithio Lhe roek Mazd, hot Lae inrer=
pretalion of tlie resules, particalarly i an anisatro=
pic rackh avsiem, 18 diffienlt aml there are semerioes
significant wariations hefvecn tle Measufements
carried ouf at adjaccnl points in the sine barchoie.

In viev nf the tolative unizportanee &1 resldual
scress teaules 1o the desipn of Rorfaco warkiens, iL
i= ot ronsidered apnenpridle chal s1TcA4 TeAasyCIn:
trchniques stbould by Jiscussed in greatrr degail in
this coparr. IL is, Bptrever, loped That the rocl: varlp-
erz'a ability ka Swasure gireas Will e improved as a
tesult of the resvarch activicie® of Lhose vhoe are
cop{erhed with unlerkround crcavation Jewign and o
whon residusl seTess i oA gracjal isaue,

1.3 Lalfiratory cests
1.7 Inbredusl ian
LR ULEL RE

nly o limited wgeher of tests which @an be
carrind out in the labnratare ape onmvide el redoocant
to roct wlope or foundation desize. The redson 15 D541
the behaviceur of the roch mass To poverped by the
prientadjom amd nature of e AjFrentinmitics ig Liow
tock maAsY, whereds Lhe sanples 2e0l Lo Lhe [aporatars
penctally eomsist of e siraneer Tock aoveial, Thee
are, howewar, 0w reasont for studving samples in the
laboratory. The firsL ix Lhac che Brhavious of the
material pives a clur te tooe of the prohlehs Gich
are likelv 1o arisc of the seale of the rock mags. e
fact, the rock material ju aften & spall scale ooded
af Lthe rock mass Because iU has pdszed throwes!o ple
same feetonic and geclogival histery and ploe snall
scale features in the macterial are frenuent by cioze] s
relatod tim the tarue scale foatures in the pacl RAs&.
Consequentliy, a tosr an 2 amall =aapie of intacy rock
can Erequentle pive a waelul Diewil ioatfon Juic-
vhich tan assisy in the enginearing arprisal of the
rock magk. A sccond-reagen far lakaratotd Lesling IR
that al convenivnde, provided phat it i3 ppsxihle o
oheain walpleg of rack and particularly of yech cont-
ainiar digeonginuities siel 45 Wedding planes ar
Joluts, The best place ta varry ool thede fests '5 Lo
the laboratory, 1& nunt he oomhg=ised thar fhe tabora-

torv nemd noe be located in Lamden or Parie and £oat o
B[ BT CAFAVAN Bn SPoe fomate S1te can he an wfrezive
locating 1ot labarators gvpe worke. The teorm D aierazars
Tosting ia vaed Mere Lo ditiorentiate Bepreeen e
Lests whieh ate carrled pur oo samtles wiijeh hawe Teen
rerwowel [ rell [hy cacl ra4a, agd rhinse Lests carried
ouL 'nomitu,

The- tepta discussed hwere are only a few ad Lhose
vhich can Le rarried aut in the laboravoary in oarder ta
undersrand the brhavicur of rack. It ham heen assured
that the penrral repotter of Theme L will cower this
subiject o thpTourhly apd rhiat only those Lpics ol
ditect relevanes Lo the devipn of sutface vk ings will
e dealt with o Theews [T, Lt mav he arpned chat
mazsy properiies athber Ehan fhote discasdod herenmler
arce uscful feor (he stwiv al! rock oroperties feguiced
in the desipn of flapes aml foundationa. Thia questien
is open for Jdigcussionm bat Ilie tesck deseribhed are
considered by these cencral fepoolers G be mleaulce
for dedipn putpaders within glee Fratwsgork ol curcently
availahle bnauledee, Thoedr Loegly are:



etk A% DEYSDek 12

LEsFHAL REFHT :

rempreasion toste [Epelinling moint
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Cari bl t
alial peroeability wne b
Suear ntrenpilh of fofnrs
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1.1 Ce=nteasian [eses

The uninzml weconfined camrpearaTan fenpe faoa 14
cheap ard casy neans for ohtaining an identificacion
index of che rack natectal. "ore elabarace teact,vhich
are extreely norsrazs, Save tictie rracziral valae
tor slone ad foundacion teeimn, The rosulia af uniaxial
compresaion tests, lite afl other tesis on rock,
juvariably shoy o significant 4weunt af «eagter. This
wedELer Is asteciated wirh 1 lie discontinusua nature 3
of rack: the eapinevting praperties Feine goveryned by

Q9
'IIIl'I"I'I"I"I'I'I-III'I'T'I'I’I'I

discapcinuities 1hich mav ranps from gradn bFoundaries - : | | | | d;
an a arall scale to joints and faulcx on a2 lares v taagalviialaaad el il ll -
neale. o 50 o0 =1 00 W0 300 wea

Sore anthars have aczued *hat the arount of
Weabttrr associdled ociglhy (Y yniaxial eannreagive LosE
e oreasen rogwrh ot oche pest Lo b discarded. 't rhe

Figure 116 @ Relatlonghinp hetwern point losd sitength
index 1, aod untanisl ¢ ampressive #heengs

ather bard, serme arsue chat tYe amount of s€alEer pives th -
a2 useful rualirarive indication of 4ame aeprcts &7 the
« cwre nf the rock mass. The prraral Tenorters SufPESL

rhe following Auslicative imlication=s =av ke

sined v yntaxial tescine: AY fhe sean value of
wirangtt alleen an initial oiaendToazdes nf o ihe sire, raghk core is lnaded betvocn o points (Tigd Lt and
(hy the variation in sgrepall fror e 2 tooanether tho core 18 galfe ax a tesyly ol teasile suesses
pives an indicavion of tha Setoprgese]=n 27 the afte, develoned acroad tS¢ care. Thie test, 'hRich %ﬂ FEEERrE
{e) varjatinn in stremisth ocith the prientatien of the I+» cheap ard ruiel to use duripp site Lnwestisatinns,
pample gives an imlication of the passible arisscrasy provides cesults aich are elosrly related to the
of the tock rass, (41 scatter of che raeulits of small strength of the rocl narerial (M Andreas, B.¥, ot at,
aanple testx zivet an indicatinn of the —“orafryntur- 1948,
{na of the rocl. as & result of nreviously apnelied
Levtanic Strreses, Tnoaddition ta netenstl Lesting, measurcment of
the mocleles of viaat-c iv on oenres of rock subjecled

Tn arder te ninimise the time and cancnde invelved te uniaxial loasing % a Fasic means for degterninian
in prepacing the rrds of anecinents for arnjaxial . this prepecty of the reel matecial. Thiz value mist
connEession teating, it has “een surpeszed that rocws obviously he reduced vhen cendvidering the defocnition
Lot sescr oor Praefllioy iorta wield resules of cenpar- af 2 rock mas= and rhe oxtent of thie reduction 4 a
able accuracy. 1n chese trsty an wnprrsared picee of Aurearion Teauiting furcher fopwestigacion.

1.32 Radial perewnbilitys

Balial perneahilicy iz alse ap imlivect nweadure of
the degree of fracture aof a sample of coch material
(Bavpaiz, S [9R7). Tn this test, COCEs ith a3 adial
ale (Figure 127 are sukjecsed wm radial mercaladion
af water under pressutre. the imlex measuzed in this
[t §5 the ravio 8 « REO-13/10+%%) ipn which 1{=11 ix
the permeabiligy mgaured for converaear Clove yider a
diffeeential pretsurs of 57 kar. "hen S is (dgh the
rock matecial permeability im vepw ronclsTue I drpef-
Ted Aftrosscs A phennmencn vhich it tepical of frace-
ured reck. The rain value of this resr i+ ot fot e
toatdrement &f the par=eahilizy of the rock material,
wiiech gencrally han little influrnce an the Medranlic
bohaviour of a rock mass, but of the depter of [race-
wrine of the rackh material. A pgroat nuober of (esga
have thawn Cle raidfenér of correlations hetween the
ratio 5 and the peatoer of atreanth valuea, At the
pcale effect on strenpth.

The use of thia aimple Eest i4 therrforr timilar
te that of the uniaxial conprearinn ceac. The walure
ghtained in, hovpwer, mote cleatly related to the
Figure 11m : Machlne far pajnt |oad strenth deiorain- deqree of ?rnclurﬂ ot thr SHPCiNrH_Hﬁd it has tirtle

atlon. (Manufpctured by Hobertaon Besearch | relationship to the nineral compasition of the Toch.
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P4 Shear strenetty ol discrplinuities

hecause the sLresses acling on rocl slones and
foamdalions are law, Fraciure af intart roch it aeldonm
i lved in e (ailure a7 thear stiwflures; L'upir
evlemieal To-loviowr beioe poveroed be sleear verent
an diarentingilivs such as faults aerl ieiota, foasonn-
et le, detrrminalion of the shear streetih of esre
discontiouities is a sucstion of fumlamencal (Mpert-
ancy in the dewrpn of turlace untkings.

Thi <urfacra of separaticn (arraticraphic lavers
swartt a5 hedding planees and pecolepicabls indeceld iract-
wies sach A% Taults amd jorntsihave a tensile giFesigLh
whieh is far all practical pwlogses zeca, amd o shear
streneth wNich depermls an il l ronchpess, the infill-
ing teterial amd Lhe amoune of inbricasion {arcange=
ment of individual Rlacks). The mewr dancerout {or
sianilite are atigue]ls the aurfaces that are plancr, .
srwoifl, filled wirh sofr materials, nf Tarpe area amd
lerd interlackedl, This 05 the fake af ghear fanle.

Lvmg dangrrous Jiseoptinuiticd are twoee whiivh hoee

el been subjecbed o large ahbear dicnlacerentd in gl Figure 14
gealocical past apd whece there i some intrecincking

af surface roughness or cementing 0f the sutfaces b

precipitated infilling.

The diffetenee in mechanical hehaviour Totween
these [wo typod of surface im illustrated in Fipures
JJound 14 in ebich skear streas is plotood andinat
displacement amd agaiose noroal sgress. bo the caae of
tough surfaree (curve & in Vigure 13} incerloching of
surlace irrepularities causce the gample [0 hehave oo

an approxicacely linvar-elastpie panner for amall
dinplacerenta. At a piven dimplacercet, the prak shear

ptrength of the surface ia oyerrame az o resuolt of L1¥, the peak areenpelh has alreddy been rxeeriled
over-ridine ar shearing Fhrourh of the interloching hueing previogs senlomical moverent and the ahear
itregularicivs amb a ranid denp i shesar aprraeth AtrenpEh increases amorhly wigh displacemear angil

pecurn an dianlacormear i€ contimnuml, Tverfual vy, »hen e reabiluyal strenpth value it reached,

Katialion of chear resistance oilh dis-

pd s ement onoa dpmennd Sneily.

rlj_-||||.|l (R TTET L -

Shour Rm! ji-x= L

ek ®Pasar =Caeerafak b
Uowishpal shar utrentth,

I eacokd el jron dioo ol foainy,
Brough eur lace which taw not been auliecti -

b poreviois dimplagemend .,

Bmral hoatdvd e e whiic b hina been sub s 1 er

Latyge ali &placemrent .

Vatialion of shear sirength o witle nermal
storeun for peak aod Fenidual strem)th.

{1) Xermal rLreceg,

Fed )
{in
h
(s
{61

Ehear xtretigth.
Ieak »trengthe
Hemndnal strengllia
Dilntion.

Shinr.

=)

thr turfaces have Meen ground smooth, a residusl
attenpth vaiue in reached,

I

In the case nf smooth aurfaces fourve 0 in Tinure
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roncidering the values nf peak apd residual
stremechs far various apglied norral stcens lewcle ghe
curvex Pllustrated o Fipure L4 are t-niea]l of the
bohaviour of tnck surfagcea, In thr cave af the peab
strength brhavisur, a «all values af cohesion c mav he
prosent dur I8 eementing of The surisges. The curve
retating  =hear strenpdl and normal sEresws is reEmrt=
alle por=linear as illustrated, THis ecurwe i sberplv
inclincd 4t lovr narmal agresaes as a resale of the
interlacking af surface frcegularities. Meraose af
the high =trength of twe vock naterial fram vhich
hese 1ererularitics are foarmced, shear displacenent ar
low normal ATr-ts rakrx nlage a3 & reaule of overs
ridinp or diluefon an ubich the irrepularicivs rove
pwer are aLloer and the toral velwee of the speeimen
tg increased. The tlope of the curve 2L low pormal
stresses CAl L apnrosimated by che anple (3] * i3
vhere 61 i the trictinn angle of the msrerial surface
arnd = 3% the averape anele of incidence of the sutiage
irrepulaTities to the dircction of shraring (ratton,
F.o. 1903, Ax the peoyhal seress incressew, Lhe
dilation of 1he apeeimen is fohihitel agd fracturing
of ar alearing throuph the Snrerloeking surface
irrepufaritisn cormences, Dvengualls, the shenT
steenpth of the surlace ia concralled enticely by the
slhwaring threuph of these ircepulatities apd the
fnelinAtion ol ile cutwe approaches 1he peal Eriction

o d4p Al the tock naterial,

I the rase of the ameoth sarfocre {gurve 2 in
BFip, 11}, the residual streagrth hehaviour is defined hv
the friction angle 3, and the cohesion s, for #1l
practical purpates zero, lole that che frictian anplen
¢p and ¢r arc not necensatily eraal ainee the anlill-
inp rtetial Tm the case of the sowoalh sprface may
v Foen allered be veathering.

An rxtremely imnoresant point which emerer from
Fipure b4 in that the tenidual strenpth af sheared
surfaces ix ot mineaced by the apale o7 Lhe tesl.
This i% liecauts the friction angle 4, in & dinension-
leas nimber aml, provided that thetr (s ne eghesion
intererpl, its value com b determined kv Lests oo
smill samplet {Loodle, ., 1973, On the arhep hand, when
large shear displacements have not siready aecuTred in
the peslorical pasc amd vhrn the =arple dinplavs o
peak sLtebsth hehavicer (eurve & dn Fig 11), both the
colicaion ¢ amd Lhe Touphness anple ¥ will depend on
the seale of [he specimen tuvabted, Thre hasic nuwesLinn
which migt Be eonaideril Wwre is: can the values of
coleainn aml roughness ancle determined im amail acale
fahuratory Lenks e reliml upan Eor the design of
larpc encinerfing structures’

This gueation gan gnlvy be ansveied by conridering
the Behavieur of {ull acale enpineccing NETuCCUTER,
puch an rock Alopen and Figuces 15 apd 16 sblusezaes
an example ol this tvpe o1 analvsis., Enm Cip.15, ths
rrsulis of & nunber of mhiear fesca on porphury jeints
are plotted and the lines A, 8,0 and B define the Limjta
el scattet ol the peak and residual strength values,

ig.16, eritical slope heipght vetwus slope anple

{onehips have been derived from the teaultm piven
vo. cigal5 And are compared with the slopr leight =
alope anple telarionship ior nine porphyrv slope
failurea in the Rip Iinte area. It will br mroted tliet
11 the elope Failures Tall within he region defined
bty the residwzl artrenpth para-ecers, although it
should be noted that & small cohegion incercepc (0.1
IPa} haw bern ansumed For this analvsia (loelk,E., 1770},
Hore that, unlema the small colesion value ia ingluded,

alt slgpea ahopuld Tiave Failed AL the resjdual friction
angle of spproximately 157,

@,

Wy
s F LI
SIS
? O
. p o S
A A ‘ﬁbhgb
2 P S
at Ffﬂﬁgﬁfdi
- .4"3\‘- @
L L Pl
L) P ‘rhq:jf
Ir ‘gqiﬂa
I ‘;9"
L a i " & L 2 " i L " i I
0 | 34 % & T B F KON MWPe
Figure 1% Shmpr mtrcohpgth roaulis dne gmrphyey jeint s

from Ric Tinta in Spaln.

(1} Norual airnms {MPal
I12) %hepr sLrength (M)
13] Penk mip=ngeh

(4] Rrxidupl st ength.

Critical mleps height seraus xlope angle
velationshlpa derlyed Tiom figqure 1%
compared «ith mine slope failures 1N

parbpyry.

Figutsr 16

(1} Slope augle (degress b,
(2} Blope hepgiil [ metecs b
(1) Slops Iwllures.

In Figure 17, watues of cohesion swd friction annle
tave been ploateed from the results of A number of
anxlvzew, similar co that discussed ahove. Yanv of
these Eeaules lave heen determined from relacivelw
short term failures in amall slopes and, included
in the diapram, an arraw gives 8 gqualitatsve indicat-
ion of the influcnce of rime and scalr of the Atruce-
ure. This {5 a quention which obvicusly reguires a
great deal of tecearch and discunsign but, as » result
¢f their owm expericnce, the reparters nropose Lhe
following pencral tulen:
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Figure 17 Boelationship Uebwern roheslon and Friet roen
nngle determinnd bY back=analysis of slape

Failures.

Iy} Friction amgle 8 Cdeqress |,
tad Cohe=xinn {."Iq'rbnp.'tsﬂ'-'!]_g-i i
£1 MI% o« 10 hafom= o 10 DRSPS
b b Rk rind vt responlmE b e el vl
slope Fallugae.
1) Boundar y of mpuspgested range of values
whiich can b uwed Tor miope dexign.
190 Influwnce ol time and 100,

al Wien A4 wery larpe SLructwuene such as oan deeh
dan or major heildinc toundatien is heine
designed for condicions af lenp tern stakil-
ity {pore than 10 vears), il is recommended
that the Jdenign »ased on reto Snhesion el
a residual fticcien #ngple &, which can Lo
depermiwed i small =¢ale labhorarorv tesls,

n) Where trbpopary vecl. slructnres of lirdged
size are lwipp Jrsipeod, it §s pernissihle
re alluy mome cohesion amnd noa-timearitw ol
the shear xtrenptl versus pareal sirese
curve, provided that these values are
checked apainsr popical valurs obzainey
fron bact analvsis of fzilures in similar
b ialse,

The peneral tepertets peearnl jo oae jeresransihle
2ucinecring practice O aftenst 1o galeulate che value
of cohesgion from the yniact strenct™ of 4nall scals
rock Eamples.,

Seworal DTerent bwvpoery ol diceet slar foaehines
have been desipaed aod oo eepical deaigna ate illusgs
rated im Fipure 1B amd (%, The raehine abown in Fin 18
iz capable of testing relatively larse apPcisent
(approaimately 200 x Aemlvhile the small machine
shout im Fig. 19 ie Jenipned (o7 teating picces ol eore
or small hand sanplew. Friction anples measured gn
vither wf these tvprea af machioes tend to cenmare wery
well apd, since the peporirers do nop alvicace the
determination of cohomion hy loboratary restinp, it
taker litele praccical difference which sne i= wied.
The onlv reasen [or wsivg the larpe one v vhen one has
to tesc & thick joinc.

Fiw”-n 1M ipect mhi-me BRI TaELA [ 1estinn rach
grints Lo Che Jabgratesy [Tlanale M, el

Kk Kormnl loaron,
T Zhcar loree.
L1} Lpper and lowe: touts ul aheat bex.
[2) Fixed pmim,
L3} Mavaibg paid ke

Figure 19 : Portable pheac mackine fur dse in =pte

laboratoriea, Weight 401 5 (lock B and Hravid..
17

LiY Cancpele e plastid oWt epecimen monnl

(2) Shear mu face.

{21} ¥ormal Lload jack.

{4) Shrar load jeck.

(5] Upper shrar box.

{&] Lower mhear bazx,

(7] Rope load cqualiact,

1# oedeT EO eatimate cohesion ferom large acale
shear test®, masy authers have reparted the eesultt of
thear testd carricd out in situ. [n thete cexts, the
specimrn 4 cut free !rom thre surrpupding Tack nasd,
vith the sxcention of on: side which [« lefr agtaghmd.
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Stear and coemal joads ate penerally applied by 2edana
al flat jacks ar hydraclic ram jacks amd, becausa of
the latee sizr of the coulpment Téguired, theseé tests
ate exgre~ely ewnpensiwve, These genecal reporters do
nol recormend In situ shear teatilng except wnder wers
ATe ! citcurstances. Manv readets Say with 1o
disazsres «ith Lhis recommendation and che reporters
weuld welzore d peneral diseuskion on this topic.

4. DESIGL MEiHint

% losreduegice

Befare pnipr oo rto discuss the esivpy ol rock
slopes acd foundacianms, 1t Ik BeCcESsary 1o condider
the groeral queition of how & desize in rock shaule ke
appreached.  Maviag accurulated data on the peamecry
of the roch strucrure, the rechamical prorerties of
the rock mass and the fFroundwaler conditiont, how is
thi® inferration to he procesmed in erder Lo arrive at
aa Acsessten) of whither the overall desiopn witl Lbe
faLiifartary?

Consldering the large ouzhrr of paramctecs vhich
arv invelved in definice the behaviour of & roce Tads,
the fact tiar their reasyred values vill te widelw
ar red and thedir Imer—ieladionships 1]1}+dr1ined,

i slear that a precise aksesiment al the perfaccance
rocy masy 15 not pus'li.hl.v. I additien, iC rust
B kept in migd that different cricetia will have to

b¢ watiatied, dependine upen the purpeoac of Lhe cock
w0fuciure. Hepee, 3 safe xlope may be tcoparded as ace
chich remains siandine for fhe durzziom of ige

worsing lifv <hile & foundation mavy be Tegparded as
'i|1.n:!u|!]||."|L|.' heganwe aof diTfrcratial =owrnents af
telacevely spall mapnicude which can indute fatluse to
A wiructure sugh as a cong{rete dam.

ol

In spite of these difficulcies, it is, never-the-
less, clearly pecessary that seme fors of sugmidizocioe
aksesenent af the performange @f the rocx #lope or
foundation should be attempted. The following chapter
pives & bricf seview of the oeibods which can be used
tegechet with comrencs an the usefulness apd Lieiz-
ation of rach of the methoda., Detailed divtussions on
the applicazion &! some of (hese retheds o che Zesicn
af rock slopes and foundations are given latrr in this
TEPOCL,

Thi= follewing bopics will be dizcussed in this
chipber:

Yadel spudies

Mathemalical Todrels
Limit rquilibrium mechods

Mochanieal affects af wagoer
premsare

Factor of Safery.
2.1 Model atudirk

‘chanical and ¢ivil enginesra have rade exrens-
i t of moedele ak desipn tools for cwev vears.
Hrnce, A& complek component for an aeroplace, n car or
m bridge can be made wp at low cast a5 & ceduged scale
nodel and tesced fo destrycrion. Becayse (he
watrrials uied Arr man-wade and theic brheviour if —oll
tpovn, precise codel laws can B¢ used (07 CBe inCer~-
pretation af the reaultyr of such model tests.
Conmequent 1y, such models are valid and valuable
denign coole, C o

Aeranve vf the didfirultics involved in crodcine
thie mebavinour of Fullscale Yoow structures, ic is not
surprising THat ©anv apgenprs have bern Cade to une
=ndels 1o =urh e s5aTe way as ther arv yseld in groer
branches of easintetrine. Twa dittinct Lvopes of rraaical
medi-ls rust he Eensidered: .
SEEaIs whiel ate Jdeaizeed
braaviour pattern

E I T R

ta Afi:le geoeral

B)]  Dertpm Coders whieh are intended o
provide fuantilalive inforoelion.

