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RESUMEN

La presente investigacion tiene como finalidad la determinacion del parametro
mi sin la realizacién del ensayo de compresion triaxial, el procedimiento del
ensayo de compresion triaxial se requiere de una prensa que puede ser
mecdanica o servocontrolada. Asi como un equipo que permite realizar un
esfuerzo de confinamiento a la probeta para el cual se requiere otros accesorios

conocidos como las celdas Hooke.

De acuerdo con la metodologia de esta investigacion que es de tipo aplicada,
disefio cuasi experirnental, se realizara la determinacién del parametro m; solo
con el desarrollo del ensayo de compresion Uniaxial con el cual se determina el
esfuerzo compresivo y de la determinacion del esfuerzo de traccién por medio

del ensayo de traccion indirecta llamado Método Brasilero.

Se han desarrollado ensayos de compresion triaxial en los que se han
determinado el parametro m;, y a la vez se han realizado en las mismas
muestras los ensayos de compresion uniaxial y de traccion para utilizar los
factores de correccion y asi poder comparar los valores del m; obtenido por el
ensayo de compresion triaxial y el m;determinado por el ensayo de compresion
uniaxial y ensayo de traccion. Los ensayos se han realizado sobre muestras de
roca de algunas litologias y grado de alteraciéon diferentes ya que en nuestro

pais como sabemos tiene una alto grado de tectonismo.



ABSTRACT

The purpose of this investigation is to determine the parameter mi without
performing the triaxial compression test; the triaxial compression test procedure
requires a press that can be mechanical or servo-controlled. As well as a piece
of equipment that allows a confinement effort to be made to the test tube, for
which other accessories known as Hooke cells are required.

According to the methodology of this research, which is of an applied type,
guasi-experimental design, the determination of the parameter mi will be carried
out only with the development of the Uniaxial compression test with which the
compressive stress and the determination of the tensile stress are determined.

through the indirect tensile test called the Brazilian Method.

Triaxial compression tests have been developed in which the parameter mi has
been determined, and at the same time uniaxial compression and traction tests
have been carried out on the same samples to use the correction factors and
thus be able to compare the values of mi obtained. by the triaxial compression
test and the mi determined by the uniaxial compression test and tensile test. The
tests have been carried out on rock samples of different lithologies and degrees

of alteration, since in our country, as we know, it has a high degree of tectonism.
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INTRODUCCION

Un laboratorio de Mecénica de Rocas se encarga de realizar diversos ensayos fisico-
mecanicos a muestras de roca, las muestras pueden ser bloques rocosos o testigos
diamantinos. Los ensayos que se realizan en estas muestras, determinan valores de
pardmetros que permiten desarrollar e implementar estudios geomecénicas en las
diferentes labores que se desarrollar en multiples actividades principalmente civiles

y mineras.

Los ensayos de rocas se desarrollan bajo ciertos estdndares o normas ASTM y/o
ISRM, y con los parametros calculados permite elaborar los andlisis de estabilidad,
sostenimiento de las labores que se desarrollan en una unidad minera y que son
analizadas por los geomecanicos que influyen en las operaciones unitarias como la

perforacion, voladura, planeamiento y seguridad en las labores mineras.

Dentro de estos ensayos fisico-mecanicos se encuentran los ensayos de compresion
Uniaxial que determina el parametro de esfuerzo compresivo, el ensayo de Tracciéon
(método brasilero) que determina el pardmetro de esfuerzo de traccibn ambos

ensayos se desarrollan utilizando una prensa hidraulica como equipo de ejecucion.

El ensayo de compresion triaxial de determina los parametros de mj, cohesion y
Angulo de friccién interna este ensayo se desarrolla utilizando equipos como una
prensa hidraulica, celdas Hook y un equipo de confinamiento, lo que implica que el
laboratorio de mecéanica de rocas debe de contar con una mayor infraestructura y por

ende una mayor inversion.

El presente trabajo tiene como finalidad permitir que en los laboratorios de mecanica
de rocas existentes en las empresas mineras que cuenten con equipos basicos, como
una prensa hidraulica puedan determinar el valor del parametro mi, el cual es
importante para la determinacién de estudios de sostenimiento y seguridad de las
labores existentes, sin tener la necesidad de contar con las celdas Hook ni el equipo

de confinamiento lo que implica un ahorro en la adquisicién de equipos.



CAPITULO|

GENERALIDADES

1.1. Antecedentes bibliogréaficos

Internacional

A. Basu ¢ D. A. Mishra * K. Roychowdhury (2013), " Rock failure modes
under uniaxial compression, Brazilian, and point load tests”, Department of
Geology and Geophysics, Indian Institute of Technology Kharagpur,

Kharagpur 721302, India.

Se analizo un estudio integral sobre las formas de falla de las muestras de
roca a escala de laboratorio y es importante la ayuda para el soporte
disefiado en base a la naturaleza de una obra de ingenieria. Con la debida
necesidad, ese articulo analiza los modos de falla de unas tres litologias
como son el granito, esquisto y arenisca bajo pruebas de compresion
uniaxial, brasilefia y de carga puntual en relacion con las resistencias
correspondientes. La naturaleza del modo de falla principal cambia desde
divisién axial hasta corte a lo largo de un solo plano y fractura multiple en el
caso de muestras de granito y arenisca a medida que aumenta la resistencia
a la compresion uniaxial (UCS). Los especimenes de granito y arenisca

fallaron principalmente después de un tipo de fractura central o mditiple,
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mientras que los especimenes de esquisto fallaron principalmente por
activacion de capas en combinacion con fracturas centrales o no centrales
en todo el rango de resistencia a la traccion brasilefia determinada. En el
caso del granito y la arenisca, el modo de falla mdltiple central corresponde
a una alta resistencia a la traccion. Se presentaron descripciones de
diferentes modos de falla bajo carga puntual. Se encontré que los
especimenes de granito y arenisca generalmente fallan a través de los

materiales rocosos en uno 0 mas planos de extension.

Tuvo como finalidad analizar, comparar y evaluar las relaciones que hay
entre diferentes litologias como en este caso se desarrollé con granitos y
areniscas, teniendo como relacion de andlisis los ensayos de compresion

uniaxial, el ensayo de traccién indirecta y el ensayo de carga puntual.

Miguel Vera Barrientos, Ramiro Le6n Fagnilli (2015) “Correlaciones
empiricas entre ensayos de compresion uniaxial no confinado (ucs),
resistencia a la traccion indirecta (bts) y ensayos de carga puntual (plt)”,

Laboratorio de mecénica de rocas Universidad de Santiago de Chile Chile.

Los resultados de un ensayo de compresién uniaxial son relevantes en la
determinacion de las propiedades de la roca. Este estudio trata de resolver
en forma empirica, las correlaciones entre el ensayo de carga puntual, Is(50),
gue se determina la estimacion de la resistencia de las rocas, considerado
por su facil preparacion de muestras, su bajo costo, ademas el ensayo de
traccién indirecta o ensayo brasilero, ambos en funcién del ensayo de

compresion.
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Existen normas internacionales como ASTM D5731-14, D7012-14 y D3967-
08 que nos dan los lineamientos y normas en las que se realizan estos

ensayos.

El estudio encontro las correlaciones entre los ensayos Is(50) PLT y BTS
respecto de los datos de UCS para un tipo de roca definida como brecha sub
volcanica de composicion riolitica de la cordillera de los Andes Central,
obteniendo un error promedio del 0,15% para el primer caso, para el caso

de la traccion indirecta el error aumenta a un 0,43%.

En la actualidad existen diversas ecuaciones de regresion tanto para
resistencia a la UCS no confinada como para BTS en base al ensayo de ICP.
Todos ellos concluyen que los factores asociados a los tipos de roca en su
composicién influyen en el resultado de los ensayos, al usar las diferentes
ecuaciones se observa una baja correlacion y en algunos casos poca

confianza en los resultados.

Feijoo Calle Ernesto Patricio+Padron Suarez Jhenifer Cristina+ (April 18,

2020) Rock resistivity and its relation to unconfined compressive strength in

a mine Mining engineering Universidad Ciencia y Tecnologia

En este estudio se propuso un método de campo para correlacionar los
valores de la resistencia a la compresion simple (RCS) y la resistividad en
rocas, ya que en los proyectos mineros, muchas veces, resulta complicado
determinar el valor de la RCS, para lo cual es indispensable enviar muestras

al laboratorio, originando tiempo y costos a la empresa.
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Si correlacionamos los valores de la resistividad de la roca con la RCS,
podemos ya no se enviarian muestras de forma continua para su analisis.
Este trabajo se lo desarroll6 sobre la base de muestras y probetas de una

zona especifica

Nacional

Edgar Christian Jhonathan Tisnado Valdivia 1, Wilber Pastor Contreras 2, Stive
Spencer Velarde Ochoa 3, Ivan Laura Nina (2016) Comparacion De Valores
Tipicos De Parametros De Resistencia De Las Rocas Volcanicas en El Sector
De Totorani —Puno XVIII Congreso Peruano de Geologia, En este trabajo se
determiné la valides de las propiedades geomecanicas de rocas para
contrastar informacion obtenida sobre los parametros de resistencia de
muestras de roca intacta de una litologia especifica, Para este estudio los
ensayos se realizaron en el Laboratorio de Mecanica de Rocas de la Facultad
de Ingenieria de Minas Universidad Nacional del Altiplano de Puno y al
Laboratorio de la Escuela de Ingenieria de Minas de la Universidad Nacional
Jorge Basadre Grohmann de Tacna. Para este trabajo fue necesario realizar
diferentes pruebas fisico mecanicas de roca como los ensayos que son los
ensayos triaxiales, Compresion uniaxial y tracciéon método indirecto (método
brasilero) ISRM (Sociedad Internacional de Mecénica de Rocas) y ASTM

(Sociedad Americana de Pruebas de Materiales).

Cristhian German Saucedo Abanto (2017) “Curvas de relacion de la
resistencia a compresion del concreto (F’c) y la velocidad de onda medida con
ultrasonido en muestras de concreto de las cuales se desconoce sus
caracteristicas de disefio” Tesis Universidad Nacional de Cajamarca En este
trabajo se determinaron correlacién entre la resistencia a compresion y la
velocidad del pulso ultrasénico en concretos variando la relacién agua/cemento

y el uso de los agregados.

Realizaron ensayos a compresion y de ultrasonido a 3, 7, 14, 21 y 28 dias de

edad de las probetas de concreto. En esta investigacion llegaron a la
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conclusién que existia una marcada relacion entre la resistencia a compresion

y la velocidad de ultrasonido.

Por ello este trabajo de investigacion correlacionara los ensayos de
compresion uniaxial y de traccién indirecta para el célculo del mi para una
determinada seccion litol6gica. Igualmente se determinara el mejor modelo

matematico que nos dé mejor aproximacion a la obtencién del parametro.

1.2. Descripcion de la realidad problematica

En algunas unidades mineras de nuestro pais cuentan con laboratorios
gue desarrollan ensayos de Mecénica de Rocas. Generalmente no
todos los laboratorios no cuentan con el equipo y accesorios necesarios
para el desarrollo del ensayo de compresion triaxial. Pero si cuentan
por lo menos con una prensa hidraulica la cual permite desarrollar el
ensayo de Compresion simple y ensayos de traccion indirecta (método

brasilero).

Para el andlisis de sostenimiento y seguridad de las operaciones
mineras se requiere la determinacion de uno de los pardmetros que se
obtiene del desarrollo del ensayo de compresion triaxial que es el

parametro del m; .

Las unidades mineras actualmente tienen que esperar tiempos
prolongados para obtener estos valores que son Utiles para el para el

control de las labores mineras existentes.
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Estos tiempos se acortan de manera considerable con la determinacion
de este parametro por medios indirectos, teniendo como resultados el

esfuerzo compresion y el esfuerzo de traccion.

1.3. Formulacién del problema

1.3.1. Problema General

«  ¢Influird la correlacion y determinacion del mi mediante los
ensayos de Compresion Uniaxial y ensayos de traccion
indirecta sin desarrollar el ensayo de compresion triaxial?

1.3.2. Problemas especificos

+ ¢Enqué medida se controla y se mejora el grado de seguridad
en las labores mineras?

* ¢En qué medida se controla y se mejora la determinacién de
parametros de estabilidad de labores mineras sin requerir

ensayos triaxiales?.
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1.4. JUSTIFICACION E IMPORTANCIA DE LA INVESTIGACION
Existen diversos laboratorios de Mecéanica de rocas en entidades
publicas y privadas los cuales requieren sus servicios las empresas
consultoras, asi como las mineras en la realizacién de ensayos de
compresion triaxial para determinar los parametros del mi. Lo cual se
requiere para el desarrollo de este ensayo una maquina de
confinamiento y celdas Hook. Por ello las empresas deben de esperar
un tiempo prolongado en la obtencion de estos valores para el control
geomecéanico de las labores existentes, con esta investigacion se

podra:

a. Determinar el valor del mi si contar con el equipo de
confinamiento.

b. Tener un control geomecanico en mas corto plazo ya que solo
se requerirad una prensa hidraulica para la determinacién del mi

c. El nivel de riesgo disminuiria ya que habra un rapido control

geomecanico de las labores mineras.

1.4.1. Justificacidon practica
Presenta una justificacion practica, debido a que la determinacién del
parametro Mi se realizara de manera mas sencilla utilizando ensayos de
Compresion Uniaxial y ensayos de traccion indirecta en las que solo se

requiere una prensa hidraulica.
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1.4.2. Justificacién econdmica
Presenta una justificacion econdmica, debido a que se busca la
reduccion de los costos de inversion en la adquisicion de equipos y

accesorios de confinamiento.

1.5. Objetivos
1.5.1. Objetivo General

+ Determinar de forma indirecta el valor del m; , sin realizar el
ensayo de compresion triaxial y sin usar un equipamiento de
confinamiento de testigos los accesorios correspondientes.

1.5.2. Objetivos especificos
* Realizar ensayos de compresion simple y traccion indirecta en
laboratorios de las empresas mineras.
» Determinar el mi mediante la correlacion de los resultados del

ensayo de compresién simple y ensayo de traccién indirecta.

1.6. Hipotesis
1.6.1. Hipdtesis General
+ ¢Se determinara el valor del mi sin desarrollar el ensayo de
compresion triaxial?
1.6.2. Hipdtesis especificas
* Con la implementacion de una prensa hidraulica se desarrollan
los ensayos de compresion simple y traccion indirecta y se

podra simular indirectamente un ensayo de compresion triaxial.
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* Con la determinacién del mi por este método se disminuye
el tiempo en la toma de decisiones en los sistemas de

seguridad en las labores mineras.

1.7. Variables

Tabla 1.1. Variables e indicadores

Variable independiente: X Indicadores de X:

X1: Correlacionar el valor mi sin X1: Adquisicién de equipo manual de
desarrollar el ensayo de compresion una prensa hidraulica.
triaxial.

Variable dependiente: Y Indicadores de Y:
Y1: Desarrollo del ensayo de Y1: Determinacion del esfuerzo
compresion simple. compresivo.

Y2: Desarrollo del ensayos de traccion| Y2: Determinacion del esfuerzo a la
indirecta (método brasilero) traccion.

Fuente: Elaboracion Propia

1.8. Periodo de andlisis

El presente trabajo en la determinacién de la correlacién del valor
mi, tendra un periodo de recopilacion de datos y el analisis de 06

meses en su implementacion y desarrollo de la tesis.




CAPITULOI

EL MARCO TEORICO Y MARCO CONCEPTUAL

2.1. Bases teoéricas

2.1.1. Ensayos de mecanica de rocas

Para la determinacién y analisis de estudios de estabilidad de macizos
rocosos se requiere conocer, entender y manejar, algunas
metodologias y ensayos de propiedades fisicas y mecanicas de la
roca. Los ensayos realizados en el laboratorio de mecanica de rocas
sirven a las especialidades de Ingenieria de Minas y Geologica, y con
el apoyo de normas ASTM y sugerencias de la Sociedad Internacional
de Mecanica de Rocas, asi como el desarrollo de un registro de fotos
gue sirve para la interpretacion de la forma de rotura de la muestra

para la posterior elaboracion del informe de resultados.

El objetivo principal de los ensayos de mecénica de rocas es
determinar las propiedades fisicas y mecanicas de la roca como:

densidad, porosidad, absorcién, resistencia a la compresién,
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resistencia a la traccion, compresion triaxial, determinacion de

modulos elasticos, abrasion, permeabilidad, entre otros

Los ensayos que se realizan se deben de prepara probetas que
dependiendo del tipo de ensayo a realizarse deben de tener diferentes

dimensiones.

Para la preparacion de probetas de los ensayos de Compresion

Triaxial y Uniaxial, deben de tener las siguientes consideraciones.

-Cilindricos circulares

-L/D:Entre2y 2.5

-La Relacién entre el diametro del testigo y el didmetro del grano mas
grande de la roca debe ser como minimo de 10 a 1.

-La superficie del testigo debe ser lisa y libre de irregularidades
abruptas, con todos sus elementos alineados sin desviarse mas de 0.5
mm a lo largo del testigo.

-Las bases deben ser paralelas entre si, sin desviarse mas de 0.025
mm y perpendiculares con respecto al eje longitudinal del cilindro sin
apartarse mas de 0.05 mm en 50 mm.

-No se permiten testigos que estén cubiertos con otro material o que
tengan algun tratamiento superficial diferente al de la maquina

refrendadora.
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-El diametro debe ser medido con aproximacién a 0.1 mm y ser el
promedio de las medidas de dos didmetros perpendiculares entre siy
tomadas en 3 partes del testigo.

-La altura debe ser tomada con aproximacion al mm.

- La condicibn de humedad del testigo puede tener un efecto
significativo en la resistencia que pueda alcanzar la roca. Los testigos
no deben ser almacenados por mas de 30 dias. Una buena practica
es tratar de conservar las condiciones de humedad natural del testigo

hasta el momento del ensayo.

- El nimero de testigos a ensayar depende del nimero de las

diferentes presiones de confinamiento con las que se desea ensayar.

- Para el Ensayo de Traccion método brasilero la probeta debe tener
las consideraciones anteriores, pero sera un disco circular con una

relacién espesor-diametro (/D) entre 0,2y 0,75

2.1.2. Ensayo de Compresién Triaxial
El proposito de este ensayo es la de determinar la resistencia a la
compresion de un testigo cilindrico de roca bajo una presion de

confinamiento.

Tiene como objetivo determinar los parametros de resistencia al corte
(cohesion y angulo de friccion interna) y la constante mi de la roca intacta.

Se usara para simular condiciones de un macizo rocoso subterraneo.
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Representa las condiciones de las rocas in situ sometidas a esfuerzos
confinantes, mediante la aplicacion de presion hidraulica uniforme alrededor

de la probeta mediante el siguiente procedimiento:

1. La celda es ensamblada con el testigo instalado en la chaqueta y entre
las platinas. El testigo, las platinas y los asientos esféricos deben estar
alineados entre si. Los asientos esféricos estaran ligeramente lubricados con

grasa o aceite.

2. La celda triaxial se llena con aceite permitiendo que el aire salga por la
conexion de escape. Se debe asegurar que la chaqueta no tenga fisuras
ni huecos en de cada ensayo, de manera que el aceite no penetre en el

testigo.
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Fig. 2. 1. La celda Hooke.
Fuente: Laboratorio Mecanica de Rocas UNI

Fig. 2.2 Esfuerzos de Confinamiento
Fuente: Laboratorio Mecanica de Rocas UNI

3. Se establece la presiéon de confinamiento en el nivel predeterminado y se
mantiene constante, entonces se aplica la carga normal. EI méximo valor

de carga axial y su correspondiente presion de confinamiento se registran.
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Fig. 2.3 Equipo para generar presion de confinamiento
Fuente: Laboratorio Mecanica de Rocas UNI

4. Se repite el procedimiento para otro valor de presion de confinamiento.
Permite determinar la envolvente o linea de resistencia del material rocoso
ensayado a partir de la que se obtienen los valores de sus parametros resistentes

cohesion y angulo de friccion

En un ensayo de compresion triaxial:
* Lacargaaxial y su esfuerzo principal correspondiente simulan el esfuerzo
principal mayor que actla en la corteza (01).
+ La tension radial producida por la presion hidraulica representa el

esfuerzo principal menor (03).
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Para obtener un valor de resistencia a la compresion triaxial mencionamos
necesariamente la presion de confinamiento aplicada en el ensayo,
necesaria para encontrar una relacion entre o1 = f (03) , donde:

* 01 : Resistencia a la compresion axial

* 03: Presién de confinamiento

(yyyy O
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Fig. 2.4 Distribucion de esfuerzos
Fuente: Elaboracién propia

Cada par de valores 01y 03 permiten construir.
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Fig. 2.5 El grafico del circulo de Mohr
Fuente: Elaboracion propia



27

Se definen diferentes criterios de rotura pero los mas usados son:

-Criterio _lineal de Mohr-Coulomb: Si bien fue pensado inicialmente para

suelos se adecua a rocas y es usado por su sencillez.

