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The geonechanfcal propertles of the llnestone members of the

Dar¡eon Bay FonnaÈion have been sËudfed to provfde strengch and

deformatlonal ParameËers for both physlcal and flnfte element models

exanlning the causes of ninfng lnduced seLsmlc occurrences above some

potaeh m{nes 1n SaekaÈchewan. The propertfee of the llmesËone analyzed

were: the polnt load 6trengËh, conpresslve strength, Èenef.le strength,

trÍ8xLal strength, frl.ctlonal reslstance, long tern compreseive st,rength

and deforrnatfon nodulf. A new experimental ¡nethod r¿as also developed

to ffnd the tenelle deformatlon rnoduli by fndfrect means.

lhe reeults from these tests vary wldely, but tndlcate that the

Dar¿son Bay llnestone 1s very strong with an average uniaxlal compreeelve

Êtrength ( o.) of 110 Mpa, a rensile strength (oa) of l0 Mpa, a frfcrion
angle = 33 degrees, a youngre modulu" (8") and polssonrs rat.io ( v") in
compresslon of 34f00 MPa and 0.25 respecEfvely and trfaxlal etrength

parameters m = 25.96 and s = | for the grey limestone and strength
parameËere of m = 8.14 and s = 1 for the brown llmesEone. The elastlc
nodull Ln tenel-on are dffferent fro¡n Ehe elastic noduli 1n compresslon.

From the Brazlllan Ëests, fE was deËermfned that the average young's

modulue 1n Eenslon ls about 3TZ lower than the average youngre modulus ln
coupresslon. The Polssonfs rario 1n tenslon was about 12OZ hfgher than

Polssonrs ratlo ln compressfon (r. ). rt r¡as also deÈermfned that the

strength of sac.uraÈed Dawson Bay llmestone is tlne-dependenË wlth the

statlc faElgue lfmlt betng as low as 20 Mpa.

ABSTRACT
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Fron chese tesÈ resurËs and from structural and geological loggfng

of Dawson Bay core, enough lnfornatfon exlets to nodel Èhe Dawson Bay

Forroatlon" The Dawson Bay llnesËone ghould be nodeled as a thlck elaetfc
bean approxLnately 40 n thlck. Ttre beddlng planes should noÈ be

consÍdered as planes of rseakness wfthfn the beam, but a vertfcal JofnÈ

Bysten should be fncluded"

ltf
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Canada has both the worldts richest known pocaeh d,epoelts and eome

of the ¡¿orldrs largest underground potash mLnes fn Ëhe prowlnce of

SaskaEchewan" Mlnes have also come f.nto productlon in New Brunswick, and

feaslblllty studLes are currenEly underway for an underground operaËfon

near Russell, llanlEoba" tr{hf1e the long Êern outlook for Canadian poÈash

fs belleved to be posftive, the porash lndusrry is highly cmpetfËive;

strfct control of mlnlng costs fs Èherefore necessary lf profftablllty

and cmpetftiveness are to contlnue. One naJor underlying cornponent of

productlviËy 1e strata control . Tso f.mporË.ant problerns assocfated with

straEa control experlenced by the Saskatchewan Potash lnduetry are mlning

lnduced sefsnicfÈy and nater infiltration.

Six mfnor eelsmlc events have occurred at the Cory nlne l{esÈ of

saskatoon, the largest regieterfng 3.1 on the RÍchter scale (Eorner,

CIIAPTER 1

IMTRODUCTION

r983).