Mada ]~ whieh are bailt uwp of ainple brieks of
plascer, cementl, wvopd or any athet material b vepre=
%¢Tl A rock e can provide cAateenely valuable
informacion on bestolnue ratieng in guch discontinuaus
systeas. Surh Dodels have revealed previpustw
uncecognised failure modes or have confirmed hvpoiteaes
buile uwp by careful Ticld nheervacion, “et+ that t-esp
models are rmaentially grgeeirdiesD =aloln and (hal oo
serious Jblemp 15 usually made ta simiake a1l o
mechanical propfriics of the rock mass.  Yndel soulies
ef this type (Haure, Yo, 1000, Ractos, LR L0 Framarewir
M. 1967 Gopd=an 2. 1977} have prace) irvstnable zc
papeansn cpals and che writers <stranely pcoaTrwnd i
use of sicple Models to asrigl stufoenis amd desics
voarinects in nederglandine Lhe lreliavinur pac:
in discont imrus rocs FAYaed,

hasire e Fhf

Nn che ather Rrnd, oolels «Mich are interded €-
provide provide gquantitative desizn informacion arr
nor favguted by thexe gearral reparters. Tyen 31
were possible e sarisfv all 1he sinilivode reno

ments, the amaunl of ricw rrquirsd aud Lhe cosl rf
venstracline o oletailed Jordr madel jwosuch othar DL [
cosr unlivedy than oere than ooe model cflY) be buigs

fer any particular problem. %Huch a nodel, if wall
wade, mav create an itlusion of prear accuracy aad —av
encourdpe [he devigner 2o accept & zinele 201 07 Sesulg
resulis withour considerine olther tailure medes and
behavigur patterns. Sener, while value of models as
rescarch and educational teels is not queslianed, Jhodr
usr as design tenls is pot reeommendod since theit nee
defests che basic objeer wf a pood desipn = o consider
all posaible enmbinazions of para—eters amd bo arTive
a1 a fataveed Swlte—ewi, A Yprecise™ answver based uoon
an inadequate sel of assumptions is of npo wee to he
design- engineer,

2 Hathiematienl eodels

Twvo types of rathemnatical madel are relrvant o
thiz discunsion:

A. Finite elerenl models

W. Pepamic relaxation easlels

Eecept developmencs in hoth finite eletent
{Coodman,®.E. apd Pubois, ), 1972} and dvmacie relanat-
ion sedels {Cundall P, 1971) Rave cxtepded Lhe methad
Lo oaxe it polilhlc to Jdeal with Crgman!iLaul spasoms
ard gi—vie thpeosMenpioar]l profTema, Al though the
rechantcal preperties af all the clementr in o a
discontinuons rock mass ate difficult Lo Feprosent amd
although the cuapacity af ptesent compagets Limits L
kize of problem which can bre dealt with, the wrifers
are confident that furgher develnpeect of these
technigues will provide sngincers of the fulure <ith
very pobetiu] toals. Compatred with phymical models,
theae mathemadicnl models will be hach ¢heaper and
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FulEheT L0 Oprrate, Theip #ne aatstanding advancagr
iw the pegsibiliey, at =mall additional coag, o warw
vach of the pATarmeters ipwelwed in order to checr the
ceerli vl gl the desipn to TRESE variatiops.

In spite of genrral eptizism abaur the develocpment
al these teale, there ato still seriour baArTieTs Lo
thetr cEfwctive gse as draipm Pethods,  These barcivra
ipwarlwe Lhe dl-|fi|.'|.||{:.r nl huppl}'inr‘ adegudie Trpys
daze fap o meanipgiul analv$is. Consider o refazively
simple 5tahi1ily probler invalvenz 2 rock mass with
three intersetling seis of disconcinuitiet and
subjrcoed to WAter Secpare, The iapur data reguized
for a taathehatigal model al 1hie probich dpc:

values Topr {rigiion anplek

valyrs for cohesion

values for hwdrawlic eonduenivicy
values afl comprestion rodulug
values lar sheat modulus

values For dilataney coofficient

bt r bt R L L

A tatal of 1H variahlek, rach having & rasne
wifhin which by values esm b Scattercil,  In addiriom,
the hydraalig houndarcy condi [ ians {thl"rlll:" TECY
peot Iy knovn) have 1o be defiosd.

The siople auesiion wvhich susc, Lhvrédore, be
tapabidered La ¥ rcan inpac data b phiained {or 100l
probhlems which witl peemit & meaninplol mogkematical
tanlie] to be uted [or desipn purposea?  The ansuer, in
the case ol Lypical problems vncountered by [he
drenipn fuxiwerr, is no. Consvquenily, the conclusion
rust be that these mathematical models 37¢ et remely
usteful geseareh tools Lot mekl e wsed WELLG caution
i1 apolivd Lo 1441 orohlema.

7.3 Ligit rquilibrive merheds

The st ioporcant failure modet in rock masses
vhiich arv subjeered o low lpads [i.e. sufiace vark-
ings) are asmofialed wilh movemenl on precxisring
discontinuity surfaces (faglos, hedding plapes, joints
wirc. ). 1 tailure of the incecr voek miterial and
detarmation® Withia rhe roch mass are ifafred. a
vimplified salhematical oodel af the Fallure process
ina rock mate can be conatructsd. in thizx mode] it im
acguzed 1hat mliding ot blocks of matcrial pocurs whin
J condition of Jierzovg epuVlficdie— ik Teached, 1o,
whoen the driving [arces due to gravicy and wvater
prefdure are raackly balaneed by the rr!ii:ing fercern
dur ¢ friction and cohedion, Becausr deformation nf
thé rocs mass ia it cocewidered, Targe Wlogkt, whieh
aTe assumed fo remaim intadl, caAn be considercd and the
lorce svscoem can he sipplifivd to a2 fow topal Farces
aCLinf AT apecii e points oo the surlace o the Slacks.
The prablem ol 4 wedpr ol pack restior @n (hree ingur-
wegting disgontinuities cen wow ke solved pa the basin

el; ..
! 3 valurs for (rigrion

¥ values for cohesion
Y values for forers due 10 w=aber ProeStube

A fotal of nine variatles. As discutsnd in scction
1.3%, & critical atructure im mormally dedigaed op the
basis of 2670 Cohesian and hence this oumber of
variables can be coduced to & Enr such caves,

. Graphical apd analytical Timit equilibrium solut-
Aone to w varivyy af rtock stability preblems have hyeen
published (Rigthe, W., 1985, Lande, P., 1905, fohn, K.,
|98, Loode, P. et ol, 1989 apd 1970, Hendron 2o al,
1971, Hoek #t 2%, 1973). Theee cothods are che cast
widely acceprad ant commonly wsed deofgs foals in

surfacs rock enginreriny Sragme they ave gizzly and
cuick L9 apply amd becduse they purmit a rapid
asaeanment gf the tnfluence of wariatians o all (e
pararetri§ incoloed in the solution. The zraphical
tethods are pecricelacly wiefyl for frald oo Ii-0070
and can plav ap icpotcant patc in the propressive

desipm al Siye ipvescipaticons — esch S=co oin chr invrai-
igation kring desinned to chock Rpeidkfpg lealures whick
the anabyais has shawn to be iopertanc,

This spnroach hat, of cousse, Sore li-itatians,
The conditiont cf Lioatiny esuilibraium are asvedbed
withour takine rte deforcations of the pack rasy {nzz
aceount. T the toch mass 14 Lo ACC s 2 ‘pomdation,
rhose unknawn delormationt —ay he unagceprasiv larze
and it [4 tverefore megessary £o rarky ant addicipnal
vatrk {Fig., ) to cheed this deforpweion behavieur. The
assumplion thar the sliding =33 recuing intace may
alae b ynregliscic and practical observations fyjiesc
rhat the BFea¥inp ur of & bBlocx of rock durine cthe
early scapres af sYiding will have # vigpificant
influrgte upsn the belaviour of a slepe,  In sorre ¢45E6%,
irproved drainage due to opening up of fracturen mav
be suffigient to stabkilise rhe slope.

fre Lhess 'izitations serious enouzh Lo overcesd
the advanlapes gf the rethoi?  The answer seros 'O
deprnd whin which poiel of view s taken,  Toe
respgnsabile eppineer abnold be concerpel wich Lhe
detretion af facrers bepotiant in ¢ontrollioe the
scability @f his parciculat site rather ckhan with
“accursre” computations. Oxnce thesw factors have bedn
identificd, realintic praczical decivions can then ke
Lakrn R [he steps which Aa1¢ TACCN%aTY o easure Lhal
the tock Miasy will brhave 1o @ reurandbly predictatls
ranner. G0 the other LAmed, the resedIcl $cirnlist 15
cocgerned with undegscanding the tull piczure, hopedl iy
in order thanm ke may br able 1o evelve betrer design
frihodt.  Consecurniiv, he maw fecl that the agsuspars
upoar which the timiy eguilibriur meirhods arc based a-s
upacceptable and chat 1ne more camprrhepsive frealPel:
previded by satheratical medecls (W proierable,

The penrral ceporcs Feel chat hoth paipts of wiew
are valid apd the developmernt of ctheke and gther
cetheds it pecessary provided thay the final aiz of
drsipning Safe cock struftures 1s Weft clearly I =in2.

2.4 Mechagieal vEfeets of water prrasure

2.40

introdyccian
———e DR

A rock rass is erlder dry. Yater see;s threush
fissures & popn a8 & hvdraulic pradienc dewrlofs,
Firher frem rainfall ¢ Ttom wdfer present io 2
Aam ot Iterm the creation of an crcAvation kelow the
warer tablue,

Maly the —coiigr’oz) 27 %ex2r of wager seepavr will
Be considered bezr, that i5 the influence or fisturs
DIz spefdurs upoh slability = an influence whigh i
unuswaliy ippgrtant and is sorecimes Ehe ROVErTLeR
factor im 2 slope or foundaticn deWipn.

In order to detrtrine the pattete ol water forces
developed by rhe {low nf warer in & rock cain, the
desipner has o inow o Lo Take sBiuBpPrions am Che
flow conditions. Thiz is ao exrremely di[igulr
problem.

Firsily, the anewwer depends npoa ghe poometty of
the agructural difcontinaities in the rock mass Jmd,
45 pointed out im section 1.21, Ehik Zeomercv im
difficult to axcertain, Secondly, it depends wvpon the
beundary ennditiony ul (re hvdrawlic Licld fincluding
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Ei=v = tPapsjept 0F steady Scate seppace], Thiedly,
chanpes in fiaware cpening as a renult af deformation
Fagre Bf vhich 47¢ duc to the vater pressure iltell)
cam wipgnificant1v inflournee che hvdraulic cosduetivicy
ef the reek mass. Foupthiv, there i3 & mathed scaln

eI el Inm hedranl ic eomluegivic: mpgfuresents,

Yo genern! wluzinms which wiy]l allar all these
condiriens to be considered are vet Availahle. Thera
are, however, were sitplified mndels which are very
wirlul te the dekicner o that thee enahle hin o
Achreciatn €l |'~l1"-*|i|‘l'|r' influrrce i WALEY DreAdUres
ar the srahilite &f rock masses and, #lso. provide
guidance oo aprropriste carreccive actimng,

Z2.41 Fercex devieloped W wafet secTape

The water {lowing in fligsures in a rocl masa has
a2 hedraulic head at each poinc and chis allows us to
exteml, [ Lhr4s svetens, the concepf of rotewr o
grgifeus used in the Yedraunlict ef parous redia. The
Tk devielrperd
apptied tu the Lebrct rogh and ape proparlional Le the
satentiel gradient. Thras fevers e o Be added ra
she forces zenrrated by buayancy.

e mecpaee [1ow are Acdy fargrs

Thwe Decdpepy T cemdy e fo iy of o orack nass

o s e 4 ddseant Tnairres whec' have 3 raweh
] "merrrabilite™ than ihe rock maderial, Mecanse
ol o imhercotly anisoreopic nature of the Tock rasa,

e hwdraulie epndurtivite §s onigo'rernds apd the
‘orces due Lo witer prrsyufe have predforred direetions.
In anre cases, these forees are detpifental to
stability <iure [hey bave eopnitudes Annrnaching that
af viher foress £auch as weiphy gf the rocy maca ar

the (hrust frpo A structure) am! arp in vafavourable
direstions {auch 33 tovards the frec facss af (he

rock massl,

The concept of a eowfarriveiy con0sr to rearenent
both rucaiswde atd direction of hedrdulic conductivite
it a rock pans 14 an inLefexting reacarch topic
(Maini ¥.%. 7., 1971} but it ecannoy he clalmed that It
i$ a practical Jdrmipo toal. Consequentivy, the anlw
Apmieact avaitla®le Lo the desipn epgiteer is to
condider @ nunhe? of simplified models 0f possible
flew kehdvieup iR ofder te ebtain a qualicative atsess-
ment 06f the inflvence of the farces developed by water
flow jn a rack Oaas. Hence, schematic 1low pets which
allow for the anigITapic patiure af L Fecl cAn T
ward o esridaty the magnitude of waier preéssuted
vhich can be uned i sgabibicy analenes {Sharp, l.C.,
Aoeh I, Rvavper,0.0,,1973%, 1t iz imporcans (hat che
nethed of scahility analviis should allow a widr range
of ponsible forces due [ WACAT prossure (o be
conmidered in order that the sensicivite of the desipn
to these variations can he aavessed (Lonle v or al
lupd ynd 1077)

A dizadvantape of usine [low netn for aspersing
vater fotcea (n Fhat thovy asgure a stACtie [low

sit fen, 1o faet, Eotoed Jue to wALeT Presaure mawv
¢! it magaitade and direecion dur fo deformdtion
ot Tock maes aml, undef A0re cifCunstances, the

forces due o valel pressiure may disappedr due to
increaned permeatilicy rramltine from deformacinn
whilp, in othet €afes vhere o Larer dwbply ol water
iv available From a ceacrwoir, che 10Ferd mav nersist
due Lo the preater [low valuses, Conaequently, the
comerpl &fF water roergy Ln probabkly aecessary fer a
full undegwtanding of the teaponses of & rock nass

té water {lov, An LAter#sting question for discutsion
i1 whegher it {3 passible to inereducc Chis cuncept
into a pragrical stabilicy apzlvain.

A4 conniderahle Amount of artentian Rhax heen devep-
rd e dedinieg the tvpr of valer [low in tock mEsdses =
wherher i1 ia laminar ar rurbulent. Redcareh studiea
have shoawn chat the type of Flow has relacively licelie
influgnce upon the forces which are developed bur thay
Ehe quantivy af flew can b significanti+ d{fferent
tram 1hai prodiceed by sicple madi-ls, (Louis, ., 1070,
Sharp, .G, 19TL, Jouanna, P, 1072},

2.4 The planar fisdure medel

Several authors bhave shown, by theary or by
eaperiment, Lhal o a rack mass ohirs 2ll Lhe disesp-
tinuigies fre planat ard of constant opening From made
to mvda, (be ooduius of deformation of the rock nass
it very low #¢ coopared wvich the modulur of deform
ation of the rock material. Nbvigusly, in such a
vitem, the epentag of 1the discratinuities oill chappp
aignificant vy with applivd Lpad.

Apnlying the laws of hvdraulics, !inear er other-
wiks, to thin behaviowl cay prodyge extTemsly apect=
acular changes in hvdraulic conductiviry Inr maderate
variations Im stross f5eralin,d.Loand Find Campa A,
105, Londe, P and Sabarlv F. 1764, These chanpes
could restuly in the completsd rnginmerinpg structure
having a behavigur pattern encitely different from
that predicted frem gite investigations carried aut on
att unloaded rack pass, The application of Lhis rodel
to enpincering design Las 1oo inporgact conasgUsncea,
Firstly, any stabiiicv analvais moat include rxtroae
tarer pressure conditiont resulting fros ALress
thanpes apd, sccondlv, Lhe design af reccdial meaxurea
should tehe 1his exttcte behaviaul into aceouni.

A discusaion eu the validity of this oadel wpuld
be wscful since it has » freat praceical significance,

particularly lor foundation design.

2.41 The mreferential ghannal modet

Freactical vbzervations of the flow of water froa
disconticuitier exposed in afity shows that, in zome
rack tvpes, water flawe chroueh prefereqial chomnels
which are unanlly locared within the planes of the
dikcantiall jen (sabarlw B ot al, L4707,

Lianination of & rdel vhere all water srenade
oecurs fhrowgh soch preferential channmels leads o oan
impartant conclusiont inm this casp, dedinane will nag
have & Aaigoificant inTluence gpon the f1on ¢ondirions
recept where a drain happens to feberzect 3 chanmmel.
Consequencliy, drainage will not he elfecCive an a
cotrective reasury for irprovipg scanility. This
conclusinn has wery $ericus implicalions sincs drain-
ape 1E anm vHyemiial Eemlure in the Jesign of many
leundacions and stopes.

Vhatever ane's pertronal opinion om cthis eodel, i
Jrcms important to answer Ehe following quentions:

aj lew can the seepage of water which takes
place thenugh chanmels im a Fagk mags he
detecped?

bl Can the “"permcabilive” af & rosk caes with
prefervntial channelas be ¢unteolled by
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nrnu:ing?

cl Is i1 pessible to drafz auch 4 rock mass,
pasegibfr o JiffArent drainage wysieos?

*hile [0 §8 wunlikel~ thar an acrual tock rass
111 carresnemd po o eirher the planar fissute nede?! ot
te the neeferentia? chamnel =odel, (hese nodels do
reprrsenl CXLTeTe situatiens vhich che desiprer has to
ronsider as “the onstp onfavouratle mechanieal possibi-
birdies which conld be ewpeeted” (Terzanhi,b,, 19297,
This i% & Yasic rrinpeiple af rock desisn vhin che
taferw of a large struciute 1+ fatwnlved.

| (omments om the use of a Facrar of Safern~

Npe o the oost contToversial nuescivnes in tock
rpinceTing 1e foncerned with the wse of The farsor
of safciw concept. 13 the factor of safetv pf a slape
or a foundation ~eaninpiul or is iz, a5 stoe writera
have suppesled, a8 totallw cmizleading and uSeless
concept ¥

The fagtor of safeiw for a rock slane may be
delined a5 the Tario of the total Zarce avajlable 10
reeist failure to the total 8rivice (erce tending to
intuce lailure. in the case of a Toundazian, the
vxcter af cafolvy —av he constdered as the Tatio af the
wovunt ot defetra-ipn acticisazed as & resulr pf
onve=enfs vithin the rock mass 10 the allovahle
drformzzion of the stTucture.

Ia the case af a rock skruczare in vhick & large
munber of itl=defined ravarecers interact in a complex
manner, the caleylacrion of safery is a much tess
=arigfactory process.

Yhould thre gforite concept be reiected? are there
atternative cethods vhich are rare acteprakle?

e possikle approach <hich kas beer discussed
bv several avthors is the prelab{lisite umgivare of
vaciables teading te a concept of safefv in teros of
a given probabiticy of Failure. This definiciea af
gafety i, im itself, & probles since ARV Clienga
fimd i extrenely diffientr o actedr an adnission b
b consultine o7 desien eozinecr that therep ia 3
roxathility hovevar s=alh, of Taiiure, & factor af
satety of L% ar .0 pav be tecarded as accencahle
hprawss it reproesents a familiar sitwation vhich
rxpericncy supfests vill be $afe while a atohahility
of Faiture of 1 in 100, 00K, vhich mav medn nrecisely
the game Lhinp, vill be trrated with suapicion,

If the prnhahili5tic appredach vas inheeeatlv
quperior to tke facgar of safety x"pradch this
prﬂblﬂm af definirion rould be evercare 1o Lire ginee
it is Pasically a quescion of education. 4 rare
geripus difficuley, hoewer, is the difficuley of deal=
ing with the large number of variables invelyed in che
pralilem. Some raghematigians mav te contident chat
thear prohlems cam be solved he probahilistic sethods,
but Most emgineers are certainlv nat comvinged that
thrse meclioda are retiahle = even §f they ean under-
ptand the pathetatical javgon which Lends T ke used
to CECess,

Thege gevegal vepactera Eeclh that prebabiliaric
metherds have & preat deal of mecit and thae fercher
developrents aml s greater familisribv oith the
tochniques will cventually result in thesr methmls

paining wider acermprance an practical design ool

The present conelusian, however, i thal prababilistic
methods Are nat vet awfliciently developed fer aerrecal
application in roek engineering.

In the Ahyence of seceprable probabfiieric =eihods
and &% 40 dlrerpative to the use of & 3jngle walue {2
the faetar OF salsty in ah rnglnrrrinP denipgn, an
-ppru-ch uh::h 15 ‘rrqurn:lv uard is La nnllv;v Lha

pcrura‘rrﬂ.
doiny such & sensitivity apalyeis and twp rxl:j]tl e
piven below:

s Far the condivion of Iimiting equilfirdu-,
cejcutate the valye ol ok ©f the iTpartian?
parazelera Tequired 10 sabtisfy the condy
ionk bring niudicd fer a range of valuer of
Lhe other paratiet~rs invoived, Henie, the
value of cohepion Tequirsd to satisfv tke
condition of Yimiting equilitriun ir a
slaps probles can »+ caleulajed for & rance
ef [riction anglen and Aroundwater caodil-
iona. An cxaxple of thie tvpe of analvais
i piven in section 1.3,

BY Py varviog sach aignificant parasersr o
turn while werping the valups of other
pl!lﬂrttrs ConaLant, irfed

Lhe Fompl LAt
Fastor of mafiriy to variations in cach
parawrer tan ke cvaluabed. The rate of
change of fscqer of selecy probahlv has
more aipgnificanze im FRgincoring design
than Lhe value 0f Lhe [acror gatety Itself
because Chis rale of change {s indicaciv.
of the inportance of rach parameter and of
vhether the behaviour ¢f The sbTutiure cap
be concrolied by artifically inducing
chanpes io Chass paramebets,

Graphical presentation of cthe resulcs of these
senafrrpity analpses de of the uls0OBL importance #ince
it iy only Chen the wariations which have Freen
computed aTe glearly displaved that they can fcrd t=e
taxis af sound eagineering declsion making. -
computer, with ics abilivy tochees & barge nather
of variations rapidly aml to displav the resulty 2f
thesy computationa in varioun graphical formn a4
very irpariant part fom thin tvpe af analysis.

The concluaion of Ehis ewebing 8 that the sance-:
8f factor of wifety in net eavily ured {g reck wnein-
coring bub that thye rate af vhanpoe @F fartor of sabelv
39 probakly the meat celiable indicator af encinectivs
benavioor which i3 currently available, Thia 4ubject
certainly Jegerves a wide amd apen didcussion and it
may well foim Ehe Cheme ler a futafe Cangress.

3. ROCk SLEPES
3.0 Ilntroduetion

Yhis ehaprer {8 devated to the application of
rock mechatics to rock slope eRgitieering,

The rofh mlope enpineec §8 primurily cencerned
wilh' enmuriog Lhat a4 slope will ot Tajl or that, of
failure i3 allowable, it mhould @egur in o predictable
manncf. Lecepl when a wlope L9 whag Lo act an a
foundabion, the deformulian af the rock mass into
which the slepe [0 gut is of necomdary imporgéncr.
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In contrast to the loundalion eRfinecr,vhe i3
Feoeraliy chncerned with a specific site of limized
extent, the slope Fngipeet mav be fnvoleed in desien-
ine =matw Wilometers of hiphwav cuttings or the averall
slaped o an o#rp pit mine. Since neither Lhc [imm
scale nor the venfomics of sueh a project atlows &
detailed anvesLipat lop of eael slope, 10 15 eascentinl
that the slone culkineer should work 4noa avstem chicl
allerrs Lim 4o climinaie Rtalidc Blopes al oo verv anly
arapn of is inveatipationa amdl Lo concrepirate Wis
atrenlion arto Lhedes clopes which are critical

Figure | mhents that verw ergde vcability aonal vars
thould ke carrim out AL an extremely early stagt of
a projecr vhen only (he most rudicentacy peolopical
data is availahle. Thesr analyses should permic the
eupinvrer to diffecfentiate berveen chose slopes vhich
are obviously stablr and rhose in vhich some risk of
failure exists. Thev ghould alsa he used as an aid
1o the planning ef site investizations ta cnsuic 1hat
2 raxirum afmunl ¢ relevanl infarmacion 38 ohtained
At mtoimarg cogl, Mare detailed cypes of anal vees,
appllvd amly Lo gtitical slapes, are onle justificd
whey fotailad inTettdl fon g tlo- situsLural ponlope,
rhe prooadwiter camdivinng anl 1he mechagical preper=
Livs af the rael mwwr g8 avaitbalbbe, Such malwsey
st ]! pu,-rmfl, A ,bnwidorae ian af LFe wileat passile]e

ol condiciens rather than beiog confined to the
. ftion af a "precise’ aoswet for 2 parbicmlaraeg
of AsEumptifts,

Paving rstakl ished thar a piven slope iA potent=
iatly wnsta®le, the deaivner bas then to gonsidet
vhother itx =tarility can b igpruve’ by changes in
crpmelry, LY drginape af hy reinforeing the tack
mass, In serc apecial circumetances, particularly in
mining, an crommical aelucioen mav bo oo oatocent the
risk of Tailure aml te mike provizion to medict amd
o arcommeulable Ihis Cajlure with the vinimim of Tisk
of loss af life or Jdamage Lo propores.