-Criterio no lineal de Hoek-Brown: Método que se ha ido actualizando y se

utiliza para estudiar de manera clara la rotura de un medio rocoso mediante la

introduccién de variables geotécnicas y geoldgicas

0.5
'

1t 0-3 .
Ci

Fig. 2.6 La ecuacién de Hoek-Brown para roca intacta

Fuente: Elaboracién propia

* 01y 0, son los esfuerzos principales mayor y menor en el momento de rotura
* 0. es laresistencia a la compresién uniaxial

* m Yy s son constantes del material que dependen de las propiedades de la roca.

2.1.3. Ensayo de Compresion Simple

La Resistencia compresiva de roca intacta es el esfuerzo medido sobre una
probeta generalmente cilindrica la roca, ese esfuerzo es el maximo que
puede tolerar una muestra de material antes de fracturarse.

Se conoce también como la resistencia a la compresiéon no confinada de un
material porque el esfuerzo de confinamiento se fija en cero.

Los especimenes o probetas de ensayo seran cilindros circulares rectos
dentro de las tolerancias especificadas.

La probeta tendra una proporcién longitud a diametro (L/D) de 2.0 a 2.5
a esta relacion se le llama esbeltes y con un didmetro no inferior a 1 7/8

pulgadas (47 mm).
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Generalmente se debe de registrar los siguientes datos.

* Fuente de la muestra incluido el nombre del proyecto y la ubicacion.
+ Descripcion litologica de la roca.

» Condicion de humedad del espécimen antes del ensayo.

+ Diametro del espécimen y altura, de acuerdo con los requerimientos
de dimension.

» Temperatura a la cual se llevé a cabo el ensayo.

7
/| /ﬁ
ARE

L
Axial Spliting Szfn:?ar?alﬂg Double Shear  Multiple Fracturing  Along Foliation  Y-Shaped Failure

————

Fig. 2.7 Tipos de rotura compresion uniaxial

Fuente: Bieniawski 1967
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Fig. 2.8 Ejemplos de Roturas de ensayos UCS

Fuente: Indian Institute of Technology Kharagpur
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2.1.4. Ensayo de Traccion (Método Brasilero)

El ensayo de traccion indirecta o ensayo brasilefio obedece a la
norma ASTM D3967 (American Society for Testing and
Materials 0 ASTM International) el cual en su norma se refiere al

significado, uso y alcance que tiene este método.

Este ensayo consiste en someter a compresion diametral una
probeta cilindrica, aplicando una carga de manera uniforme a lo
largo de dos lineas o generatrices opuestas hasta alcanzar la rotura.
Esta configuraciébn de carga provoca un esfuerzo de traccién
relativamente uniforme en todo el didmetro del plano de carga
vertical, este esfuerzo inducido de traccién es la que determina la
rotura de la probeta en el plano diametral.

Aplicar una carga de compresion en continuo aumento para producir
una velocidad aproximadamente constante de carga o de
deformacién de tal manera que la rotura ocurrira dentro de 1 a 10
min de carga, que debe estar entre 0,05y 0,35 MPa /s (500 y 3000

psi / min) de velocidad de carga, dependiendo del tipo de roca.

Fig. 2.9 Distribucion de carga y rotura en el ensayo de traccion

Fuente: Elaboracién propia
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Para el calculo del esfuerzo de traccién se determina mediante el

promedio de valores de 3 0 mas probetas.

Fig. 2.10 Posicién de probeta en equipo de prensa hidraulica

Fuente: Laboratorio de Mecéanica de rocas UNI

2P
mxtx*xD

T, =-—
Ti =Resistencia a la traccion indirecta de la roca o mineral en
(Kg/cm?).

P = Carga ultima de rotura de la probeta (Kg).

D = Diametro de la probeta (cm).

L = Longitud de la probeta (cm).

M = Constante.
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Central Man-central Central+Layer activation Central multiple

Fig. 2.11 Tipos de rotura del ensayo de traccion indirecta.

Fuente: Indian Institute of Technology Kharagpur

2.2.  Marco Conceptual

2.2.1. Esfuerzo y deformacién.

Se denomina esfuerzo al conjunto de fuerzas que afectan a un cuerpo
material y tienden a deformarlo. Los esfuerzos tecténicos pueden ser
bésicamente de tres tipos:

a) Compresion: producido por fuerzas que actian convergentemente en
una misma direccion. Como consecuencia se produce un acortamiento de

la corteza

b) Distensién (tension, estiramiento o traccion): producida por fuerzas
divergentes que actian en una misma direccion. Como consecuencia se

produce un estiramiento de la corteza

c) Cizallamiento: originado por fuerzas paralelas que actdan en sentidos

opuestos.

2.2.2. Glosario

ASTM: (American Society for Testing and Materials 0 ASTM International), es
una organizacion de estandares internacionales que desarrolla y publica
acuerdos voluntarios de normas técnicas para una amplia gama de materiales,

productos, sistemas y servicios
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Esfuerzo compresivo: Esfuerzo que resulta de la aplicacién de un par de
fuerzas colineales convergentes sobre un plano perpendicular a la linea de

aplicacion de tales fuerzas

Esfuerzo cortante: Esfuerzo resultante de la aplicacion de un par de

fuerzas no colineales sobre un plano paralelo a ellas

Esfuerzo de traccion: Esfuerzo que resulta de la aplicacion de un par de
fuerzas colineales divergentes sobre un plano perpendicular a la linea de

aplicacion de tales fuerzas

Esfuerzo in situ: Esfuerzo a que esta sometido un terreno antes de ser

excavado

Esfuerzos principales: Esfuerzos (deformaciones) normales a cada uno
de los tres planos, mutuamente perpendiculares, en los que los esfuerzos

de cizalladura son nulos

indice de calidad de roca, RQD: Calificacién la calidad de una masa de
roca propuesta por Deere con base en el estado de los ndcleos de
perforacion de diametro NX. Numéricamente el RQD se define como la
relacién porcentual entre a) la sumatoria de las longitudes de los trozos de

nacleos mayores de 10 centimetros, y b) la longitud total de la perforacion.

Roca o Roca Intacta: Agregado solido, formado por uno o varios
minerales, que estan presentes en la corteza terrestre igualmente se
refiere a un elemento de roca que no presenta discontinuidades que se

puedan observar.

Macizo Rocoso: es la forma en que se presentan las rocas en el medio
natural. Se define por la roca y la estructura que a la vez contiene planos

de estratificacion.
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Estructura: Los macizos rocosos generalmente son atravesados por
diversos caracteres geologicos estructurales y discontinuidades de variado

origen geoldgico, como pliegues, fallas, estratificacion y diaclasas.



3.1.

CAPITULO Il

METODOLOGIA DE LA INVESTIGACION

Tipo, nivel y disefio de investigacion, técnicas e instrumentos para

recoger datos, técnicas de procesamiento de datos

3.11

3.1.2

3.1.3.

Tipo

La presente tesis es de tipo de investigacién “APLICADA”, ya que en
campo se demostrard los procedimientos, herramientas y equipos
aplicados para desarrollar dicho plan.

Nivel

La presente tesis es de nivel “DESCRIPTIVO”, ya que en campo
sefialaremos los procesos en el estudio para desarrollar en dicho plan

Disefio de Investigacion

La presente tesis tiene como diseflo de investigacion
EXPERIMENTAL Y CUANTITATIVA, ya que en laboratorio se
desarrollara los ensayos para la determinacién de los valores de mi
en los ensayos de compresion triaxial, comparando los valores
correlacionados de los ensayos de compresion simple y traccion.

Desarrollados en dicho plan.
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3.2. Desarrollo del trabajo de tesis

Hoek-Brown (1980), propuso un criterio para estimar el esfuerzo deruptura
del macizo rocoso a través de la realizacion de ensayos triaxiales y una
caracterizacion del macizo rocoso,

La ecuacion de Hoek-Brown para roca intacta se define como:

1

1t 0-3 !
O-l —0'3+O'(-‘-. m—-+s
O

Fig. 3.1 La ecuacion de Hoek-Brown para roca intacta

Fuente: Elaboracion propia

Donde ol y 03 representan el mayor y menor esfuerzo principal
respectivamente, mi es una constante que depende de la roca intacta, oci
es el esfuerzo a la compresion uniaxial.

m=m; ys=1

La constante a estudiar mi es normalmente obtenida de un grupo de
ensayos triaxiales con distintos confinamientos. El valor de mi depende de
las caracteristicas de la roca y de los minerales existentes en la muesra,
de la textura y tamafio de grano, es decir su determinacion debe ser Unica
para cada tipo de roca a estudiar.

Una aproximacion al valor de la constante mi se puede

M; = UCS/BTS



Tabla 3.1 Ensayos de compresion Triaxial

37

. . Esfuerzo | Resistencia Cohesién Ar.\g..(’ie

Diametro| Altura | Confin. . . “ Friccion

Sondaje Muestra (cm) (cm) (MPa) Rotura | Compresiva mi c Interno

(MPa) MPa (MPa) )
Nz22.012 | Me1s 6.04 | 12.40 2 115.1

NZ-22-012 | M-16 6.04 | 12.43 4 1285 101.12 | 12.83 | 16.04 56.13
NZ-22-012 | M-17 | 604 | 12.32 6 140.0
Nz22.012 | M26 6.11 | 12.20 2 114.4

NZ-22-012 | M-27 6.11 | 12.46 4 127.7 100.54 | 12.70 | 16.03 55.98
NZ-22-012 | M-28 | 11 | 1245 6 139.1
Nz22-012 | 29 6.08 | 12.24 2 104.7

NZ-22-012 | M-30 6.08 | 12.34 4 117.6 89.93 | 13.56 | 13.91 56.81
NZ-22-012 | M-31 | c4e | 1250 6 130.3
6.10 | 12.45 2 105.0

NZ-22-012 | M-378 | 6.10 | 12.23 4 117.5 91.00 | 12.72 | 14.49 55.94
6.10 | 12.22 6 129.5
Nz22.012 | mgoa | 610 | 12.28 2 113.1

NZ-22-012 | M-408 | 6.10 | 12.64 4 124.3 100.07 | 11.42 | 16.73 54.48
NZ-22-012 | M-40C | 515 | 1259 6 136.2
Nz22.012 | mussa | 611 | 1250 2 114.1

NZ-22-012 | M-55B | 6.11 | 12.45 4 125.4 101.69 | 10.88 | 17.38 53.80
NZ-22-012 | M-55C | 11 | 1254 6 136.4
6.11 | 12.21 2 113.9

NZ-22-016 | M-11 6.11 | 12.27 4 125.6 101.33 | 11.12 | 17.14 54.12
6.11 | 12.25 6 136.5
6.11 | 12.21 2 115.8

NZ-22-016 | M-24 6.11 | 12.27 4 127.3 103.96 | 10.41 | 18.12 53.17
6.11 | 12.28 6 137.4
6.11 | 12.46 2 114.0

NZ-22-016 | M-30 6.11 | 12.39 4 126.4 100.51 | 12.13 | 16.35 55.35
6.11 | 12.50 6 138.0

Fuente: Laboratorio de Mecanica de Rocas UNI



Tabla 3.2 Ensayos de compresion Uniaxial
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Resistencia a

Resistencia a

Carga de
Didmetro Altura la Compresion | la Compresion
Sondaje |Muestra rotura
(cm) (cm) Uniaxial Uniaxial
(kN)

(kg/cm2) (MPa)
NZzZ-22-012 M-02 6.07 12.34 124.7 440 43.2
Nz-22-012 M-07 6.06 12.30 284.7 1009 98.9
Nz-22-012 M-10 6.07 12.19 347.7 1226 120.2
NZ-22-012 M-12 6.07 12.24 761.5 762 263.4
NZ-22-012 M-14 6.10 12.24 575.6 2010 197.0
Nz-22-012 M-18 6.08 12.52 88.7 313 30.7
Nz-22-012 M-20 6.08 12.50 587.1 2070 202.9
Nz-22-012 M-37A 6.10 12.72 482.6 1693 166.0
Nz-22-012 M-42 6.09 12.26 323.2 1133 111.0
NZ-22-012 M-45 6.11 12.21 302.4 1052 103.1
NZ-22-012 M-57 6.13 12.35 288.7 999 97.9
NZ-22-012 M-60 6.12 12.58 313.6 1091 107.0
NZ-22-016 M-01 6.08 12.45 120.3 424 41.6
NZ-22-016 M-03 6.11 12.40 214.6 748 73.3
NZ-22-016 M-06 6.10 12.38 184.7 646 63.3
NzZ-22-016 M-09 6.10 12.46 75.8 265 26.0
NzZ-22-016 M-15 6.11 12.53 538.3 1878 184.2
NZ-22-016 M-18 6.08 12.37 171.3 603 59.1
NZz-22-016 M-20 6.10 12.39 283.5 991 97.2
NZ-22-016 M-23 6.11 12.38 530.8 1850 181.3
NZ-22-016 M-27 6.11 12.38 214.7 748 73.3
NZ-22-016 M-34 6.11 12.61 147.2 514 50.4
NZ-22-016 M-35 6.11 12.61 446.3 1559 152.8

Fuente: Laboratorio de Mecanica de Rocas UNI



Tabla 3.3 Ensayos de Traccién Indirecta (método brasilero)
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_ Resist. a laResist. a la|
] Diametro | Altura Carga » »
Sondaje Muestra tracciéon | traccion
(cm) (cm) (KN)
(kg/cm?) (MPa)
6.09 3.10 37.9 130 12.8
6.09 3.09 375 129 12.7
NZ-22-012 M-06
6.09 3.01 32.7 116 11.4
Promedio 125 12.3
6.06 3.11 45.6 157 15.4
6.06 3.08 48.1 167 16.4
NZ-22-012 M-08
6.06 3.10 49.7 172 16.8
Promedio 165 16.2
6.08 3.05 35.6 125 12.2
6.08 3.19 35.0 117 11.5
NZ-22-012 M-19
6.08 3.09 34.8 120 11.8
Promedio 121 11.8
6.09 3.02 71.0 251 24.6
6.09 3.10 72.8 250 24.5
NZ-22-012 M-21
6.09 3.07 74.0 257 25.2
Promedio 253 24.8
6.08 3.22 44.8 148 14.6
6.08 3.11 45.8 157 15.4
NZzZ-22-012 M-24
6.08 3.13 42.8 146 14.3
Promedio 151 14.8
6.09 3.11 425 146 14.3
6.09 3.23 43.6 144 14.1
NZ-22-012 M-44
6.09 3.33 42.0 134 13.2
Promedio 141 13.9
6.11 3.07 35.4 123 12.0
6.11 3.10 37.2 128 12.5
NZ-22-012 M-50
6.11 3.04 36.8 129 12.6
Promedio 126 12.4
6.11 3.12 53.0 181 17.7
NZ-22-012 M-54 6.11 3.16 51.8 174 17.1
6.11 3.13 53.9 183 17.9
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Promedio 179 17.6
6.10 3.05 28.4 99 9.7
6.10 3.08 25.6 88 8.7
NzZ-22-016 M-06
6.10 3.03 26.7 94 9.2
Promedio 94 9.2
6.10 3.05 23.9 83 8.2
6.10 3.00 23.1 82 8.0
NZ-22-016 M-08
6.10 3.00 23.8 84 8.3
Promedio 83 8.2
6.10 3.27 30.9 101 9.9
6.10 3.03 28.0 98 9.6
NZ-22-016 M-12
6.10 3.12 27.7 95 9.3
Promedio 98 9.6
6.10 3.08 48.2 167 16.3
6.10 3.25 49.2 161 15.8
NZ-22-016 M-14
6.10 3.28 52.1 169 16.6
Promedio 166 16.2
6.10 3.16 32.0 108 10.6
6.10 3.15 32.2 109 10.7
NZ-22-016 M-22
6.10 3.07 32.0 111 10.9
Promedio 109 10.7
6.11 3.49 33.1 101 9.9
6.11 3.38 31.8 100 9.8
NzZ-22-016 M-26
6.11 3.20 30.2 100 9.8
Promedio 100 9.8
14.0
6.10 3.00 40.2 143
NZ-22-016 M-35 6.10 3.04 39.8 139 13.7
6.10 3.06 41.8 145 14.3
Promedio 142 14.0

Fuente: Laboratorio de Mecanica de Rocas UNI



41

ENSAYOS COMPLETOS DE INVESTIGACION

Tabla 3.4 Ensayos de compresion Triaxial

i .| Esfuerzo | Resistencia Cohesién| AN de

Muestra D'a(:::)t ro I?'::; ((::,rl::; Rotura | Compresiva| mi “” I:::::::

(MPa) MPa (MPa) )
4.07 8.24 2 126.9

MINERAL 4.07 8.36 4 142.1 110.08 15.8 20.77 49.44
4.07 8.25 6 156.2
4.10 8.42 2 198.3

INTRUSIVO 4.10 8.34 4 223.7 169.65 28.72 | 25.01 57.98
4.10 8.35 6 246.9
4.07 8.34 2 95.8

CALIZA 4.07 8.36 4 109.5 79.37 15.54 | 15.60 48.31
4.07 8.43 6 123.4

Fuente: Laboratorio de Mecéanica de Rocas UNI

Tabla 3.5 Ensayos de compresion Uniaxial

Resistencia a Resistencia a
Carga de
Diametro Altura la Compresion | la Compresion
Muestra rotura
(cm) (cm) Uniaxial Uniaxial
(kN)

(kg/cm2) (MPa)

MINERAL 4.08 8.29 144.2 1127 110.5

INTRUSIVO 4.10 8.35 223.6 1731 169.7

CALIZA 4.07 8.31 93.9 738 724

Fuente: Laboratorio de Mecanica de Rocas UNI




Tabla 3.6 Ensayos de Traccién Indirecta (método brasilero)

_ Resist. ala| Resist. ala
Diametro | Altura Carga » »
Muestra traccion traccion
(cm) (cm) (kN)
(kg/cm?) (MPa)
5.40 2.93 5.6 23 2.3
5.40 2.86 6.5 27 2.7
MINERAL
5.40 2.87 8.2 34 3.4
Promedio 28 2.8
5.40 291 27.3 113 11.1
5.40 2.88 26.3 110 10.8
INTRUSIVO
5.40 2.89 254 106 10.4
Promedio 109 10.7
5.40 2.89 12.8 53 5.2
5.40 291 11.5 48 4.7
CALIZA
5.40 2.87 12.2 51 5.0
Promedio 51 5.0

Fuente:

Laboratorio de Mecéanica de Rocas UNI
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CAPITULO IV

RESULTADOS DE LA INVESTIGACION

4.1. Analisis de los resultados de la investigacion

Se han analizado mas de 200 datos de resultados de las muestras de
Esfuerzos del ensayo de compresion simple, traccion indirecta y luego se
compararon con los resultados del valor del m;del ensayo de compresion

triaxial.

En la tabla se puede observar que en algunas muestras el porcentaje de
variacion es de +/- 3.33 % y en algunos casos +/- 18.52 % en relacion al m;

del triaxial.
Se pudo determinar que las roturas de las muestras en el caso del ensayos

de traccién no fueron de tipo diametral, por lo que pudo influir en el

resultado respectivo.

Tabla 4.1 Cuadro de resultados

MUESTRA | UCS BTS | UCS/BTS TX - Mi %
Mpa. Mpa.
RP2705 94.9 6.0 15.74 16.26 -3.33
CX2910 79.6 52 15.26 12.43 18.52
RP1925 109.5 6.9 15.78 14.28 9.50
CX2452 92.0 6.1 15.03 16.54 -10.07

Fuente: Elaboracion Propia
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Para el caso comparativo de datos entre BTS y UCS con el calculo de mi de

un ensayo triaxial existe un 10.35 % de error.