Saskatchewan (PCS) Ìfinlng Ltd., utlllzlng staff and facilfËIee from Ëhe

Unfverelcy of Saskacchewan, have proved beyond reasonable doubt Ëhat the

earEh tremors are mining fnduced sefsralc events. Gendzwill (1983) has

deËerrnLned that all of the earth crenors at the Cory rolne have occurred

aË a shallow depth ln the order of a kllometre, sllghtly above the mfnlng

horlzon, t¿ithln the Dar¡son Bay Formatlon. The concern ls thac Ëhese

earËhquakes nlghc t,rtgger najor collapses resulclng in loss of

producElon, damage of the shafc and of surffclal buftdlngs, and in the

r{orsE ecenarfor loss of life.

rnveetlgatÍons lnlElated by the potaeh corporat.ion of



2

A few Potash mines are experlenclng small amounta of waÈer Ínflow,

naln1y fron formatlon fluld and brine pocket Bourcea. Several m1nes are

aleo experfencfng quite large fnflows of water ln the order of thousands

of lltree per rnfnute. IÈ ls belleved Èhat the Dawson Bay Formatlon is an

aqulfer (Dr" P. Mottahed, per. com. 1987) and aleo acts, ln conJunctLon

td-th the underlying salt beds, as a seal between the rnLnlng zone and an

even larger supply of brfne ln the euperlncumbent straËa. It ls feared

Ëhat 1f the formatlon was heavfly fractured, uncontrollable floodtng

would occur and result ln the loss of the mfne.

Corporatfon of Amerfca I'flne JusÈ outsfde of Saekatoon shut down its
oPeraElons 1n January 1987 because of lts lnabtlJ.ty to control the water

fnflow.

In order to understand che faLlure mechanfsm wtthtn the Dawson Bay

Formatlon, a research program has been developed by the ctvfl and

Geologlcal Englneerlng departmenÊs of the UnLverefty of Manitoba 1n

conJuncElon wlth the Earth Sclences DeparÈment of the Potash Corporatlon

of Saekatchewan, lrlthln Èhe framework of an NSERC CRD research agreemenË.

The research l-nËeresËs fall lnto three lnterrelated dfvl-sfone:

1) IaboraÈory determlnation of the mechanlcal propertles
the potash and Dawson Bay Fornatlon

ti) lnsiEu Ëestfng of potash and the Dawson Bay Formation
lfl) ffnlte elemenr numerical raodering of the problem

The scope of thls thesis ls concerned wfth the deËernlnatlon

the mechanlcal propercles of the Dawson Bay Llmestone, fncludfng:

1) Unlaxlal compressive sErength
t1) BrazLllan renslle srrengch

ffi) Compresslve and censl-le deformacfon modull
1v) Trlaxlal srrengrh
v) Poinr load sErengrh

v1) DfrecÈ shear frlctlon angle
vl1) Tlme dependent strength

In fact, the Potaeh

of

of



The carbonaÈes, evaporiËee and mudetones, of Ëhe Dawson Bay

FornaËlon overlle the poËaeh bearfng prafrLe EvaporfËe salt beds, and

Ëhelr geology 1s very fnportant ln the development of a model to evaluate

the stress discrlbuÈlon lnpoeed on Ehe geologfcal envlronmen¡ by the

nlnlng Proce8s. In Èhe eubsurface, the Daweon Bay Formatlon exËende from

eastern Alberta, acroas eouthern Saskatchewan and outcrops along Lake

wlnnipegosls fn WeeËern l{anf toba (Ffg. 2.1). The Daweon Bay FormatLon

rangea 1n thickness from 184 fr (56 u) fn rhe easr, ro 102 fc (31 rn) tn
the west, and lfes at an average depth of z95o ft (900 n) in rhe norËh to

about 3300 ft (1000 m) ln the south (Dunn, 1982). There rends ro be very

lfttle change in the laËeral continufry of the lfthologlcal composftion

and sËraclgraphlc thfcknese of the carbonate membere. The formatlon fs
composed of four members:

CHÂPTER 2

GEOLOGY OF TEE DAWSON BAY FORMATION

1 " Second Red Bed Member

2. Burr Hember

3. Neely Menber

4. Ilubbard Evaporite Menber

The lnteresE tn the georogy of the Dawson Bay Formatron, tn thfs
research, 1s conflned nafnry to the fractures, beds of r¡eakness and

unconformlEies, whlch concrol lts sEructural fntegrlcy.