Tl fallowink tenic will he discusaed in this

chaperer:
Qecopni(ion of slape failure moden
Lfimple wlope deaien chares
Influener al water pregsure on Atahilice
Memipn of eritical stopes
Incremsing the neabilitvy of slopes
Fredicition of alape failure

3.1 Necenpition of slope Tailure nodes

The inpartance nf kttpc:ural pecleps io contioll-
ing tle sta%iliaw of 4 tock abepe has already [pen
prphasised aml che [lrel stage Ln oan¥ sgakilérv anals=
vEls Inwolyes a revopnition of the owest Iikely fALfure
modes for o particolar coembianarion of zralogical
featutes,

Fithout dount, the most effecgive meahs of
Teem~nising these different failure modes is te
E: ' a granhical presentation of &1l the pelevant
n Jrat grology data togecher with the prasased
slope geomeory with the aim of dececting patterns
vhich are reproscntalive of phe differens tvney of
[ailute. A Conveni¢hr prescntacion is fo use a2 latee
topographic map of the f1ite ard [a plot the fealorical
dava on small diameter stereancts (rqual=-stra or fqual
angle mpherical projrgtiona) which are pasted npole Che
map at the chaervation points {poaitions of horcholex

are

Filgure 11 : Recopniiftann diagram for different Lypen of
slape Jailuro, {lowery homigpherre wqual area
projestjon 1,

A Civeylat fmulure in modl, wamie rolk o
hoa¥ily fracliuiod 1eck with pe idoptitiabls
sipructural patile-in.

B PFlane {allure lu wighly ordeted strougture,
c.g. alatn,

C Fedge falluype tovaglving aliding along the
line ef intrreection of two planes,

D Tapplling feilutre I hard rock with =sterply
dipping discontinuitiea,

(1] Slope Tace,

{z).{2'} Lligcontinuity plan=sz.

F.F!' Iolex of planme .

I3} Pireclion af »llding.

ar outcreps). The propeoaed klope geomorev can then be
ovuerlaid om thete plats to ¢heel the 1izet ihopd af
different tvpes of failure. Mecornition diaprans feor
S Tfeoercaer dheee &0 aloee Fadinee are presented in
Figure 20 amt, ooce ke degdvwe his becore familiar
with rhese diagrams, the jpragnition of potepeial
failure is relativelv simple. .
An essential foacure of thin sarlv considafation
of srability {sthat the dedigner should artemPr to
keep am ensirelv open mind, beinpg Prfepared to congider
ll! posgible tvpes of elope failure, including Lhose
vhich he haovs that e will be unable o anatvss, The
carly vecopnicion of &4 potential failure i1l allow
remedial Tessure: to L carried out at the drsipn and
pofi¥Erucrion S{Ape. Such *cAdures &re invariahbly
cheaper and more rflective THaN foftective BegAubes
vhich have to be taken in the cuse of a slape which
iw fourd to be unagable during ap Mdvancod stape of
th# tonst¥uction.
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T4 nyse, bovever, he made elear that nop all peten-
tial wtope failures can B tecognined brfore conscruct=
inn commences sinee critical geolagical 'farures maw
AL be cxpased or nav have been misaed during prelime
imary yite fuwestigations. The desivper Pusg tleeefare
make previaion tor hoch tire and {fimoaces ta deal wipn
atnprvpcgl poelaest which nas arise duting ecanstruct-
inn. I shonld alsa eesore Clac facilivjos are 3vmil-
atle At wherl noticm for the impicrentation aof anw -
temedin] mestures which mav be ronoieed,

LY Aimnle tlope decipn charrs

Tver since Tavlar published his sinple <lopr
design charts in 193 (ravler ,B.N,  195E), $oil
ecgineers have =ade use of these and of moOre elaborare
thatiw [ar the prelioinary analvsis of el{rcular
failure in sail 2lopes. These chatts have groved to he
invaloalle aide te the dpsipner [n Lhat ihey nerpic a
tAnid AdxeALmenl of sca%ilite under canditinng wherr a
detailed analveis would nor ke justificd. Man guch
charta W wxed far rack sloncs im which Failure g
centialled by pro—existine discont inuiLiey?

Sinee it ie ooty possitle to graph A Timjited nomber
o wariahled, the first step in poneding i a0 mueanipp il
eovk alape eaipn dhkart i85 to rongider @l ther there
4fv a3 fow v dables which ate an importanr [l , hw
tetebdlh obb atlee variahtes to zero aml crnsidering
citly thear feu, 4 réamonable approxination =a fhe
Anuwet ¢an by ohtained. In the case of A rack slope
dewign, thia process can Fest b iliutirated by oeana
¢l a pracltical example,

Fiante Xt illostrates the peometry 0 & jacl slane
rontaining 3 wedor separated from the Tock mass hy
three intersecting Jisconlinuilivs = oRE Lension crack
and pwer planes an which slidine can ocent, Thin 1epe
atf problem has been analvsed in deiail by Boek I,
Btaw, 0. W, aml lowd 100, (19730 ard 1he propariions nf
the fiffegeint tarres acting on A narticular wedpe are
Eilven in bl piv—chart in Tiguce 21.

<

I'Igu:o 21 ¢ Comptpribint ion At diIFon ent 1WFLem 4o i
stabdlity of o wedne acparatid frew Lhe rock mass
by theree inltersocting disconllntait jes.

Renistinp forcra - : )

A Friction an sliding planes N

B Menistance don 1o eohenion LG9%
Disturbing forces :

C Uplifl forcea due te wator Preng-

wre on atiding plancs 11%
0 Farte duc to water presmure
In tension crack X
E Comjuonent of wedge molght seting
down Lite o inter section ION

s b

Sote that the two frems, & (Ericrional recistance
on rthe 3liding aurfaces } and E {conponent of the
wright @f thr wedpe Scting down the line @f intetarcr-
1on) rencritute €37 of the rofal of all the Larees
sctinpg on the wrdpe.  Both of these iters depoend upen
the peorecty of the wedpe and £t can br shown Lhat
anly nia vaciallen (the dips and dip directions and
the anzles af frictinm of the two planes on which
sliding tokes placed are pecrssary cooplerely to
define A and F (Haoed B, 1973), A ser aof uimphe charts
have besn promated hy comhinirg thess wariahies inta
erouna atnd theee charts may Fe uned ta (=arowve unon
the asarpscent o! sradilite proviged by Lhe recopniz-
ien diagrans illustrated in Fipure 0. An emample of
the use of thete charis iz precented in Fipure 27,

Tote thai (he factar af saferv derived [rom [heue
chatts in indeprident @f the height ot the anele of
the zlope lage, This i1 hecause the only sitenpoh
maranrlock inwolwed in the calculation are Lhe [riel=
ien aneles vhich, a8 poijeed qut in section 1.1%, are
independent of the dirvngions al Fhe samale, AT Shoops
these calocularinnn are lTased uppn o vere rancd tinplitl=
Perl see nf amsamptiong, am! do pot Lheerfore proavide
abiaolure walwed, they bBuye made pasaillye rhe ppalust=
oo of o were wacful decipn index for eocy 4loqe
capinecrs. AT INLAEPAENGE guostion f¥ = are Eherm mEher
staply relaciorskine af his oype tthich cowld be
utilised io deviving =imple decign charts for ather
Pwle s T

3.]) Influcnce of walrr nrcsenre

Fipure 31 shors that, for the exarnle conaidesed,
watet pressule Im 1he [énsjon evacl and gr Lhe planes
alene which aliding occurs contribuce 18T nf Lka
Ltetal of the forces acting oo the wedee, Fat $iecper
slopes wilh very dvep Eilled toosion crackr, Lhiy
prepnriion can rise as high as SN2, A conaidetatian
of the influenee of Waler pressure upon the ebabllity
af a zlope P4 obvigualy of major impercance bol how
should thie influenee be cvaluated?

The diffjeultive of adequateliv definineg Ehe water
flow pattetn in 4 reck maxs have alccady tren
ciscussed (Beclion 1.3} and the teader will appreviace
that & precise calrulation of the influsnce of witer
presaure upon slopr stabilitv iz nor poisible. Hovewer,
in view af ite imporeance, the acle tearenable
apmroach in ta kaer Lhe calculacien umon fhe weral sed
of conditiony Ghich €35 ke anticipated and ro ufe The
resules of these calewlagion: ax an ard e pudeing ke
consequences of piobsble aroundvater conditione in Lhe
tock pags wnddr caneiderapicn.

an examplr of wuch i calculation Ef proaepted in
Fipurr 21 in whitvh the shear srrength (Eriction aml
coliesainn} Tequicml for limited equiiihrtiom i g *%
meter Slope, in Which twm=dimensional nplane failure
pccurs, in pletdied (or a pumber of different ARfumpl=-
ions. The deteed tine ipeluded in chic Eigure
aurrounc’s the shear strength values obtaired Creo Lhe
hack=analvnig of & numler pf ttope faitures {Figpure
17) and this tvpe of compoxice plar assists the tlape
designet in judaing bv ieportant variows changes are
in retatienship to the shear strengeh available,

1o this exnrpie, relatively low shear attength
valucs are reguited o emnure the trahility of & Jrv
slopr, Mate Lhat the piesence of a tension coath [line
2} doca not sipnificantly raduce the agobility ol Lhe
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Figuri:- 2% ¢ Epyrar sbremgth mobiliwed (o vio ions

vispnlitions of Leo=drmenuimial ploace Tailuae.

110 Inx -logpu wallh v fvmipjon rraks

20 iy ='oper =ith foteinn fiaik.

L1 Slapw =1Th epbor=fr Phend toap=-an ok,

B oSenpe with o mat g =Fi Bl baonwion crack atnl
waTad phwEEinr e i 1A Ten- sue 00,

[R5 Ieedit v il i ) abieer vl clopee Tod Tunaew

L Franee a7 1,

slope provided that there is mo vater pretenl. When
the Lension crack becomm s waler={illvd wpder condin=
iont of Wravy rain or due 0 poar control of =urface
drainars, a <ignilicant ircrease in thear sETength
in teauited o MaTotain stakility {line 11, The o=t
revere eonpditioos which could oecur in very hoavy aod
profenped rain whiclh eould reault in Lhe slope
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brocoming corpletely baturated{line 41 wuuld almnmt
roerpaialy produce Failure in this slopr. Rhile che
renditions giving risr to line 5 mav he very rare,
their incloaion in Lhe falculations Bive a ¢lear
irdicalion of the awvenizivicy 57 i rlere 1o 1goor
IFcazurs,. Am example of a slope which Failed with
cmngiderable violenee du- te the fillint af a deep
tension crack durinp heave tafd hag heen anglysed bo
kirleris ancd Hoel {Reberes bl oand Haek b, 19737, In
hig ¢aae, rhe Tactar of safetv af el vhape was fons
Im reduce from appragimately 1.9 for a drv alape to
aleage 0.8 far a macurated slope.  Althrneh chese velups
themselves say not he ageurate, Theiy difference and
the wnderstanding ¢l bhe nechanisn which lrads to thig
difference is jmpartant amd thit aoalvsi® enabled the
drsiprers Lo frplerent sicple drajnape fedspres co
Prewent che Tecurrenoe of these extreme comifiipns.

Seme indicatiaus an tle deainage medsurtes which
van b applied Looa reel, stope wEll he given in a

later sectian of LTy cluper,

boh Pesign of critical alanes

A larpe proporiion of the total numhet of =lopes
which the arerare eopioeer will be called upen o
desipn can b dealt with % means af (e tionle bech—
nimues alrTeady descrihel, ncfﬂhinHJllv. Teery, a
silpatiom mav arise in vhich obvioos and ineapens i ve
steps soch o mioor ehdnges in wlagn peerelry et
Mimp]v ﬂrainngn redsubrs camuol he appbisd, Prder Lhese
rfrrunqLﬂnrrs. LT 4lepe Jryigner tay b ool with g
vritieal prabibem in whiele it is czqential thal 4 Aere
dergited evaluation of che stabilitw af 1l slope and
ol the offeccivencas of e elasrate coreeeg jve
myeisurcs shauld ke umderraken

The first and mort fmportant s:ep in this analweis
[% the acquisitinn of reliablie data on 1he Seructural

prateey, tlie mechanlcal properties nf the eoel mass
aul tlie poRsile variation in erowndwiter comditions.
Umlvgs sl dlgea Op allained, arv sohgeguent cqleular-

i will el ool he A waser of Eiee hut AaY even he
mixteadine since §¢ Mav grnvtate 3 fal=r arnem of
weenurity in Ehe drxivnee vl has keen thraugh che
ealoulat ions bup wh B3y have faijed 1o arcount for
wome eritzical Lactet in the slope, The coltection of
Lhis Jats ;ay jpvolve Lhe drilling of additiapal bare=
Teles, the terting o1 Samples Lo extablial LIe shear
Eltength of Lhe discoatinuitivs and the £arcrving st
b pumping tesls mul the imstallation of miezomcters
o detect chianges 0 grouwdveater comdibions. Whienever
pogfille, cxiosing wlore adleren in the waPe fock
t¥pes in the ateq aleuld ke cacsfully stwdied and an
Attempr made (o dedure the shea? strength whigh was
robilised in thesr failures, {Yatural alope failures
mey pive Sisleading valwes Rheravse of t'u Yory [ong
tioe seale invalvrd in guch failures and haci-analvsis
rhauld therefare be contined co excavated slopes).

G this data bas besn obtained, a detailed analv=
Bit of the stability of ehe slope amd of Lbe effect-
iviness of remedial medwures can then he earcied out
by mvana of techoiques which permic the ioclusion of
mll Lhe relevant variables in che analvsis. Such
techniques haye been desetibed by Lopde, YiRior ond
Vormeringer (190}, Hemiron, Cording amd Abwer (L971)
and Hoek, Bray and Rowd (1971). Because of Lhe
codplex inter=relationahips befwren the latfe number
of variables inpwalwed Jp thege proflems, the calecula=-
tlens are generatly enfriel cue with the ARsigiance

r:

u

af computers,

e must he eqphevised thar, in spite of the
wveraatilitr of rheas Lyvpes a! calcolations, tkev ace
61ill based uvpon sizplificd sodels af che actusl fail=
ure process== vhich taks alare in the slone, The
deatprcer should, thervfore, hweware of falling fnto
the trap of relving toe heavily upop the teau]ga of
such analeirs which sbeull be weed Lo oasaiar Lot not
ta Teplace the judacrenl af the rupineer. Theso analo-
arn ghow, in Lhe saFe way at 8o less platarate mechens
the semaftiwiey af the 1lone te the variaun sgaamnt
ipns vMicl Rave heen Madn,

3.% Increasing rhe stabiliry af sloses

There are four hasic perhods for incrodeiny rhe
#la%ility aof rock slopen:

al Changiog the slope peoretre

Bl Mrainage #f proundvater in e slape
e}l Peinforcomept af the rock mans

d} Contrul af Blasting

3.%1 Chanring tlhe slope peomstiry

Clanzing The seorelfy af The sTonc Frnrtally mezn
reans pedacinn the siope heighl o1 reducine Lhe anaie
af the =lope and, when iU jn possible fo implemem
this remedial mcasure, it in perezallyv the gl st
meais ol iopeading L wighilicy af she slope, 1t is
hrwewer, nol alware ol Pt ef{ective ceanle aince
redlie inp 1he baeisli or the arale af Le «lrao nut
onlv reduces Fhe drivine furce resdine to indues Fail-
ure but it alse reduvery Lhe mormal stress and hence
thre frigtional force rrtintinﬂ sliding. Conkvauentiy,
before impleoenting this measure, it is esfeniial ta
eheck vhether iy w11 b efiecilive. Ae & sencral rule,
¥ory gteep Sloapes can madkr rffccbivele be staYi) isnd
by reducing their heipht while relavively flar hizls
Rlages can b staliilised hw redesing the slops ancle,
pravided Lhal the atabilige is not controlled hy
mator pealegical structutes such as faulrs,

ln addition to the nlope height ard the alene
ancle, the feopetry of the slooe 3f seen in plan “as
A wirnificaal ipf luence upon stabhilipe, Forrect alicr-
rent of the slepe face with respect to the dip
direerions vl the majer treuctural Teatures §n The
tock mass will reduce Cv number @f these Jeagutes
whieh will "Javfichic™ in the stope and benge irpiove
the ktahility of il alope, Belazively small glanees
(e Bhe pasiifon or aldpiment of the slape [age can
rernbe Eo consideratle iMprovements iu atabilipe azd
this should he rerarded dm both @ design and a remed=
jal measure. Whenever poasible, the creation of
“poses” in slopes ghould be avoided =ince alopes which
ace fanver and 1o which 4 pumber of features davische
#tr inherently Tops #1allp than concave alopen where
roed lapeTal Tegiraint ae provided v (he curvature
af the face.

M major alvantape which changine the s jepe
preomttry has over other methods of improving the
arabilicv af slopen in that its cffects are fopegnen:,
This is because the improvement in stability ia
achieved bv a oore offrctive urilisativn of the
inktfent propereien 0! the rock mass and bv Paking
perrlnent chanpes ta the force svslen in Lhe Elope.
This force 5v<len can Alrg be chacBed by draifape amd
by reinforcencor bul thede chanpes may be reverped of
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Lea- trains Fecrsp Stockdd ar 1 the 1nad rArcvine
cARsE ity O the roeinBarceTen 15 redoeed. Feptemanzle
whwr mebhusds Giger thaft vaneing The shops gearelre
e stahilise, it s edgential thar
those feredial reasures e osreiadosl and ke a
fhany wiaiuid ko male at lease once a veat fprofecatle
buwr fefnre the weltedl s#asnn) L0 coturs Lhat these
cesvares are <2ill eflfegtive,

e LGl Lo ImIpeewe

3,37 Siane drajiafe

bram the diacwanian an the influrnee 0l water
pressete on the stabilile nf slopes (aectinn 1.3}, it
will e eledt phar thwe Bresence ol proundualer in thw
rack mass inte uhich A clppe bas heon eng Di alwavs
delrimental te syiabilitv. Lt follows (hat drdinane
o1 Lhis greueduater wilt alwavs iEprove stabilicy ot
the muestions ohich coneern rhe slope enRinerr are -
e falzh improvesent can be achievel by draieape aod
wow much will 1 oro=?

fae simplest and elweapesc fora of graandater

et rnl s LA rrimdipnue bhe amauann ot saeled whileh can
el Vet 0 pan] g g Lbee ton flothe glope, Himple
cabedl rEduns sluve thal Witer which ean chier npen
pemainn fract s froe Lhe tam oaf the wlase Qs very
BrevEis SinEe it han [he patential fer genecaciars
! witvr pressurs s %ichio the slope. fhere i+ ro

w for allpwing valrer to collect on Lhe (o ot a
o and poed cpgineerine praceice peguifes that

| liw dreas shogld e sraded 1o coeoutape the free
rv=ef 1 ol o Forpage wader oaped Lhat osurfdce driains,
Vo Thew are instal e, sbwuld e :r|r:-|li-r|'." LRt L
for ey chat gl pemain elleetion, are caneinn
viavis are visihle o ghe tops of critical slnpes in
Atwi= 0r hEgn rajnfall inpensite, ju e alyviwable co
£i10 these cvachs with porons =aterial saedoas zodeel
vad Lhem to segl phe tep of ke cract with inpervious
it erial such as clav, This =i preveal direct
cftter wf tuvdage waler, particolatly during beaww
1ain, bot wibl abdes water ARlrcady §p the tack mass
e deain Freely torarda the sinpe facr,

LE

Felcussicn dritled horizental bopetelen coan bu
verwe ~fTeepive jn o dpaining 3 reck mase bhut wery fav
mdntlrative design cuides can be given for che
wpaciog of fhise helrs sinde Cheir offert Ivenrss
depemds aloost st il wpan wvhetturr or fL tRev htee
inzorsected warer-bearing Ciscoures, In heavile
traetured Tock, the Tales mav Seooyozalarle smaced
wipee fhe pormeabibity of b 3e0k mame w11 be
poddembl e i tarm, In rack masses wilh o widele sl
Fiksured, the pales aheald Do Jrifled to fngersect
Lheae Vissubes which are heliveed fa he lene il acer-
[ATRT TN Generalle, the hales stogld be Jeifled a
ferizontal diccance into the slope apprositarely
#qual to the heigkt af the tlape. The matn sdvantawr
o0 this arthed of slape drainzd is thay it is chean
e oinscall and re pperale xince the water diains
whder EFavity and putping i5 ™0 gencrally tequired.

yertical boreholes, drilled [rom thwe nueface and

ed Wil down-bole pons, bBave Che advantdpe o sk t

v tan be opecative hefore the slope §8 cxcavated
and ¢can be used o improve Ebe alabil ity of alopes
which ate only requicred o Temain 4rable during a
limited peTind, Fermanent drainade by pueprd vercical
Boleholes i expeonyive amd 15 1ldhle Lo boecame
inefleceive At the mant eritical imex du¢ to fwermp or
power failuce,

frainape pallericrs, while ceatainle (e =ase
verrnsive form af drainAee, e DTokably (he ol
lleetive mears Al cant1olling che Sraundvaler &z
critival slepa, These aallerics hawe phe o atvantiar o7
cramaing a latee go=ker of Tis2uves within tee rofr
maan Lhrooggh wieh water cAn drain Sceelw by oeravice.
1My atdiriceal drainage paths arc Frauiced, these
can ¢ ereated v dritling from wizhin the 2allerv,
ile It s 2ifficult e jusrily Lthe constgegiion of
a pallerwe for drainape onts, it 1% frequently nossible
Ly reduce tne case of LLils oeasure by catefwl plazoine.
anre, an exploTation adit ran becote a drainame
saljery a1l a laler cvapr ip a OTAjEC] or rxistine
undereround excavalicd, parficulary ju mipea, 3% oe
wiiliapd pravided ghat eare 12 cahen o Ferave the
ater which accunulazes in these excawvagjona,

3,.%1 "einforoenant af tlnnes

Imnrowing The ptahilite of rock slopes b arci:-
irially reicforcing the 1ock mass i= generativy anly
pregnanirally feaginle for relacively anall slones or
Inr stahiliszing Rlpeks @t Yimived size an slones, Qb
it brenwse the fareen wbich e 1o b applied ke
yockbales or enbles aay L 2s high ag M2 ol Lhe
tmiql welphs ol the reagy whith is prageatial by emscable
ke installation of ceinforeerene I5 4 alape in =
insldbiticy is Blpeady evident is Lhe Jeasl offeccd
ftorm of rrinfarertent since meh of the strengeh ol
the reck mazs will altrady hsve bedn Jost due 1o ke
phepice np af Trpetuces apd displacroenis alena
divcountiruities. Pn 1he piber nand, f trinforcrnen

1

ilpd
I

i wsed a5 marl of the Jdesdun sestem agnd Bn IRt al
duting comstruction of Lk clape 50 Lthat Jilavion o
the reeck mass 05 dphikited, the eflecyiveners ol [hr
reinforccnent is greatly eahapced . A nore decaibed
Jiscunsian oo he reinforcesent of Tock masaes it
Sives i section 2,0% of Lhis repatt,

3.5 Canrrel of blasting

A Tinal ruescien which mugt he Fentioned ie this
wectionm 15 Lh9al af the eantral al Blastine loriec
excayation of a slope, V'Rile Ehis mav ngt generallbe be
popdeded a% 4 Means foo innraviog the sthilicy at
slupea, there i5 mo Adrabr that the Caraee dur Lo
blast (np hax 2 vorw nignificant fcfliuener upon stabii-
ilv. Taoericncr <gpfesis that a slepe which has been
created ko carefully comtralled blascing rav be stable
At an ancle which 16 5 o 10 deprees sleeprr Lhap a
alupe whick las been subjeclet Lo rhe leavy Hlascine
whiivh Fa 0w cormmpn ie apen Pl minipe. Thee dire,
Lherefare, stwuld e o mingemise the dapage Lo e
Fuele Pads whic’ {ig ta e the dinal slape atml LY~
can penerally he achivved by the use ol presplitcing
or wmooth hlasiing techmigues (Langeform, U, 4rld
Kilhacrom, B., 17433, The use of these rreihods i nov
fairly curman in civil ergineerine but thev have ool
rained wide Acieptance L0 mining hocause of the
telatively high coat of Jdrilling wvhich is invalved.
Atthoaweh the actual Jeiliing casg s Lipgh, it is
Pyl irved chat the teval coxt of creating Aol falncaio=
ing o klape bYy the wse ol conttolled blancing,
pccpunting [ut the seallirt volumes which hawve Ea be
erenvated ard the reduction of slepe maimbenansc, will
be lower than the cost of an eguivalent slope rxovated
v mormal heavy blasting, A compatisen of nuch cosrs
recorded on Actual ptojeoes would be of prear inceres:c
e slope rafineece and {he aeneral CeputirTh LUgprsl
that thia corparisen wouwld Lot an exeellent topic 1ot
a ehart tescarch project.
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1.0 Prediction ui alape Failure

When all e(fupy+ ter stabilise a slape bawe failed
ard it is clear thar cailure i$ inewisable, it in
1ot [ (MEL nECESSAary 10 atte=pt to predict Lhe behav-
jour 6f the slope in order that e #nd fquipment Tav
by taved past 1t hefoare jL lalls. One of the hest
e casc histories of slope fatiure pordicrion is
that of the spectacularly arcurate prediciion af the
date en whichk @ wvery larae failure occurrrd ag the
Chuguicanata mine jn Thile (Fennedy B A, wnd Nirrcayer
FoE., 19720}, Tieyre 24 glmws che plot al surfsce
dinplacerent versas Lire on wnich this predielien was
egned and tRis curwe 1% gypical of several cxarnles of
vlope behaviour print to tatluce <hich have heen
atavrvect.