Tabla 4.2 Ensayos de compresion Triaxial

. .| Esfuerzo | Resistencia Cohesién Ar.lg'.(,ie

Muestra DI?::; ro A(I::‘r)a i::;:; Rotura | Compresiva| mi “c” Il:r:It(::rI:E

(MPa) MPa (MPa) )
4.02 8.11 2 227.7

RP2800 4.01 8.18 4 254.0 198.84 28.74 | 34.48 53.20
4.01 8.18 6 277.6
4.01 8.20 2 121.7

RP2705 4.01 8.22 4 137.4 104.60 16.26 | 19.19 47.98
4.01 8.23 6 151.3
4.03 8.05 2 136.6

CX2452 4.02 8.21 4 152.7 119.11 16.54 21.8 48.15
4.02 8.07 6 167.2
4.04 8.05 2 129.9

CX3389 4.03 8.13 4 145.8 110.54 18.37 | 19.93 49.16
4.03 8.31 6 162.8
4.01 8.18 2 78.6

CX2910 4.01 8.18 4 90.7 65.21 12.43 | 12.54 45.27
4.01 8.15 6 101.4
3.97 8.10 2 129.7

TJ2822 3.97 8.24 4 147.7 109.90 19.33 | 19.69 49.64
3.97 7.88 6 163.4
4.06 8.12 2 155.2

TJ2027 4.06 8.39 4 175.4 132.33 22.47 | 23.33 51.03
4.06 8.18 6 194.1
4.06 8.19 2 96.3

RP1925 4.06 8.34 4 110.7 81.31 14.28 | 15.24 46.69
4.06 8.11 6 122.1

Fuente: Laboratorio de Mecanica de Rocas UNI




Tabla 4.3 Ensayos de Traccién Indirecta (método brasilero)

. Resist.ala| Resist.ala
Diametro | Altura Carga » »
Muestra traccion traccion
(cm) (cm) (KN)
(kg/cm?) (MPa)
7.39 4.01 48.7 107 10.5
7.39 3.99 46.9 103 10.1
RP2800
7.39 3.91 47.8 107 10.5
Promedio 106 10.4
7.39 4.08 28.4 61 6.0
7.39 4.96 31.2 55 5.4
RP2705
7.39 3.88 30.1 68 6.7
Promedio 62 6.0
4.02 2.11 8.0 61 6.0
4.02 2.11 8.5 65 6.4
CX2452
4.02 2.09 7.9 61 6.0
Promedio 62 6.1
4.04 2.08 8.5 66 6.4
4.04 2.10 8.8 67 6.6
CX3389
4.04 2.19 8.0 59 5.8
Promedio 64 6.3
4.01 2.18 7.1 53 5.2
4.01 2.19 7.0 52 5.1
CX2910
4.01 2.20 7.5 55 5.4
Promedio 53 5.2
4.00 2.09 8.2 64 6.2
4.00 2.09 8.0 62 6.1
TJ2822
4.00 2.07 8.9 70 6.8
Promedio 65 6.4
4.06 2.02 9.0 71 7.0
4.06 2.03 8.5 67 6.6
RP1925
4.06 2.05 9.5 74 7.3
Promedio 71 6.9

Fuente: Laboratorio de Mecanica de Rocas UNI
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Tabla 4.4 Ensayos de compresion Uniaxial

Resistencia a | Resistencia a
Carga de
Diadmetro | Altura la Compresion (la Compresion
Muestra rotura
(cm) (cm) Uniaxial Uniaxial
(kN)
(kg/cm2) (MPa)
RP2800 4.01 8.09 246.1 1990 195.1
RP2705 4.02 8.14 120.3 968 94.9
CX3389 4.06 8.09 121.6 958 93.9
cx2910 4.01 7.99 100.6 812 79.6
BP2331 4.04 8.14 104.3 831 81.4
TJ2027 4.07 8.05 156.8 1228 120.4
TJ3033 4.06 8.21 121.6 959 94.1
RP1925 4.06 8.19 141.6 1117 109.5
CX2452 4.03 8.10 117.3 939 92.0
TJ2822 3.98 8.15 120.7 992 97.3

Fuente: Laboratorio de Mecéanica de Rocas UNI
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CONCLUSIONES

- Se concluye que los resultados experimentales el célculo del Mi por medio
del esfuerzo compresivo y el esfuerzo de traccion tiene una aproximado de un
10.35 %.

- Los valores obtenidos tienen una variabilidad el cual esta en relacion a la
litologia de la muestra y del grado de tectonismo que presenta la muestra.

- La aproximacion del valor de Mi tiene relacion al correcto desarrollo de los
ensayos de compresion uniaxial y de traccién (método Brasilero), para ello los
proceso que estan reglamentados por las normas ASTM y equipos deben de estar

debidamente calibrados.
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RECOMENDACIONES
- La recomendacion principal es de realizar mas ensayos, pero analizando muestras
por cada litologia existente en nuestro medio.
- Realizar varios ensayos de UCS, BTS y TX de una misma muestra que tenga el
mismo grado de alteracién en toda la muestra.
- Registrar las muestras y sus resultados mediante un mapeo por regiones

metalogénicas y geoldgicas de nuestro pais.
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ANEXO 01

MATRIZ DE CONSISTENCIA

“ CORRELACION DEL mi EN RELACION AL COCIENTE DE LA RESISTENCIA DE

COMPRESION UNIAXIAL Y TRACCION INDIRECTA”



ANEXO 1

MATRIZ DE CONSISTENCIA
“CORRELACION DEL mi EN RELACION AL COCIENTE DE LA RESISTENCIA DE COMPRESION UNIAXIAL Y TRACCION INDIRECTA”

FORMULACION DEL OBJETIVOS HIPOTESIS VARIABLES INDICADORES DISENO METODOLOGICO
PROBLEMA
Problema general Objetivo general Hipotesis general Variable Indicadores de X:

¢Como influye la correlacion y
determinacion del mi sin
desarrollar el ensayo de
compresion triaxial?
Problemas especificos

1.

¢En qué medida se controla
y se mejora el grado de
seguridad en las labores
mineras?

¢En qué medida se
controla y se mejora el
sostenimiento en las
labores mineras?

¢En qué medida se controla
y se mejora la
determinacion de
pardmetros de estabilidad
de labores mineras sin
requerir ensayos triaxiales
en laboratorios
especializados?

Determinar como influye la
determinacion indirecta del
mi en la toma de decisiones
en la seguridad de
operaciones mineras
Obijetivos especificos

1. Realizar ensayos de
compresién simple y
traccion indirecta en
laboratorios de las
empresas mineras.

2. Determinar el mi
mediante la
correlacion de los
resultados del
ensayos de
compresion simple y
ensayo de traccién
indirecta

¢ Se determinara el valor del

mi sin desarrollar el ensayo de

compresion triaxial?

Hipdtesis especificas

1. Con la implementacion
de una prensa hidraulica
se desarrollan los
ensayos de compresion
simple y traccién
indirecta y se podra
simular indirectamente

un ensayo de compresion

triaxial.

2. Con la determinacion
del mi por este método
se disminuye el tiempo
en la toma de decisiones
en los sistemas de
seguridad en las labores
mineras.

independiente: X
X1= Correlacionar
el valor mi sin
desarrollar el
ensayo de
compresion triaxial
Variable
dependiente: Y
Y1: Desarrollo del
ensayo de
compresion simple
Y2: Desarrollo del
ensayos de traccion
indirecta (método
brasilero)

X1:

Adquisicién de equipo
manual de una prensa
hidraulica

Indicadores de Y:

Y1: Determinacion
del esfuerzo
compresivo

Y?2: Determinacion del
esfuerzo de traccion.

Tipo de Investigacion
Aplicada

Nivel de Investigacion
Descriptiva

Disefio de la Investigacién
Cuasiexperimental, Cuantitativa
Poblacion

Laboratorio de Mecanica de Rocas de
la Universidad Nacional de Ingenieria

Muestra
La Muestra esta compuesta por:

Muestras de Litologias diferentes.

La técnica a emplearse sera la de:
Observacion y Anélisis
Instrumento

Prensa Hidraulica

€S




ANEXO 02 - Graficos, Fotos
Cap. Il

GRAFICOS DE ENSAYOS TRIAXIALES Y FOTOS DE LAS MUESTRAS QUE

MUESTRAN LOS TIPO DE ROTURAS DE LAS MUESTRAS DEL CAPITULO I
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Shear Stress (MPa)
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Normal Stress (MPa)

— MINERAL - Shear vs. Normal Stress Envelope
— MINERAL - Mohr Circles from Computed Dataset

1
160

MINERAL

Results (Triaxial)

cohesion | 20.771 1MPa

friction angle

deg

resid 1.015e-005

Curve Fit Parameters

fit algorithm | linear

regression

error

ion | vertical

error type | relative

MINERAL

Results (Triaxial)

intact uniaxial
compressive | 110.0
strength (sigci)

mi|15

3.023e-008

—

Prediction Interval

interval [ none

Curve Fit Parameters

fit algorithm | simplex

error summation | basic

error type |relative

Tensile Cutoff

cutoff option [ none
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Normal Stress (MPa)

— INTRUSIVO - Shear vs. Normal Stress Envelope
— INTRUSIVO - Mohr Circles from Computed Dataset

INTRUSIVO

Results (Triaxial)

cohesion

MPa

friction angle | 57.985 dea

iduals | 1.642e-005

Curve Fit Parameters

fit algorithm | linear

regression

error summation | vertical

error type |relative

INTRUSIVO

Results (Triaxial)

intact uniaxial
compressive | 169.656 11Pa

strength (sigci)

mi | 28.727

iduals | 1,562e-008

Prediction Interval

interval [ none

Curve Fit Parameters

fit algorithm | simplex

error

ion | basic

error type | relative

Tensile Cutoff

cutoff option | none
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CA

LIZA

Results (Triaxial)

cohesion | 15,

friction angle | 15,

deg

residuals | 5.644e-007

Curve Fit
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fit algorithm | linear

regression

error ion | vertical

error type | relative
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— CALIZA - Shear vs. Normal Stress Envelope
— CALIZA - Mohr Circles from Computed Dataset

CALIZA

Results

(Triaxial)

intact uniaxial

compressive | /9371 [Pa

strength (sigci)

mi | 15.546

1
r

3.099e-005

Prediction Interval

interval

[none

Curve Fit Parameters

fit algorithm

simplex

error ion

basic

error type

relative

Tensile Cutoff

cutoff option

[none




FOTOS: COMPRESION UNIAXIAL

Muestra: MINERAL
Antes Después

Muestra: INSTRUSIVO
Antes Después

Muestra: CALIZA
Antes Después
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FOTOS: COMPRESION TRIAXIAL

Muestra: MINERAL
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Después

Muestra: CALIZA

Antes

Después
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FOTOS: TRACCION INDIRECTA

Muestra: MINERAL
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Muestra: INTRUSIVO
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Después
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Muestra: CALIZA
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ANEXO 03 - Graficos, Fotos
Cap. IV

GRAFICOS DE ENSAYOS TRIAXIALES Y FOTOS DE LAS MUESTRAS QUE

MUESTRAN LOS TIPO DE ROTURAS DE LAS MUESTRAS DEL CAPITULO IV
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GRAFICOS: ENSAYO COMPRESION TRIAXIAL
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MUESTRA: CX2452
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MUESTRA: CX2910
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MUESTRA: TJ2822

Esfuerzos Normal/Cortante

Calibrated Rock

—TJ2822

80
&
< 60
wvi
g
b
E 40
(2]

20

20 0 20 40 60 80 100 120 140 160 180

Normal Stress (MPa)




Esfuerzos Normal/Cortante

Shear Stress (MPa)

Calibrated Rock

— BP2331

60

10

30

20

30

MUESTRA: BP2331

40 50 60

Normal Stress (MPa)

70

80

90

100

110

66

Esfuerzos Normal/Cortante

Shear Stress (MPa)

Calibrated Rock

— RP1925

30

40

MUESTRA: RP1925

Normal Stress (MPa)

80

90

110

120

130




FOTOS: COMPRESION UNIAXIAL

Muestra: RP2800
Antes Después

Muestra: RP2331
Antes Después
-

Muestra: TJ3033
Antes Después
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Muestra: CX2910
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Antes
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FOTOS: COMPRESION TRIAXIAL
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Después
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Muestra: CX3389
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Después
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Muestra: TJ12027
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Muestra: RP1925
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FOTOS: TRACCION INDIRECTA

Muestra: RP1925
Antes

Después

Muestra: TJ2822

Antes

Después

78



Muestra: CX2910
Antes

Después

Muestra: CX3389

Antes

Después

79



Muestra: CX2452

Antes

Después

Muestra: TJI3033

Antes

Después

80



81

Muestra: RP2705
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ANEXO 04 — ENSAYOS
GENERALES

INFORME GENERAL DE PRINCIPALES ENSAYOS QUE SE REALIZAN EN UN

LABORATORIO DE MECANICA DE ROCAS



ENSAYO DE PROPIEDADES FISICAS

83

Los ensayos se realizaron segun la norma ASTM D2216-02, dando los siguientes

resultados:

Didmetro |  Longitud Densidad | Densidad | Porosidad | sorcién Es:::i:co

Muestra (cm) (cm) Seca Himeda Aparente ) Aparente
(g/em?) (g/em?) (%) (k)

6.39 2.39 2.61 2.64 3.25 1.25 25.70

6.39 2.58 2.61 2.65 3.59 1.37 25.92

- 6.39 2.55 2.62 2.66 3.64 1.39 25.89
Promedio 2.61 2.65 3.49 1.34 25.84

6.38 2.48 2.80 2.82 1.84 0.66 27.56

6.38 2.26 2.79 2.80 1.80 0.65 27.42

S T 2.33 2.80 2.82 1.89 068 | 2754
Promedio 2.79 2.81 1.84 0.66 27.51

4.19 2.52 2.74 2.76 242 0.88 26.98

4.19 2.51 2.73 2.76 2.63 0.96 26.91

-3 4.19 2.39 2.73 2.75 2.49 0.91 26.86
Promedio 2.73 2.76 2.51 0.92 26.92

5.40 2.12 2.76 2.78 2.16 0.78 27.17

5.40 2.12 2.76 2.79 2.43 0.88 27.17

-4 5.40 2.17 2.76 2.78 2.70 0.98 27.11
Promedio 2.76 2.79 2.43 0.88 27.15

6.39 2.26 2.76 2.78 2.52 0.92 27.21

6.39 2.28 2.75 2.77 2.13 0.78 27.12

s 6.39 2.16 2.75 2.77 241 0.88 27.08
Promedio 2.75 2.77 2.36 0.86 27.14

6.40 2.19 2.73 2.76 2.74 1.00 26.82

6.40 2.21 2.73 2.76 2.73 1.00 26.81

e 6.40 2.15 2.74 2.76 2.67 0.98 26.87
Promedio 2.73 2.76 2.71 0.99 26.83

5.38 2.13 2.82 2.83 1.45 0.51 27.72

5.38 2.14 2.83 2.84 1.15 0.41 27.80

M7 5.38 2.16 2.82 2.83 1.06 0.38 27.75
Promedio 2.82 2.84 1.22 0.43 27.76
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6.39 2.46 2.79 2.80 1.41 0.50 27.48
6.39 2.51 2.79 2.81 1.94 0.69 27.54
8 6.39 2.43 2.77 2.78 1.19 0.43 27.27
Promedio 2.78 2.80 151 0.54 27.43
Didmetro Longitud Densidad | Densidad | Porosidad Absorcion Es:eecsl’:co
Muestra (cm) (cm) Seca Himeda | Aparente % Aparente
(g/cm?) (g/cm?) (%) (/)
5.38 2.08 2.69 2.71 2.54 0.94 28.60
5.38 2.15 2.68 2.71 2.52 0.94 26.45
M2 5.38 2.13 2.69 2.72 2.73 101 26.54
Promedio 2.69 2.71 2.59 0.97 27.20
4.19 2.73 2.69 2.70 1.30 0.48 26.44
4.19 2.61 2.68 2.70 1.89 0.70 26.39
M-10 4.19 2.70 2.68 2.70 1.72 0.64 26.35
Promedio 2.68 2.70 1.64 0.61 26.39
5.38 2.28 2.70 2.71 0.68 0.25 26.53
5.38 2.38 2.70 2.70 0.65 0.24 26.52
v 5.38 2.39 2.70 2.70 0.52 0.19 26.50
Promedio 2.70 2.70 0.61 0.23 26.52
5.37 2.10 2.68 2.69 0.84 0.31 26.73
5.37 2.13 2.67 2.68 0.89 0.33 26.18
-1z 5.37 2.09 2.68 2.69 0.53 0.20 26.33
Promedio 2.68 2.68 0.75 0.28 26.41
5.38 2.36 2.79 2.81 2.42 0.87 27.46
5.38 2.19 2.78 2.80 2.13 0.77 27.43
V3 5.38 2.20 2.78 2.80 2.06 0.74 27.42
Promedio 2.78 2.80 2.20 0.79 27.44
5.39 2.34 2.75 2.76 1.09 0.40 27.20
5.39 2.28 2.74 2.76 111 0.41 26.96
-1 5.39 2.25 2.75 2.76 111 0.40 27.00
Promedio 2.75 2.76 1.10 0.40 27.05
6.39 2.07 2.78 2.78 0.78 0.28 27.30
M-15 6.39 2.16 2.78 2.79 0.55 0.20 27.32
6.39 2.16 2.77 2.78 0.58 0.21 27.23
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Promedio 2.78 2.78 0.64 0.23 27.28
6.40 2.14 2.71 2.72 1.16 0.43 26.63
6.40 2.15 2.72 2.73 1.11 0.41 26.57
M-16
6.40 2.15 2.72 2.73 1.08 0.40 25.71
Promedio 2.71 2.73 1.12 0.41 26.31
Peso
Densidad Densidad Porosidad
Diametro Longitud Absorcion Especifico
Muestra Seca Humeda Aparente
(cm) (cm) (%) Aparente
(g/cm?) (g/cm’) (%)
(kN/m?)
5.40 241 2.47 2.48 1.03 0.42 24.25
5.40 2.29 2.47 2.48 1.79 0.73 24.31
M-17
5.40 2.30 2.46 2.47 1.46 0.59 24.21
Promedio 2.46 2.48 1.43 0.58 24.25
5.38 2.28 2.75 2.76 1.39 0.51 26.98
5.38 2.45 2.75 2.76 1.31 0.48 27.03
M-18
5.38 2.27 2.74 2.75 1.53 0.56 26.90
Promedio 2.74 2.76 1.41 0.51 26.97




ENSAYO DE COMPRESION TRIAXIAL
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Los ensayos se realizaron segun la norma ASTM 2664-95, dando los siguientes

resultados:
Diametr Altura Confin. Eefuerzo Resistencia COhneSié ::cga::
Muestra o (cm) (cm) (pa) Rotura Compresiva mi v Interno
(MPa) M (MPa) )
6.39 12.79 2 117.6
M-1 6.39 | 12.95 4 132.9 99.16 17.53 | 17.99 48.71
6.39 | 12.81 6 148.8
6.38 12.91 2 102.4
M-2 6.38 | 12.93 4 115.8 87.93 13.43 | 16.66 46.06
6.38 12.88 6 127.6
4.19 8.26 2 74.1
M-3 4.19 8.23 4 85.1 60.89 12.07 | 11.78 44.96
4.19 8.21 6 96.4
5.39 11.08 2 110.9
M-4 539 | 11.06 4 125.2 94.17 15.71 | 17.37 47.64
5.39 11.13 6 139.5
6.38 | 12.73 2 106.3
M-5 6.38 | 12.92 4 122.1 87.33 18.42 | 15.74 49.18
6.38 12.82 6 137.8
6.39 13.01 2 115.5
M-6 6.39 | 12.82 4 130.8 96.25 18.38 | 17.36 49.16
6.39 12.80 6 147.7
5.38 11.30 2 114.4
M-7 538 | 11.16 4 131.5 94.61 19.40 | 16.94 49.67
5.38 11.27 6 147.4
6.39 12.98 2 163.1
M-8 6.39 | 12.77 4 186.4 137.10 | 26.20 | 23.89 52.40
6.39 12.94 6 206.7
5.38 11.17 2 104.4
M-9 538 | 11.12 4 122.8 81.68 23.14 | 14.36 51.29
5.38 11.10 6 140.6




Cohesid Ang. de
Diametr Altura Confin. Fefuerzo Resistencia n Friccién
Muestra | o o e Rotura | Compresiva mi v -
(pal e (Mpa) ¥
418 | 799 | 2 | 1125
M0 | 418 | 819 | 4 | 1288 | 9330 |1864| 1679 | 4930
418 | 829 | 6 | 1446
538 | 11.08 | 2 | 953
M11 [ 538 | 1112 | 4 | 1125 | 7679 |1858| 13.83 | 49.27
538 | 1092 | 6 | 1257
538 | 11.27 | 2 | 444
M12 [ 538 | 11.05 | 4 | 517 | 3631 | 659 | 815 | 3820
538 | 11.00 | 6 | 585
539 | 11.22 | 2 | 538
M-13 | 539 | 11.00 | 4 647 | 4015 |13.18| 763 | 45.88
539 | 11.09 | 6 75.5
538 | 1088 | 2 | 1247
M-14 | 538 | 1111 | 4 | 1431 | 10347 |20.95| 1837 | 5039
538 | 11.04 | 6 | 160.1
539 | 1121 | 2 | 1665
M15s [ 539 | 1122 | 4 | 1884 | 14141 |24.88| 2473 | 51.94
539 | 11.20 | 6 | 208.9
538 | 12.20 | 2 | 169.2
M-16 | 538 | 1291 | 4 | 1931 | 14081 |28.64| 2442 | 53.17
538 | 12.86 | 6 | 2162
539 | 11.09 | 2 | 466
M17 [ 539 | 11.04 | 4 | 566 | 3450 |1151| 674 | 4447
539 | 1121 | 6 65.9
538 | 11.09 | 2 | 1033
M1s | 538 | 11.10 | 4 | 1195 | 8504 |18.23| 1535 | 49.09
538 | 11.01 | 6 | 1349




