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ABSTRACT

The strength of rocks is an important parameter which depends
e

on the stresses imposed bfy the engineering structures. fpert from
“the intrinsic propertieé, rock strength is significantly decreased
with increase of moisture content. Though many> theories exist,there
is no ‘unified theory to explain the behaviour completely. To  pre-
dict the rock mass behaviocur many strengtb criteria have been pro-
posed. None of the several theories proposed was observed to be
valid universally for all rock types. Keeping the above fects in
viev a systematic leboratory investigation was planned to study
(1) the nature, (ii) the strength behavicur in partiglly and fully
Esaturated states ard (iii) the shear strength beheviour in triaxisl
corditions of four sandstones collected from different geological
formations of Irdia.

In this study nature of Xote, Jamrani, Singrauli and Jhingurda
sardstones was broughtout using tﬁn section microscopic, }g;ra;;i' '
diffrection and scanning electron microscopic studies. The physical
ard strength properties were estimated ;lising ISRM amd Irdien Standerds
(LS) test procedures.- Specimens equilibriated at different ;elative
humicities, e.g. 0, 35, 60, 85, 95, 100 ard seturated were tested in
ell test modes to eveluate the moisture effect on strength. Triaxisl
tests were conducted at o, = 25, 50, 75, 100 ard 125 kg/cmz, The

3

anisotropic Knta sandstone wes tested at different orientations,
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b (inclination of bedding planes with mgjor principgl stress direc-

tion) =0, 30, 65, exd 90 degrees.

The Kote sendstone which her,;:ehighest quartz co‘ntcn"c with ferru-
gineous cement has shown fhe meximum strength erd modulus of elasti~
city, wheréas Jhingurda sardstore with its low quartz‘content ard
high emount of argillaceous cement has e)&libitec}:ieas't strength aml
modulus of elssticity. The strength es well es modulus values range
in be_tween these extremes for Jamreni emd Singrauli sendstones. The
mineralogical composition amd the intrinsic properties revealed the

ngturc of strength behaviour.

The anisotropic Kota sardstone exhibits the least uniaxial
compressive strength at | B =130 dégrees erd the highest at B= 0
degrees. The Brazilian ard point load s.trengths increase gredually
when [ chenges from 0 to 90 degrees. Unlike slates exd shales the

Kota ssndstone has shown low degres of anisotropy.

The strength and modulus of elasticity decreased with increase
of moisture content. To urderstard these changes from the physice-
chemiceal view point, th_e _'principle of effective stress is brought
into focus. Two mechanisms, i.e. (i) effective negative poré pres-
sures and (ii) surfece energy/irter perticle changes were recognised
as the causes for the strength changes due to moisture anl explained
them in the light of effective stress principle. A good correlation
was observed smong the effective negative pore pressures, Ew (computed
through pore size distributions) surface energy, Y ard strength chan-

ges dus to moisture content.
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The triaxisal tesits heve been analysed for siress-sirein res-
ponse, shear strength parameters (c' emd f'), modulus of elasticity

(BE,) end modulus pareameters (XK ani n).

t

Based on the test results ard anslysis of published strength data
on more than 80 rocks, a new ermpirical strength crliterion has been
proposed. According to this |

5 5 oL

Ya . c
= = 3 ( =2 )
3 3

This criterion uses uniaxigl compressive strengti, Gy ard
introduces two non-dimensional parameters o amd B. It has been
observed thet « 1is a constant equals to 0.8 for &ll I‘oclf‘;s., whereas
B deperds on rock type and quality. It hes been noticed that the B
velue is a constent for each groxip of rock ard the maximum variation
fells in between 1.8 and 3.0, The“critérion has been exterded for
strength prediction of jointed aﬁd anisotropic rocks by taking joint
paramneters gcj and Bj instead of O, axd B in the equstion. The
predictions obteined from the provosed criterion have been compared
with Bieniawski, Jaeger, Welsh ard Brace, Hoek ard Brown and
Tudbhir et 4l criteria ad found that the proposed criterion yields

better agreement Withthe experimentel observations.

To facilitate the predictions in the field, the joint parameters

were correlated with CSIR exd IGI rock mass clsssifications as

: HPR - 100
G . = (. BXP| =wmmes o
) (¢ .

J 18.75

and



IR - 100
B, =B exp [ memerrmmm -
! 75.5

Based on the extensive enelysis, it has been concluded that
the proposed criterion has the potentisl to predict the strength of
isotropic, arisotropic exd joinled rock in brittle end ductile

regions as well.
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