Generally, Lhe [itat obvious sign of instahilivy
it Lhe farzatinm gf gne or omro Tention Crackg of the
tep of the slape, These FEngEion CTAC* S TAY AsCur
sevieral vears bofore the failure takes places kud roded
sbdics (Barean, o 1971y 4*ve skovn that thrac 1rnsion
cravks are the tirst ranibescacion ol derp=goatcd
ghoar mebenenl in the rotk mass ol that they muap Le
repabded 15 warnmings nf oingrabilice. Sirple meAasure-—
ments ol bhe epeainpn af tensian cracks with pime can
give valuable infarmation on the betavieur af th
alope and it will penerally be fousd that the rate of
ppefi AR IBCICases wily (imw. Lhen Lic Ardduresrnit arc
carried ool with sufticiont frequency and agcuracy, a
close eorrelation heotween apening of the (epaion crach
apd reearded rainfa}l oo the %1t will Ireguently be
ol .

NMpenieme af teaginn eracks wil?! croeralle e
lullowed by slunping of the ctest of thee dlame and ter
hulging af (¢ foe of the slooe. hecanae the masenent
of the rocx mass {3 contenlled by pre—existing
discontinuities, theae changes oav ke lrxs ohvipus
Than tlwse <hich oocur in seil tlopes. Seoerines the
movemenl of an oastalle block af roch zav e arlinue
to the face of Lhe slope emd it rav be difldendt
(o Jdotect these gyhsequent movemenis Withoup feasure-
ment 6f A numher of pointm on the sucface of ghe slone

Becnude of the complexicy of che rovemenp patteen
whieh takes pEace in a rock alope, the installacion of
aub=surface measuring devicers asuch as borcholes
rrTOnsSOTeters o4y pot Be effeclive dinge @b mav be
extremele Ji770culy e interprer the results, Tr is
alre wgually Toss dancetour and ditficult g imstall
these devices and 1o weep them offocrive Tor ke
1ife of the slnpe.

The swst Suegesatal sbepe fapitoriog svagema which
Ihaive boen used ta Jate are thoss based wpol sihphe
MUY Y Dy Ged-arere il s nl the Aaoverm=nr ot LAFRPES
placed oo the surface o1 plepes. These meawprements
may be by mezmal priangelations or thev mav urilise
ane of the elcctro-oprical disvance —eanul ing
devicer vhich ars now comeercially availabkle (57,.John,
C.M. and Thomas,T.L.,19%1) The larest developrents ic
alerepphotopramterry are alsm promising {Roas=Arowvm,
.4, and Atkinson, K.B., 1572},

Hoe means for quanticae ive rvaluacion al che
resulee of such cragurementys are curteotly availahle
and, in wiew of the latge number of potareters inwolv-
ed, may never be available. However, rapeTivner
auggetls thac the accebcraring displacement curve

reproduced in Figure 24 i typical of siope failure

g-d [hat it givea ma pood ap inticaties a2 any whieh
f&2 Piuwely £a ke auailakle in the Targeeable 2outupr ol
the Llhelw failore date.

" .
*= T
" |
al (:1‘ rq
3r ‘\'fl
f’ .
2t |
o 1
|3J I i f
ST & g g M f

[#] J
1968 1959

Figure 2% ! Plot of displats=fr- 62 fastpst movins
Targr! an the Iace of the Chugiuicag—ale =~itu-
{Chilel. Ine failurs. wbvolvins apprazicatedy

T milliny 1an of wraleriial, eccurcrd &1, 39O
Frioruary 1469,

1} Date.

(%) Displacemrnl §n meLers

L) Extrapelation af data collagied up tu
11th Jamuary ['HAY.

(L) Predicerd ‘taslure date.
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5.0 Intreduction

Thia ¢hanter iz devatrd to specific apolications
of reoecl pechanics te cock (rundarien enginecring.

The flpw chatr shown in Filoure I illustrates che
rain steps of the Bpocaisal, design, :nnstructiu: aed
canitaring af t-e roch foundation of 3 laree enZineer-
ine #LTuUCLure, This chast, of course, is verv rrude
ae commared virh rte actual appreach, which encadls
much kpovledae aod judrnement and subibe qelatisnaliivs
hotwren tevpral fields of ennireering, geclosw,
eeionee ol crafiisaanahip.

Tat the sake of <larity, thia chaprer hag been
divided Tntp [ive cacegories of prodlens:

A) Resistance tn failure,l.r.safetv as
regards rapiure

Py Fefermatioes,and their effects on the
styergses im the [oundatian reck ard the
pIructure

¢y Mechanical effecty of WItEPr pagtxiIe
ehroush Ele [idsuren obf Lhe rock mags,

d1  JerreciSoe aotion that the desipnet ran
take

£] Mgnisarten of the foundacion rack .
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Pack =-chanics nifrra z pusber of rooks te help
wrlue e pretlems, At already stated in o the
{ncraduction o this grorral remorc, althouch the
desion 4nalvsis is wery crode, owing to our limitrd
knaw) cdpe, Lk rock reclidnies approach leads 1o A
weppee b nmdersianding of Fhe hitgic or poassihle
tohawiagP patlerns,  Thia iX wital Tee the Foumdalinn
designer, whnse main concern ia Rgl oo marpeie
aaemprseln dutoto Jadpa maundin,

2.1 ®upture nf roclk [oundal inns

the detigneT's Dain Concern is (0 prevent failure
gl the foundacicos a5 {0 represents the worst pastible
CAHL .

The reclesds af assesnioge soalility, involwing
poolapical appraizal, determination ol pansibile
tailure renles and amalvsiyv of Ll conditians of limit=
it egquilibrinm (Yig.271, have alecady been deall with
in rhaptecs L oaned 2 af this repors.  alihoush it is
nal BEEeREATY Lo repeat these meihods in this chaprer,
't 1% npretRRary o rophatise chat Lhe consideral fen of
the pegieienst 20 Taiiars nl A foundation rusg alvayd
progede 1he study af Franadal dom Aesrzefans, pinge all

qurid eatculations are gnly relevant when it has

Aempnsirated, Ineyond peasopalibe dogbs, chat Lhw
P latian will nar Eail.

Fivmne 2

! Stability Al @ tetrahedral roch voloee,
Honde, Po, 97 }

[LFY [lny Totrahedren,
"y Moy, P Crolagical wurfaces of poparalion.
Ugs Umy Uy Waler pirasine forcea.

¥ wWeayht .

Q Thrust of dam .

.2 npeformation of toek foundations .

.0 Introducliog

In comaidecing the drferration of 1ock foumdat=
{oak, it i3 mecessary o dilferentiate hetwern

o, - a3 e 2l 2w —aed Arcaada A

Azzizrermeniz. The fizst casepory ls waeful 4
wndersrarding the incrinsic wrhaviowr af ihe
fon wherras the second is adequale far analvs
enzincering sivueture Luils oh the rack. Toe TCok masw
in comparahle, in chat respect, te an pdniviloss
cimesmucter medium which haw the gaze torface deflegr=
ans.

Ma the pther hand, the delormazien within e
rock mans capnse he detcrmined witheet cotsidecing
the actwal d¥asesdvnns medium, or &t teasc a
Tesrcscntalive model af ir,  Because ol tte
ior of the surfaces ol separation, the defariations
wvithin a discontinuous rock nass wnder law cariining
stressee, wilt by siganificantlv difierent Irom Llhese
in a continusus medioe,  This will be the case Tar
Aurface workinga, o the cast of wpderpround soreings
the confiuimp stresses arc hiaher aml, cnce the
digcoprinuitics YJithin the rack riss bhave heen foroed
intg intimate contacc, the defornarien behavicur =il
approrimate to that of the continuaus nedius.

The theory ol clasticitw it sariafactory Zat the
anatvais of deflectinns of the cquivalenl continveus
mediuz, at leakt A% a Firsp apprasimaticn, sra-ided
that the irtuvwerailble pare nd the Tirsr loadine cwzle
Gloe tu cboking a1l 1me Sissures] is eanzidered
Separala Iy,

Beterminat fan aof 1w defnreat iong “lthin a
discontinuduy rock Tass requirece Che uie ol maibd-
eatical ar small seale rodels.

.21 Telerpinalion of #tasiic pATERCLECS

The vquivalent continuous medivm can be defiaed
by Toung's ordulus and Paisan’a ratin, piviar rhe same
displacrment® at the surtace 4% Lhase ab che actual
site, Simce Ul deformatipoy within Lhe pack nass are
different Irem those in a continueas medium, this
approach in necessarilv a rough appresimation. in
practice, howewer, ir ia reasonable Lo 2&%ame an
elastic belaviour for —as- rock foundations, the onle
reEtrictions heing L0 cse an arprepriate elascic
oodulue for the stress Tance uidel CoRSideracica.
Comparisens between the tesulis of anelvies and
measurcaent of foundation delertaliops onomany Jams
have shown Lhis appraximarjen o he walid, Suis
comparisens ate not pereTal ]y avadlable fov acher
gvpes af sdrlazc atfustucye,

How ¢dny [he vquivalen: cbatiie paramcters e
determined at the Jdosign stace? Jackine cescs ate
aloost che enlv pracrical teans availaxle fgr such
Jererminativnt and ver the inLerpretatinon o che
tesultt of such Lesfs 1% oped Lo question. I seciion
1,27, the influcnees ni soalc and of Jurztien of
Ioadisg wpon the Tesulis of & jacking tesp were
queried. Ewen if cliese guestions are ignarted, nany
differen madudl can booderived from the sen=lineac
entves ohtained [Tom a jacking tesr. Althouph [T Taa
been prepused that ilese rezulos aee useful identili=
carion indicrn for the rock masm, the questicn which
eust now be comaidered ix: can they provide numeries!
parazetrcs for w3+ in a delormalicn analwsis?

Experitntr supgests that, provided & large number
af testr are cArried pur im Sitw, the mran value and
the seatirf Jound f:om such tests Allows a rrasomahble
exvimate of Twlt icale defarmabrilite., Tr gérms likelw

P [ T, b o e 1 o imacl.m ara mAadal e w7
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laterr samples, twmAsclves models af s:511 larenr
Sleks, this seried beieg rlogely related Lo vhar bas
meen callial, Lo wecling 1,22, e "pradine varve' af
fhe fuwh mass, TDothis concepl is wvaifd, froweald

exolaln why the scale effeCl Joes Po! resuft iR

exprerely lov mduli for very Jarps dicoensions and
alsy the faci that 4fale rflect docs nat apprar ta
Rave tpe sizoilicanr an infioeper on jaciiing reses,

For the analveis nf the {pandation “ehaviaur of
the Avturn dam, the 7.5, Eurcay of Rmcla=ation has
warled dul o a —ethwod ained AL reduring the ng=her of
in=situ jackineg tesis resuired, The sripciple is 1o
combine the twn cefponents of delormalility of the
aass [a)] vl pedulos Measured sn cares and {11 Lhe
suef.vrs al separation (seacing thickarsa, (afilking}.
Tuis "anabvlical” method has o he calikbraped on each
=itw {Von Thun and Tarbox, 197} s

Therr ate cader vhere the Jacting rest has given
Lopwy pwrlnan than the moduli worked nut from Lhe over-
All belvrviour of Ehe completl slructures. THis was
the vame At the "euglans dam wherte plate Eouts
(2Aep diamescr} pave anp avetage pactolus of 14, "a
vhereray the dam lowding cave 30 A0 @9 [{Croupe de
Travai |, CFCR, 13) . Sevieral cxplanations are, of
conrsr, noesille tar this"Tegpree™ seale o[y
Pissute B oumder the Jack nlate ) pisher fest stresnes
aml, mese imparcant perhaps, e leet fhar (he
Homsainre) aml Yoyt solutions used to derive ghe
monbuli da wor apnle o the digeant invous kvsten. The
concepl af the szuipaics! continuous medium §s tiere-
fovp paakitly seapansible fop plie discrenancw.

& Final remal concerna Maisson’s ratia, which
ia mpaum?, nor reagorel, Thia vohespt ix mrehably
far fram apnlicable Lo a Tork mins vhere, nal onlv do
e lareral deforewtion: ol incact labocataory
specimenn show wide variacions, hur The oFEARACE OF
discontinnitics »i11 hove a aignificant inituence w=on
tiw Lageral deformasion bebavigue af Le rack mass,

The discusaion is therefore open. How s%all 1e
neatute the deformability of a reck fourzation lor
desipn purpoacsT  Jacking teeypa, 2icther én the
sulfage of in botehales, ATPCcAT L& ko the onlw
practical oeans cuerently awgilally, ewven iF their
roaulty Bave ro he LTeaced wigh caurian. Ee Lt
rosaible (o ioprowe the test procedurs and our
complrhention of the [eeis?

- bl

Influenee of recl defarratinn on erpincering
ALt

Lhereas petmidzihte displacemeats of reck slopes
der upnafly large, Ehwone of 2 Foum’abion are ex(re=cly
saull, owine to the damaee vhich ther car imdure in
the eneinceritg ALtucfure,

Thia atruclure is sensitiye Lo twa scpafate
effrcta;

&) The grpolute nagnitude of the defermations

k] The podatiee displacement=, from one tone
o another of the foundation arca,

Effect BY im wenerally nare detrimengal than
elicet a). Mandreds of dams have been deaignmt uaing
the Trial load Method of anatvais which required an
sssumption rn the ratia FOSER ketwern Che todulus of
the concrete and that &! the rorkh many. It han bten

checied that, provided Lhis Tacic i3 nearly canatan:
nver che whole foondation area, itn influence o 15
maxicum BLresses in o high arch Jdasm (1 slignt. Far
sxanple, a variagson ferom | co 5 may tesulc inoan
altecation af the critical stresses bw M7 {sone are
inctessed.others are deorcased). Thie ceans that gtegs
accuracy in measuring L i not tequired, a: least

fur 1his pare of the desipn, and that the seale vffae:
is not such o serivus deogbark e the detorminart i o
deformability. In low or rigid atructures, che
influence of EC/LR is mueh mare macked but, Fortunarety
the stresfed are seldom smrivical in much caszes.

the otler kand, hewecver, local wvariaviens al
ECSER have o grrony in{luwence on sirirsses inm the
vicinily. For instance, an arch dam ean tpam @ Tanlt
zone of srveral meters in Lhickneas with prarcicalle
na change in the stresy parercn, rxcepl locallvy wierp
special afrapzements munt be oade, Sheuld 3 rone of
softer {ar harder) rach bt fmuch wider than che
thickness af the dam, the probles J8 mate serious,
Finally, when & major porl ol Che Bauk has a sedonlus
differont (rom the remaiider, i1 resublls in me-lanical
MiZyDmetr Y which is Tueh more important on Che stiréss
palrern thang pecoeiricn] assrorotre.

The difIiculiivs et o dezirminine 150 defortiah: -
lity of & roel: mass ape theyrfore, at leasr narels,
nifscl even Lot an fmdeierminate structvre by bim
Eavourable ganditionsa:

4} It ia mar prerthary to measure Ehe Tacl
nodytus with any preat accut Ay

B Helntive watiarions, resalliog freo
helerogeneity are probahly ghtained with
Alequate azeuragy, from small scale treats.

Can thege conditions br rolicd upon? Tai
ion certainty varranty furcher discussion.

is quesg-

G073 Iteevwprsible defarmae jans

Jacking tests a= well a5 monitgring of rock
founcations have shown that a pate of vhe [izst
deforeation ix irrevergible, especiallv near the
ground surface. Thik i Jur to the elosing of Ziasures
and o osame Lpcab minote sheat Faibures. The oquival-
el medulue for the fipsl loadipg 18 [Resefore loteyp
than che modulus which appiies zo the turcher ioadinn
cyeles. This befaviour i what could be called 2-
kirndemi=a, as in “artals, with cthe difference —har in
reck it develops fren 1w beginning of loading intten
al bevond a threshold.  This paing §& wigad for ¢
Arructurie, begaase the Jew modalus al Lhe ticst laads-
[ng may ctrate che rase eritical comditiens. The
prablem is 31l the roce serious as ghis irceversidle
diaplacesent js #xireoely Jifficull Lo estizaie from
mall jacking tesza.  Furgluremre, it ig2 not ihe
kame pvet Lhe wiale toumlation acea and hence the
clastic beberogeneicy of (he foondaticn i8 cragnetaled,

A major pairt is tkereflore to cstablizh vhether the
desipner <an abtain the irteveraible part of che
foundacion digplacerear from Juriing, OF 0Iher foflsa
15 & mcarurement ot estimate of the seale ef Feget
possihie as it would mokt probahlv be wers larae? T
witens ased ip Wb test hag udouhfedly 3 goveTnine
influence an the iteeversible deformations, as would
be tapected (o os strain hardening phensmenon,



' Mkl AMM [LINDE

st nEHAL HEFOINT

et Inflgemes af racc Mefar—3iiout R insiry=enLAr
instro=cntacicn
LA AL AL LS L)

a fiwed referentre point 74 requived fpr
peofel iy TvasaTemencs @1 1ot anchecine an fnwverped
remtnlua, it has go be At 4 discanee ipereasine with
the rasniccte af loaf apalied te the tock faumdatien,
fiyme with o phruers ameeniting Lo cibilicny af kile
fiertnns and influecncsd % Riltioas of %ilo newpnns of
vater weishl, Are particularly Inkirearipg. Yhat 0 e
(he distance resuired Lo AYTAle {ined poinza? This
carpritatior {4 aeldon mmle,

It vas Sesever carried ous reeently, osinr
clascic theory, and ruldiahed in the farm of ghatte
far differont Lwpes of Tomding (Mladvenowicch v, 1970
[v is realisced thay the anpicecting stiuclure
displaces the suppurcing Pedioes [at oand dven; nuth
Farther and Jerser thdn fermoaly reckoned, Tor
insrance, an ipverged resdulum should be anchared al
adeprh of alput INOA, 20 3% Lo Tive & rrdsonatle
roeasurenent for the disnlace=ent of the hase of a
dam 1fWhs . Nifwh (Tin. M),

[

: !

@

Prawse 2o o Tsanpbe of anlflaence ol depld af anchonoge

nloipwe ted pendonbum gar measurel o pelative iw=
placement.,

1) Multipte=arch dam . Cross sectich. .

12] Havk fouwndat 1ot fcontinuonw elastic Mmediml

3) Invertied peosdulom.

L) Ahehor meeent sl deplh A,
[5F Mavyponual displacement 4.
{u) Iepth,

{7) Artual curve ViMn], .

V' Mearured diaplayeneat,

4, " Moformations vithin the rock maes

T the preceding corments concerning Ehe Aurface

of the rock maas could, more or legsx, he dealt =ith

by aazunipg 4N equivalent continuous mAediom, This
AfpunpEiaon 18 nag valid inaide {he mams, where the
Ai¥ram and kitsin patcernd ate goverocd bv the
discontinuous pature of the tedinn, For iRscdnce.

the rranssicsion in depth of 4 coopresvive strett
firld applied at the surfder will Jiffer drazcically

From the coriipgous adluiion and ¢lace s tisturax in
—wch nareneer Lanns and At A ereater deprs than s, -m
ov Maussineen'n seuations (Fig,*F),  Alttheurh sevira;
Fiment authots kv tacwled rhis ditfie e nrakli=
their reaylos go nuet lead 1a o conrenieny ponl tor

the Jetigners, a¥ing to the exgresr coanleeity af the
data. The cmleln, both chvaical ar: maglematical,
ar= tbhe same g« Prsa Ziesysapd foocarmerephs LY oasg
2.2, Yhe disgussion and comments wonld Al4n he Tia
na=e,

Figure 7 : Dighiribulion of streazes in o jointed
rack mase vf sarving be-2dimy dipe under aa
Applicd exterial normal lvad { Gasiey and
Ertakhan . 1971 1.

(1] continuaas medjum.,

[2) Serle= of dbaconi innoue rngh massre
I* » angie brtwren beddina planes and
lomd ),

Tortunatele Lhe dedign can wererally we cartied
AUl an Lhe B of JolTsssloy merageses, LoLs oot
Alwavt Redefsary %0 CIDpule L JETLVvE At 4 sound
enpigeering ansewl,  ThEe TN concent Lo pemetbher s
that gomsryssinn® anplied ap ke surfapce of fissuTad
rocl,, act ateng deen and patraw kands within Lhe rocv
Masm, closing Tiasures, amd that canversely Ev0slons
gnpl (cd a0 the sariacr open bivsures only in the
close vieinity of the applied load.

Thit effoct 1% of fumdancental impartance in e
hydraulic repire ol seepage, and therefore on tle
rosal Cing ualer PLesSsures,

Yore iostrumentation (8 required g3 ipvesacipate
these mechanisnd which, far che ritw being, are
oty theorrrical. “eamhile the desipnert have to
wahe allowance for Lhem in order to avaid (he danger~
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ane eafditinons [hey coublf creare, sl thev reallw
Tulle fdrwelop.

5.3% Speeial caw af dern rcavationa

Ermy- hedry cREIMCOTLIONR 1CTUCLUTEN, patticularlvy
larpe dams and tall heilbilines with many basenrnt levela
pequitTed Ehe excavatiom af deep cuta [Afo ovrrburden

amd mometiscs the rock below.  The applicd forces
during C[hi excavalicn TTREASS Afc CheTefoTe a ayaten
wrlogding Lhe rock foundalijon, Before re-leading wvich
the struccure.  The analyais ol The frumdacion reck
defarzalions im this =asp (g exrremely difficulc, and
has wvery 1itele to do with the resulit of small scale
jacking tests, vhery lhe unlaading srane caunol be
sipulaled, 1t would 1 extierely inteTEELINE L0
discuss the peint ol how te forecast rhe bebavia © oal
1 rock [erTmacion during a eyele of unloading falloved
hy pe-loading. The protlen i3 nor sioplec, and include=
thee ronsidecing nf pre-czintiing reaidunl stiraRes,

there has boen a case ol 4 sound limestone bed,
1fem thiek, lving harizoncally over a safter formation,
in whith the application of a load of 2,907, W¥hn br 4
Lall buildims, amd, clisewlore, Lhe unloading un 1o
A ke by a Jeep vecadaLicn, rodullid din poech-
sheat 1ailure theouph the whole thickiress of e bed,

4.3 Mechanical «lfecls ol warer aeepagr
g

Ihin topic has leeen digeossed in pecErom FL4 Al
Lk detadls wibl gat bw Fepeated Tere. 1€ Mait hoveyar,
be emphasised that the contrnl af water nressure ix of
sundameptal inpotiance in Lhe design of rogh founda:--
inms which ate requited to sup-org 1arRe engincering
struciutes. TL is the domipant facler §n Lhe case of
Jdams .