ENSAYO DE CONSTANTES ELASTICAS
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Los ensayos se realizaron segun la nhorma ASTM D7012-04, dando los siguientes

resultados:

Resistencia Médulo de
Didmetro | Altura Relacién
Muestra (cm) (cm) Compresiva Young 4o Poisson "
MPa “E” (GPa)

M-1 6.39 12.72 95.2 12.13 0.27

M-2 6.38 12.81 87.8 16.02 0.25

M-3 4.19 8.13 48.9 5.14 0.31

M-4 5.39 11.06 36.0 5.59 0.31

M-5 6.39 12.89 79.8 8.70 0.28

M-6 6.39 12.71 91.2 10.27 0.28

M-7 5.38 11.22 107.4 9.87 0.28

M-8 6.34 12.82 151.5 17.09 0.24

M-9 5.37 11.13 59.1 5.15 0.31
M-10 4.19 8.06 61.4 6.29 0.30
M-11 5.39 11.17 62.5 10.38 0.28
M-12 537 11.19 29.2 4.21 0.30
M-13 5.39 11.12 32.8 5.88 0.31
M-14 5.38 11.2 109.5 12.31 0.26
M-15 5.37 11.35 146.3 16.03 0.25
M-16 6.39 12.63 140.2 15.46 0.26
M-17 5.37 11.26 84.9 11.51 0.27
M-18 5.38 11.18 88.2 11.17 0.28




ENSAYO DE COMPRESION UNIAXIAL
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Los ensayos se realizaron segun la horma ASTM D2938-95, dando los siguientes

resultados:
Resistencia a | Resistencia a
Carga de
Diadmetro | Altura la Compresion | la Compresion
Muestra rotura
(cm) (cm) Uniaxial Uniaxial
(kN)

(kg/cm2) (MPa)
M-1 6.39 12.77 332.0 1056 103.5
M-2 6.38 12.97 2315 740 72.5
M-3 4.19 8.13 70.9 523 51.2
M-4 5.38 11.06 187.2 843 82.6
M-5 6.39 12.99 237.5 757 74.2
M-6 6.39 12.92 270.9 863 84.6
M-7 5.38 11.09 2254 1015 99.5
M-8 6.39 12.87 375.7 1196 117.3
M-9 5.37 11.08 155.0 701 68.7
M-10 4.18 8.33 115.8 860 84.3
M-11 5.38 11.05 150.6 678 66.5
M-12 5.37 11.13 69.7 315 30.9
M-13 5.37 11.27 74.9 339 33.3
M-14 5.38 11.04 264.8 1192 116.8
M-15 5.37 11.05 305.8 1382 135.5
M-16 6.39 12.90 400.1 1274 124.9
M-17 5.38 11.21 65.4 295 28.9
M-18 5.37 11.04 220.1 995 97.5




ENSAYO DE TRACCION INDIRECTA (Brasilero)
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Los ensayos se realizaron segun la norma ASTM D3967-95, dando los siguientes

resultados:
Resist. ala | Resist.ala
Diametro Altura Carga
Muestra traccion traccion
(cm) (cm) (kN)
(kg/cm?) (MPa)
6.39 3.36 25.6 77 7.6
6.39 3.48 26.1 76 7.5
M-1
6.39 3.40 24.0 72 7.0
Promedio 75 7.4
6.38 3.24 18.3 57 56
6.38 3.35 19.8 60 59
M-2
6.38 3.42 18.2 54 5.3
Promedio 59 5.8
5.38 3.04 12.8 51 5.0
5.38 3.00 13.8 55 5.4
M-3
5.38 2.97 12.5 51 5.0
Promedio 52 5.1
5.39 3.10 16.3 63 6.2
5.39 3.04 17.2 68 6.7
M-4
5.39 3.07 18.1 71 7.0
Promedio 68 6.6
6.40 3.07 27.4 91 8.9
6.40 3.14 28.2 91 8.9
M-5
6.40 3.16 28.7 92 9.0
Promedio 91 8.9
6.39 3.22 24.8 78 7.7
6.39 3.31 23.6 72 7.1
M-6
6.39 3.29 25.5 79 7.7
Promedio 77 7.5
5.38 3.07 20.6 81 8.0
5.38 3.07 21.4 84 8.2
M-7
5.38 2.99 20.1 81 7.9
Promedio 82 8.0




6.30 3.28 28.2 89 8.7
6.30 3.32 27.6 86 8.4
M-8
6.30 3.38 28.1 86 8.4
Promedio 87 85
5.38 3.37 15.9 57 5.6
M-9 5.38 3.40 15.1 54 53
5.38 3.30 16.3 60 5.8
Promedio 57 56
Resist. a la Resist. a la
Muestra Didmetro Altura carea traccion traccion
fem) fem) () (kg/cm?) (mPa)
5.37 3.25 13.4 50 4.9
M-10 537 3.14 12.9 50 4.9
5.37 3.15 12.0 46 4.5
Promedio 49 4.8
5.38 2.94 12.3 50 5.0
M-11 5.38 3.02 10.7 43 4.2
5.38 3.09 12.3 48 4.7
Promedio 47 4.6
5.38 3.08 7.3 29 2.8
M-12 5.38 2.97 6.3 26 2.5
5.38 3.02 6.8 27 2.7
Promedio 27 2.7
5.39 2.99 7.4 30 2.9
M-13 5.39 3.07 6.7 26 2.6
5.39 3.06 6.9 27 2.6
Promedio 28 2.7
5.38 2.93 17.5 72 7.1
M-14 5.38 3.07 19.4 76 7.5
5.38 3.07 18.1 71 7.0
Promedio 73 7.2
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6.39 3.26 30.3 94 9.3

M-15 6.39 3.46 32.3 95 9.3
6.39 3.30 31.2 96 9.4

Promedio 95 9.3

6.39 3.23 33.3 105 10.3

M-16 6.39 3.13 33.1 107 10.5
6.39 3.14 34.4 111 10.9

Promedio 108 10.6

5.38 3.20 15.9 60 5.9

M-17 5.38 3.09 16.5 64 6.3
5.38 3.17 16.9 64 6.3

Promedio 63 6.2

5.38 2.8 15.6 67 6.6

M-18 5.38 2.91 16.4 68 6.7
5.38 3.00 17.3 70 6.8

Promedio 68 6.7
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ENSAYO DE CORTE DIRECTO (SIMULADO)

Los ensayos se realizaron sobre discontinuidad con caras paralelas a la direccién de

corte, segun norma ASTM D5607-95, dando los siguientes resultados.

Esfuerzo Esfuerzo
Muestra Tipo de Normal de Corte Cohesion Angulo de
discontinuidad (MPa) (MPa) (MPa) Friccién (°)

0.78 0.52
1.56 0.92

M-1 Simulado 2.34 1.35 0.106 27.84
3.12 1.76
3.90 2.16
0.78 0.52
1.56 0.93

M-2 Simulado 2.35 1.35 0.105 27.86
3.13 1.75
3.91 2.18
1.10 0.68
2.20 1.28

M-3 Simulado 3.30 1.88 0.103 28.08
4.40 2.45
5.50 3.03
1.10 0.69
2.19 1.27

M-4 Simulado 3.29 1.86 0.108 27.99
4.38 2.45
5.48 3.01
0.78 0.52
1.55 0.93

M-5 Simulado 2.33 1.34 0.103 28.01
3.11 1.75
3.89 2.18




0.78 0.53
1.56 0.94
M-6 Simulado 2.34 1.36 0.112 28.07
3.12 1.78
3.90 2.19
1.10 0.69
2.19 1.26
M-7 Simulado 3.29 1.85 0.100 27.99
4.38 2.42
5.48 3.02
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Esfuerzo

Esfuerzo

Muestra Tipo de Normal de Corte Cohesion Angulo de
discontinuidad (MPa) (MPa) (MPa) Friccién (°)

0.78 0.51
1.56 0.92

M-8 Simulado 2.34 1.33 0.097 27.78
3.12 1.73
3.90 2.16
1.10 0.68
2.20 1.27

M-9 Simulado 3.30 1.85 0.102 27.88
4.40 2.43
5.50 3.01
1.10 0.69
2.20 1.28

M-10 Simulado 3.30 1.86 0.103 28.08
4.40 2.45
5.50 3.04
1.10 0.69
2.20 1.27

M-11 Simulado 3.30 1.84 0.100 27.96
4.40 2.43
5.50 3.03
1.10 0.71
2.20 1.27

M-12 Simulado 3.30 1.87 0.108 28.12
4.40 2.45
5.50 3.06
1.10 0.69
2.19 1.26

M-13 Simulado 3.29 1.85 0.103 27.95
4.38 2.43
5.48 3.01
1.10 0.69

M-14 Simulado 0.106 27.96
2.20 1.28
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3.30 1.85
4.40 2.44
5.50 3.03
Esfuerzo Esfuerzo
Muestra Tipo de Normal de Corte Cohesion Angulo de
discontinuidad (MPa) (MPa) (MPa) Friccién (°)
0.78 0.52
1.56 0.92
M-15 | Simulado 2.34 1.36 0.107 27.78
3.12 1.73
3.90 2.17
0.78 0.51
1.56 0.93
M-16 | Simulado 2.34 1.34 0.097 28.01
3.12 1.76
3.90 2.17
1.10 0.69
2.19 1.27
M-17 | Simulado 3.29 1.85 0.100 28.07
4.38 2.43
5.48 3.03
1.10 0.68
2.20 1.28
M-18 | Simulado 3.30 1.85 0.101 28.00
4.40 2.45
5.50 3.02
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ENSAYO DE CARGA PUNTUAL
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Los ensayos se realizaron segun la horma ASTM D5731-02, dando los siguientes

resultados:

Indice de
Diametro Carga de Resistencia a
carga puntual
Muestra equivalente rotura la Compresion Simple
corregido
“De” (mm) (kN) (MPa)
“Iss0)” (MPa)
41.0 8.9 5.28 111.7
42.6 9.7 5.31 114.0
40.7 8.6 5.21 110.1
M-1
42.6 9.3 5.10 109.4
42.9 9.9 5.35 115.1
Promedio 5.25 112.1
39.9 9.5 5.99 125.8
36.8 8.0 5.91 120.8
38.3 9.1 6.22 128.8
M-2
37.8 8.8 6.17 127.2
39.6 9.6 6.13 128.3
Promedio 6.09 126.2
43.6 7.3 3.83 82.8
42.6 6.7 3.70 79.4
43.6 7.3 3.81 82.4
M-3
43.2 7.2 3.87 83.3
42.6 7.1 3.92 84.0
Promedio 3.82 82.4
43.1 8.5 4.56 98.3
43.4 8.2 4.34 93.8
42.0 8.2 4.64 99.1
M-4
41.6 8.0 4.62 98.2
41.5 8.1 4.68 99.4
Promedio 4.57 97.8
45.3 7.6 3.69 80.9
43.6 7.3 3.85 83.3
43.8 7.1 3.70 80.2
M-5
45.7 8.6 4.12 90.7
44.9 8.0 3.94 86.0
Promedio 3.86 84.2




40.0 8.3 5.17 108.5
42.0 9.1 5.19 110.7
40.8 9.0 5.38 113.7
M-6
41.6 8.2 4.75 101.1
40.9 8.0 4.76 100.6
Promedio 5.05 106.9
Indice de
Diametro Carga de Resistencia a
carga puntual
Muestra equivalente rotura la Compresion Simple
corregido
“De” (mm) (kN) (MPa)
“Iss0)” (MPa)
43.3 10.9 5.79 124.9
41.3 104 6.11 129.6
42.8 11.2 6.09 130.8
M-7
41.5 10.7 6.20 131.8
41.0 9.6 5.73 121.4
Promedio 5.98 127.7
39.2 12.0 7.76 162.0
40.7 125 7.50 158.4
40.9 13.0 7.78 164.6
M-8
41.3 13.3 7.78 165.0
43.2 14.0 7.52 162.1
Promedio 7.67 162.4
42.1 7.5 4.20 89.8
40.0 6.8 4.25 89.3
41.7 7.9 4.54 96.7
M-9
39.9 7.2 453 95.0
41.6 8.1 4.67 99.4
Promedio 4.44 94.0
47.2 7.7 3.44 76.5
48.1 7.5 3.25 72.9
46.0 7.6 3.57 78.8
M-10
45.8 7.0 3.32 73.2
45.6 6.2 2.99 65.6
Promedio 3.31 73.4

98



37.4 4.7 3.33 68.4
41.1 4.9 2.92 61.8
42.1 57 3.21 68.5
M-11
42.2 5.6 3.13 66.9
39.7 5.2 3.27 68.6
Promedio 3.17 66.8
42.1 2.9 1.61 34.4
43.4 2.5 1.30 28.1
44.6 2.9 1.47 32.0
M-12
44.5 2.7 1.37 29.9
42.8 2.8 1.50 32.3
Promedio 1.45 31.3
Indice de
Diametro Carga de Resistencia a
carga puntual
Muestra equivalente rotura la Compresion Simple
corregido
“De” (mm) (kN) (MPa)
“Iss0)” (MPa)
44.9 3.9 1.92 42.0
44.9 4.2 2.09 457
447 4.3 2.13 46.4
M-13
43.9 4.8 2.47 53.6
447 4.3 2.17 47.3
Promedio 2.16 47.0
39.5 10.6 6.75 141.2
38.1 9.8 6.75 139.5
395 9.8 6.27 131.1
M-14
39.0 9.7 6.38 132.8
40.9 10.5 6.25 132.2
Promedio 6.48 135.3
42.7 154 8.45 181.5
42.7 14.8 8.14 174.7
43.2 154 8.25 177.8
M-15
39.5 12.7 8.14 170.3
41.2 13.8 8.13 172.5
Promedio 8.22 175.4
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37.9 9.6 6.66 137.5
41.3 10.6 6.18 131.3
39.9 9.8 6.19 129.8
M-16
42.9 11.5 6.22 133.9
443 125 6.38 138.9
Promedio 6.33 134.3
40.4 34 2.09 441
40.1 3.0 1.84 38.6
41.1 3.2 1.89 40.1
M-17
46.2 3.9 1.80 39.9
41.4 3.1 1.78 37.9
Promedio 1.88 40.1
41.0 10.1 6.01 127.2
44.2 10.8 5.53 120.1
41.3 9.9 5.82 123.5
M-18
42.5 10.7 5.92 127.0
429 10.5 5.68 122.3
Promedio 5.79 124.0
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ENSAYO DE CORTE DIRECTO (NATURAL)

Los ensayos se realizaron sobre discontinuidad con caras paralelas a la direccion de

corte, segun norma ASTM D5607-95, dando los siguientes resultados.

Esfuerzo Esfuerzo
Muestra - Zona Estructura Tipo de Normal de Corte Cohesion Angulo de
discontinuidad (MPa) (MPa) (MPa) Friccién (°)
0.96 0.73
1.91 1.34
M-1 CUERPOS CASAPALCA Natural 2.87 1.94 0.105 32.86
3.82 2.59
4.78 3.19
0.98 0.78
1.96 1.44
M-1 VETAS XIMENA Natural 2.94 2.12 0.099 34.55
3.92 2.81
4.90 3.47
0.90 0.72
1.81 1.35
M-2 CUERPOS CASAPALCA Natural 2.71 2.00 0.100 34.74
3.61 2.60
4.52 3.23
0.69 0.58
1.38 1.07
M-2 VETAS XIMENA Natural 2.07 1.54 0.101 34.88
2.76 2.02
3.45 2.51
0.70 0.60
1.39 1.10
M-3 CUERPOS CASAPALCA Natural 2.09 1.57 0.102 35.34
2.78 2.07
3.48 2.58
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0.62 0.51
1.24 0.96
M-3 VETAS XIMENA Natural 1.86 1.40 0.090 34.86
2.48 1.82
3.10 2.24
0.81 0.65
1.63 1.15
M-4 CUERPOS MS Natural 2.44 1.70 0.100 33.32
3.25 2.25
4.06 2.77
Esfuerzo Esfuerzo
Muestra - Zona Estructura Tipo de Normal de Corte Cohesion Angulo de
discontinuidad (wpa) (wpa) (MPa) Friccion (°)
0.94 0.71
1.88 1.31
M-4 VETAS XIMENA Natural 2.82 1.90 0.105 32.59
3.76 2.50
4.70 3.12
0.85 0.68
1.71 1.26
M-5 CUERPOS MS Natural 2.56 1.85 0.104 34.15
3.42 2.42
4.27 3.00
0.80 0.61
1.59 1.11
M-5 VETAS ESPERANZA Natural 2.39 1.64 0.100 32.53
3.19 2.12
3.99 2.65
0.84 0.66
1.69 1.23
M-6 CUERPOS MS Natural 2.53 1.77 0.103 33.53
3.38 2.35
4.22 2.90
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0.72 0.59
1.44 1.08
M-6 VETAS ESPERANZA Natural 2.16 1.57 0.099 34.18
2.88 2.03
3.60 2.56
0.82 0.65
1.65 1.20
M-7 CUERPOS ESPERANZA Natural 2.47 1.77 0.096 33.97
3.29 2.32
4.11 2.86
0.85 0.64
1.69 1.17
M-7 VETAS ESPERANZA Natural 2.54 1.72 0.098 32.45
3.39 2.25
4.23 2.79
Esfuerzo Esfuerzo
Muestra - Zona Estructura Tipo de Normal de Corte Cohesion Angulo de
discontinuidad (wpa) wpa) (MPa) Friccion (°)
1.24 0.87
2.48 1.65
M-8 CUERPOS ESPERANZA Natural 3.71 2.43 0.099 32.06
4.95 3.22
6.19 3.96
0.93 0.73
1.87 1.38
M-9 CUERPOS ESPERANZA Natural 2.80 1.96 0.101 33.97
3.74 2.62
4.67 3.26
0.49 0.43
0.97 0.74
PIQUE
M-10 CUERPOS Natural 1.46 1.07 0.099 33.60
CIRCULAR
1.95 1.39
2.43 1.72




104

M-11 CUERPOS

RAMPA 565

Natural

1.04 0.76
2.08 1.42
3.12 2.07
4.16 2.75
5.20 3.40

0.097

32.43




ENSAYO DE VELOCIDAD DE ONDAS (Vp - Vs)
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Los ensayos se realizaron segun la norma ASTM D 2845, dando los siguientes

resultados:

Longitud | Altura Vp Vs
Muestra

(cm) (em) (m/seg.) (m/seg.)
M-1 6.39 12.77 4942.0 3879.7
M-2 6.38 12.97 4507.0 3583.7
M-3 4.19 8.13 4392.0 1304.0
M-4 5.39 11.06 4005.0 2963.0
M-5 6.39 12.99 5759.0 4354.8
M-6 6.39 12.92 5526.0 4040.7
M-7 5.38 11.09 4891.0 3323.0
M-8 6.34 12.87 6275.0 4830.7
M-9 5.37 11.08 4970.0 3877.0
M-10 4.19 8.33 3452.0 1564.0
M-11 5.39 11.05 5178.0 3793.0
M-12 537 11.13 4856.0 3327.0
M-13 5.39 11.27 5441.0 4508.7
M-14 5.38 11.04 4205.0 3971.7
M-15 537 11.05 5827.0 5196.3
M-16 6.39 12.90 5526.0 4010.7
M-17 537 11.21 4050.0 2640.0
M-18 5.38 11.04 3304.0 2563.7
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ANEXO 05 - NORMAS ASTM

NORMAS ASTM ASTM 2664-95, D7012-14 y D3967-08



q[lﬂp Designation: D 2664 - 95a

AMERICAN SCCIETY FOR TESTING AND MATERIALS

100 Barr Harber Dr., West Conshohocken, PA 10428
Repeinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for

Triaxial Compressive Strength of Undrained Rock Core
Specimens Without Pore Pressure Measurements’

This standard is issued under the fixed designation D 2664; the number immediately following the designation indicates the year of
original adoption o, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change sinee the last revision or reapproval.

1. Scope

1.1 This test method covers the dctermination of the
strength of cylindrical rock core specimens in an undrained
statc under triaxial compression loading. The test provides data
uscful in determining the strength and clastic propertics of
rock, namely: shear strengths at various lateral pressures, angle
of intenal friction, (angle of shearing resistance), cohcsion
intercept, and Young's modulus. It should be obscrved that this
method makes no provision for pore pressurc measurcments.
Thus the strength valucs determined are in terms of total stress,
that is, not corrected for pore pressurcs.

1.2 The valucs stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 4543 Practice for Preparing Rock Core Specimens and
Determining Dimensional and Shape Tolerances®

E4 Practices for Force Verification of Testing Machines?

E 122 Practice for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process*

3. Significance and Use

3.1 Rack is known to behave as a function of the confining
pressure. The triaxial compression test is commonly uscd to
simulate the stress conditions under which most underground
rock masses cxist.

4. Apparatus

4.1 Loading Device—A suitable device for applying and
measuring axial load to the specimen. It shall be of sufficient

! This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommittee DIBI2 on Rock
Mechanics.

Current edition approved Dec. 10, 1995. Published April 1996. Originally
published as D 2664 - 67. Last previous edition D 2664 - 86 (1995).

* Annual Book of ASTM Standards, Vol 04.08.

* Annual Book of ASTM Swandards, Nols 03.01, 14.02.

* Annual Book of ASTM Standards, Vol 14.02.

capacity to apply load at a rate conforming to the requircments
specified in 7.2. It shall be verified at suitable time intervals in
accordance with the procedures given in Practices E4 and
comply with the requirements prescribed in the method.

4.2 Pressure-Maintaining Device—A hydraulic pump, pres-
surc intensificr, or other system of sufficient capacity to
maintain constant the desired lateral pressure, o3

Note |—A pressure intensifier as described by Leonard Obert in U.S.
Burcau of Mines Report of Investigations No. 6332, “An Inexpensive
Triaxial Apparatus for Testing Mine Rock,” has been found to fulfill the
above requirements.

4.3 Triaxial Compression Chamber *—An apparatus in
which the test specimen may be cnclosed in an impermeable
flexible membranc; placed between two hundred platens, one
of which shall be spherically scated; subjected to a constant
lateral fluid pressurc; and then loaded axially to failure. The
platens shall be made of tool steel hardencd to a minimum of
Rockwell 58 HRC, the bearing faces of which shall not depart
from planc surfaces by morc than 0.0005 in. (0.0127 mm)
when the platens are new and which shall be maintained within
a permissible variation of 0.001 in. (0.025 mm). In addition to
the platcns and membrane, the apparatus shall consist of a
high-pressure cylinder with overflow valve, a base, suitable
entry ports for filling the cylinder with hydraulic fluid and
applying the latcral pressure, and hoscs, gages, and valves as
needed.

4.4 Deformation and Strain-Measuring Devices—High-
grade dial micrometers or other measuring devices graduated
to read in 0.0001-in. (0.0025-mm) units, and accurate within
0.0001 in. (0.0025 mm) in any 0.0010-in. (0.025-mm) range,
and within 0.0002 in. (0.005 mm) in any 0.0100-in. (0.25-mm)
range shall be provided for measuring axial deformation due to
loading. These may consist of micrometer screws, dial mi-
crometers, or lincar variable differential transformers securcly
attached to the high pressure cylinder.

44.1 Elcctrical resistance strain gages applicd dircctly to
the rock specimen in the axial dircction may also be uscd. In
addition, the usc of circumferentially applicd strain gages will
permit the observation of data nccessary in the calculation of

* Assembly and detail drawings of an apparatus that mcets these requirenents
and which is designed to accommodate 2%4-in. (53.975-mm) diameter specimens
and operate at a lateral fluid pressure of 10 000 psi (689 MPa) are available from
Headquarters. Request Adjunct No. 12-426640-00.
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Poisson’s ratio. In this case two axial (vertical) gages should be
mounted on opposite sides of the specimen at mid-height and
two circumferential (horizontal) gages similarly located around
the circumference, but in the direction perpendicular to the
axial gages.

4.5 Flexible Membrane—A flexible membrane of suitable
material to exclude the confining fluid from the specimen, and
that shall not significantly extrude into abrupt surface pores. It
should be sufficiently long to extend well onto the platens and
when slightly stretched be of the same diameter as the rock
specimen.

Note 2—Neoprene rubber tubing of e-in. (1.588-mm) wall thickness
and of 40 to 60 Durometer hardness, Shore Type A or various sizes of
bicyele inner tubing, have been found gencrally suitable for this purpose.

5. Sampling

5.1 The specimen shall be selected from the comes to
represent a true average of the type of rock under consider-
ation. This can be achieved by visual observations of mineral
constituents, grain sizes and shapes, partings and defects such
as pores and fissures.

6. Test Specimens

6.1 Preparation—The test specimens shall be prepared in
accordance with Practice D 4543.

6.2 Moisture condition of the specimen at the time of test
can have a significant effect upon the indicated strength of the
rock. Good practice generally dictates that laboratory tests be
made upon specimens representative of field conditions. Thus
it follows that the field moisture condition of the specimen
should be preserved until the time of test. On the other hand,
there may be reasons for testing specimens at other moisture
contents, including zero. In any case the moisture content of
the test specimen should be tailored to the problem at hand and
reported in accordance with 9.1.6.

7. Procedure

7.1 Place the lower platen on the base. Wipe clean the
bearing faces of the upper and lower platens and of the test
specimen, and place the test specimen on the lower platen.
Place the upper platen on the specimen and align properly. Fit
the flexible membrane over the specimen and platen and install
rubber or neoprene O-rings to seal the specimen from the
confining fluid. Place the cylinder over the specimen, ensuring
proper seal with the base, and connect the hydraulic pressure
lines. Position the deformation measuring device and fill the
chamber with hydraulic fluid. Apply a slight axial load,
approximately 25 Ibf (110 N), to the triaxial compression
chamber by means of the loading device in order to properly
seat the bearing parts of the apparatus. Take an initial reading
on the deformation device. Slowly raise the lateral fluid
pressure to the predetermined test level and at the same time
apply sufficient axial load to prevent the deformation measur-
ing device from deviating from the initial reading. When the
predetermined test level of fluid pressure is reached, note and
record the axial load registered by the loading device. Consider
this load to be the zero or starting load for the test.

7.2 Apply the axial load continuously and without shock
until the load becomes constant, or reduces, or a predetermined

amount of strain is achieved. Apply the load in such a manner
as to produce a strain rate as constant as feasible throughout the
test. Do not permit the strain rate at any given time to deviate
by more than 10 % from that selected. The strain rate selected
should be that which will produce failure of a similar test
specimen in unconfined compression, in a test time of between
2 and 15 min. The selected strain rate for a given rock type
shall be adhered to for all tests in a given series of investigation
(Note 3). Maintain constant the predetermined confining pres-
sure throughout the test and observe and record readings of
deformation as required.

Nore 3—Results of tests by other investigators have shown that strain
rates within this range will provide strength values that are reasonably free
from rapid loading effects and reproducible within acceptable tolerances.

7.3 To make sure that no testing fluid has penetrated into the
specimen, the specimen membrane shall be carefully checked
for fissures or punctures at the completion of each triaxial test.
If in question, weigh the specimen before and after the test.

8. Calculation

8.1 Make the following calculations and graphical plots:

8.1.1 Construct a stress difference versus axial strain curve
(Note 5). Stress difference is defined as the maximum principal
axial stress,r 4, minus the lateral pressure, oy. Indicate the
value of the lateral pressure, oy, on the curve.

Nore 4—If the specimen diameter s not the same as the piston
diameter through the chamber, a correction must be applied to the
measured load to account for differences in arca between the specimen and
the loading piston where it passes through the seals into the chamber.

Nore 5—If the total deformation is recorded during the test, suitable
calibration for apparatus deformation must be made. This may be
accomplished by inserting into the apparatus a steel eylinder having
known clastic propertics and observing differences in deformation be-
tween the assembly and steel eylinder throughout the loading range. The
apparatus deformation is then subtracted from the total deformation at
cach increment of load in order to arrive at specimen deformation from
which the axial strain of the specimen is computed.

8.1.2 Construct the Mokhr steess circles on an arithmetic plot
with shear stresses as ordinates and normal stresses as abscis-
sas. Make at least three triaxial compression tests, each at a
different confining pressure, on the same material to define the
envelope to the Mohr stress circles.

Nore 6—Because of the heterogencous nature of rock and the scatter in
results often encountered, it is considered good practice to make at least
theee tests of essentially identical specimens at each confining pressure or
single tests at nine different confining pressures covering the range
investigated. Individual stress circles shall be plotted and considered in
drawing the cnvelope.

8.1.3 Draw a “best-fit,” smooth curve (the Mohr envelope)
approximately tangent to the Mohr circles as in Fig. 1. The
figure shall also include a brief note indicating whether a
pronounced failure plane was or was not developed during the
test and the inclination of this plane with reference to the plane
of major principal stress.

Nore 7—Ifthe envelope is a straight line, the angle the line makes with
the horizontal shall be reported as the angle of interval friction, & (or the
slope of the line as tan ¢ depending upon preference) and the intercept of
this line at the vertical axis reported as the cohesion intereept, C. If the
envelope is not a straight line, values of ¢ (or tan &) should be determined
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by constructing a tangent to the Mohr circle for cach confining stress at the
point of contact with the envelope and the corresponding cohesion
intereept noted.

9. Report

9.1 The report shall include as much of the following as
possible:

9.1.1 Sources of the specimen including project name and
location, and if known, storage environment. The location is
frequently specified in terms of the borehole number and depth
of specimen from collar of hole.

9.1.2 Physical description of the specimen including rock
type; location and orientation of apparent weakness planes,
bedding planes, and schistosity; large inclusions or inhomoge-
neities, if any.

9.1.3 Dates of sampling and testing,

9.1.4 Specimen diameter and length, conformance with
dimensional requirements.

9.1.5 Rate of loading or deformation or strain rate.

9.1.6 General indication of moisture condition of the speci-
men at time of test such as: as-received, saturated, laboratory
air-dry, or oven dry. It is recommended that the moisture
condition be more precisely determined when possible and
reported as either water content or degree of saturation.

9.1.7 Type and location of failure. A sketch of the fractured
specimen is recommended.

Note 8—If it is a duetile failure and o, - a,, is still increasing when
the test is terminated, the maximum strain at which o, = o is obtained
shall be clearly stated.

10. Precision and Bias

10.1 An interlaboratory study was conducted in which six
laboratories each tested five specimens of three different rocks,

three confining pressure and four replications. The specimens
wete prepared by a single laboratory from a common set of
samples and randomly distributed to the testing laboratories for
testing. The study was carried out in accordance with Practice
E 691. Details of the study are given in ISR Research Report
“Interlaboratory Testing Program for Rock Properties (ITP/RP)
Round Two,” 1994, Tables 1-3 give the repeatability (within a
laboratory) and reproducibility (between laboratories) for the
method at confining pressure of 10, 25 and 40 MPa.

10.1.1 The probability is approximately 95 % that two test
results obtained in the same laboratory on the same material
will not differ by more than the repeatability limit. Likewise,
the probability is approximately 95 % that two test results
obtained in different laboratories on the same material will not
differ by more than the reproducibility limit.

11. Keywords

111 compression strength; compression testing: loading
tests; rock; triaxial compression

TABLE1 Compressive Strength (MPa) @ 10 MPa Confining

Pressure
Berea Tennessea Barre
Sandstona Marble Granite
Average Valug 127 173 262
Repeatability 529 322 135
Reproducibiity 225 383 25.7




filb D 2664
TABLE 2 Compressive Strength (MPa) @ 25 MPa Confining
Pressurs

Berea Tennessee Barre

Sandstone Martle Grante
Average Value 178 206 366
Repeatabiity BE9 433 225
Reproducbility 47 518 31.0
Average Value 215 237 NA
Repealabiity 7.85 424 NiA
Reproducbikty 52.0 735 NA

The American Society for Testing and Materiais Lakes no position respecting he validily of any patent rights asserted in connection
wilh 2ty item menhioned in UNs sfandard. Users of Uns standard are expressly advised thal deferminalion of the validily of any such
patent rights, and the risk of infringement of such rights, are entirely their oW rESPONSIbIRTy.

Ting standard is subyect b revision at any fime by the responsible techical commiitiee and must be reviewed every five years and
irnot revised, eilher reapproved or withdrawn. Youw comments ave invited either far revision of s standard o for additional standards
and showld be addressed (o ASTI Headquarters. Youwr comvnents mi recaive cavefuf considevation af 8 meeting of the responsilye
tectunical commitiee, which you may affend. If you feel that yow comments have nol réceived a far hearing you should make your
views known 1o the ASTM Commitlee on Standavds, 100 Barr Harbor Drive, West Conshohocken, PA 18428,

TABLE 3 Compressive Strength (MPa) @ 40 MPa Confining

Pressurs
Berea Tennessee Barre
Sandstone Marbile Grante

Average Valua 173 208 366
Repealabiily B.69 433 225
Reproduchilty 47 5138 31.0
Averape Value 215 237 NiA
Repeatabiity 7.85 424 NiA

Reproducbility 52.0 735 NA
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_ Standard Test Methods for ) ' :
F .Compressive Strength and Elastic Moduli of Intact Rock
Core. Spectmens under Varying States of Stress and

ﬁ Temperatures’ :

7 “This standard is issved uader the fxed dul;m'm DI01%; the nuenher immediouly following the rlal,nauon indicates the year of
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!3- . seperscripl epiilon (&) mdicales an editoein! thege since (B [ust revision of reapproval.

¢ NOTE—Editarially conected lagend for Eq 3 fa Aogust 2017,
1. Scope

ﬁ‘ 1.1 These four test methods cover lhc dctcrmunnon of the
* strength of intact Tock core specimens in uniaxial and triaxial
cooypeession, Methods A and B determine the triaxial comprés-

sive strength at different pressures and Methods C and D
determine the unconfined, uniaxial stength,

12 Methods A and B can be ased 1o determine the angle of
intersal friction, angle of shearing resistance, and cobesion
7 inteceept-

13 Methods B and: D Spccﬂv the appuralus,
;‘g{ insuimentation, and procedures for determining the stress-
=" axid strain and the stress-lateral Strain curves, as well as

Young's modulus, E, and Poisson’s ratio, v, These methods
@s mhnnpmwsmnfmpompmmmcasmcmtsandspm

! mens are andrained (platens are not vénted): Thus, the stength
vxh:esdmmmnedmmremsofxoulsmswmmv

correrted for pore pressues. These test methods do notinclude
E the proceditred riecessary (o obrain a stress-strain curve beyond
the ukimate strength,

g, 14 OpnonAanows for’ msung a!gmfemnt temperatures and
=2 can be applied o any of the. test methodsif reqpesied,

. 13 This standard replaces and combines the following
g ‘Standard Test Methods: D2664 Triaxial Campressive Strengib
A of Tafmined Rock Core’ Specimens Without Pore Pressure

| Measwements; D$407 Elastic Moduli of Undraioed Rock Core

.. Specimens in "Triaxial Compression Without Pore Pressure
=3; Measurements; D2938 Unconfined Compressive Strength of

" Intset Rock Core Specimens; and D3148 Elastic Modoli of

Incact Rack, Cqre Specimens in Uniaxial Compression. The

31, origia four standards are now referred 1o as Methods in this
™ standard.

g_._';__

* Ttz et exczhods are endes the jursdiction of ASTM Comaitee D1E an Soil

, 'and Rk md s e direet respocsibility of Subcomaillee D1EI2 on “Rosk
-, Mecheris.

Cument efition pproved May 1, 2014, Published Jume 2014, Origirally

approred in 2004, Lage peevions ediica appraved in 2013 0 DIN2 = 12 nox
mmm 1AED),

E}

1.5.1 Method A: Triaxial Compressive Strength of

- Undrained Rock Core Specimens W’:d»out Pore Pressure Mes-
SUremEnts,

1.5.1.1 Method A is used for obmnmg strengﬂx determina-

tions. Strain is not typically measured; Lhmfom 2 stress-straih
turve is not prodoced.

15.2 Method B: Elastic Modyliyof Undrained Rock Core

Specimens in Triaxial Compmsmn Without Pore Pressure
Measurements,

153 Method C: Uniaxial Compressive Streogth of Intact
Rock Core Specimens,

1.5.3.1. Method C is ueed for obiining sn-eugm delesming-
tions. Strain is not typically m:asumd thesefore 4 stmss-sua;n
cumasnotproduwd Sy

L5, 4. Methad D: Elastic Moduli of Imacz Rock Core Spcct-
mens in Uniaxdal Compmswn

" 155 Option A: Temperanure Vadanon—Applus to any of

the methads and ellows for testing at temperatures shove or
below room temperature.

1.6 For 4n isotropic material in Test Methods B and D, the
relation ‘between the shear and bulk moduli and Toung's
modulus 2nd Poisson’s ratia are: -

G=3 (T+' ] n
£
K- @

where: |
G = shear modulas,
K = bulk modulus,
E = Young's modulug, and
v = Poisson's ratio.
1.6.1 The engmeering applicability of these equaticns de-
ercases with increasing anisotropy of the rock. It is desimble to

_ conduct tests in the ptane of foliation, cleavage or bedding and -

at right angles 10 it to determine the degree of anisotropy. It is
noted that equations developed for 1scwopic materizls may givc
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only api:mximatc caleulated results if the difference in elastic
moduli in two orthogona) disections s greater than 10 % fora
“given stiess Jevel, ;

Note 1—Elsstic moduli measured by sonic methods (Test Method *

. D2345)-may often be employed as o preliminary measure of enisotropy,

1.7 Test Mcthods B and D for determining the elastic
constants do not 'apply to rocks that undecgo significant
inelastic strains during the test, such as potash and sat. The
elastic.moduli for such rocks should be determined from
unload-reload cycles that are not covered by these tast meth-
ode!

1.8 The valves stated in SI units arc to be regarded as
standard. No other units of measurement are inclided in this
.standard.

19 All observed and calculated values shali conform to the
guidelioes for significant digits and rounding established in
Practice DE026, 3

135.1: The procedures used (o specify how data are collected/
recorded or- caleulated,. in this standard are regarded as the
industry standard. In addition, they are representative of the
significant digits that generally showld be retained. The proce-
dures wsed do not consider material variation, purpose for
obizining the daia, special purpose studies, or any consider-
aticns for the User’s objectives; and it is common practice to
Jucrease or reduce significant digits of reported dama to be
-commensurate with these considerations. It is beyond the scope
of dus standard to consider significant digits used in analytical
methods for engineering design. R,

. 110 This standard does not-purport 1o address alf of the’

- safely concems, if ‘any, associated with frs wse. It is.the ¢

nstbility of the. user of this standard 1o éstablish appro-

priate: safery and healih proctices and determiné the applica-

bility of regudatory limitations prior to use,

o AL This imermational standard was developed in accor-
\ danez with’ internationally recognized principles on standard-
tlion: egtoblished in the Decision on Principles for the

. Dewlopmenz of International Standards, Guides and Recom-

" meadations: issued by the World Trade Organization Technical

* Bamiérs fo: Trade (TBT) Committee,

. L Refirenced Documents
2L ASTM-Standards:*

. D633 Terminology Relating to- Soil, Rock, and Contained

‘Fhads -, . 4

D2216 TestMethods for Laboratory Determination of Water
(Maisture) Content of Soil and Rock by Mass

D845 Test Method for Laboratory: Determination of Pulse
Velocities- and. Ultrasonic Elastic Constants of Rock

- (Withdrawn.2017F . . : .
D3740 Practice for. Minimum Requirements for Agencies

sed in Testing and/er Taspection of Soif and Rock as

FFor refertnced ASTM smadards, vigit the ASTM wehslie, wwwastm.org, or
et ASTM Castomor Sarvice ul serviee@ tien ocp: Foe Anmud Book of ASTM
Snabals volume informarian, sefer (o the standird's Doceracnt Sussmary Pageon
the ASTM website. i ‘

*the It appraved versica of Jhis hisodeal standiml i ref 4 em

Used in Engineering Desien and Construction

D542 Practices for Preparing Rock Core as Cylindrical Test
"Specimens and Verifying Conformance to Dimensional
and Shape Tolerances (Withdrawn 2017)°

D6026 Practice for Using Significant Digits in Geotechnical
Data G2t 5 : "

EA Practices for Force Verification of Testing Machines

- E122 Practice for Calculating Sample Size to Estimate, With

Specified Precision, the Average for a Characiesistic of a
Lot or Process - : -

22 ASTM Adjunct:* : ‘

Triaxial Compression Chamber Dravrings (3)

3. Terminology
3.1 Definitions:

3.1.1 For definitions of common technical terms in this

standard, refer to Terminology D653.