:.4 Foundation trealtent merhods

L.8%  Introduction

The rogipeer can imprave Lhe propsTries of @ rock
foundation by three diflerent cageporizs of corrective
actien:

Kaduac inp dulaFmaLions
Theredzing strenmth
Conttolling the hydraulic Eorced

A1l these hoana ate not egqualle cfficieat at a
givem doundation sibe, taresedr, thrit rffect s por
atuavs eluatly adprsroml, awing fo Vhe inadeqnacy
wf kmowledge still prevailing in several Cields of
roct owechanics. There is cherefore a par:z of Ruvsswarh
in many Jdecisiona taien about foundation treatment.
Thore dee A namber 07 rock foundations whire e
coTrrel vl Aot bon wiatsoeyer Jus heeh taken, and th
are others, Lliwe st Fl Atazar Jdaa, where practically
sty possible [vpe 0f corrective action has bren
taxrn lCuetrero amd Secalin, 19707,

The purpose of Ehis kection is te make comments
and speculice on wome usual or lesa uronl cethods an
axr to promote djscuftion snd, with 4 litrle luaeh,
iopreverents of our presrnt rechniguen. The coant af
cartective action dealt with ater

consolidatlon grouting
Presplitting

Excavation and eoncreting of joints
and faulin \

[

Surface sirenpthening
Peinferecerrnt tith strel .

Cutrtain growting and drainage

L.i7 Consnlidatisen vrouting

[t iw mogsible ro inereage the stiffness af 3 reew
magy v injrcrinf cecent grout in the pren CTacas.
~his treatment, comvenliomklly applied in Lhe neer
foundaiien zenc of praccically all lappe struriures,
it T moih eEfuets: the (iFst is to Erduce the
I'rrepeparhie part of the deformacion, and the nther is
T2 increase “0E Juiur of #lariiziin, This TEALELE

car. be #chivved hovever anlv 1Y the cracis are open,
and i ghev dTe grolsolic.

The firsp condition ix often mer pear the ground
aurface, vhere the lack of confinement leaus to 4
locsrning o the Rlecks (&now,M.T., 1968), The epening
of the fissurra near the gutface is elearly indicatnd
bu the Wish redraulie cambirtivitices pencrall»
measured 0 the wpmer secginons of <atcr (ests.

Thig Brcessary cordjion Is nat, lwwever, aaf7ic-
sent. 11 05 alag reguired thal Lhe mrow wheald
poeue crape the [ianwres ac L'w Mol gt presdul =
rermisainlr mear the aurface, For cemalt orenloghe
Binicmus groutatle anening 18 about 0.7, Tt abwuld
be rememlered that auch an wpening corresponds Looa
hirh hedraulic coiduetivity. For inatasce, M. irm
cracks at 1 neLtTe spacing ELve A permeakility in
theic dipection of ahowt 50 Lurecn umits. The Lenris-
fve conclusion is that conwelidazing proucing with
cerent 4 probatly veeless in rocek zones where 1 he
viarer tepcs have given les2 than say 50 |ufton upitis,

In rotks with Fine crachs chemteal grohid £an be
used: silica zels or synthelic remins. The tesipg arz
restricted Lo entterely rafe cases, owing to their
eesr (Frice TG, and Tlaiated A.f., §1970],

ALCEMPIS erir AOmetioes made to Jirt pus che sat:
fillipg materials before grouling. Ihe proCess is
Aifficulr #nd trquiTes preat wkill, Usually, deries
of holrs are used for injecting ait and water, wilh
oF withenl ehesicala sach a4 bicarhonpes, while so7e
ather holes met as outlets for Che croded matezlals.
It seros that the high cost ard alusvs douhtful
tewalre of 1he operation hinder its deowelersent.

The w7 odenr of ponanlidation erouging has
not aften been chrecked., Thetr are a few cdzes in
licerature, centioning either an iocrease cf oanfulus
measured in jacking teacs perforced helare aad after
[he frrAtMEnt, @T LA incrcdkr of splkMLc whiooELY,
Tuir in moSt Casea [he guettion remaine: whar i4 Ehe
real zatn of stiffneas phtainel? Anatler paint ix;
fmr +3 ~Recs the crswlt? This Taczer aspec? i3
impostant concraciyalle for the accoptance 0f the
works hv Lhre owner. '

It acema, hownver, that the =ain result is to
reduce the defortation hrierogencity guser The
Feundatjon area, the zanes with wide open cracls heing
equivalent, aAflrc treacmem, to tiye glp-r Foned. Thag
ig prohable why Ehe Creagment ia wverw penerally
applicd, #ven i net properly understood.

£.L7 l"'rr-l.r_ll it t"i.hE

anather posmible action to reduce the deformabil-
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it af i« foundacgion is to open the exeavation ke
peesplittins,  ft pteatl: tedoucrs the tendency for fhe
hlrgks mear ghe boptom o! 'or exravatian  ta beceooe
looge unler he action of vhock wavew, Tme pesile in
acain, a Ieer irreversitie deforration and & higher
madulus., The ckeatry af presplitting has hevn Attermpted
in & concinnpus oediom,  The sechanism inoa isfyred,
therefore discontinueus, mediun is nor well wrderarcand
and spacing af twles teecther with their explosive
Joads are atill enpirical. Practier Lag ghown Lhe
gheAr advantopes af the praceas, widelv wsed At pres=
apt. Canselidatien Rrouting is still required, as
srefptitLiny docs oot corrert che natural hetero-
peneity of deformahjlicy of 1w rocz mass.

5.%% Excavatiean and roncpecing of doints and facles

The proaence of fajor ieints of faules in the
lowndabion €f o latpe vopipeering staucture 0% nat a
cauntet=intiration althouph it miver risr Lo osecaajinn-
1l scevere difficulties, Therr are very fewr dam siten
for instance wWith pa major proleogical foalwte
crofaing the foundationm area.

1

Uhen the Filline rAaterials are 16ft, nt vhen
thete are open vaidy, the common practice in to fill
them with cabcbele, vither v Rand o7 by injrecioon,
aF e Lhe a@resuary sEcavat ians have Fopo alonp,

ot is mot alwavk tecloncd nocestary to LTeac the
whate suciace of the jeint. The ceperevine nfoa
regtangular network of gablerics amd shalfta sl hin
the plaae ol the hage verciesl joint ealled "fulie 1a
Baudse” im the Montevnatd arch dan right abutment is
an cxarple of succranful paridel freateest (Faiure
n'aicier, 0. anl Come, J., Mg, Flee more thorauih
tilliog of several [aults in Uagawado dam aboirncnts
LFig.25) uyed 27,701 euhic rweres of concrete {Fnjid,
T,, 19T2). The excavarion of the soild and bkroken
roch =arecvial wvas dune with 4 bigh pressoro sater et
(10 Y7aY tar [ear thar explasives wauld shake and
disturk the foundation rranite. There nav bhr sore
ot%eT aprlications of this cxcavation pethed for
"lontdl worl'" of (hat natvras

The problens raised hy replacing soft nateriale in
the Foundatian with ecencrete ate different denendine
wpan fhe nature @l the steenses to be cramaniooed,
byt im all cases the most difficult point Lo dns-er
is: what aféa of the faule or joint has o be
concrered! The answer depends upeh Ehe astumtt ona
made on the Jistribulion of arresses wichin (he rock
miss, a wrry doobiful field of rock mechamics.

On the otker hand, wiep considering shear screnpch
the fact that concrele has usuzlly 4 hipher Peduluos
than firsutrd zock cav indues local con-centration af
higher shear strasves an! pramrssoive Foiiure,  That
is why smal] concrete kev WAvs, 3% JOFEZIFEg gORIgT-
placrd agrnss shear zones, ste of doubclul efficioney,.
Thix guestion deserwes Eurtlor studv., In any everc
suth corzective 3ction should aluvavs be contenplazed
vith & aerious menitering of the treated zone. "he
foundation treatmeul af Lhe Carei higlsay keidpe,
Franee (Fip.29) is composed of roncerte ahafgs,
cucavared Jdown to & hed that cannot s=lide infe the
valley., & difficulr gquestion is: what would be e
1oad ot the siles jp caze of mavements of a2 higher
bed ofF the Fock [ocmiaticn?

G.4%% Surface streaplhening
[

Acvion at che vock sorface 1s poastble by mears gt
goncrets BultrTosavd, strute, shotcrel+s and gunite.
Alvbaugh the Tarers supportied by these elemenis are
s1iplt as compared with the tacal fotces invnlved in
tqe eguilibeivm ol Ll rock Pani, practical experiencd
has prowved Lhat thid tvpr of carrerlive oction Cs
aften adequate.

The mropressive lonsening of Ciesored tock
atarts at Ll f1ec aurface. [13 fawse Dav be vither
the siress retiel dur ro sxpavation ofF the slav
aleeration of the mattixz, ot mere often, thr sofcening
pf the maLerials Tilting the joints. Slipht openice
af the joincts goesd with irperceatible rotations and
slidins of rock ®lacks, 'arge encwgh,hovever, 12
reduce very appreciatly the strreorth and seifiness of
the rock rask a5 a whele, even al depth,

LE]

Figure 2% : XNagawade Arch-dam coneerted faulta o (Fajil, 19701

. (1} Fault.

{2) Conervivd excavation in fault. .

{3} AdiL.
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Figure 25 @ Congrcled shatts wuler arey heldge
PrOT ™ {France J.

Aorlatapage ap et fzver anelied Jreeddfarelw
after che apening of the sxcavarion ebvieya]v rrovides
sunrr ficial protrection against reathering. Aa LRe
ptejecied macerial moualds dtself aroumd all 1le
ftrepularities Bededrn| g inta cracva, rwen of
minite siFe, it Levelsos a apeccicular increase of LRe
stiflpeas of the "skiz™ of ttr roel =asa,  Ip is,

AOIM LI IO, atpucd fhar the e!licirncw of
shatebvre nr gunite 15 moowe doentlul o en o a s fanre
iliick 15 npl concave, 2al even, in some slaces shatpav
ronves, The rale i a reinfotcine presh,cven Lizhe,

in then prakally csgential.  Awain, th+ point is te
apply A resifiing loree avteas all joints where they
bawlighe at cle surface =0 as Eo prebent Leeir Fivag
disrlacerent from atartiom. Exzericocs shwws that chin
Intée can be rxtiremele soxll, 1o i interesting io
FenTion that tho piatective lining §a4 ao Tlenible 1hat
i1 can {ollew the peorral disnlacererst 0f the rock
rand withour Breaking, therefore Geeping 1ts full

il iciency. .

arl

howewrt,

Afgif lutrreenaen spopiraig look arToneer than
thin Yinimes ard the fareex are able Lo srithatand can
bt co=puted. T3 this the rraten whv some devicners
trus: Them mare? |y should e rerembeled, Howeder,
that in surlace warlinecs as 10 undeperound worsines,
the feroen sre all e highwT a8s the sunport (s rorce
rigid. Thye miin paint in modrre techniques 1 o
aveid the progrossive detotiorasion of che gommaCinest
of the terk mass, migiraiing alvave 40 e f{a1er
s face. There To tlerefnre A weaksess ie sirencthen-
ing hv logalised ripid unite:che surface 1efp
unaupprrerd becwern uniza is not rrofected at atl
(Fig. 3}, unless it ik coveted Sy & laver of punite,

The didcussion iv apen on che relative ferise af
flexible rontinuous protection and rieid 2igcrece
tupports. Ine of (he facroars Lo be considered i3
atvicasly the deformability of the reck rnass propec,
tle geological structure and alse the sequenes ol the
worle.

The theory of thie mechanizm of wurface ktrenpih-
ening buig yet to b developed. Faginesra are unahle
te put forward a guantitative analvsis of thr ingep-
pciion betuwesn rock toads and surface protection. Thev
ate therefovr unable te prove the defipgn arrancements,
There arc, however, a nocber af seccesslul applicac-
Lona.

Comparimae of ap face strengtheairg of s
Ai=conl brvoea Toth Mass .
{a) »ith tritresses,

Viquroe 33z

{hl withh photeeete.

(1) damis mf tev ke bBilacks,

leagarading il

4,4% Teimfarcerent with ateel

¥orck pn s material vith practicallv no tensile
streapth 3l aflten lTow snedr kitensL, ding 9 1o
numerscs aurfaces af yeparation. The bdes of rein-
farcing it with steel bars, as is done for ceonerete,
iv theyelore werv Jorical. The Two principles wsed
in eoncrete arc alas waed in rack:'papslee” sheel io
in rcinforerd cancrver, gottue™ sregl as in
presiressed concrete (Fig di).

Twid kain ressena however preclude any complete
anralopy with reinforeed o prestresscd concrete:

2% The rock ndak is a discomsinuous -edjun wich
# mechamical behawiour doasticallv differen:
From that of conctole.

b} The sreel gannoc senerally be tnycaliel
rock masses rither w1 the optites Looatdn
er &C Che pplirmur ti=we.

lo fage, therchiobce between pansive and active
stenl is trill opea (o discustion beoawse the TieSTY
has mpor et bren developed,

The ppegitesa’=y molution gesalis inoa clearer
conteption @f che forces. Fach har of cabie iy
equivalent 1o a piven and well knomm applies lpad. it
can be inttedured inre any matheratical ot phyeigal

aedel, 0OF vouren this applicd load bag several effscia,

In the firat place it fan reduge, by veetarial
addirion, the e«ffsct of other applied loads which are
detricental re sta%ilicv. In the second place, it zam
inetrase the friction resistance of juincs Ly adding a
naotmal comnpressive sETess e Che exigting stress. TC
iv alse poseible to introduge a hiph enough corpress—
ion to avoid the developrent of tension,i.e. opening
of cracks., Upe mav even clatm Lhat piesCrofaing
rrduces che irteversihle patc of foumlntien diplace=
cent by closing sore open sracks.

The mrihad  hawevier, has some dravhacks, Althouph
the total Joads that can he practigally applied are

Cselll very womall anm compared with the forces present
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figurs 11 : Relniercement with sleel | Skelchen o

a! I'remipe-maed cabilre.
] "I'memcwe™ anthor bara,

in Lhe tock mags, the Sitedgea near Lhe anchkar zomen
atv high, approaching the compreasive or ahear

streneth of the roch. In #ddition, there i1 aluavs rhe
thivat of failare nf hiph teazile pleel wires hy RLPCLS
emreaten, parlicularly in racks where 1he ehemical
composicion ol wiger might he ooeh more unfavoucahle
than in concrete. The precess has, hovever, proved
very saccessiul in same camew such A L4ae earface
arpetpthepinge of ¢he panka at Yajang Nam, or the
tightvoning wf treated fault zones in the Nagawado

dah abur=ents.

Apdimrn retrforeerem s lars embeddod aper thete
Ciade Lomath have heet uted ware oiten. Altheugh the;
mechanics of rheir action in more difficule te under-
stand, chey have proved successful in many caves. The
principal is ta iniroduce {fite Ele rnck tasge addition-
al temsile and sheay resigtance at the surfaces of
separation croserd by the kteel. The marniomn available
faree b2 dutvermined by Lhe ateel craks seclion but
the ptress aclually developed 15 nob koown.

It has Brenm arpued that pasaive stee]l can
coRtribute A stahiliafop force only atter rock has
detnemed, P,e, after {ailure. This ea toue hut LT
rock atrain necessarv o oohilise the aceel reactioh
ig entrevely +mall ouing, first, to the Fact Lhat all
defarmacion is concentrated wichin Lthe thickneds ?f
the joints nmd second [0 the tact thar che jtre? Ly
perfec: iy emtodded in its bale. This poine 1s wital
I %we proper [umctivning of the reinforcement. A
i npening of 1, k@, Lor isstance, would have to
o, by WY mmL more te devrlop a streas of 100N
(preminsible strean of nild aterl)., Should che hﬂn%
fail over o cerrmin lenpth on heth mides, the orenifg
of the joint will remuin on extrencly rmall Eractinn
of a millimeter,

The theory aof the reinfarcement is howrver nol
yrt available, Tt srems that thers aTs L dimtingt

casen tey considiet.

[h thee firnt cass, stesl i2 ysed for stabilicing
A poasnible failuve v aliding en one or Av efeglo,
progti meglogreel Sraluecs such oas bediling planes ar
faults, The ¢pnpotation can be Jare asquming that the
strain will be limited !0 a low value due o Che
reinforcerent, 4nd allowing 3 cereain shear sStrenpth
10 devetop. 1tk jainly exhibiting peawr scrensih, &t
mav hr poasib)e 1o keep a part al this prak atvenzth.
The queation ja: Mow L0 £o—oube thia available
cohesion? There 39 0o answrr wel, altlhough one micht
treel that it could he wiven by o close epgmination ot
thre orocess aof propresdive failure.

In the rrcand chde, airel eam be wuned in an
t riegled rock mes=, pr otor siabiliwing shoar mur-
fages with soms degres of routivess. In this gaee,
shear smrainis aceo—panird bv dilatance, The joinr
¢raased by reinfiorcerrct apens uwp and pugs Che 3teel
under ténsicn am "o0n A1 A shedar failure searts,
Another way of |aoking ar the mechanism i Lo cansider
the intrinsic curve o0f & roveh toinc. If irrepularit -
irg are arranged in a randen pattern, their anglen
wary and arao hjuher for amaller itreautaricies and one
chtatns A cutve, with & pery afeep siope miar 2he
ertzfe (Fiy.16), This peans that for bow narnatl
pitesren the apple of {riction iv puch “isher than
usual by assumed, Thr coutequence ix that, with the
low notral sceesd developed in the ztee]l hat by a
Mlight dvlatzuy of the joinc, 4 relativele hiph
phear atrength i availahle. The effeee of che
reinforcement im thetrfore Lo tranalate the infringie
curve ss 4 whole Cowards the 1#fE resylting 1T an
wppreciahle ~zk~rfom. AL the same cime, the inter-
lacking accion al the =2errel, which, with a moderate
force, proventa the smallesc iteegublaritics of Lhe
joint frem slipping, probably resules jn Troroaded
AECFfrps, The vrinforeerrent oight (herefare he
wisualined a» 2 mrans of impraving the modolua of
deformation of the rack foundation, The regults
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ottdiard ith mine rocy Colta (leonct . ot a1,1971)
terd o shew tRat embedded Sars are herter than free,
apclare? bara,

& 2iffigulc praklen is rajsed by the anchwaring of
~ain ra~len af dlarce suspenaion hridigen, which apply
shieat and tepdile loala af kipgh Bagnilude ra ghe rack
~at4, AC Tarearviile bhridee, Franee (Fig. 32} the load
vas e ) s ita cewtona, It wds anchored in chalk. All
prgille fablure sutfaces were investirated, it reras
af the strartural data, and ppowticy In@elher wilhk
plagrrent of “passive™ reinforcing taps vas done,

Figurse 12 1 Apchecasge ol [poeagt¥ille suspension bridge,
Hight bars (Esquallan , 1961 ).

1) Coneaaeted key excavated in rock.
UF Shaltm and adits.

In the cxavs wherts miliions ol newions are
Cequited, the use of prestevasing would Tead 1o
sctldus problemse af alress contencratjen, shereras
arlitary reintorcement, o oadits backiiile! with
cometele, 18 A cveap amd straichitiarvard npetation.

The escepaian nf thia cooncvpt ploe a beczer
ues!etreanding of che =echamical Perhavioyr woeold lead
to a e =atepial for ghe Jdesipn of foundationa:

vedefapend pond s e ia Tully Fralised rhat mucwk lias
b b studied wer awd fhar gewerdl stotements it che
forviding ATe vontTovers#ial, but it is considered
that Lhd prompecls are pronieifif oncweh to o stirulage
ac lvasr a lively dimcodajan,

L.ab Curtaim grau{ing and Jfraindze

When the decision §ja cades Lo act on serpage ToFCes

hee Ewd main tools are proutind and disipage. They

re somplerentary, although sametimes onlv one Lt
vsred. Tn the past, sey befare 1960, cost of the

roch [ounddtione weore only crouted when water secpare
wan Al obvicus wisance (partitulacly o reducye losa
of wvare? from reservoira), | i ingersating to

mote thit,until recentlv, rock foundationt of Jams had
deep prous gurraine, and antv gravicy dame had
drainage curtains, usuallw wery #hellew and practica-
1ly 1imiced ro tLhe tach=concret® Fontact, After rhe

cfEect of watrr seepape on the gLability a7 founda:c-
iona wam beiter underatoad, char 9% practicslle arser
the Malpasser Dam abutmeat failure, drainars wax
considered the bes: aciion ia roat cases. TT I3 af anv
rate the onl¥ efficient treaternt in tock of low
hudtaulie conductivity, such an atl rock with fipe
Eissures.

In paragraph 1.4, cormenik wers made on the basi:
uaderaranding we have arquited ab present, af «1iep
seepnpe in fiasured rvock and of fntces Ulatb it devas
Tops, Fven iF chin kaouledae 1w a2ill sumlicative,
it it adeguatr for dareztine the enzineer’s wore. As
it afLlen hasprent in foundsticn rnpiceering Che =RiIN
point ie& mor 1o hove a perfecl technigne of aua waisx
but racher 4 #owund urnderstanding of the soagitle
mechanisms.  There is, howrver, 8 lisitaiion: uhas ic
the rifectiventas of any corrertive meanure? The
danger ia helirvieg Lhal the setion ia efficient white
in fact it ma¥ ot be, Orout gurtains, with ome ar
srvetal Tines of holew, ziz at plugeinpg tke water
patha by groul. Ao ideal groul turtain wauld eysmerg
the whol|e caleb Pressule an ane Pace, no Wil
remaipning oo the ather aide. UnfertunaLoly, thwre ate
peveral rmamens which prevesn: grout curteins fres=
eetipg in thiw prefect way, CFirat the limizazion:
given in para;canh 4. 4] are <titl walid: ceront preo:
dges pat peneLraLe thin fissures, and derd noy pe=ave
aandy fillimga. The wen of chemicals amd the Jettinz
out of [iwgurce is peneratlv (08 wapenaive For %
purpose, Even rare an thr efficiency af » thie
cuttain [a extremely sroaicive 1w & miner Jnd local
defegt, This hoimg, streneev made bw Frof, 4,
Cammgrande at the Ticat Ranripne becture = 1561, vas
then questip.ed by arveral aotlhinde but i3 e
cermenly accepred,

Fettunately inm Zierly fiagured toche, vhere o
Froul curtain is mot valid, drafmasze iz & scizable
alvermarive, 1t fully concrels the hwdrautic potential
on |he downatfeam dide. 1n otkher words it schiewves
cwactly what was required fros the irout curtain, the
only diflerence being that ihe dratmage {meroirep 1o
amount af Teadage, whtift fhe grohifna Pedeces o,
This im withoob anvy cantequenes in most 1echs whepe
the hwdraulic conductivity s low. Conwernmely, if the
conductivity 1n hizh grouzing Y4 2o be rarried out,
should i be only a5 2 fonsalidation tteacrent.,

To urmaCiad CEt cAn be scabed thag, [ar fissured
racks:

2Y of low pereca®ifity (say lesn tham 5
Lugeont un;tal, doaipage s peteralls
eSaPntill, whereas grouting iy usaleas,

K] of higk permrability (say mure than 31
Lugean unital, grouting is reguired cer
conltolling waevr leakdze wheivas drainage
19 i necesiary.

¢} for mediun permeability, draindges is
alvayr useful , its coat iy low, and tle
decinion on whether o carty anl o« gromt
curtain can be Bade on the basis of
economics {permiszible vacer loss or cost
pf pumping leakage).