4. Summary of Test Mel_ho'd _

4.1 A rock core specimen is cul o icngch and the ends are
machined flat. The specimen is placed in a loading frame and

if necessary, placed in 3 Joading chamber and subjected to'

confining pressure. For = specimen tested at a dilferent
tempecature, the test specimen is heated or cooled to the
desired test temperature. prior 1o the start of the test, The axial
loud on the specimen is then increased and measured continu-
ously. Deformation measurcments are not obtained for Meth-
ods A and C; and are measured 25 a function of foad untl peak
load and failure are obiained for Methods B and D.

5. Significancé and Use |, - ¢

5.1 ‘The parameters obtzined fror Methods A and B are in

terms of undrained total sméss. However, there are some cases
where cither the rock type or the loading condition of the
problem under consideration will regvire the effective stress or

* drajined parameters be determined.

5.2 Method C, unjaxial compressive strength of rock is used
in many design formulas and is sometimes used g5 an index

‘property o select the appropriate excavation technique, Defor-
ration and swrength of rock are known to be functions of -

confining pressure. Method A, iriaxial compression test, is
commonty used 1o simulate the swess conditions under which

. most underground rock masses cxist. The elastic constants

(Mcthods B and D) are vsed' 1o calculate the stess and
deformation in rock structures,

53 The deformation end strength properties of rock cores
measured in the laboratory nsually do not accurately refiect
large-scale in sitw properties because the lalter are strongly

“influenced by joims, faults, inkomogeneity, weakness planes,

and other factors. Thercfore, laboratory values for inract

specimens must be employed with proper judgment in engi-

neering applications, ] :
Nore 2—=The quality of the result produced by this siamdard is

4 Assenbly 3nd docail drawsags of an apposatue tha meess these mqnim.mzm
and which is designed % accommodate Sdemun diameser specimens and opesale at

NN O,

O

0 eoafining fuid of 68.9 MPa ore ovailahle froes ASTM Intemrational
Headquancrs. Order Adjendt No. ADID7012, Oriplesl sdjunct prodoced in 1082
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properly Tubricated to allow free movement. The movable.
. portion of the platen shall be held closely in the spherical seat,

Jbut the desien shiall be such that the bearing face can be rotated
and tilled through smiall angles in any direction. If a spherical
seat ismot used, the bearing surfaces shall be parallel to 0.0005
mm/mm of platén diameter. The platen diameter shall be at
least as great as that of the specimen and have a thickness-to-
diameter ratio ofat]m 12

6.3 Defonnarwn Deths
- 631 Methods B and D:

§3.1.1 Strain/Deformation  Measuring  Devices—
Deformations or strains may be determined from daa obtained
by electrical resistence  strain gages, compressometers, lincar
vasiable differential transformers (LVDTS), or other suitable
means. The strain/deformation measuring system shall mea-
sure the strain with a resolution of at least 25 x 10°° strain and
an sceuracy within 2 % of the value of readings above 250 x
10 sirain and accuracy and resolution withia ' x 10° for
‘readings Jower than 250 x 10°¢ strain, including emors intro-
doced by excitation and readout equipment. The system shall
be fre¢ from non-characterized lonﬁ-mm instability {drift} that
results in an apparent strain of 107/s or grealer.

Nom 5—The user is tauticaed zbout the influence of wesﬁrs nd
{empéranure on the output of strain and defmmauon sensors Jocated within
the eoafiring pressure appamaiys.

« *63.12 Determination of Axial Strain—The design of the -
" meastring device shall be such that the average of at least two.

axil sirain measuremen(s can be determined. Measuring
positions shall be equally spaced arpund the circumference of

" the dpecimen, close fo midheight: The gange length over which®

: *the. ixial strains are determined shallbcatl&st!engmn
d"mm in magnitide. ' .
+ 313, Determination of Lateral Slmb:—The lama] defor-

3

Yiementioned in 6:3:1.1, Either circumferential or diametric de-
% foematitins or strains may be measvied. A single transducer that
-'_,‘ % zround the specnmen can be used to measure the change
" £ crmncumfum At Teast two diametric deformation sensors
sh& be tised. if diamesric deformations are measured. These
+ sengocs shali bcnqusl!y spaced around the circumfesence of the
sperimen. ‘close: to: midheight The average deformation or

3 1 =diamanc sensors shall be recorded,

“he Thcmc of's su::m gage ahesives rcqulnn" cure Icmpmruru
abore WCasmotaﬂowud unless i is known that microfracturas do-not
. avc\gp md minemlog:cal changes do not gecur at the cure temperature.

64 mung Devices—A& clock, stopwatch, digitsl timer, or
aﬁbreadab!c wl mmule.

'T.Safety Pmmutlons

e Dangcr exists. nedr confining prcssurc usnng equipment
betapse of the: high pressures.and. loads developed within the
sptem. Test systems: most be- designed and constructed with
aeqate saféty, factors, assembled with properly rated fittings,

o provided' with ‘protective shields to protect people in the
ara from unexpected system failure. The use-of a gas as the

cwining pressure: fluid dntroduces potential for exueme vio-

_lm_m the cycn! of a system. fmlurc

M

;"‘ inafions ‘oF sirains may be measured by any of the methods '

72 Many Tock types fail in a violeat manncr when loaded to
failure in compression, A protective shicld ‘shall be placed
arpund the uniaxial fest specimen to prevent injury from flying
rock fragments.

7.3 Elevated temperatores: increase the nsk.s of clectrical
shorts and firc. The flash point of the confining pressure fuid
shall be above the operating: temperatures dunng the test. .

8. Test Spocxmens '

8.1 Specimen Selection—The specimens for each sample
shall be selected from cores representing a valid average of the
type of rock under consideration. This sample selecion can be
achicved by visual observations of mineral constituents, grain
sizes and shape, partings and defects such as pores and fissures,
or by other metheds such as ulirasonic velocity measurements.
The diameter of rock test specimens shall be at Jeast ten times
the diameter of the Jargest mineral grain. For weak rock types,
which behave more like soil, for example, weakly cemented
sandstone, the specimen diameter shall be at least six &imes the
maximum particle diametes, The specified minimum specimen
diameter of approximately 47-mm satisfy this criterion in the
majarity of cases., When cores of. diameter smaller than the
specified minimum must be tested Because of the unavailability
of larger diameter coré, as is often the case in the mining
industry, suitable notatioa of this fact shall be mads in the
report,

B.1.] Desirable spec:men length to diameter ratiog arc
between 2.0:1 and 2.5:1, Specimen length to diameter ratios of
less than 2.0:1 arc unacceptable. If it is necessary to test

spcmmens nog ‘meeting, the Jength. lb d:amewr ralio reqmre-_ =
ments due to Tack. of available, specimens, the report’ shall
contain & note stating the nonwconformanc with this standard”

including a statement explaining that the results may differ
from results obtained from a test specimen that meets the
tequircments, -Laboratory specimen length to diameter ratios
must be employed with proper judgment in engmmng appli-

* culions. .
8.2 The number of specimens neoessary to obtain a

specific fevel of statistical resalts may be determined vsing Test
Method E122. However, it may not be economicslly possible
to achicve a specific confideace level and professionsl judg-
ment may bt necessary,

8.2 Preparation—Test spec:mens shall he prcpan:d in eec-
cordance, with Pracrice D4543. ;

B.2.1 Test results for specimens not meeting the require-
ments of Practice D4543 shall contzin a note describing the
non-conformance and 2 statement explaining that the results
veported may differ from results obtained from a test speciraen
that meets the requirements of Practice D4343,

8.3 Moisture condition of the specimen at the me of test
can have a significant effect upon the defornmation of the rock.
Good practice generally diclates: that laboratory tests shall he
made upon specimens representative of field conditions. Thus,
it follows that the field moisture condition of the specivaen

shall be preserved until the tme of test. On the other hand,”

there may be reasons for testing specimens at other moisture
contents, mcludmg zem. In any case, lhc mmsmm contcnl of
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dependert ba the competncs of the peesonned performing ity snd the
suitabiliry of the equipment and facilities used Agencies that mest the
criteria of Practice D3740 are generally considered capable of eounpedent
and objective testing. Users of this standand are cautionsd that comphiance
with Practice D3740 does not in itself ensure veliable results, Reliable
results depend on many factors; Practice D3740; provides a means for
evaluating some of thoss factars,

6. Apparatus

6.1 Compression Apparatus:

6.1.) Meshods A 1o D: ,

6.1.1.1" Loading Device~The loading device shall be of
suflicieat capacity to apply load ar a rate conforming o the
requirements specificd in 9.4.1. It shall be verified at suitable
time mtervals in accordance with the procedures given in
Practices E4 and comply with the requirements preseribed in
the method. The loading device may be equipped with a
displacement transducer that can be used to advance the
toading ram at a specified rate. '

Nuiz 3—Foe Methads A and B, if the lond-measuring device is located
outside the confining compression apparanis, ealibralions to determine the
stal friction nead (0 be made 1o make sure the Joads measured meet e
nccusacy specified in Practices B9

6.2 Confining System:*

6.2 Methods A and B: :

6.2.1.1 Confining Apparatus’~The confining pressure ap-
paratus shall consist of a chamber in which the test specimen
may be subjected to 2 constant lateral fluid pressore and the
required axial load. The apparatus shall have safery valves,
suitable eatry ports for filling the chamber, and associated
hoses, gages, and valves as needed. SN

© 6212 Flexible Membyasie—~This membrane enclosés the
rock specimen and extends over the platens 1o prevent penetra-
tion by the confining fivid. A sleeve of natral or synthetic
rubber or plastic i satisfactory for room temperature tests;
howeyer, metal or high-tempcratare rubber (viton) jackels are
usually necessary for elevated temperature tests. The mem-
brane shall be inert relative to the confining Muid wnd shall
cover small pores in the specimen without rupturiog when

¢onfining pressure is applied. Plastic or silicone rubber coat-

ings mey be applied direcyly fo the specimen provided these
materals do not penetrate and strengthen or weaken the
- specimen. Care-most be taken © form an effective seal where
the platea and specimen meet. Membranes formed by coatings
shall be subject o the same performance requimements as
efastic slezve mermbranes. '

6.213 Pressure-Maintaining Device—A bydravlic pump, '

pressure intensifier, or other system having sufficient capacity
to mantiie the desired lateral pressure to within 1%
throughowt the test. The confining pressure shall be measured
with abydraulic pressure gauge or electtonic transducer having
an qoesray of at least *+1% of the confining. pressure,
including eors due to readout equipment, and a resolution of
at least 05 % of the confining pressure. '

* Avxnbly wd Actail drawings of 2n appuray that sty (esé rquiremants
and whidh b designed w aceammadate 21/8-in, (53.975-mm) divmeter specimens
#nd opsue 2 8 ¢oafining Suid pesswre of £9.9 MPa are avaiiable from ASTM
{ntemfons] Beodquarters. Order Adjucet No, ADIDIOL2. Oclginal adjumet pro-
duved @ 1042

62.1.4 Confining-Pressure Fluids—Hydraulic flwids cony
patible with dhe pressure-maintaining dévice and flexible

membranes shall be used. For tests using Option A, the fiuid .
,Must remain stable at the empertore and pressure levels

designated for the st

6.2.2 Option A: .

6221 Temperature Enclosure—The lemperattire enclosure
shall be either an ntemel system that fits inside the loading
apparatus or the confining pressure apparatus, an cxiermal
system enclosing the entire confining pressure apparatus, or an
external system encompassing the complete test apparatus. For
high or low lemperawres, a system of heaters or coolers,
respectively, insulation, and temperature-measwring devices
are normally necessiry (o mainwin the specified temperatore.
Temperature shall be measured at three Jocations, with one

‘sensor near the Lo, one at mid-height, and one near the bottom

of the specimen, The “average™ specimen temperature, based
on the mid-height sensor, shall be maintained to within =1°C
of the specified test temperature. The maximum temperature
difference between the mid-height sensor and either end sensor
shall not exceed 3°C.

Nortn dAn 2ltemalive to measaring the ternpsratate 3t thres locations
vong the specimea during the dest ¢ to determine the
distrbulion in a specimen hat bas temperanwe sensors locared n drif]
ks at & misimion of six pasidons: along both the ceniceline and
specimen periphery at mid-hesght and ench ¢nd of the specimen. The

specimen may Originate from: the saros baieh as (he test specimens and «

conform to the same dimensional Wlernces und to the swoe degree of
infactness. The tamperature controller set poiat may be acjusted to Gbtain
steady-state. tempestures [n the specimen that meet the temperahue
requisernents ‘af each gast temperature,. The centerling temperamre at

 mid-height thay be-widin %)°C of the specified test teamperarure and all

other specimen temperaiures My ool deyiate ffom this temperanure by
more than 3°CL. The celationship berwesn: conuollee set ‘point ' and
specimen tempéruture can B¢ ysed 10 determing the specimen |empecalurs

during testing provided that the oucput of the temperatuce feedback seasor '

or other fixed-Jocation temperanuse sensor in the (Faxial apparatus is
mainlained copstant within %1°C of the specified met erperanse. The
relationship between tempersiuce controller s2¢ point and steady-state
spesimen temperanis may be vesified periodically. The specimen Is usad
solely  detérming (be tsmperatre @lsibudon in & $pacimen in the
triaxial appararus. It is not 10 be vsed 10 determing compressive swength
or elastic constants,

62.2.2 Temperature Measuring Device—Special limits-of-
crror thermocouples or platinum resistance thermometer
(RTD3) having accoracies of at Jeast £1°C with 2 resolution of

10.1°C shall be used. . :

. 6.2:3 Bearing Surfaces:

6.2.3.1 Methods A ro D:
(1) Platens=Two sieel platens are used to transmit the
axial load to the ends of the specimen. They shall be made of
1o0l-hardencd steel 1o 2 minimum Rockwell Hardness of 58 on

the “C" scale. One of the platens shall be spherically seated and -

the other shall be e plaio rigid platen. The bearing faces shall

. not depart from 2 plane by more than 0.015 mm when the

platens are new and shall be maintained within a permissible.
variation of 0,025 mm. The diameter of the spherical seat shall
be ar Jeast as large as that of the test Specimen, bue shall pot
exceed twice the diameter of the west specimen. The center of
the sphere.in the spherical seat shall coincide with that of the
bearing face of the specimen, The spherical seat shal.l' be
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tht test spesimen shall be tailored to the problen at hand and
Cetermiacd gccording o the procedures given in- Method

D2216. If moisture. condition is to be majntined and the

(empersure eaclosure is not equipped with humidity ontro),

the specimen shall be sealed using a flexible: membeane or by *
applying:a plastic or silicone rubber coating: to the specimen.

Sides. Ifthe specimen is 1o be saturared, porous sandstones may
present little o¢ no difficulty. For siltstone, saturation may take
longes. For tight rocks sach as intact granite, saruretion by
water may be impractical. . '

9. Protedure

9.1 Seating:

9.1.1 Methods A to D: '

9.1.11 The spherical sest shall rotate freely in its socket
before ach test, RS EAT

5.1.L2 The lower platen shall be placed on the base or
actuatee rod of the loading device. The hearing faces of the
upper andlower platens and of the test specimen shall be wiped
clean, and the tést specimen shall be placed on' the lower
plalen. The upper platen shall be placed on the specimen and
aligned propey.

9.2 Oonfining Stress:

921 Methods A and B: - _

92,1 The membrane shall be fitted over the specimen and
platens  seal. the specimen from the confining fluid. The
specimex shall be placed in‘the test chamber, ensuring proper
seal wilh the bate, and connection to the confining pressure
liies. Asmall axial load, <1 % of anticipated ultimate strengch,
may B agplied to the confining compression chamber by
 means of ihe Joading device fo properly seat the hearing parts
B A
©9.2,12:The chamber shall be flled vidh confining fuid and

the cocfining stress shall be mised wniformly (o' the specified
level witin 5.min. The Jateral and axial componeats of,the
confinizg sress shall not be allowed to differ by more than 5
pereeat of the nstantaneous pressure at any time. - ‘
9.2.13 The predetermined confining pressure shall be main-
tained ggroximately thronghout the test .o

92.14.T6 thake sure tha no confining Buid has pentirated.

inlo the speciten, the: specimen membrane shall be carefully
checked for fissures or punctures and' the specimen shal] b
examined with 4 hand lens at the completion of each copfining
st . P
9.3 Option A: ' ; .
931 Install the elevated-temperature enclosure for the ep-
paratus wed. The temperatuse shall be raised at a rate not
exceedeg 2'Clmin until the required temperature is reached
(Note 7. The est specimen shall be considered to have reached
pressus and temperanure equilibrium when all deformation
transdeesr outputs are stable for at least three readings taken at
equal inervals over a period of no less than 30.min (3 min for

tests pedormed at room tempersture), Stability is defined as a * -
constant reading showing only the effects of normal instrument -

and hear unit fuctuations. Record the initial deformation
rcadings which art to be taken 28 zeroes for the est,

N -4t bes becn observed that for seine rock types microcracking
will ooc by beating rates above 1°Clinin, The operator is ciutioned to

.
o S ee——— ) PSS ot s e m ot ol

~

select a heating case mich dhat micteeracking does not significantly affoer
the test sesuly, ' :

9.4 Applving Load:

9.4.1 Methods A 10 D: .

9.4.1.1 The wxial load shall be applied continuously and
without shock unti] the load becomes constant, is reduced, or'a
predetermined amount of strain is achieved. The load shall be -
applied in such a manner as to produce either a stress rats
between 0.5 and 1.0 MPa/s or 2 strain rate 2 constant as
feasible throughout the test, The stress rate or strain.rate shal)
not be permilted 4l any given time to deviate by more than
10 % from that selected, The stress rate or strain rate selected
shall be that which will procuice failwe of 4 cohort fest
Specimen in compression, in 4 test time between 2 and 15 min.
The selected stress rate or strain rate for 2 given rock type shall
be adhered to for all tests in a given series of investigation
(Note 8). Readings of deformation shal] be observed and
recorded at aminimum of ten load Jevels that are evenly spaced
over the loed range. Continvous data recording shall be
permitted provided that the recording system meets the preci-
sion and sccuracy requirements of 12.1,1, The maximum load
sustained by the specimen shell be recorded, Load readings in
kilonewtons shall be recorded to 2 decimal places, Stress
readings in megepascals shall be recorded to 1 decimal place.

Nore 8—Results of tesis by other investigarss have shown thar strain
rates within this range will provige sirength velues tht are seasonubly free
from rapid loading ¢ffects aad reproducible within acceptable twlemnees.
Lower surain rates may be permlssible, if required by the investgation.
The drift of the strin meaturing systeen (see 6.3) may be constmined
more tingently, cocresponding 10 the longer duration of the test.

Nois 9—Laading a high-strength specimen in load conmal 1 fzifore in
2 loading frame will afien mesult in violént faibure, which will read 0.

- damage the srsinklefomstion medsuriag devices and b bizardous Lo e,

opertes.
10. Calealations
10.] For Methods C and D, the uniaxial”compressive

strength o, of the test specimen shall be calculated as follows:

"

4 N d,";— _' (3

T

™ >
G, = wniaxial compressive strength (MPa),
Pz failyre Toad (N),
A & cross-sectional area (meo’),

102 For Methods A and B, the trimial compressive
strengtly; o, of the test specimen shall be calculated as follows:

a=a,~0, {4}

-

whese:

4 differential failure stress (MPa),
g, = total failure stress (MPa), and
a; = confining stess (MPa),

Noe: 10—Tensile stresses and strsing wre normally recorded 42 being
posldve, A consistent appBcation of 3 comeression-positve sign conven:
tion may be employed if Gesired. The sign copventiea adopted netds 10 be
stated explicitly in the report, The formulas given are for enpineesing -

- stressas and girains. True smesses and straing may be used. provided what
Whé specimen dlameler at the Sme of peak load is known, ‘

Nun: 11— the specimen diameter is oot the same 25 the piston
dizmeler through the Wriaxial uppartus, 1 comeetion may be applied (o the
measured load o acoount for the' confining peessure acting on the

. o———— i 4 ‘ Cin ey

o
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diffesenct in area between Uhe specimen and 1he loading pision where it
passes thiough the scals into the sppararus. The engincer must be
" knowledgeable o the diRerences in confinement test systems such 3 2
*Hoek cell, through piston chamber, intgeal doad cell aad extemal Josad
cell. . v "

- ’

103 Methods B and D: .t

103.1 Axial strain, €, and Jateral strain, £, shall be obtained
directly from strain-indicating equipment or shall be calealated
from deformation readings, depending on the type of apparatus
or instruentation employed, Strain readings shall be recorded
to six decimal places. o

1032 Axial strain, £, shall be calculated as follows:

Al :

L

&)

rwhm:

;':wirerc:"

£, = axial strain (mm),
L = original undeformed axial gauge length (mm), and
4L = change in measured axial gauge length (mm).