The theory af change cf conductivity of rock
wader #trcsr, me discuaned in paragraph 2.52, leads to
ocher considetationg {W.Ter—Yinansian cr &1, 1961}
whiel hawe a partizolar pigoifigance in dam Yowndar -
iona, but may alac have £2 be considered in.ocher |
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ca=ed. The faco thar the strestes applied by phe
Fneipesrine SELTUCEUrD ACE ot depeh and Night pender

the roecp eeererely LiphE [f (T (4 finale Fisnuped

=2irs the llnitaciens af the proul curtain ~entionsd
atove srill more pronounced, I+ slse helps ta locate
the drakns in a2 zame af twe foundation vhere e are
rot "rasled" by the warertighet barrier duc LG Blreaaey,
Iz the care of arch daas ther should he ditecred
uastigeds direction,

ic an

This thesry, alchouh checked in the foo Ennes
wvhere the faundation rocr wasx adrguately Iinstrump=erd
fob owle purpdse, i sfill cenuroversial, To wautd mp
extrerely wieful to the prafession ro know of caaes
vhere the behaviaur of warer teepdze has confirmed or
invalidaced this medel. 1 the arher hand, ir [«
Fikelw that bn the furure, mare draimane Tegts Lhan
Broutivz tests vill be carried our at the design
SIARe,  This wvould %e a narmal trend @3 draimpabhility™
fiirhy W a vital part ol the demign of w lavpe
Slructute foundacion ("ena,M. er al, L1990},

Anocher irportant pading, made in patagraph .47
% e iher rhe drainae can he efleckive ik 4 taeh
farmacr inn vhere vater flovs Lhrouph nteferencjial
Fhaicls. Aw o3 single line Bf Jdraine gives no
PEOLL Lian i Lhis fase, B0 2av bropecoanary e

Ttemplate w unsiforn disgributian of draina through
wiole tack mazn. Thiz mechanivm Bax ta be
-wdicd o ooere deradl. 1t {e & wital suhjecr aof

fﬂV“*liFdliun. becanue o queher al fouslativag
orulrgted with a conventional drainape curtain are
ok p onot draiped at all, A ppuorse =anv Tagka
probabls have rer the ideal plane [1ssure 1lot LV
nar Lke eguailv tdeal preferential ehannel flow
Lopes 4 nusiter of recent ebservacions hwowveve:r hgup
shmen phigt 1te preferential chanpel flow s frrfuent
drl i roverting facter for Lae efficirney af
drafpage Ia the propottion of flow drained:as soom as
¢hanmele ave present the tatio between vater discharer
vis clharpel ¢ and diseharare via Fisnurcs is very hipn.
The reaule (n Lhat a drain which ders not intersect a
channel dors nnt significanclv alerr the (16w net and
the Catrespording pregsures.

Fer &11 the previous reasons, the effect of
drainage, cften vitgl for vhe stabilite of the
foundarion, should be monitored, Ficzeeetrrs are
theTelore copsiderved A an integral narg of tha
didinage design. They wvould 2lso detect the agring
ol the svscen, as ip i well known that draing qaye to
PeoEaipLained aga‘ast clogping By Flae grains of sail
r ehiepizal Jepesita. Oniv plezonerers can aiye
“A¥ning in time that drains have te %e teaced oup or
aew Jdrgins have to be drilled.

“-% Homiterine of rock loumdations

.51 Imtroducgiam

It vas teglised, rathet recently, bv civil

Heere [hat instTtumentation aml manitering of the
dationa of major works was a vital part of detipn.

Howvever ,before 1960 hardly any rqck Foundations were

mrnitored. It {4 gencralle considered ab prefen

that mwnictaring of the foundatians id ot Lrdst ga

important aa menitoring of strocture. The Freneh wvord

fo? inarrumentation is "awacultacion™ from the medical

Leem Weapning an dnvertigacion through specific sounds

oY nolecs. A in the medical field, it ja not

ReCrraary to wnwwme that the pacient is ill before

prectising "susculcation™. L
tele of invirumentacion, as a4 medicime, i tuafots
Tedeazch inta the narmal retgviowr and earlv de-e-
of any airnificant divercencs frem i1, The irfo--a
ohiained in a1l the more vyluavle, the faclier -
rendingy ave mgarced, Vhen nossible, ins:rimen:
ahould be installed hefore she sirucryrs is Euitz,

A% n matter of lagc,

Finally, instrumenta leit wichic the roch ress
should be Tobu and the reading goeratioes should te
pirple since the ronditiens on g site are far diffpr-
enl fres these inoa lavaracare, The pecnads dincusagd
here da not cover all avniiakle IostrunentafLoh, aut
are recroned to Fe the T™Oar reliable and suitable for
tock {oundations.

L.5] Gendetic nedsurenency

Two 1¥res of mrasurerents, based an gecdegy, are
comranly pecfnr=rd: displacesenps ic direcrions »_v
r by rfergulazdon, ang disTiagemeris in he ver:
dirrction v onlv, by Icbeiltqe. e versTiLivity
lewe!ling in ten tires sate (0, lem at 40m dfaza- e}
than that o! crianguistioe,

[

Reernt developmenty in ciecith=rpiieal diszince
meavsced devigen [Meccan Ak, 197, Thoman, 7.1, and
St dohn, C.,1972) have #dded an imnecctant facior of
rapid and accutale messurstent af dintanze o
Rl LD FradSUTeFenTs, A eombinarien o! thone rew
rethods and truditicnal oplfcal survew =fLhods
pravides the eniinrer Cith 2 quwerful ser of
reniLoring techniques,

The main dravbaci. in 41t theae mwthods heerer, Ig
ike passihitice, whichh has ofcen heen abgegeed, of
unatable tefvcence points. The pegll Jfaplacemev-a tp

te bexsured in a rock {ounda-ion mav b+ cxcesdes =v
etrofr Lrom refetence bane mouvcrkents. T latier
TovemEnts MAay come Iroh eslageie defarmations ol che
pround undet applied ieadt acd alao from ecratic
displacrcentr of the surface lavers vhere 1he
RONUTENTA aTé Founded,

Te is therefors sugpedled Chat gegdrlic mestvce—
zents ahould not be telied uoon tor the detecrion of
the small displacements vhicl atv assoriared wirh the
notmal EBelaviour of an edfinesring ssructure. Thev can
hewever provide 2 erans of Jeteiring largs displaces
TenRsd <hich dre 1ndicative of abmomaal Rebaviour.

4.5 TInverted ~emlalu—a

In Teandation roeka, prpdalurs are usualle of -
C
O

bnverted fwpe: the wire {4 dnchored aE The Soffem o
a shafr aml ¥err in & vertical =masitipm *v a rirFe
Flaar art 1hre urper mar: {Fie, 110, Yar=al pendulums can
he waed howevrer when placel bepopen adits Loike on
“angewnard dam abuimedts. The aenajrivity is about
0% in ow oAl v directions,

L

Invireed peadnluma are prehahly ghe masr agfurace
inatrument+ that one can place jn 8 rock foumdatior,
Thev pive a verr reliakble value of the Warizontal
digplacement vesvor provided che [(xead poinc s
reably fined. [hat should therefnre be the depth of
the shaft? Tha:r is 3 nuestion atil] to be answered.
It depends of courae oo Lhe Joads apptied o Che
Foumbar ton, but alae on the groleaical mtpucture af
this foundatian. ®reent corputarions (ladvenovitch,
¥., 1970} have shown that mest of the praduluma nos in
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Firpiia- 773 &2 Inveabed peaplylum in Jeapdnt prn 1oack TElenb) ity de Franree 1,

11 Stapnlewn stenl wire,

(2) large diamLeret
[3) Anchat mone.

(8] IPipqasbiagual Larh.
15) Birg-=haped Flast.

[1) Rrafing s=calr.

PEerALIAD ATe nad anchoraed derp rcuph T nive A

wecdd anprogioat jon ol the alaslute displacenen

[wee sectior G240, I mesike @f thia Aravback thee
el heiecver Jefecs vers tarly deviation from nammal
hphavieur. A mention ehoold ke made algs of the
diflienley of deilling deve, straieht ¥errical hales
Lo be gure that the wice does pot Come into rontact
With the valls a1 snv Tevel.

G,5%) titesR in bovcholies

The totarive displacement Jalong the pemlalum wite
Pinelf wonl.] Be measuted, but in practice, speeial
wites, mol secedsarilv wectical, aee wted for this
Palrote. The main Jiffienir= is 1o climinate lenezh
V31307 fama Jue Lo SETCSA and LrfRevatuft. lnear wites
Mave tp L vl lor o wears to cadlibTyle e opendelic
e Lotrths amd rhe tectinolagy @8 phe Same, excent
thal the wites ate installed in sdiza ar bereholes,
The avslrms bhawe Seen uped fol manv wrars in Hifes
bt the developipne of the methisl §2 Tecent Tor
revh foumdatiane,  IE ia now commn bo ioacall eiche
vires of different lencthe in the sane hole (Fip. 32}

The main difficulties foar LT inmiallating of
this vajuwakle device Are;

a'  Dritliox straight hales,particularly
wheit ther ate long and near the hori-
zoneal, and rxecoted from 2 pacrow
adil,

h) Avoiding ponsible frictTon alepe the
walle by an Adequatr Lension.

2} Avoiding crern of the vite due o foa
hiph & Cookion.

koreivale.

Figute

S em e

34

_®
g

Borshole "Elonpgametere"
[ Marurfatured by TELFMAC }

{10 Stainlenss ptev]l wire (B wiieal.

{2} wWalerveghi 1'vC caming [ H0mn diameter),
(1) anchor rlag for eire no. 1.

{4) Borechole (75 me diameter ).

(%) MHrmmuring posd.

(G) Yabrating wire device.
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i) Anchnrinrg cnrrectly the diffrrent oives
of 2iflMerepe Eeanxche

Aeenrding 1o the leeal copditiang aml lenuth et
wire Lhe seosip(wity waries: it is approxirmitely
A ler for A rappe of Sem.

Altwmipl: a definite improverent, (his sultiple
wire drewire rq sLiE] dlisganiinumna; thp Eisseres
cannet be localited raarcly rithin each tediticn
lervmen anchor paints.  The idcalwavid ke 2 lony
Faiengorcter, akle £o measure Lhe stTALR over itx
whale lngth [Betnaix, 1., HELY IS

L.%% Clinomerers

Twi types of elinemerers are uded in rock Fannd=
ations: Sized rratrumerin, atd alidicz eslls imaeped
intg torehelea.

The Pirsc type is walremel® accurate. The vikral-
ing wire climonetrcs for lnstance Five & ARRtipiviry
aft 1 te 5.06°F radiaps, amd they give the direction
in x and v of thy variatien of alope. A Rurhrer of -’

1 am I Tneralled in adiie, shalts et underground
chomberd, to deprct anv possihle ancmaly of deformat-

The avcand ¥, using boTehnles finml with a
plastit rasing enuipoed with wuidina graves im wery
rommon iy in zoil. Ilrz lgwer Accuracy in due to the
imperfection of Lhe paiden, deiorpasiom &l the hale,
il [DJEvLracy an positianing the cell Al thoe same
plare for each aeries af readigem. it % thereforr
wot 3 gond devicr [or neasuring the real defornagion
ol a reck mass w ointepiacion of clementaty alope
wariations. Tr @8 however useiy] oo detect any
p.155il'-||' ahear rooe or sarface Along the bBorehale, The
raly drawkack j» that Fevond & ¢rrrain shear strain
the sweasuring cell will jam in the hole and nat give
any lurther infoteation an the seetion below.

The chrie defloctomeor (Muller,G amd Muller,Ll.,
197 LE an insttwkrent of intermediace Lvpe; although
removable from the torehemle for pepair or valibragioa,
it 14 lefl Seoed=in Far ppveral series of Aedguremnenbs

S, 5% ewnbvsica

Memilering b peophwsics has Been atterped] aeveral
times. Alrhough nor often appiied, thedr Aeiloda aTe
perhaps worth Jeveloping, amd ivr would br intcresagins
to 2arher the exfrTicoeen, PeEilive oT AefaATive,
shtainmed oo Togk Sowndat iong.  LE §s permpbing poogar
weophvaied] pegmode aa thew a0r apmechat like
radiclagy im cedicine; they “looh" inside & lavee
body of roeh, ’

Tecerte comducedvdty could Pring valuable
information on changes of pormesbility, but zhave all
'3 teradtion oF diasolutren ol Tock oWitg fa the
r .'ing change in (o content,

Sciamy pefpaciion or trane={asiom betwern
[iwed paints rould detert o powsikie chanee in fissure
epenings, in athel words, jn srressea. The igwveseq=s
gaticny made 1o the Foundation ol Cape & Bam in Frasco
(FauTezs #t al, 198} are enccuragine. I would be
inreTenting to Loow vhether Other rxperitrala have
bern AtLempted, Aaml what are Che mowr =mignificant

NarFdmeatarar tralas.

lammPh skpamcoersoe -0

wavrt! which «atea? For instance, at GEaze 1 Ja=, the
varistions bebwesn e—ptvy Teservoir and full
receT¥0ir conditlions, ware M for the wave veipait'r
and NI Tar atcedmatiaon of erergy,

Finally mdopzae’e=ic recotding br hip
scixmograpns of dinute shocks eriginated 1n the
Toundaticn mavy detect righer a uarmal adapcion o tac
ney gLresa Firld, or the onset of failure. Thin
sethed of cicro=-t1eigaic measuresent, malnly used i
manitering rock slozem, could provabiy be wsed in
foundations ag w11, pravided i §& ingerpreind wits
#reat skill; niwecwiar (here might be pecdless conteon
st guile morzal developments.

L}
4,56 Pierprotars and drains

The draing, which arc ususlly ingtabled in
fourdations, at least when che hvdraulic Rradients
could develop fotres decrimental o sra%ility [e.z.
in dan (mandationsy, are not anly eTEfpient cotpeefive
mrasures [zee &.3A) but alss uaefal oomiraring -
instrutents. The inctease in diacharge, or the
deving oue, of & draim abvicaslv has s meaning,
Herever, mo fuferpretptinm 158 poasih]e Withaut the
wecoiwl germ of the flow nec, 1.¢. the hydraalie
portcntial. That it vhy a1l Zesigners now agrer on ihe
shaolute aced fnT Figagmripis msgtaromrals [OFCTE.T
pith deain dinplrge Fendinga, The whole ix cvhap Lot
heen called in French "ayacultation hedraulisme', 11
irems that it is a po-erful Teann ol drtecrion of ac:
rearrangenent of strainm in the tock foundaticn, As A
alight deforoatian af Lhe rock mans entaila & mich
larret defarpatiern of the Fimsstet,which in curp
Tesult in soecpacular chanpes in hydravlic condect-
fveiey, Bt s claired phae the 3lirkiest Peditication
o reck krraing shoold j¢eact om Ll Slow et ,1,re,
wn the piezopeticr readings 3wl Jrain tlow rates,

Altlaugh thia BehaviouT has Leon ahserved in 2
feg canen, ir id of utmoat icpartance to pather
furthet cenfirmation, hrcause il gould give & powerful
means of warpink. probahly Y2fore any anoraly i
detectable by pther instruments,

bt showbd ke rememhersd, however, that rhe fhesTv
af senaitivicr @ Flov nat to fieswuve width rvaristicon
dact el hold whven ke flos is concenmptaled alony
charrel=line palhs. Thik roiay, discussrd in 2.6 has
to le considered arvicualy for the dnrerprecation of
“hedpaublic instTu—enzation.”

A menticn *hew?d Fe mAde here ahout Lhe ralianil-
[tv of piezprelTic CREISUTSFFRENTS,

Thy pizzamrler tipe are rither oo shere, Zivimn
onty a tocal value difficult te wee, ar too loae
aiving & wrong "mean™ value bv permiiting citculagion
af wageT betwren lewels at differenc potenpials, The
semrinumg bo=chale Tiespeeter (Mig. 1%} worked out fn
trance {froupe dr Travail TFCR, 1970} {4 ap important
Are towAFds proper pivzom@ETic readings: a reoplete
lag of presaure bR ponsible for the chole bengch wf
the borehole, vhich, in wddition, does npt allow
circulatian of water, thanks to a rubhet memhrane.

Finaltw, drain holey could alao be used to
prrform Lugeon Cests, af coostant locations durinF
Lt oneration of the structure (louis, 0., 1971}, Tears
a! this mature ate hat aften done, Al pheugh rhey
drgrtwe tp le, to emable a Tetter understamling of
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Ground vihratipne caivsed hy hlascing warks have heen st
for 30 years hy Nitre Nobel's Deconic Laharatery apd olsg hy
Nitro Upnsuls A8 for L0 years in ordee 10 investigate 1he jn-
fluenee from vibratioens on buiidinis, plunle, machinery, in-
struzents sind computers. These invescigagions have made it
possible 1o execurs hlascing warks <lose to buildings und
pcnsitive plapis without cuusing Such vibhrations that any
damages or disturbange< fave dpcured. Fig. Tlasiing works
have been possible O cacoute vory flnhg to compuler plant<,
piase to nogclear power plants in Operatiom el pls0 within
towe centrcs [ar subwty and highway tunngls, Tar sewaec water,
edectrlcity and telcpraph cables Ied throuph tunness In Jense-
ly buile wp areas. At these jnvestigations abservations have
alsa beon made gf the reactions from vihrations on husan 9e-
ings. A proper iovestigation has In this edtent nat becn pos-
sible 1o carry out here.  The chservations rhat have been made
verifies that humad boings reacc 3trongly to vibrations of wa-

- lues far halow the valncs aer wp for the damspe of bod Ldings

fxee (g, 1. Tt hite also been sEated thar klast ice woahks
tha T by 7o b carricd esad od 1l po ol shueing a4 Lamygad
spaoc of time are better tolefated by the people in the arca
tEan thase htaaging works that go on for spucral yoars, cven
LE Rlastings then are enly gaovased omor o week oar a4 comgple
af times a mopth. Fhe ground vibration selocify 15 Found 10
he dn excollent parameter a% damafe criterion. Te ac.asure
Lhese parameror wirios instryaents are dvailalbe. Shen cal-
wulating the wkhrotomy velpe ity of the groand vibraliang, it
i1y assuped thail the wibration is an Jpproximatc anc wawre
which gives

I TR R

v = vihrarlon velocity in mafsce.
[ = lrequency in Merkz

A= amplleoude in mm

—

24

tz

The shkearing whivh Ocvucs tn oo building throogh which ground
vibratians paas is dependent nev #Rly on ground wvihration
yelacity but alse on propagation velocity in the ground below
the foupdarions of the hoilding. We calculaie the sheariog
dpgcl a3 being dorectly propectiaonal io the rbsk of Jdamage:



G rI0N 01 DAMALE KISk 0N KIEMAL WESDDENT AL GOSN a’. %
[N O RLLATION T8 P REaT D YRR w W RIS e
PO . PIMESHeAT RUS O TR KU LI AGS wheTe
WAVE VELOGCITY | 1200-1300 ¢ 2000-3000 | 300-p000 |RESULT IM JLEYEL AT I ¥- shearing angle in mafs P
Y o= vihrathan velocily in emfsec,
c Sand, gra-{ Meraine, Granite, narmal : o= 1500~ . . L5 . .
efscc vel clay slate LNCISE, housing o0 mf g propagatbun velueity in mfscc
. under selc lime-] hurd lime-|units SeC .
ground- stone stong, .
wATC ydarezlte an b -
Tevel sandstone, . Propagation velocdty ¢ = 5000 mfs
drakas Freguancy ¢ » W00 [Hz}
r
Vibratien g 18 1% %ot moti- | 0,003 -l
velacity, v 13 4] LT feuble 0.015 G 211] _
. - :
mmfseg. 13 LE] m cracking I, na Lw
30 55 tog Fine crachd] é1.08 ! -
and Fali o —
plaster '
fthreshu bl Propagation valecity ¢ » 103G afs
waluc) * Freguescy T = 100 [H2}
i &n i Crucking 0.1z ! - i LORE
Rt 115 15 Bowvere 1,35 I kié1“hf ' }':ﬁ'ﬂ
craching ! & "ﬁ l;; .:r.li v

FT Tl

The aceuracy of the capirieal values in the tablc are confir-
med hy hundreds of thousands of rosdings Juring thirly peare.

In conneetion with elecerical Installationn the nccgleration
parameter o leo s to eocansidered e prevent discovhimees

an the scnnitiwe eguipmsent.  Im the same way, it von he mentio-
wed that appoai=al has been mbe coneerning permissibie waiuces
in blastiayg werk In the acighbourhood af following inzeslila-
Ligns:

The following tahle is a sutmary of norgaily rmissihle va-
tucs whitch are used, In an appraisal of ground vikration Ja=
mage risk for narma: residentdal heusces.  The table chows Chal
in spice of the fact the vibratfon velacity ix statcd as a
permiiied value, it is the shearing anple which Jetermines
Telephone statiams: = 50 omfsec. and o = 3.0 the diwcniian.

v
Tevel: a.n1%
Television stations: v = 35 pmfsoc. aml o = F.0 p |

Tn tise cuse ol obder Bulldings of pourer yoalidy 01 §s cnne
tomury too decrense che permigsihle vibratlon velacity Trom

level: 1.008 ¥ o= TN mmfsec. to v v 5O amfeec. fhuildings of light voencrete

Computer: 4 = 0,25 ¢ (noder certaln conditiona) to v = 35 amfsev.]. We have even reached valnes of moer
tkin v = 100 me/fsec. without any dozage resulting to the

The values {or computcrs imply that rormal hlascing i sade haildirngs.
more difficult and wnder certaln cenditions iepossible. Ta L )
enible blasting operations in sceh cases SNitre Copsily hus In the case af ifndividual blasting operatiens, robust con-
developed @ spreial method {fur damping ol computer installia=- crete structures <an stand up to valves of more than I00 mm/
tions. el

[r is imporcant to obtain experience [rom measuring mcthoda
and units ta reduce risk of Jdamage.

Bhen planming Blasting opevatlons where ground vibraziem pra-
hiems ocour, It is tmpurtant fa ba aware ol the Telatianshin
hetween distutcefcharging amd gronnd vibrativnz. ke ey 1
used the langeloers’ relatianshin Cor vaciens churgping love s



|l trical instruments wsed nawidays o Swedenn are the
ol B

VIARACCRDEA 2 {fig. 3

Uy'- RECQRDER (rig. 4)

VIBRASCOPE{TH) (f:a. 3}

¥IRRMETER [(rigz. &)

The VIBRACURDER i% o universal vihration recording lnstre-
ment for civil cnginegring, ronstruction aad mining., The
instrument i3 o Four ehannel eecording unit, slfowing can-
stant meastrement amd recordlong of vibrotion wveleciey ar
acceleration [com one to four separate paints.  The vihra-
tions are registercd on gcophones and transportgd via cahles
o the instruaent. The unif works auromatically. 11 cvan be
fet up quickly and easily, and 1s built for roboust handlipg.
Results are displaved in terms of time and magnitnde, with
both horizontal and wertical wiliralion recarded.  1he YVIRRA=
CORDER cporatos caontinuatly [ar up La ‘rur woeks wlthoot at-
teption. The VIRRAOORTER tael [, pictired (fig. &1 prescnis
pean s om graph paper. Besoles vine e ik ly ol casily
Interpreted.  Wajnp rhis informaffon cagrmeees can determine
vihrations reswlting Crom various hlasting charge 4uanTtitics
in relation o distance from the blase.

The technical data «r¢ as Followat:

Yibration velovity wmeasuromegnd s =Dk mnf=oe.
Aucvloration: = 1t p s

(Far sapecial parpaoses, 0-20
g s also avallabie)

frequengy raoge: 5-5m0 11z

Power: . 220 VF50 Nz, ar batwery opera-
tionm Tor aporaox.
Rl s during
sk power iutlers
tupt Jom (100, LIS
Vind HI svatrm
van be supplied)

Rechargeable batreries built inre gas-tight container.

The UV-HRECORDER i3 used in several countries. The instrument
is nat agtomatic ahd Thus it reguires manual servlve,  Tike
pynchronization mith the hbasting stalf in vonwnevt lam with t1he
Bhasting of the roumd is also nevedsary.

The vibrations arc repistercd on the =ome Lind of geophanes s
those of the VIKRAUKUER. I wertainm vases where the VIRRALDU-
DIR is wvsed amd & ¢értain valuc hax been regixtered an UY-
KECORDER or & tape recorder can be connested for further azma-
lyses of the chatacter af the vibravions. Then it Is possible
Lo ace where im the round the high ebhration has heen cepizte=
red.

The W-RECORNER reglisters the vibreatlon velovive or the aove-
leration.  Whoen eathwabting al bused vibration volaci Py values
i huilding, the HY=-RECOKDER ix weed a0 order 8@ osfabilish
the dactual distribotlon solacity.

-5

f e ——

Lovel: L -
3f
R z
Q = insranzoncousdly detenating charge in ig
R o= distince in m

The vibration velovity can be calouluted from the relation-
ship:

3ra
e

vhere v = vibrarien velocity in mafsec.
. = constant Jepending gn the hoameprnogus of the
rock and the occutrence afl fuults acd Ccraces,
(approa. 400 far hard hompgeacous Swodish
granite} .

In Swgden there ace two khloads ol wihratiocn moasurgwent in-
Struments:

Mechanical! and Electrical

The mochanical instruments are:

Anoldgraphs
Comh by ruphs.

The AMPLIGRATPH® (sec £ig. 11 i= o wvibkropeaph ddesigned Tor
long perlods of recocding which has hees doveloped Tor con-
Linugus repistratian and mappicg af groumd vihrationa o aused
by hlasting, pile-driving or agher yihrarions of o similar
type.  Bocause of the long periods of ventinuous revarding,
the speed of registration is low and this mcans that anly the
ampl liide of the vabravinns and the thues at which they a¢our
are noted.  The AIFLIGRAPMA mav be necd for oither wertical or
burizontal measurcmests afd cuns Tor oop 1 cieht ooy s withaas
attveniion.

khen more £otailed investigations are heing made in orifical
cazed, AUpplemcntary Beasurcocnis musi be made sith .. a
COMAIGRAMIW [sce fig. 1) an which hath the rregoency amd The
velacily of vibration can he culovulaied.

The COMBIGRAPMH Es a wihropraph of the oosbinatjan tvpe, 11
consiabs of 3 lowspeed Tegistration seccion for long periods
of recoarding of the same type as that bn the AMPLIGEUD and
alsa has n high=speed registration aevtion,  The law=sperd
rogastration sectien P4 Tor coutioueu= registration ofld wip-
ping af ground vibrations caused by bluating and pile-driving.
The high-specs registratior sectian 14 far the mcasurcment afl
vibtrations Juring crirical blasting operations anmd regiscers
thke appeardace of the ¢omplete vibratiess Irom which aaptitude
and frequen<cy can be calculated as well as the rate and acce-
leration of oscillacion.

The hikgh-specd registration section of Ahe COMETGEAPH Las 1 e
drlve mogar levated in the cover ol the instrumens, The re-
cardify pdpot - kAdwh 3% 0 vomhigrom = is located on the ia-
side of the cover,



" rdasanlk

Fig. 1 Vibracorder

Fig. & Yibrametor

The VIRRASOOPE 1= ag cicviromiy sl rument bor sibreatiae -
wuremenid of the resuftant ol the partivie iclocity, uor
componcnta, b Onc RCAsuring point.  The makimom walue .
partiviv velacily is shown on o dbgoead display (Fig, f),

A rocorder can he conneciod Moy continuaus Jdocumentiat lon of
the vihratjon: meJsureménts.

The VIHBRAMETER §s an elcetranic Instvument for vihratiom mea-
surepants ol the purticle wvelocity bn oone Jireciiem, at ooc
measuting polnt, the valuc el the particle velogity iy ahown
an g{nph pangr. The instyument warks for 14 davs witheut .t~
ECRCEiOn .

May 1074



sting lechnigues Wear [RUERN
1 TRODOULT I ODN

In Sweden the erpression "catlous hlasting” scands for
biasting <lose to buildings, fnatallations cce. when
¥ou have te take consideratien te pround vihrations,
air shovk waves and [y rock. In that case the drill
holes cam not alsays be wtilized in the BaBe way 23 in
normal hench- of tronchhlasting, [Le. the charpe
cencentration oicen bas ta e kept wunder 3 cortoin
limitg,

The colculationcethods Jdescribed, gre bascd an that the
ground vibrations dependa on the co-ordinatipg vharge.
This will dimenzaion Lhe charge por dvitl nLole.
' ep i CAUTIOUS BLASTING
Ke can reduce the mamimum co=erdinating charge in the
following ways: 15T RODRILT | £
= lgmitian paticrn

s CALlrr LS BENUGH BLASTING
Yeu roduce the nomber of JeliLl Aolus will ghe ?.I tgmitionh paiterm
sy hq- L} 1 -
zﬁﬁgn:tgéi Eﬁ:r;;.La get the marhium co 2.2 IRediecd burden apd spaclng
2.} Two chatge wales in one
- Reduced burden and spaclng dritl hole
Tou dg not Wtllize the drill hole as in common 3 CAUTIOUS TRLEMH BLASTLING
hlasting. 3.0 Reduged burden apd spacing
- TIwo charge unlts in one drill hgla 3.2 Two chavge vaits in ona
drill hole
You use two charges wlth differont Jdelaynumbers
in the xqwe Jrifl hole. 4 CAUTIOUS TRNNEL BLASTING
. 5 ELOSOMICAL ASFLUTS QN LAUTIOUS
- Devided bench BLASTING
You blast the bench in two or more Jlffesent ARPEXDIX |
raund:, gach with just half the beoch helghe. APPEXDIX 2
APPLNDIX 3
APFEXNDIX 4
z CAUT IORS RExCH BALASTIMNE } APIPEXDIX S
2.1 [GXITION PATTLRX AFFEXDIX b

In caurious blasting you always have to raie
ronsiderition to the co-ardinating charge. Yew then
Teduce che number of drill holes with Lhe same delay
funber to get the Wazimum co@-ordinating charge.

In consequence of the construction of the Jelay clement

in an e]lectric detonator, pot A1) detonetors with the
Sdde interva] pumber will detanats simultanaoosly.

Loprright

pape k
" 1
" 3
n 5
" B
" 3
" 11
" 12

Huy 1984



e~ half npumbers:

H . 3. 43 . 81 . @ . T . Fr . d1 . @
5. T. 2. 3. 4 $ .80 . 0. S
7 I R R J SRR S [ R 6. oul

Gtarting with higher inrerval apmhers:
te . 15, 14, 5, 17 . 3. o1, % 2D,
[T IS 5 TR - JE b TR ¥ T E . IO - R & I

(- & I O RPN R I A O TR O § PR I

2.7 RLEMICED BURDLM AMD SUACING

Calculotian method

knowing the permissible Rround vihratien and the distapce

from the blasting re the abject. the aesjmun co-ardineting

charge {G.,_qral coN ba found in Jdistanee - charge 1ahle,
Append x

Then it is checked whether narmad hench hlasiing cun be
catrled out or ner with this maximum ¢hunge peT hola. [F
not, fellewing proveduro £as he used.

The golvulation is based on the spevifle chavge (91 in
hgfm™ lar th{h blasting. A seitable value in Sweden ran
be 0,40 wgfo”.

Spacing
t calewlacte the valume of rock thit cuch drill hole cun
hand]lo
an-urd X
¥Yolume = _q— [I'I'l"]

* ralculaic the theoretical area that each drill hale
can handle

Voluxe I
AgiOTE

Area = (m“} (¥ = mhongh heightl

3 pragtical burden

roa ATD2
LA I (r}

[ T r
e ma w5 +1a + 5 *10q * 100 ms
5 | 200 ; 1 1 12 1
w1 1 ) ! 113 113
| s 1 1 12 i3 13
w | @ ' 12 13 13 16
| e W2 o T e T e e S
200 5 143 3 13 178
L) ] 113 113

[ = {[reguenve In pericds per Sccond
T = tiee for one peripd IT-%I
e the spread of the delay clements in seconds

r = redutfion Tuctor

The in*~resting lMreguence By here 100 pfs. Far this
reason, when mhlfisecond detgpdbtars type YA arc used,
enly A hslf 1o a third of 211 holea In the same interval
feed 1o be Included in tha calculatien ard only gne siith
af the holea In the sape Interval when half-jecond
detonators 3re weed:

¥a msonr 1 - 10 _ 5 omy 112
Lo-ze D anmy 1/3
21 - w0 IS ws 1/3

¥4 hs me 1 - 12 IS0 ms -

You can use The tahle aheve fgr wther types af Jetonators
depending an the spresd of 1le delay clements,

The follewing igniticn pattern shows when the charge In
each dri*! hole fs the seme &% thr marisua co-ordinating
charge:

15 . 13 - LN |1 B, e . . I, L3 .
13 . 11 . g . L. b 3. G . T 9 .

11 . i 5.

Fd
-
-
-
e
~4
[



1% A g

hp = - b, - hh ol

14 Charge conventralion
Q
1, = kg/ml
p 151 (kg
P
Chose a scitable charge umit, Approgdix 4
15 Tatal charge weipht
Qoar " W% * qp [¥a)
Check thar Q.. & Yeg-ord

1f ngt, you have to reduce the columnp charge if

pessihle. Otherwise you have to roduce hurden aml

spacing mare.

vndl {m] gccording to diagrum, Anpendix 2
- r

u 03 1"|u.:|J|. il

It = 1,05 {kru) [m}

Foom3d 3 K

¥y " Voay - F (m]

E; = 1,25 x ¥ (mi
B (kgfm} acvording to diagram, Appendix 2

Qb (kg) accarding to diagram, Appendix 3
- 1
b —1% (m}

]F [kgfm) accarding ta table, Appendix

h

- Fl [not Iess then 0,7 =}

=1 h k
o % hy (2

Qo * % = O

Finally a5 a comitel. the totdl chucge per halc is
compared to the permissible charpe per hole.

hd
hy w M- by - (m)
R

Coi)

I Foiae [
PFrovticul spucing

£, = 1,75 ¢+ Vl [m}

t
Pragtical spaving is adapted o the honch width.

4 Fuulty Jdeilling

e Lo, B

5 Subdrilling
U= 0,3 [V, +F {m

6 lole depth at an inclination af 3:l

1= 1,08 ¢k~ 11 [m)

7 Masimum hurden

v =Y «F (m)

8 (harge concenitntion

1, = Uz
I “—gﬂi [l )
4% Helght
hh =i “Iﬂ: (m3
10 Welphe
qh - ]h - hh [k]'”'

11 Kelght

Qn » Qco-urd - Qh [kied

17 Ifngharged parrt

h shauld he seleceed dn varsbderotion oV, and
tfie charge seiventretbon in Lhe column. Nur:ﬁ]ly
Iy i cgual Ta ¥, hut no FTess than 0,7 n.



TR0 CHARGE USITS IS OGN GRILEL IKYG 9 tength of the sand plug

o cn=nrd ina Uiy wlerge vap ol b oreduyd hy

! g , oA
divldang up the Charge in vavh hnle ipep twa foOrF hs = 1.
several] nhiets sepurated by 5 osamd plug aed [ired )
at different Jdelays. To mebe surc that no flush- Lpper vhargs woir,

over occurs, this sand plup should have & lengch

of apout one metre. 18 Ilengih of remncnt part of the Jrill hale uped

. . for chargin
The calculazion procedure §a carried aut i{n the w108

folloning way.

M= H=-hyy - b, (m)

11 Eaulty Jdrilling
1 Masimue burlen

3.4 i.h
¥ . co-ord Fu T om0 o
max I||| —5Ti (m)

12 HMaximil purden

V.J;u =y, v ¥y [tm}

Subdrilling

U=0,35"%v {m)
| = F 1
Upper_bortom chirge

} o onwle Jdepth ae s inslinat jon wl 3ol

I3 Wpigne
= 1,058 [hehl) Tl Qp,y * 0.0 Vﬁmu;u (ki)
i Faultfidfillinﬂ 14 Height
hu J L1 EM

& Fractical hurden

Vor Vel o F T
15 Charge con-cniratlon
Practival fpacing .
lpu (hgfm] aceording to table, Appendix 4
(m}

It Unehiarged part

L, = 1,25 - vl

Fractical spaclng 3s adapted tu.the bepvh widih. " > 0,7

Lawer charce unig a
Lower portem charge 17 ieight
7 Weight
hpu - |1I_ =y - hl::. {m)
le = QCU-DrJ LET N
12 Welght
] Heighs h (k)
- j " -
h = 1,3 - v [m3 qu Pe e :
bl ' max

1% Totul upper charge welght

Q= Qy * Gy = Ugegrg [BE)

Correct the height atverdioy to the chosen charge
unit.

PR T



3
L )

Total cvharge weiglht

Gegr " Y1 T O (kp}

caOtTi1ouUSs TRERENLCUH, WRLASRSTING

REDUCED BURDES AMD SPACING
Mua bmum co=ordinaling vharge

Qco-ord |kgd according to talle, Appendix i
Number of hales 4crozs widih

n acvarding to tables fae Tregg e hlast bog
Permittod vharge per row

uruu T Qto-ﬂrd {m)

lole depth

I fwp avourding eo tabdes for teeneh laaging
Speclfic chargpe
At . -
4 (hg/m") wccording te diagraw, Appendix 5

PFroactical burden

L. qu- £ > Bench helght
1 "L () B = Kanch widrh

Bortom charge

g, (kgl wrcarding to dlagran, sppendisz &

Neight of hettam charge

1 nguo R
hy = qb . Jd = Jiamcxer in
b d: [ml hotiom ol drill hole

Uncharged patt
h, = v, (m}
Heipht of column vharge

hp = |l = hh - hu fu)

11 Goncentration of gobums charge

1p (w} according 1o table, Appendic i

}2? Coluon charge

QF - ]P X hp kgl
13 Tatal chirge
Qeop = Up + Q ikl

Cheek thae Q0 == Q.o 0

3.2 Twd CHARGE UNITS 1IN ONE DRILL HOLE

The depth af che trench Z==1.5 m.

1 Muwigum co=ord inaring vharge
an—urd fkgd secerding te tahle, Appendix 1§
F Sumber of holes actosy wid:th
n adreerding to tables For trench blusating
3 llale depth
# (w] acrarding 1o rables for treach hlastlng
* Practical kurden == 0,k n
) ¥, (=) according to table, Appemdix &
Qrg-ard = )

5 Practical spacing
BT A (m)

Lawcr charro wuni:

Leger_holzem chiargc
& Welighs
I:'J:.] = uca—ard 1ka}

{depends on the practical hurden)



eight

hyy (=l Givurding the chosen charge ualy

2 leight af sand plug

h, Z=1.0a )

Upper charge unit

9 Length of resncat part ef Lhe drill hele
uscd far charglng

hr = = hhl - h! (m}

Il Weight

Q¢ according to diagram, Appendin B [s1ith
tFench depth = hk amd practical hurden * vt}

{nly ?51 o Qh is demundued.

Gy = ®75 4, (kg
11 Height
M (my accerding the vhowwen charge wnit.

Upper_selumn chirgs

12 Charge voncenirustion

. avearding Fu tohlo, Appemlis A
I
13 Uncharged PaTl

h, =u.im

14 Heizht

hpu = h, - Ry, - hy {m]
1% Weighe
qu - tpu . hr‘“ [kg?

16 Total wpper charge
By = Dy * qu T

Check that G, = G, orl

If pot, y¥ou have 1o reducc the column charge if
possible. Grhorwine you have ta reduce burden and
Spacing maray,

17 Tortal charge

Qtﬂt - th * Qﬂ (eg)

1 CAUTIODUS TUNNIEL BLAST!SOG

There has been 8 gieat ncreads duripg rocent devades
vancerning dnnnel Lfusting, Yermer ¢unac hlasting was

performad in mining . Today tunnets ate being hlastod

for foaccpt miningl water, Jdrain remole district heoting,
tralffic, ratlwdays cte. Today storage e rock (o1, wuater,
Tlyuid gaz etct is of Rreat importapce. Blas:ing under-
ronnd wi Ll e most o dieing The mest s ades,

Khan blast i vmdorground In hnbll-np areas, yun uswal ly
arc in the jmmediate vicimity of cxjating buildinps.
Cautious fupnel blasting thereforse hos bevcome 4 Ccommen
cmpllayment whin working with the daboye ment jogned
OpurJtadas. Where g tUnnel pisses under orf in jmaedidce
viginlty of buildings ¢r senaitive installations, groumnd
vibrations consziiute the primary prohlem. Air shock
waves dnd [1y rech eccuT wmhem tunncis 46 bBaing apencd,

There is & preac demand for experieonce and ahility of the:
persopnc]l cnpgnged in coutiout toanc) blasting. [ring the
last decades, rhe technique of unterground hlastling haa
developcd extremcly ropid. In spite of that, §t is
impassible Lo give genrral valgulation principlos.

When blasting tunnels, you are working with constricted
hofes. To ger less ground vibraciesns, you have Lo limit
he co-ordiniting charge and reduce the canstricrian. The
following advice ¢an he talen into conalderation.

= liic @ sultable ignitton pagtern with 10<s drlil halea
pec delay numbor,

= Rediie apacipg to got teass chargd in vach Jdritl hele,

- tkese 4 fitting JrEll hale Jdisweker te get the right
apaving amd charge in cach drill hele.

1.imit the advaace in each round.

= bivide one round inle several rounds, blastlag just
4 Couple of holes 1n each tound.

Tormelr The usc of Jdirferent rypes of vats with angled
drill ﬁﬂ1f5 fe rV=vub] was vonsidercl En give Tvas prouml
Milrab tuons than paral ol hele vuts, Today pon cun uae
parallel hwle vubts with Gne ar twa capty Jarge holes wlth
satiafying resulr. .



mitani the advamee 1% o very g bahf oacasiine te
cedug e comstrivtieg ikl fhe grwml vibrurians,
“Advamces of | och |4 m 3are then tather vaoman.

Expericnce and inowledge tegeiher wilh precision are
today the most jmportanc qualitics iu wnderground
blasting in jeneral amd in cautjous undergrennd hlosting
in particular, giving better result tham =cst general
raules,

5 ECOROM!I AL ASPCLECTS AN
CAUTIONS ELASTTIS

1=

When hlasting in areas, whers ¢onsideracion muat he

- taken 0 ground vibrations, air shock wavecs and {1y rock,
the hlegsting vests naturaliy lacscases. Among ocher things,
this depends oa:

= An indrease in oapecific drilling

= An Ingreuade in charging vosts

= A larger pumber af %lasting operatloens
= An IRCrease in cavaring Cosls

- An dncrease it ¢oats for planning, ilaspections,
modsUEing, contacts with Jechorities, Imsurance ety

~1t 13 very difficulr tq aske gencral calrulacions: of the
increase of hlasting fasts for catitiouws Blazting. An ChAaMplT
from o praciivil vase |0 hseden gives ns the corts i
relation to che perwitted graund vihration:

Permissible vihratan velacloy Rolative cost
/s
Free hlagting a

M 2 xa
50 Yzxa
35 i xa
5 Taa
18 In x a

Note: This if just from onc practicvsl case.

Angther cxample is the following Jdiagram, whete rhe <50 of
small Jiaeeter Jrill hales ol limitcd hench helght le
pre-assuded. The diggrom shows the effeet of ground
¥ilbrarioa restricizons on pute hlasting wori. i1 can he
sren [hat Che costs are partivelariy helgh within a
distance of I8 m Eram buildings or 'installaziang.

I BELAyi bk L D R e

CasTs
PERMTIRD vIRRATION
o fa

20
50
0

o) 30 S0 30 0 U [Ty
e

Khen calqulating costs Jar vautious hlas:iing yoo have

to [Ipd the oprimal soluzien Tar the sshjeci. S5omclimes
yab ¢an peralt @ damige ap a building 0 the ecanamical
compensaticn is [oss than the increwse of the blasting
caste. Ylannlhg and coleulatlng vautious blascing dremands
neraonal with gredt knowledge and ewperience.
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: CAVUTIOUS "APPENDIX 5

r
! ;
gtion of relumn charge : ~ TRENCH RLASTING :
. L b el LI )
B — o o " Bormeew
PEACTICAL | KINIMUM SLITARLE CHARGE § CONCEX- { TRERCHOEFTH (m} - -, - - - A avm
BUADEX CH:RGE EXPLOSIVES TRATION . ) I | 3 HOES IN Wit
CLHCENTRA- . P A - ; oot
TIGS | : | ' | P :
v I oo i '
1 P , i 3e 7 Coy - N
[m) (k7 DxB/m) kglel (kg DaBfz) | . ! . P- L
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. i ‘ . i
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MECANILA DE ROCAS APLICADA A LA MINERIA ¥ A LA CONSTRUCCION

CIMENTACIONES RHTLADAS EN ROLA

ING. RAUL CUELLAR BORJA

JuLio, 1982

vde Mineria Calle de Tacuba 5  peimar piso Deleg. Cuauhtamoe 06000 Miéxico, D.F. Tel.: 5213020 Apdc. Postal M-2285



CIMENTACIONES ANCLADAS EN ROCA

ING, RADL CUELLAR BORJA
AUXILIAR TECNICO
Com1s16M FEDERAL DE ELECTRICIDAD

SE PRESENTAN EN FORMA RESUMIDA ALGUNAS EXPERIENCIAS SOBRE
EL DESARROLLO TENIDO EN EL USG DE ANCLAS EN CIMENTACIONES
APOYADAS EN ROCA, DENTRO DE LA COMISION FEDERAL DE ELECTRL
CIDAD, DESDE 1972 HASTA LA FECHA, EL DESARROLLO DE ESTE -
TIPO DE CIMENTACIONES HA S1DO PROPICIADO POR LA HECESIDAD
DE SIMPLIFICACION DE LOS FROCEDIMIENTOS CONSTRUCTIVOS TRA-
DICIONALES, DE SOPORTAR LAS CARGAS DE TENSION CON PESO PRO
PIO Y/0 PESD MUERTO DE LAS CIMENTACIONES., LO ANTERIOR HA
SIDO FACILITADO A TRAVES DEL USO, CADA MEZ MAS EFICIENTE, -
DE LAS MAQUINAS DE BARRENACION EN ROCA,

EL TEMA COMPRENDE LAS SIGUIENTES PARTES

A] - EL uUSO0 DE ANCLAS EN CIMENTACIONES APOYADAS EN RUCA; -

ES BASICAMENTE PARA SOPORTAR CARGAS DE TENSION, MEN--
CIONANDO LAS VENTAJAS ECONOMICAS Y DE CONSTRUCCIGON,

B).- DESCRIPCION DE ALGUNAS DE LAS SOLICITACIONES DE CAR-
GA EXTERNA QUE SE PRESEHTAN EN LAS CIMENTACIONES AN--

CLADAS EN ROCA COMO SON : . PRESIGN DE VIENTO, EFECTO
DE VIBRACIONES SISMICAS O DE MAQUINARIA, EMPUJES SO--
BRE MUROS DE ﬁDNTENC[DH, ROTURA DE CABLES, SUBPRESI&N
HIDRAULICA POR ESCURRIMIENTO DE AGUA SOBRE ESTRUCTU--
RAS HIDRAULICAS, PRESION DE PORO POR FLUJO DE AGUA A

TRAVES DE LA ROCA DE CIMENTACION EN ESTRUCTURAS HIDRAU
LICAS ., SUBPRESI0ON ATMOSFERICA POR EFECTOS DE FLUJD -
TURBULENTO EN ESTRUCTURAS HIDRAULICAS Y FUERZAS DE EX
PANSION "POR EFECTOS DE SATURACIOK DE LA ROCA DE CIMEN



cl),.-

E).-

F).-

CIN.

RELACIﬁN DE ESTRUCTURAS Y ELEMENTOS ESTRUCTURALES ---
MAS USUALES, EN LOS QUE SE UTIL1ZAN ANCLAS PARA SOPOR
TAR LAS CARGAS DE TENSIDN TRANSMITlnns A SU CIMENTA--
cruu ENUMERANDO LAS SIGUIENTES: MUROS DE anTEmcléN,
ESTRUCTURAS HIDRAULICAS, TENSORES, COLUMNAS, TORRES,
MARCOS, MUERTOS, BASE PARA MAGUINARIA.