Nome 12-IF the deformation recorded duing the test ineludss defor-
mation of the 2pparatus. suitsble calibration for apperats deformation
shalf be made. Thi¢ may be accamplished by inserting into the APpArEIdS
a sizel eyfinder having known elastic propenies and observing dilferences
in deformation between the assembly and steel cylinder throughout the
loading range. The apparahus deformation I then sybacted from ke total
deformation ar each increment of Joad t arrive at Spetimen deformarion
frem which the axia) strain of the specinien s computed. The aocuracy of
ihis comestion should be verified by measuring the ‘elestic daformagion of

~ “a cylinder of matesial having knovm elastic properties {other than Steel)
.and comparing the measured and comguied deformatians,

103.3 Laeral sirmin, ¢, shall be calculated
2N - CAD G '

I e N 6Ty

L.).

as follows:

- (6)

g w lateral stesin (mm),
o D -= original undeformed diameter (mmy), and

=D = change in diameter (ma); where positive is an in-

crease in diameter and .negative is a decrease in

-+ Nore |A—Many circumferential transducees ieasure change in ehard

+ “lengty and ot change in ara Jength (circumfercrice). Tha geometrically

* hoalinear, relationship between change-in chord length and change in
ameiés must be used to dbixin accusete valves of lateral strain,

= T0:3:4 The-stress-versus-strain curves shall be ploted for

the axial and laferst directions, see Fig. |, The complete curve

. Bives the best description of the deformation behavior of rocks

~ having nonlinear siregs-strain relztionships at Jow- and highe
stess levels. ©
. 1035 The value of Young®s modulus, £, shall bevaleulated

* using dny of several methods émployed in cngineering prac-
tice, The most common friethods, described in Fig. 2, are as
follows: T

© © 10351 Tangent modulus at & stress leve) that is some fixed
“peztentage, usvally S0% of the maximum strength.”
© 10352 Average slope of the straight-line portion of the
stress-§teain curve, The average slope shall be calulsted either
by dividing the change n stress by the change in strzin or by
making a linear Jeast squares fit to the stress~strain data in the
strajghi-line portion of the curve.

A L L1 SRR

IR

AXLAL STRESS o (~)

q . &
LATERAL STRAIN (+) AXIAL STRAIN (=)
FIG, 1 Format for Graph‘lcal Prescntation of Data

0

1035.3 Secant ni&:lulus. usually from zero stress to some
 fixed peccentage of maximum strength.
10.3.6 The value of Poisson's ratio, v, is greatly affected by

116

nonlinearity at low-stress levels in the axial and lateral stress- .

Strgin curves. It is desirable that Poisson's ratio shall be
calculated from the following equation:

stope of axdal eurve

- "~ slope of Ioterdl cerve 3 o

E .
, S slope of lareral éurve
where:
v = Poisson’s ratio
& = Young’s modulus i ! TN
.+ where the slope of the lateral curve is determined in he same
mannee as was done i 102.6 for Young's modulus, £.

NoTE J4~—The denominates in Eq 7 will usually have a negative valve
if te sgn oonycr!!ion i$ applied propecly.

104 Meihod A: ,

104.1 The Mohr stress cireles shall be constructed on an
arithmelic plot with shear stress 35 the ordinate and normal
stress as the abscissa using the same scale. At least three
triexial compression tests should be conductéd, each at a
different confining pressure, on the same material to define the
envelope 10 the Mohr stress circles. Because of the heteroge-
neity of rock and the scaiter in resulte often encountered, good

practice requircs making at least three test on essentially”

identical specimens at cach confining pressorc or single tests at
nine different confining pressures covering the range investi-
gated, Individual stress ¢ircles shall be plotted and used in
drawing the envelope.

1042 A “best-fit,” smooth curve or saight line (Mohr
eavelope) shall be drawn approximalely tangent to the Mohr
circles, as shown in Fig. 3. The figure shall also include a brief
notc indicating whether a pronounced failure plane was or was
not developed during the test and the inclination of this plane
with reference to the plane of major principal stress, If the
envelope 33 a straight Jine, the angle the line makes with the

~horizonta) shall be reported as te angle of internal [riction, @,
or the slope of the Tine as tan g depending upon preference, The

4

intercept of this line at the vertical axis is reported as the
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FIG, 2 Methode for Caleulating Young's Modulue from Axial énem-uh! Strain Curve

apparent cohiesion intercept, ¢. If the envelope is ot & straight
- line, values of  or an ¢ shall be determined by constructing
a tangeat to the Mohr circle for each confining preshure at the

. point of contact with the erwelope and the comspondmﬂ

’ cohesxon mtencept noted.

Moty $tress Clrce

6 ()

11 Report Test Da!a Sheet(s)}Form(s)

11.1 The methodology used to specify how data are re-
corded on the test data shcct(s)!fam(s) 18 given below. is
. covered in 19andPncuceD6026

; I

Cm

g
a—-{# 8.

Angle of Trternal Fictcn
£ (e o Shearng Resktarce)

+ (Souir Shenth

Normal Sress, o

a Zero 2l
[re)

I"— Shear stress,

Shear Stress on fallune Plare =1, = (0,-0,) Sin 8 Cos @
Normal Stress on Fellus Pling =0, =a; + (u,-o,) Cos* 6

FIG. 3 Yypical Mohr Stress Crclas
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11.2 Record as a minimum the following general informa-
ton (data):

121 Methods A-D: . . .

11.2.1.1 Source of samplc including project name and

location. Often the Jocation is spcc:ﬁed in terms of the drill
"hole number, angle and depth of specimen from the collar of
the hole, .

11,212 Name or initials of the person(s) who performed
the-test and the date(s) performed,

11,2.1.3 Lithologic description of the test specimen, forma-
lion name, and load direction with nespect to lithology,

112.1.4 Moisture condition of specimen at the start of

" shear,

11.2.15 Specimen diameter and height, conformance with
dimensional requirements,

11.2.1.6 Description of physical appsarance of specimen
after test, including visible cnd eflects such as Gracking,
spalling, or sheasing at the platen-specimen interfaces,

11.2.1.7 A sketch or photograph of the fractured specimen is
recommended,

11.2.1.8 The actual equipmeat, procedures and the reasons
for any variations shall be presented in detail, '

11.2.1.9 Temperature at which test was performed if other

than room temperature, to the nearest 0.5°C,

“on method performed.

11.2.1.10 Any noo-conformances with D4543 and ‘the
Jength 1o diameter ratios, include the explanation stalgments as
describe in 8.1.2 and 8.2.], *

112.1,11 Time to failure,

11.2.1.12 Loading, stréss, or strain rate as apphcablc based
113 Record as a minimum the followmg tcs; spacsmen  data:
131 ‘Methods B and D:
“113.1.1 Plot of the stress- vusus-snrmn cunres (see Fg 1),
11.3.1.2 Young’s modulus, E, method of determination as

" giveit in Fig, 2, and at which stress leve] or levels determined;
* and ;

h

11:3.1.3 Poisson’s ratio, v, method of deteriminadon in
- 1036, and at-what stress Jevel or levels determined.
. 1304 Rate of loading or deformation fate.

'1132 Method A:

11323 Confining stress level at which 2 triaxial test was

‘performed;

11322, Plot of the Mohr stress cireles (see Fig. 3), and

113.2:3 Triaxial compressive strength as detesmined in.10.1
to the nearest MPa.

1133 Metkod C: )

11.3.3.1" Uniaxial compressive strength as determined in
10,1 to the nearest MPa.

Nomet 15—If" fmlurc Is ductile, with the Joad on the specimen still
increasing when the (est is emiinased, the strain 51 which the compressive
strength was caleolated may be reported.

« 12. Precision and Bias

12.] The data in Tabics 1-5 are the products of the Intes-
laboratory Testing Program. Table | is the product of the work
of seven laboratories with five replications, Table 5 is the

product of the work of eight Jaboratories with five replications, -
-.——TRound 1 involved four rock types, but oaly the data from three

TABLE 1 Compresclyve Strength (lPaj at 0 MPa Confining

Pressure

Becea | Tennesses Bame
3 A - Sandskng Marble Grande
Averags Valug 6D U0 2170
Repesiabiy . 158 T4 57
Repoduclblley . © 24 80 . a7

TABLE 2 comptossm Strength (APa) al 10 MPa Confining

Pressure
Berea Tannassas Bame
Sandsione . Mastie Granite
Average Value 1270 1730 |20
Repeatabdity S 2.2 138

FRispnductlity y 28 30.3 5.7

TAELE 3 Compresshe Strength (MPa) at 25 MPa Confining
Pressure

-

Berea Tennesaea Bame
« Sandsicrs Marble Granies

Merage Vale - 1790 20640 | 368.0
Aepaatabiity £e9 433 25"
Rrpencucibiliy M7 518 31.0

TABLE 4 éompresaive Strength (MPa) at 40 MPa Confining

Pressure
Barea Tennessee Bare
. - Sancsicne Martha Granite
Average Vadue 2150 370 ¢ NA
Repeatabiity ; 7.85 424 " NA
Repeocuibizy . 820 T35 NA

LA

- TABLE 5 Young's uoddiUS'(GPa) at0 WP Conﬁning Praszura

Berea Teanessea Barme

Sandstane Marble Geanile
» 5% 5% 25% S0% 2% S0%
Average Vaboe 124 167 Y63 T42 45§ 542
Repestabiity 3 415 148 101 612 875
Regccducibifey 447 SI8 172 123 Bas A7

were displayed here ghat were rock types used in all the serics
of tests. The remaining tables (Yables 6-10) are the products of
Round 2 in which six laboratories each tested five specimens of
theee different rocks, three confining pressures and four repli-
cations. Details of the study are referenced in Section 2.2. The
tables give the repeatability (within a laboratory) and repco-
ducibilily (between laboratories) for the compressive end
confined methods and values for Young’s Modulus and Pois-
son's ratio calculated for the intervals from 25 to 50 9 and 40
10 60% of the maximum differential stress at confining

TABLE 6 Young's Modulus (GPa) at 25 MPa Confining Pressure

Berea Tennessae Bama
Sandstooa Marbla Granie

2580 % 4080 % 2550% 4060% 2580% 40-E0'

Average Value 2358 25 na 652 0.4 508
Repealaldity D& 128 114 915 28 249

FReprodachiity A3 347 139 ne 680 . BI2
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TABLE 7 Young's Modulus (GPa) at 40 MPa Confining Pressure -
Berea Tenassop Bana
Sandstone Marthe Granile.

2580% 40-60% 25:50% 40-60% 2550 % 4060 %

AveagaVels 242 C 224 T0 84 619 805
Rapbstabdty 108 079 030 957 221 - 2a
Roproducibily — "562 351 D8 8% 585 s34

.

TABLE 8 Poiszon's Ratlo at 1) MPa Confining Pressure

Beraa Tenoesgee Bars
Sandstone Marble Granile
2550% 40-80% 25-50% 4DE0% 2550% 4080 %
AvrageVolio - 020 034 03 033 0% 0%
Repealabity 0.03 0.04 0.03 0.07 0.08 003

Ragraduchlily 005 005 005 009  o0o4 oM

TABLE 9 Poisson's Ratlo #t 25 MPa Confining Pressure

Bama Tornagsee Basre

Sandstons Matie - Gnalte:
25-50% 406D% 25-50% A0ED% 2550% 40ED%
AveoeVabie 028 D27 03t 0 023 par
Repealabity 002 002 0DS DOS 003 008
Reprocuchlly  0.0¢ 004 008 005 004 ° 0p5

TABLE 10 Poiseon’s Ratio at 40 MPa Confining Pragsure

Bersa Terviggsse
Sandzions Mabk Granile
25E0% 4080% 2550% 40-60% 2580% 4060%
AengpValle 020 024 032 034 028 . om
Repaataniliy 00i 002 0p4 005 003 o4

Repoduckily 000 008 0004 0 005 008 005

prestures of 10, 25, 2nd 40 MPa and 25 % and 50 % for the
compressive fest case, Additional Reference Material found in
ASTM Geotechnical Joumal. &7

“Plecus, H. J,, "fuerabortecy Testing Program for Propestics: Round One-
Langinudinal and Transvetse Puls: Vidocities, Unzonfised Compcsssive Strength,
Uniaxlal Mbdirlas, 204 Spdirlng Tensils Strengih," ASTM Gevtechinicad Jounal, Vol
16, Now 1, Manch 1993, pp. 138-163;3nd Addendum Vol 17, No. 2, June 1993, and
256-158. .

12.1.1 The probability is approximately 95 % that two test
results obéained in the same Jaboratory on the same material

" will ot differ by more than the repeatability it 7, Likewise,

the probability is spproximately 95 % that two test results
obtained in differcax laboratories on the same material will not
differ by more than the reproducibility limit R. The precision
statistics are calculated from;

r=2(\2);, ®

where:
r = repeatability Jimit, and
5, = repeatability standard deviation,

&=2(v2)s, )

where: X %
R = reproducibility limit, and
Sp = teproducibility standard deviation,
122 Bias—Bies cannot’ be determined sinee there is no

standard value of each of the elastic constants that can be vsed
(o compare with values determinied using this test method.

13. Keywords

15.1 bulk modulus; compression lesting; compressive
strength; confined compression; clastic moduli; loading tests;
modolus of elasticity, Mohr stress - cirele; Poisson’s ratio;
repeatability; reproducibility; rock; shear modulus; tiaxial
compression; uniaxial compression; Young's modulus

? Paeus, H. J., “Intersberany Testing Program for Rock Properies: Round
Too- Confimcd Conspressian: Young's Moduhs, Poisson's Rago, ond bldmacs
Sirengeh," ASTM Geotecheical Testing Jommal, Yol 19. No. 3, Septembur 1996, pp.
J2-336. :
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Designation: D3967 - 16

*‘é;-;

Standard Test Method fot

Splitting Tensile Strength ¢ of Intact Rock Core Specimens'

This standard is issued under the fixed dmgnaﬂm D3967; the number immedfiately following the designation indicates the year of
origimal adoption or, in the case of 1 mmon, the year of fast revision. A number in parentheses ndicares the year of tast reapproval. A
superscript epsilon (£) indicates 30 editorial chnnge since the Tast rcwswwr,m;proval '

1. Scope*

1.1 This test method covers festing apparatus, specimen
preparation, and testing procedures for determining the split-
ting tensile strength of rock by dxamctra] line compression of

. disk shape specimens.

? 3 standard. The values given in parentheses are mathematical -

Norg 1-—The tensile streagth of tock determined by tests mhcr thanthe -

sicaight pull test is designated as the “indirect™ Lensile sm:nglh and,
specifically, the value obtained in Semon 9 of ;hxs test is termed the

 “splitting” tensile stmngth.

1.2 Units—The values stated in ST unit§ are to be rcgardcd

" conversions to inch-pound units, which are provided for

-t

| information only and are not considered standard. Reporting of
test resulls in tnits other than SI shall not be regarded as -

ronconformance with this test method. _
13 All' observed and caleulated values shall conform to the

guiidelines for mgmﬁcam dlgllS and rouno"mg cstabhshed m

Practice D6026: - .
130 The procodures osed to specxfy how data are collectedl

3 recordzd or calculawd, in this standa:d are rebardcd as the ,

mdustry standard. In. addmon, thiey’ are representative of the

- slgmﬁcanl dlgus thai generally should be rc[a.mcd The proce-

dures tised: do-hot consider material varidfion, purpose for

.obrammg the: datﬂ, spetml purposc studies, or any consider-

ations for the user's objectives; and it is common practice to
increase or ‘Teduce’ significaiit digits of reported data to be

" -commensurate with these considerations. Itis beyond the scope’

of this standard to consider sigoificant digits vsed in-analysis

*'methods for engmccnng design

14, \Tlxis smndard does not }urpon‘ 1o “addm{ all-ofthe
safety. concerns, if iy, associated with its use. It is the

.« responsibility of the user of this standard 1o éstablish appro-

priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use.

" 1 This iest method is nder mc,;unsducuon of ASTM Committce DIS on Soil and
Rock and is the dircct responsibility of Subcommiitee D18.12 on Ruck Mechianies.
Current edidon approved Nov. I, 2016, Published November 2016, Originally

appcoved in 1981, Last previous cdition approved in 200§ as D3967-08. DOL.

2. Referenced Documents

2.1 ABTMSiaaidards:>
D655 Terminology Relating to Seil, Rock, and Contained
Fluids
D2216 Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass
'D3740 Praotice for M;mmum Reqmremcms for Agencies
Engaged in Testing and/or Inspection of Soil and Rock as
: Used in Engifieering Design and Construction
“D6036 Practice for Using Significant Digils in Geotechnical
Data
E4 Practices for Force Verification of Testing Machines

+ 691 Practice for Conducting an Interlaboratory Study to

Determine the- Precision of a Test Method
E2586 Practice for. Calculating and Using Basic Statistics

.3, Terminology

" 3.1 Definitions:
."3:1.1 For common definitions of tevms in [hlS smndaqu refer
fo. Tc,nmnorogy D653 : .

4, Summiary of st Method o Y

4.1 Samples are selected from rock cores or corcd from
platen-samplés for testing as described. ‘A section of rock core
sample s cut perpendicular o the core axis to produce disk
shape specimens until the required number of specimens are
obtained. Each specimen 3 i then marked to indicate the desired

- onentation of the apphed loading on the specimen by drawing

a dlamcxral Tiné on each end surface on the specimen. Each
specimen is positioned inside the testing machine in such way
that diametrical line is coincidental with the loading axis of the
testing machine either curved or flat platens. Each specimen is

then tested by applying a continuously i increasing compressive

Joad unil it fafls within 1 to 10 minutes of the start of loading.

S. Significance and Use -
5.1 By definition the tensile strength is obtained by the

 direct tensile test. However, the direct tensile test is difhcult

3 Forreferenced ASTM standards, visit: the ASTM websile. www,astm.ort. of

 éomact ASTM Costomer Service # service @astLorg, For Anual Book of ASTM
Standardsvolume information, refer 1o the standard's Document Summary page on
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and expmswc for routine application. The sphztmg tensile fest
apptars 15 offer a desirable altemative, because it is much
-simpler and inexpensive. Furthermore, engineers involved in
reek mechanics dcsig,n vsvally deal with complicated stress
ficlds, including various combinations of compressive and

lensile stress fields. Under such conditions, the tensile stmnolh :

should be obtained with the presence of compressive strésses to
be representative of the field conditions. .

5.2 The splitting tensile sength test is one of (e simiplest
“tests in which such stress fields occur. Also, by testing across
diffeent diametrical directions, possible variations in tensile,
strength for anisotropic rocks can.be determined, Since it is
widely used in practice, 4 uniform test method is needed for
data to be compamblc A uniform test is also needed 10 make
sure that the disk specimens break diametrically due 1o tmsnlc
stresses perpendiculer (o the Joading diameter.

Naore 2=The quality of the resuls peoduced by this stndard ie
depeadent an the competence of the personnel performiag it, sad the
suitabily of the equipment and faeilities vsad, Agencies that méet the

criter of Practics D3740 are gencrally consldered eapable of competent -
ind ghjective testingfsamplingfinspection/etc. Users of this standsd are *

cantoed that compliance with Practice D3740 does not in itself assure
refisble resulls, Reliable resulis dqmd on-many factors; Practiee DTMU
pmdﬁuamnso!avahmngmohhnc factors, :

6 .‘spparatns

M I.oadmg Device—A device of sufficient capacity 1o
. apply. and measure the 10ad at & rate conforming to the
ru;nmnmts m §3. It shall be verified at suitable time
intervals in accondance with. Practices B4 and shall comply
with the requiréments prescribed therein. . "

&H Beanng *Platens—The . loadmg “device shall be.

equipped with two ‘opposing steel bearing platens having &
Reckwell hardnest of nor less than 58 HRC through which °

Toading it transmitted. The hearing faces shall not depart from
aplaie by more than 0.0125 mm (0.0005 in.) when the platers
are eew 20 shall be maintaiped within a permissible varation
of 0625 mm.’mcbmnng plalens diameter shall be ut Jeast as
great 28 the specimen’s thickness (see Note 3).

612 Sphmca( Smmg-—Ooe ‘of the bcanng surfaces on 1.hc
Yoading device should be” spherically seated and the other one
2 phén rigid platea. The diameter of the splierical seat shall he
ot leact as Targe as the test specimen, but the diameter of the

- spesal seat shall not exceed. from twice the diameser of
spesimen. Center of the sphere in'the sphmcal seaf coinoides
with the-center.of [oaded side of the spccrmcn, The sphecical
sext shall be lubricated to assure its free movément The
mavible part of the platen shall be held closely in the spherical
seat,bot the: design shall be such that the bearing face can be
rotattd and tlted through small anglr.s in any dircction, If the
sp{mcal seat’s diameter exceeds twice the diameter of the (est
spmmn then the spherical seat shall be placed in the locked
pstion wich the faces of the. bea.nn plaiéns meeting the

» regiements of 611 ! :

€13 Rigid Seating—If a spherical seat is not used, then the
faces of the loading device bearing platéns shall be parallel 10
0005 mm/mm of the plnlen diametec. This criterion shall be
mel whea the platens are in the Toading device and separated

* apporimately by diameter of the test specxmcn

* Nove 3—False platens, due to t contact with abrosive rocks, these
platens tend ko rooghen afier a nusaber of speciniens have beea leaed,and
hence need to be surfaced from time o ime.

» 6.2 False, Fla or Curved Bearing Platens—During testing,
the specimen can be placed in direct contact with the loading
device bearing platens or false ‘platens with bcanng faces

conforming o the requirements of this standard, may be used

(seeFig. 1 for false fiat platens). These shall be oil hardencd to
more than 5§ HRC, and surface grownd. With contact by
abrasive.rocks, these platens tend to roughen after a number of
specimens have been tested, and hence need 10 be re-suifaced
from time to time. : ' '

6.21 False Flar Bearing—The bearing faces of false flat

. bearing platens shall not depart from a plane by more than

0.0125 mm (0.0005 in,) when the plarens are new and shall be

. maintained within a permissible variztion of 0.025 mm, The

bcanng platen’s diameter shall be at least a5 great as thc
specimen thickness, :

622 Curved Supplementary Bearing Platens—These may
be used 1o reduce the contact stresses on the test specimen. The
cadivs of curvature of the supplementary bearing platens shail
be 50 designed that their arc of contact with the specimen will
in 0o casc exceed 15° or that the width of ¢ontact is Jess than

* DI6, where D is the diameter of the specimen.

Noree 4==Since the equation used in 9.1 for splining tensile swengih is

" derlved besed ona Jine load, the apphied load should be confined 1 2 very

narrow strp if the spliting wastle sweogth wstls  be valid Buta line

FIG, 1 One Proposed T:-mg Sdup for Spmlng Tensilc Strangth
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load ‘creams extremely high coatact stesses which couse premature
cracking, A wider contct ‘srip can reduce the problems significandy.

Studies show that am arc of contact smaller than 157 causes no more than -
2% of exror in principal {easile suress whllc roduclng the incidence of _

premanure cracking greatly.

6.3 "Bearing Strips (optional)}—0.01 D thick cardboard
cushions, where Dis the specimen’s diameter; or up 10.64 mm
(025 in.) thick plywood cushions are recommended to be
placed between the machine bearing surfaces (or
supplementary-bearing plates; if used) and the spec:mm [
reduce high stress conccntranorL

Nere 5—Experience has indicated thet test results using the curved
supplementasy bearing plates and “bearing strips, a5 specified i 622 and
6.3, respactively, do ot significantly diller from each othes, bul there may

be some consistent difference from the resules of tests in which direet
contact between the epecimen snd the machine platen i used. .

7. Sampling, Test Speciinens, and Test Vnits
7.1 The samples'shall be selected by visual observation to

.include a range of specimens based oa rock type, mineral

constituents, grain sizes and shape, partings, and defects such

a5 pores and fissures.

7.2 Test Specimens:

7.2.1 Dimensions—The test specimen shalk br. a circular
disk with 3 thickness-lo-diameter ratio (¢/D) betweea 0.2 and
0.75. The diameter of the specimen shall be at least 10 Gmes

. greater than the largest mineral graim constituent. A diameter of

+ 54 mm (NX core) will generally saﬁsfy thig criterion,

Nore 6—When cores smaller than the specified mioimum must be
tested. beanse of the unavailability or nnlmial. nmuoa of the foct shall

" mmmmemm

Note T—If the. speamei shows apwun nmsomoplc foatures snch s

'heddmg or echigtogity, care shall e exercised in preparing the :pcdmm

* 50 that the crientation of the losding diameter relative to anisotropic

. feansres can be delerimined pyecisely.

7.22 Number of Specimens—At least ten specimens shall be
tested to obtain a mamugrul average value. If the reproduc-
ihility of the test results i¢ good (;oetﬁc:ent of variation less

 than 5 %), a smaller number of specimens. is accepiable.

7.2.3 The circumfesential surface of thé specimen shall be

smooth and straight 10 050 mm {0.02 in.).

7.24 Cut the ends of the §pecimen paml]el to each other and
at right angles to the longitedinal axis, The ends of the
speciten shall not deviate from perpendicular to the-core axis

by more than 0.5°. This reqmrcnwnt can be generally met by
; cutting Te specimen with a precision diamond saw.

7.25 Detesmine the diameter of the specimen (o the nearest
0.25 mm (0.01 in.) by recording at least three measurcments,
one of which shall be along the loading diameter, and caleu-
laling the average.

7.2.6 Determine the thickness of the specimen to the nearest
025 mm (0.01 in.} by recording at least three measurements,
one of which shzll be at the center of the disk, and calculating
the average.

7.2.7 The moisture conditions of the specimen at the time of
test can have a significant effect upon the indicated strength of
the rock, The field moisture condition for the specimen shall be
preserved uniil the time of test. On the other hand, these may
be _TEAsONS for i’i‘ﬂ“" spec:mcns at oth:r moLsture comnnrs.

24

. inchuding zero, and preconditioning of specimen when mois-

ture cootrol is needed. Tn any case, tailor the moisture content

of the test specimen Lo the problem at hand and record itin "’

acco:ﬂnnccmth 104.2. :
hmgS—thmconmdudmulltmiaummnﬁﬁmbcm

* preciscly determined when possible and reponiad s elther water content -

by Test Methods 02236 or degree of sawration.

8. Procedure

8. Marking—The desired vertical orientation of the speci-

men shall be indicated by marking a diametral line on gach cnd
of the specimen. These Jincs shall be used in centering the
specimea in the testing machine ;lo make sure proper
orientation, and they arc also used as the reference lines for
thickness and diameter measurements,

Nerfe 8.1t the speclmen is snisotropic, take care 10 make sure that the
marked Jines in each specimen refer to the same orientation,

8.2 Set up specirven iv testing machine.

22,1 Positioning—Position the test specimen between the
top and battom loading platens so that the diametral plane of
the two lines marked on the ends of the specimen fincs up with
the center of thrust of the spherically seated bearing sorface to
within 1,25 mm (0.05 in.), Each specimen is positioned inside
the u:stmg machine in such way that the marked diametrical
line is coincidental with the loading axis of testing machine
with either curved or false flat plaiens.

822 Preloading— To achicve it, slowly bring the loading
platens 1ogether until the top platen barely and gently contacts

the specimen, with fitle or no load on it. .ﬁsswv. theposmonmg &

mlcnun ‘noted in.8.2.1 is snl! meL |

\.‘-

Nm: 10—=A good line !mdmg can often be anumd by rorann- (hc

sphcionen about its axis untl théze 1§ no light visible bétween the spemncn-

and the Joading platens. Back lighting belps in making this obwvauﬂn

Note 11~-Applicztion of bearing strips as it i3 mwd in 63, or putting
mashng tape aound spscimen’s circumference will belp o better
posicioning of specimen and & good line loading,

83 Loading—After preloading, apply a continuously in-
ereating compressive Joad to produce an approximately con-

- stant fale of loading such that failure wilt occur within 1 to 10

min of loading, which should fall between 0.05 and 0.25 MPa/s
(500 and 3,000 psi/min) of loading ratc, dcpcndmg on the rock
type. The maximum Joad sustained by the specimen shall be
recorded. Load readings shall be recorded to the appropriate
number of significant figures (usually 3).

Nore 12—Results of tests by several investigators [ndicate that rates of
Joacing af this range are Teasoaably free from rapid boading effects,
9. Calculation

9.) The splitting tensile stmngth of the specimen with the
flat plarens (1) or curved platens (2) shall be calculated
accordingly as follows:

o, = 2P/ Q).

o, = 1272 PIstD (2)

Radivs of jaws shall be 1.5x specimen’s radius and the resull
shall be expressed to the appropnale numbcr of mgmﬁcanl
ﬁgms (usually 3).

* Yy
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where:

g = Spluuna tensile sb-e.ngth. MPa (psi),

P = maximum applied load indicated by the (esting '
machine, N (or Ibf),

$ = ﬂuckncss of the spmlmcn, mm {or i in ), and

D = diameter of the specimen, mm (or in.),

10. Report: Test Data Sheet(sVForm(s)

10.1 The methodology vsed to specify how data are re-
corded on the test data sheer(s)form(s), as gw:n below, is
covered in 1.3,

102 Record as a minimum the following general informa-

tion (data):
1021 Sample/specimen 1dent|fymg information, such as
_ Project No., Boring No., Sample No., Depth (uaits), When

possible, also record sources of the speciren including project .

name and location, dates of samplmg, and 1f knowm, storage
- environment.

10.2.2 Physical description of the specimen including rock
type; location and orientation of apparent weakness planes,
bedding plancs, and schistesity; large inclusions or
inhomogeneities, ifany A sketch or photograph may be used to
deseribe the specimen.

1023 Dates of testing, name or initizls of the pusw dnmg
the testing.

10.3 Record as a minimum the foIlowmg test- §pecimen
data:

10.3.1 Speclmen diameter and length, Confomame with
dimensional requircments, direction of loading if anisomopy

. exists. Type of contact between thc spemmm md the loacr ng
" p]atcns B oy
1&4 Record as a m:mmum the followmg 1est danL ,

10.4.1 Rate of loading,

1042 Genera] indication of moisture condition of the
spwmm at time of test such as as-received, sammul labg-
ralbry air dry, or oven dry.”

1043 Splining tensile strength of each specamen a8
calculated, average splitting tensile steagth of all specimens,

_ standard deviation or cocﬂ' cient of variation, sez Guide E2586.

1044 Type and location of failure,

-

8prea |- Salem | Terneesss | Bame

_Sardstong | Umesine |  Marbie | Geohis

[Avecace Valug Y 482 539 1368
- |Repeatabdity imt_| - 124 | 156 . .| -3 | 431,
27 -| a4 | S8 | 488 .

Nore 13—A sketch or phatograph of the fractured specimen is
recommended, . :
1045 For purposes of comparing calculated yalues with
specified limits, the caleilated values shall be munaed 1o .the
nearest decimat given in the spccxﬁcauon Tirmits § in accordance |

. with the provisions of Practice D6026 as it is refecenced in-13

and 13.).

11, Precision and Blas

11.1 An inter-laboratary study wa¢ conducted in which -
seven laboratories each tested five specimens of four different
rocks. The specimens werg cored by a single Jaboratory from a
common set of samples and randomly distributed to the [2sting
laboratories for testing. The study was carvied oul in accor-
dance with Practce E691. Details of the sudy are given in ISR
Research Report No. PS #D18.12-R01, 1992, and its
Addendum, 1994, The table below gives the repeatability limit
(within a Jaboratory) and reproducibility Limit (between Izbo-
ratories) for the method.

11.1.1 The pmbabdny is approxnmmely 95 % that two 185t

rsuls obtained in the same laboratory on the same malerial
will not differ by more than the repeatability imit. Likewise,
the probability is approximately 95 % that two (est results
obtained in different laboratories on the same material will not
diller by more than reproducibility Jivait, -

TAHLE 1 Splitting Tensile Strength {MPa)

P peoducbily Gt
112 Blas—There is no accepted reference value for this test
method, therefore, bias cannot be determined.

12. Keywords

12.1 compression &snng indirect tensile strength; loading
tests; rocks spluung tensile streagth; tension (tensile)
properticsfiests -

SUMMARY OF CHANGES

Committee D18 has identified the location of selecied changes to this standard since the last jssue
(D967 = 09) that may impact the use of this standard. (November 1, 2016)

. {1) Revised 1.2
{2) Added D221% and E2586 W02l
{3) Revised 3.1.1.

{4) Added Section 4, Summary of Test Method.

{5) Reapmbered sections 4-12 and renumbesed ail raf:rcnm
10 seLtions,

{6) Revised 5.1,

(7) Revised Nate 2.

{8) Revised 6.2, 62.1.6.2.2, 623 and 63.

——epe iy WAL e 4y

{9) Added dimension in English system, 6.2.1 and 63.
{10) Revised Nate 4.

(11) Removed 6.2.3 and 6.24.

(/2) Revised ttle of Section 7.

(73) Reyised 7.1.

(14) Revistd site of 8.2

(15) Added 8.2.2.

(16) Revised 8.3,

U?JRcvnscd 85,86 and 8.7, !

- ————— w— 4 e e . R |
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R . wil -
(78) Revised 9.1, 9.2, and 9.3, (23) Spiit 10.2.1 into two sections.
(19) Revised Note 8. - : © (24)Revised section 1023,
(20) Added 10 Section 9, specific formula of caleuladon f (25) Added Note 10.
splitting tensile strength for carved shupe plateas, + (26) Added Note 12
(21) Revised title of Section 10, (27)Removed 1146, 5
(22} Added 111, 112 20d 113, .t . (28)Revised Sommary of Changes.

A.'smmmmnmnopadmmpmmmwwwmm righte assarted i Gomacion with any dam mantoned
i standard. Users of i standa are expvessly acvised that dsterminstion of the vty of any such patent rights, and the risk
of infringement of such Aghts, ate enteily heir un rezponsiiiiy. ,
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mmmmmtommwmmmm Yoow comments mi¥ recoive cavefiy consiiaration = MGENT of e
rezponsie fechnical commitiar, which you may attend. If you feat 52l your comments have ol regsived 3 fak haaring you shausy
MAKS your views known fo the ASTM Commilse an Stanciards, At he address shown below,
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ANEXO 06
REPOSITORIO ° ¢~ UNIVERSIDAD
INSTITUCIONAL Ley N°30035 ‘5" NACIONAL DE
R X R A Respositorio Nacional Digital @ INGENIERIA

FORMULARIO DE AUTORIZACION PARA LA PUBLICACION
ELECTRONICA EN EL PORTAL DEL REPOSITORIO INSTITUCIONAL
DE LA UNI

1. DATOS PERSONALES

Apellidos y nombres: Adolfo Jesus Chavez Valdivia
D.N.I: 07414011
Teléfono casa: - celular: 993 077 831
Correos electrénicos: achavez@uni.edu.pe
2. DATOS ACADEMICOS
Grado académico: Bachiller
Mencién: Ingenieria de Minas

3. DATOS DE LA TESIS

Titulo:
“Correlacién del mi en Relacién al Cociente de la Resistencia de Compresion
Uniaxial y Traccion Indirecta”.

Afo de publicacion: 2023
A través del presente, autorizo a la Biblioteca Central de la Universidad Nacional de Ingenieria, la

publicacion electrdnica a texto completo en el Repositorio Institucional, el citado titulo.

Firma:

Fecha de recepcion: 27/12/2023
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CURRICULUM VITAE
Nombre
Codigo docente 19908137-B
Titulo Profesional Ingeniero de Minas
Mayor Grado Académico Ingeniero de Minas
Categoria Profesor Auxiliar Nombrado
Dedicacion Tiempo completo
Correo electrénico achavez@uni.edu.pe
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Descripcion Aiio Universidad SIGLA Pais ]
Bachiller en Ingenieria de Minas 1990 UNI Perd :
Titulo Profesional de Ingeniero de Minas 1991 J UNI Perd '
Estudios de Maestria en Ingenieria de Minas 1990-1992 | UNI Perd
Estudios de Maestria en Gestion Minera 2017-2018 | UNI Perd
Experiencia académica
Afios:
Institucién Cargo desde-hasta |
UNI = FIGMM Profesor auxiliar 1990-alafecha |
UNI = FIGMM Instructor Centro de Formacidn Técnica Mnera CFTM-| 2005-2008 1
UNI ]
UNI-FIGMM Ilrmudor Centro de Formaciin Técnica Minera CFTM-| 2018- a la fecha
Experiencia profesional
Afios:
Institucién Cargo desde-hasta |
UNI - FIGMM Coordinador Laboratorio de Mecénica de Rocas Jun 18- afecha |
UNI - FIGMM Jefe del Centro de Computo FIGMM Abril 18 -fecha
Registro Pubiico de Mneria Jefe Area de Digitalzacién 1995-2000 4
DELAEERL | Gerente General | 2010-afecha. |
ACOMISA Consultor - Fiscallzador 2008 - 2009 )
SYSTEM EDISA Gerente General | 1996-2004 |
Trabajos de investigacién de los ultimos 3 afios
Trabajo de investigacién Participacion (jefe o investigador) Situacién
Disefio de Sostenimiento Dinamico Investigador Desarrollo 11
_ Colegiatura profesional: Colegio de Ingenieros del Pert. CIP 41032
Certificaciones
Evento  Organizador - Lugar Ao
| Microsoft Visual Studio con C# | Sistemas -UNI 2018
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| Training Course on Exploration and KOICA 1994
_ Development of Mineral Resources | Seul-CoreadelSur | =~ |
' Procesamiento Digital de Imagenes de | CONIDA 1999
. | Satélite
Particpaciin como asistenteen: |-c o e e desing, geoiogy | Momnda Techrology Cenler = | 2002
cursos, conferencias, seminarios, and graphical document management Flairbase inc. — Montreal -
talleres, simposios Canada
IV Seminario de Geoingenieria Sociedad  Peruana  de 2019
Geoingenieria - ISRM
Implementacion del Sistema SCUD Regstro Pablico de Mineria — Consuloria y
Otras actividades de apoyo , desarolo_
Desamalio e Implementacion del Programa Regstro Publico de Mineria Consulioria
técnico, social, etc. de Digitaizacion de Expedientes de desarmollo !
| Concesiones Mineras
Idiomas. A:avanzado Ingles A I x B
I: Intermedio  B: Bésico A 1. B
Asignaturas a su cargo en los Gltimos tres aios en la UNI
Introduccién a la Mineria
Sistema de Procesamiento de Datos
Geotecnia
Informatica
Economia General
No Metilicos y su comercializacién
Del total del trabajo semanal, indique en % el tiempo dedicado a la UNI:
EN LA UNI (en %)
Tutoria- - Administracién | Administracién | |:g; (% Suma
Docen vestigacion st n
e Asesoria In ] Facultad Central )
60% 8% 10% ' 10% 2% 10% 100%

F1 -CV - Calidad y Acreditacion -FIGMM
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@ College of Geological, Mining and Metallurgical Engineering

Mining Engineering Program
CURRICULUM VITAE
Name Adoifo CHAVEZ VALDIVIA
Code 19908137-B
Professional title Mining Engineer
Highest Academic Degree Mining Engineer
Category Assistant Proferssor
Dedication Full time
Email achavez@uni.edu.pe

Higher education leading to a degree or title

Degree / Title Year University Country
Mining Engineering 1990 National University of Engineering UNI | Peru
Mining Engineer P.E. 1991 National University of Engineering UNI Peru

Master in Mining Engineering (candidate) 1990-1992 | National University of Engineering UNI Peru
Master in Mining Management (candidate) 2017-2018 | National University of Engineering UNI Peru

Academic Experience
Institution Position Period
UNI - FIGMM Assistant Professor 1990 to date
UNI - FIGMM Instructor, Mining Technical Training Center CFTM-UNI 2005 - 2008
UNI - FIGMM Instructor, Mining Technical Training Center CFTM-UNI 2018 to date
Professional Experience
Institution Position Period
National University of Engineering Coordinator, Rock Mechanics Laboratory 2018 to date
National University of Engineering Computing Manager 2018 to date
National Mining Registrar Head, Digitalization Area 1995 - 2000
"DELAE Co. General Manager 2010 to date
ACOMISA Co. Mining Consultant 2008 - 2009
SYSTEM EDISA Co. General Manager 1996 - 2004
Research work, last five years
Research work Participation (head, researcher) State
Dynamic Support Systems for Underground Mining Researcher In development
Professional Licensure | Peruvian Engineers Association
Event Organizer Year

Participation in courses, _ ) National University of
conferences, symposiums, Microsoft Visual Studio - C# Engineering, Peru 2018
courses, workshops Training Course on Exploration and | KOICA 1994
Development of Mineral Resources | Seoul, South Korea

Lrgvoonng

F1-CV - Calidad y Acreditacién -FIGMM QO | e
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College of Geological, Mining and Metallurgical Engineering
Mining Engineering Program

Digital Processing of Satellite Aero-Spatial Agency,

Images CONIDA, Peru 1999
Software AMINE, mine desing, Noranda Technology

geology and graphical document Center — Flairbase Inc., 2002
management Montreal —~Canada

IV Symposium Geo-Engineering Peruvian Society of Geo- | 5544

Engineering, Peru

Responsible of implementation of National Mining Registrar, 2018

iti _digital system SCUD for Peru
Other Actl Digitalization of mining concession | National Mining Registrar, 2018
records Peru

Foreign Language
A: Advanced English A | x B
I: Intermediate  B: Basic
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