CUNS]DERAC]DNES SDBRE EL ﬂISEﬂD DE CIMENTOS ANELADDS
EN RUCA TANTD EN LD REFERENTE AL CDNDCIMIENTD DE LAS
FRUPIED#DES GEUMEC&NICQS DE LA ROCA CARACTER]ZA---
CION DEL MACIZD ROCOSO ), INCLUYENDD LA DETERMINACION
0 SUPOSTCION DEL FLUJO DE AGUA A TRAVES DE LA ROCA Y
EFECTOS DE EXPANSION DE LA MISHﬂ.PDR SATURACION, COMO
EN LA GEOMETRTA MISMA DE LAS CIMENTACIONES PARA AUMEN
TAR SU RESISTENCIA ESTRUCTURAL, TRATANDO DE ELIMINAR
0 DISMINUIR APRECIABLEMENTE LOS MOMENTOS FLEXIONANTES
DE TAL MANERA QUE RESULTEN ELEMENTOS ESTRUCTURALES --

'SIMPLES CDMO: CDLUMNAS CORTAS, MUERTOS DE ANCLAJE, MU

ROS EN VOLADIZO, ETC. SEMECIONA TAMBIEN LA REVISION

DE LOS EFECTOS POTENCIALES DE CORROSION EN LAS ANCLAS
¥ SU PREVENCIGN,

DIBUJOS MOSTRANDO LA GEOMETRIA Y REFUERZO ESTRUCTURAL
EN DIFERENTES TIPOS DE CIMIENTOS ANCLADOS EN ROCA - -
{ SE INCLUYEN BASES PARA TORRES, COLUMNAS Y MARCOS; -
MALACATES Y MAQUINARIA, ANCLAS PARA SUJECTON DE TENSO
RES Y MUROS DE CONTENCION ),

LY

EJEMPLO SOBRE LAS CONDICIONES DE ANAL1SIS QUE DEBEN -
HACER EN EL DISENO DE ANCLAS PARA UNA ESTRUCTURA HI--
DRAULICA VERTEDORA, CON CANAL DE DESCARGA Y TANQUE --

AMORT [ GUADOR.



] - SE ANEXAN ALGUHAS GRA:IEAS DE CAQGA DEFDRMACIDN RE--
SULTANTES DE FRUEEAS DE CARGH DE CDHFRESI@N ? TENSIﬁN

EN DOS ZAPATAS DE CONCRETO ANCLADAS, PARA TGRRES DE -
TRANSMISTON,

CIMENTACIONES ANCLADAS EN ROCA
USO_DE ANCLAS : - PARA SOPORTAR CARGAS DE TENSION
( EN SUSTITUCION DE PESO MUERTO )

----------

VENTAJAS Ecouomtcns Y DE CDNSTRUCCIDN

- REDUCEN O ELIMINAN EL VOLUMEN DE EXCAVA-
CI6N,

- REDUCEN EL VOLUMEN DE CONCRETO

~ DISMINUYE EL TIEMPO DE CONSTRUCCION,

CARGAS_TIPICAS SOPORTADAS POR ANCLAS

+ VIENTO |
VIBRACIONES - NATURALES - ARTIFICIALES
EMPUJES - DE TERRENO - HIDROSTATICOS
ROTURA DE CABLES
SUBPRESION HIDRAULICA - FLUJD DE AGUA SO
BRE LA ESTRUCTURA

= FLUJD DE AGUA A TRAVES DE LA MASA DE -
RDCA.,

+*SUBPRESION ATMOSFERICA { EFECTO DE CAVI-
TACION POR TURBULENCIA }

+ ExpANSION DE LA ROCA O DE MATERIALES AR-
C}LLOSOS,




CIMENTAC IONES ANCLADAS EM ROCA

USD DE ANCLAS : PARA SOPORTAR CARGAS DE TENS1ON

{ EN SUSTITUCION DE PESO MUERTQ )

VENTAJAS ECONOMICAS ¥ DE CONSTRUCCION

REDUCEN O ELIMINAN EL VYOLUMEN DE EXCAVAC10N

REDUCEN EL VYOLUMEN DE CONCRETO

SE ACORTA EL TIEMPC DE CONSTRUCCION



i CARGAS TIPICAS SOPORTADAS POR ANCLAS

VIENTO

VIBRACIONES .- NATURALES - ARTIFICIALES

EMPUJES .- HIDROSTATICOS - DE TERREND

ROTURA DE CABLES

SUBPRESION HIDRODINAMICA - ESCURRIMIENTO DE AGUA SOBRE LA ESTRUCTURA
SUBPRESION HIDRAULICA - FLUJO DE AGUA A TRAVES DE LA MASA DE ROCA
SUBPRESION ATMOSFERICA - EFECTO DE CAVITACIGN POR FLULJO TURBULENTO
EXPANSION DE LA ROCA O DE MATERIALES ARCILLOS0S

EFECTOS DE TEMPERATURA



ESTRUCTURAS ¥ ELEMENTOS ANCLADOS EN ROCA

MUros DE CONTENCION : -

ESTEUCTURAS HIDRAULICAS

- ESTRUCTURAS VERTEDORAS
- CANALES

- TANQUES AMORTIGUADORES
- [ESTRUCTURAS DE DESCARGA

COLUMNAS
MARCOS
_ TORRES
TEMSORES
MUERTOS

BASESs PARA MAQUINARTA



CONSTDERACIONES SOBRE DISERQ DE CIMIENTOS ANCLADOS EN ROCA

CONOCIMIENTO DE LAS PROPIEDADES GEQMECANICAS DE LA ROCA. CARACTERIZACION,
EvITAR MOMENTOS FLEX!ONANTES EN LA BASE DE ClMENTACIﬁh

TRATAR QUE EL CIMIENTO TRABAJE COMO COLUMNA CORTA

CERRAR LO MAS POSIBLE EL PATRON DE AHCLAJE

.PREVEMIR EFECTOS DE CORROSION EN LAS ANCLAS

FARA EL CASO DE SUBPRESIAN HIDRAULICA °:
- DETERMINAR EL GRADIEMNTE HIDRAULICO ; { FLUJO A TRAVES DE LA MASA DE ROCA )

DETERMINAR EL POTENCIAL DE EXPANSION-PRESION, DE LA ROCA O RELLENOS ARCILLDSOS

LA LONGITUD DE ANCLAJE SERA FUNCIOM DEL MATERIAL DE MENOR RESISTENCIA ( ROCA, MORTERO,
LECHADA, RESINA EPOXICA ) Y DEL TIPD DE ESTRUCTURA DE LA ROCA., USO DE GANCHOS DE AN--
CLAJE.

ParA EL CASO DE PRESION HIDRODIHAMICA

= DETERMIMAR EL IMPACTO SOBRE SALJENTES DE CONCRETO O ROCA EM FUNCTON DE LA ENERGIA -
CIMETICA DEL AGUA,



DISERO DE ANCLAS PARA UM VERTEDOR CON TAMAUE AMORTIGUADOR

CAS0S DE ANALISIS - TAMQUE AMORTIGUADOR LLEMO
- TAMNQUE AMORTIGUADOR YACIO -
- TANQUE AMORTIGUADOR OPERANDO

EL DISERD SE REALIZA PARA RESISTIR EL EMPUJE RESULTANTE DE LA COMBINACION DE LAS FUERZAS -
SOLICITANTES Y DE LAS RESISTENTES POR PESO PROFIOQ. '

. HACIA ARRIBA CARGA DE VELOCIDAD O DE SUBPRESION { LA MAYCR DE ELLAS )

L

SUBPRESION ATMOSFERICA
EXPANSION DE LA ROCA POR SATURACION ~

]
1

. HACIA ABAJO : PESO PROPIO DE LA ESTRUCTURA

PESo DE LA MASA DE ROCA, SUJETA CON ANCLAJE

PESD DE LA LAMINA DE AGUA



NOTAS:
Concrato fl =140 Kg/cm?
Mortero: fc =180 Kg/em2
Acero pedestal y anclas 4 ¢ 1"
f; = 4000 Kg/cm2
Acere parrilla y esiribos,
fy =2 530 Kg/em?
Parrilla 6 @ /2" dos direcciones
Estribos S onillos @ %"

LT. TIZIMIN —CANCUN
TORRE—B
CIMIENTO ANCL.ADO {Pilon)

JUN. 30 /1973, MERIDA, YUC.

Acot. an cm.




PRUEBA EN COMPRESION ZAPATA PIRAMIDAL (Pildn) MERIDA

CARGA TON,

-

11 Sept. 1973

- e
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Micrometro No, §
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+ " 11 SEPT. 1973

PRUEBA EN TENSION ZAPATA PIRAMIDAL (Pilon) MERIDA

CARGA MAXIMA 46.8 Ten.

501 . ) ____@'_/=____'...._
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. 40+ .
z 7
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NOTA: yo se presentaron fisuras;”

e

_ {:E i 40 x 40 cm.
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NOTAS: 1 ¢
i ~ ” _ Concreto fc =140 Kg/cm?
: "'_"}.' e Murtarn en anclgs f'e =180 Kg.ﬁ:m
B B A L - . :Acero en pedestal 4 @ s’
. _ < Acero en zapato _ B ¢ 11"”.,.
.| ‘=l - . Dos direcciones,
; » - .+ Ewstribos- 4 @3/8"
' ' 1 in Tal f% = 2580 Kgfcm
TO u
; - - = Acerc en anclas ~ 4 & 1
~ , 'y = 4 000 Kg/cm?
ﬁ - - ' ~Acol. en cm,
-
20
I'ilw ]
| .20
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|
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|
2b0 PLANTA
I T TORRE — B '
1 .= LT. TIZIMIN CANCUN .
R CIMIENTO ANCLADO: '

Jun. 30 de 1972 Merida, Yue,
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29 Jul. 1973

PRUEBA DE TENSION ZAPATA CONVENCIONAL, S.E. CANCUN QRO

TON.

CARGA

30-

22 Ton. Carga de Ruptura
de la Zapota. '
. mer—— L _
20— o ,
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DESPLAZAMIENTOS

EN mm. {Hacio Arriba)

I e
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CARGA TON.

Ly

: ;
FALLD EN EL CONTACTO LOSA-COLUMNA

LY

5

- 4
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PRUEBA DE TENSION ZAPATA MERIDA

-

Ll

-

" 11 Sept. 1973

5041 ! /41 Ton. (Mox.} -
40- , __.-#_"___:_ﬂc/_ © 35.5 Tnn.:,‘
304, e |
| -~ . (Con esta cargo,se
20~ 7 ) . \ -fracturd toda la
g ; ) b losa de lo Zapata).
10- ; i ¢k
F . .
C | | ! | ‘
.+ . = 100 200 300 . 400 °
) ;DESPLAZAMIENTUS E§N D.l?‘l m . *
y (Hacia Arriba). R
—-
. Columno 40 x40cm,
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140 " Fracturas -
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, Zapato 140x140x2
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RUTATIONS

FGURE 1517 The rolstion of » plars
bt @ e o1 b, T -

required rotation, and then retuming K Lo Ita
origaal position. The mcond U mors direct,
though pethaps 1omewhat mors  tims

CONFImEng.

.
-
o

29
PRELEM ' s

Aolair the plane (N BT E, 52 5] M0° tlxckwim,
viewed lpating Loward Uhe Aorthest, stbovt an 11k
plungang 33" ter the H 42 E.

APFROACH

At g pole Profaler sbout Lhe ath R #{th comatlanl -

sngle, af will penarally deserite o gmall circle on the
rurtace of Lve rphees, This cirele projeeis a9 y kmall
circle on the stereanet, While i 13 useful 1o draw
this civchr a2 an gid to vicualizateen [Fig. 11,14, v
Chapter 14 [or the muthed), it b nol necswary Lo
do s, A shrtch will dee The constructien technigue
eondlsly uf telating Whe plane containing bolh (he
roiutloned wue ard b ling Ln questlon, Tather than
rotaling the lime dizectly.

COHITRUCTION [Fig 11.14; sftar Turrer e
Weer, 1033 p. 830

1. Piab the rolstionil wxis 8 and the pole Pof the

Plase 1o be rotated.

1. Comstrach the poeal cirele Lracy reprewnling the
plane perpendicalar to R,

1. Coratruct the Iracy of the plone conlaining #
and R lo intersect the plane af siep 2 ot £ The
angy brbwwrn Poand B can be oy roud (= 4170
4. As F rotaies aboul R, 1 too wll he [ine of
lslerwecilon L rolnte bn Lke plame propeagicular o

+ A.To find the fnal poaliton of L (= L'} eount off

the equited 20° fom L polng clockwhe, o thl

-’

L

v b - :

GRAPHIC SOLUTIONS WITH THE STEREONET

plane

FIGURE 11.10 Thea line of Intersection of twe planes, Irl The m;!rlp Hiw the plbl
howing the plurnge sxd pitch

ot Tine, Y THe dihedrad wighe Berwesn e e

the overlzy is revoleed so that R roincktes

. with the norhscuth diameler of Lhe nel In
this position, w rotauon moves poinis atong
the small circle paths. In Fip. 11,12 u planae
dipping 64" i5 ratated anbclock wise as viewed
from Lhe souith end afl R, Although either
noints or grezt circles may be rolated, U will
be found that werking with points & much
eatier.

It is sometimes nocersary Lo rorale @ b
turzl clemerl Lo honzontal and beyond. Fig
11.17 iNuetrates how Lhis is handled. A line
(A0, 06 2 FY b rodated anbicloekwis= 1007,
Alter just holl of this relation the point liey
aa the pnmibive ~ihe ling is horgontal With &
further increment of rolalion the other end of
the hne muves into Lhe lowet hemuaphere al a
pasnt dionetrieally  cpposibe amt proseed
along the dame small circle,

Two melhods for rolaling abwil an inclinesg
axis gre svailable. The [l depemds o0 pike
vious mellhiods, und consists of rotanng £ w s
horizandal  aficnuation,  perfarming  the

Tha rouion of 1 plew
L Moy B v Tic M axis,

FIGUAE 11.11

FIGURE 11,14 Asotalon of » plans abwout
an irclirad 2ni '

HGURE 1173 Tha rotation of a line ta
e horzontad and bayond,

-
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L1 I . GRAPHIC SOLUTIONS WITH THE STEREONET

amply, l.ht e paxwey throuph the primilive o
Uﬁll the B0* W mewsured s Lwg wpowenly (15"«
(18}

ROTATIONAL FROBLEMS

It 11 afen of intereat Lo determing Lhe
onenlation of & given fratore a0 [ exinted
belore tilting ¢ Fisher, 1938). Simple examples
Isclude the restoratian for paleopeographic
ttudies of primary sedimentary fealures such
s curTert finezlicng (e Potier and Feltijohn,
1963, p. 2591 and the prelil stbitude of

sbructures betow an angular uncomiormily.

The most common type af tilting moyement
occuny duarng Talding, bubl mey abwg be
amociated with faulling, With Oexurel folda, 1L
lr 3 vimple matber o unfold Lhe siructure aod
thut restare Lhe Pedp ko honzontal position.
Frovided there are no distortians dus Lo strin
the sarous [estures contained within the
folded rorks are Whereby alio retumed Lo Lheir
« angna posithana,

Te rstore o horzonwal the beds of o
nonpiunping fold, the bedding planess are
roteted ghoul an wxis parallel to Lhe sicike of
the beds which i1 wlgo peralld to the fold
Xt through an songle rqual to the dip angle.

FROBLEM

AR jnimed bed o wndstone (N I0E 20 W}
conihiey craw beddmp (M T2 W, 11 5) Determine
e opzangd cunent direclion,

CONSTRURTICN IFK. 11,15)

L. Firn plot the pole of the crou beds {=F), and
then che sandlane d gy w greal clrele (=Plane 11
T Witk Plane 1 atill in the plolting pesition, Lthe
redan.gr sl g, which b gl L Line af sirike of the
undiione btd, 2 nerth weth,

3. To rente the nduinpe bed Lo hotigoniel|ty
Fiare 1 rotekm 297 1% the primabier, AL lhe wme
LM+ * moren along 0 pmall ciccle i Lhe me
Wr.on and by the e amound to F

4. From thu new po' poution M the freat circde
Tprresting (R TEilored fros bedding can ba
dras = «=Flant I). The orlpinzi current ditection
Pyl Lo LR QD

AMIAER®

The ebgined sillody of Lhe ermcabrds wa
KETE 105, end (he paowiated curment mgeed
w574 £ Moke Wyl If the ofenbalion of the
uited proge-bieds B amamed o e Decl thr criptaal
rurress durwclion, an et of 417 o intmduced.

SR RO B
The movement leading Lo the develupimen

of a plunging {oid can e consideoed Lo b
Lwd rotationd) kxed: one ol them the fglg

.exiv, and the olher » horizontsl suis Pt

perdicular Lo the Told axis. Revernng the
roaticn sbout these two sxer unrolls by
foud.

FIGUAE 1118 The rwo 1Nl probiem.

PRdILEM

Civgn an antictine plonging 107 dus north, Frds
oh the essit Bimb [N 19 W, ED E} confion snie
rwsking which trend dur gusl. DelrMine hr
orginal oriemtation af thly sed:mentary i tion

T CONSTRUCTION {F1g. 11.16; ahier Remuy 1861

1. Flab the gramelrical slements of Che prebliem
Fant | = plane bedding, = Lnestian wilhin
beddimg, and F = Told wais,

1. The ralation af Peoe 1 wnd § aboul the e hned

i Feould be comvimooied (oa o Fag 10,300 bt

there b & umper approach. i 1he bedy are uniolles
aboul thre (014 weis, Uee repull will b o0 plers
dipping 307 dur nonth. Dunng IMis Tolabon, 12
anpe betwren [ and F repans comtanl, Thue The
plane afier the Nnl rotalan (= Flase 2] ang ihe
aaeps igtred Tinealwoh (= ') can b plotled dipety
3. In pating Hane I gboul e hine of sinie Le
honzpnlally, the linesiion moves Wong & w=E
citele [o the primiliee [= F°).

ANSWE R

The orgiral trend of the sdimentary linestn= )

it NEXE. Apuin, il g qomerlion b grond. b
<ontidersble error rmdlts.

-

LE 18

ROTATIONAL PROBLEMS ] ) 13
o
ro

o - N
"
Iz
L}

. e :

i :
- L S
-, L
4 "’I Fl .

- R

vuoe

P T I T e

. - LT

0o
FIGURE 1118 Unloding sbour an’ ie e
", SHinedaain, : . woomor e
- L] - 1 - 1
:EFIEISES . I| i . T, . - PR L

Construct n stereogram 15 em in diameter of the 45" great and wmall eirelnn
graphically or with the ald of equations {11.1) and {11.2]. Compare rﬂw results
with the printed Wolld nel.

_ Repeal erercises 2 and 3 of Chapter 1. Compere the mreorrlphi: und

arthographic projection methods [or sccursey ang apesd.

Determine the plunge of the line af interseclion snd the piteh af this line in ona
of the plames Lot eich of the follawing pair of planes:

& HEQW JE3;NISE.2DE. [Ans:
b, ‘I I5E, 33 W, W 36 W, 70 3w, (Ann;
¢, MNEGW, 50NN 25 F-. B0 (verticall.

A plane roptains two linear structures: Line 1 (30, ¥ 40 Wi and Line 2{20, N 10
E) What is the sttitude of Lhe plane, and what i1 the angle between Lhe twa Liner
meatursd in the plane? {Ang ; Plane = W48 E_J0 NW)

The bedt below on sgular unconformity bave an atttuds of W 30 W, 40 W. The
tequenct Above L ynconformily i wiled (N 20 E. 30 E). What was Lhe atlitude
of the lower brda hefors Lhe Dilting of the Younger beds scrumed?

A anticlinal fold axiy plunged 24, W 49 EC On the east limb, where beds have an
attitude af N 5 W, 32 E, the ceest line of currenl ripple marks pitches 70° N in
the plane ol the bedding. What was Lthe preult onenlation? Compare the revalt

Plunge = 1T, 543 Ey

with Lhat based on the asumplion thet the ({ued hneation sdequately represents |

the original direction. Commuent,

A [old plunges 50, N 15 E. At s point on the overlurned imb, » lineation w found
to trend due ewmst, wnd the slrike of the plunt cortaimag the knrsuon i dus

Pitchin Mane 2 = 35'NY |
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GRAPFHIC SCLUTIONS wiTH THE STEREOMET
(]

north, What was the orientstion of the lneation befone folding? {Th
miormation ta 1obre the problem. Aaw: H 10 W) folding? (This 1 aalficlent

Rm_t: A hne (40, M 45 W) 530° enbiclockwise (a5 viewed northward along the
Potationak axis) about an Inclined wxis {30, N 20 W} Forform this maneuver in
two ways: !:I} ma s_\in;:e rotabicn about the inclined wxis, and (2} 11 & werie of
rteps invedving rotilion of Lhe axis 1o honzonlu, ratsting the line sbant the yxis
and reluming the acis o t originad orfentation. .

e

Preblems involving the angular rebatinnthypw
of line and planes may also be sobved with the
methods of dewoplive geomeiry, aithoagh
the advantaget of umng Lhe atereographie
projection should bre tbwigus. |lowever, if
certnint problems are o be aolved graphieally
then the use af the sterronet is indispentile.

*The Wpsdimenponad geometry of a roch -

mass, especially il complex, is ooe of Lhese
problems. The same basie fechnigues may alw
be opplied with prefit o much umple
wlupliony, and thi o & convemenl way lo
introduce the methods,

SPOLE AND BETA CIAGRAMS

i cylindrral folda the hinge zones may be
tog smooth to alow securate Deld moasure
ment. or lhe folds may be Loo lirge or
ineamietely expased, T astituder wlong the
folded surlpgit can be meosured, Lhe otiondn-
ttan of the fold axis muy be determined by &
umple plob of Lhe dale

PROBLEM
With the [otlanlap sithude dats, fad tha fold
ke

HERE, ) NW
KBOE, £5 NW
KEJE 1BN
NisE 3 3E
NA1E W 5E
. WInE.IDE

WETHGOS

Therr ore twd SidTerent, ihowph spieabral
APPrsthes.

Mo e b D

*

1. Orilé guram, Fut exh meswied plane o
preat eilie AR wll inlestenk ab cne puind, Lalled
el ey big 0 1eh

2. Spule or Pl dara Bod the poles af ihe
measured planes Thiee define 3 greal Gilele, and
Ehe pobe of thit plane is Ut Jaxn (Vi 1Y 181

FOLD AXIS AND AXIAL
FLAMNE

The rrawn (ot varefuliy  Jdulinguitheng
twrtwern the hanpe e amed e fabd s may
pow b apprecialid e e = fuld avis i
thi enunple vluEa lrepa Lhe pelatonadup
Betwren any 1w afbtieles, and theerlure all
pthatides Lhes aves B mospe e horationon
thye Tulid, only anentaton ooy Fude al Tuhls,
the hinge s aned e fol] asis ape parallel,
but ey peder to guate thleoenl a3peets ol Ihe
Ioid. Io sienphe vylimdre gl Tokly, there 14 &
gimtbat Tty Bt neen the piharaid Ringe
gurfaee of & bl arnd (b assal plane, and
there B an mlegrefatinmdup bel®ean luith
paity vl [ealures, as & simjte rrample wall
itluatrale.

PRASOLEM

Cuvent the paap of 30 cortluined, gohf iR act
dline, 1Fig “10 21 =€ wnh o determine he
atbilyre o Gl Toled anes Bvd Lhe awipl pieny
CONSTRUCTION {Fg 10 281
1. An 5 pole diagrem nf the pilitade around In
(i owrnies Lhe 1 g0 ts
2 Wil 1 cheschon knpwn, & prefer may hea
br sungrgbed Lo Turdle e dres of Lhe hiags
uripr f A bas md hewn fognd by mote dorct
mesft Jhe Lrady redirs i g L Mg

14
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i ] . dh iy

g e, i (33 Vg chiagr ™, B
he 31T of Y (.0 md 1he HEL uf the hirpe ey 41V 1-“ I"

1 il ¥ 1.1 pll [ i L] H fl d

3. Addle 1y EErtOprAM Lrallsl to Lhe waltal 4 Foia, me Lo [

which b #l# P f. Furan svertiert e maw BYC
plkge surfacd, 8 wxis js paralles pu Ihe 2xtal plans. folg axa tHaF he dmlippaled Lo (7 o
v e plane A the ra' a5 sppurrrt i ol prat plane. 9 Lion "." Turp-y #hd Foed. 1L B Ll
J et in eilfrct. e tnraugh the Bri inlenes Iyt
" Tmenlon Lhe prril Cifc . -

e T L1

*': are! gy frmm mop LY M nl

anke Al dv
ACURE 117 Atths bt arwd amat place.

& auiing told. INY Rrert oo NG

e af b

12

a The anind tren#t parallets Ihe strike of 1he
verileal & Ltu@re jpant AL

b. The plurge rqguah Lhe dip of L pizne whow -

seike b perpendioutyr b the werlicat aititade
{pewnt Bl

CONTOURED DIAGRANS

in proctice the siereographic plot of sthae
tural E