2"L SECOND RED BED HEMBER

The Second Red Bed Member ls che lowesE member ln Ehe Dawson Bay
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Formatlon and fn Êhe Saekatoon area lles only lOm metres above the ninfng

horizon (See Fig. 2"2). IË ls comprlsed of a non calcareous dolcmltic

mudsEone re8ËLng wlth nfnor dfsconfornlty upon the salgs of the pralrLe

EvaporÍt'e Formatfon. Dunn sEates Ëhat Èhe contacË ie usually gradatfonal

in nature occurrlng over Een6 of cenEfnetres. However, as shown fn
Figure 2.3, the contact ln aone areas fs abrupt (D'nn, pereonar

communfcatlon, l9B5).

The thlcknese of the unlË ranges becween l0 ft (3 rn) and 20 ft

(6 n) but fe ueually abour 14 fr (4"2 n). The dolornlric mudsÈone

conprlsÍng Èhe unft ie red

Ëhe top. Torsarde Ëhe top

orange hallte rangtng 1n thickness from 2 mm to 30 ¡rn. The heavily

fracÈured poorly coheslve nature of the Second Red Bed ìlenber makes LË

very weak and incompetent. The grey mudstone fs conmonly heavily

fractured wlth sllckensldes yleldtng a Rock Quallty Designatlon value for

Èhe member ar lese Èhan 102 (Fig. 2.4). The Rock Qualfry Designarfon

lndex (RQD), f.s a meana of assfgnlng a number Ëo the quality of a rock

mass based upon core recovery by diamond dritllng. Proposed by Deere ln

1964 (Eoek and Brown, 1980), Èhe RQD ts deflned as the percenËage of core

recovered fn lnEact pleces of lo0 mm or more in length, as compared to
the total length of the cored section examlned. Hence:

RQD (Z) - 100 x lengrh of core ln pleces ) 100 mn

at

of

che base, gradfng lnto brown , then grey at

che sequence, fractures are Lnftlled trlth

The determl.naElon is

fn conJunctlon wlËh

lntegrlry of the rock

slnple, quick and lnexpenslve to implement

normal geologlcal logglng. It offers an ldea

mass as descrlbed in Table 2.1.

length of cored section examined

ff done

of the
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Table 2"1 Rock Qualtty Destgnatfon and rock quallry (Deere, 1964)

RQD

<252
25 - 507"
50 - 757.
7s - 907"
90 - 1002

Rock Qualtty

very Poor
Poor
falr
good

very good



2"2 THE BURR ME}ÍBER

The ll¡ntEa of the Burr Menber are deflned by the unconforrofty upon

t¡htch it reat8, separating lt fron the Second Red Bed member and the

upper dl.econformf ty rrlth Che Neely member.

The member malnÈafns a thlckness of about 65 fr (20 rn). The basal

unconformfty conelst.s of 10 mn 20 mru of oll shale followed by a

dletfnct thin breccÍa (Ffg" 2"5). The lower l0 fË (3 ¡n) of rhl_B member

fe compoeed of å very flne gralned dolontce wfth exfolLation of the core

,due co Btrega rerief, noted ln aone of the corea. Flve feet of

dolonlË1c, ml-crocrystallíne bioturbaËed lfmestone lfe dlrectly on top of

the dolonlte" Ttre upper part of the member ts calcÍc linestone and is

characterieed by hardgrounde (F1g " 2"6). Hardgrounds are characterf.sed

by perlode of non-depoeftlon and burrowed erosf.onal surfaces, but do not

form planes of weaknege. An arglllaceoua marker bed near the nLddle of

Ëhe formatLon, whtch coincLdes approximately wlËh the occurrence of the

last of the hardgroundeu deflnee the boundary \.r-lth the Neely member

(Dunn, 1982). Core recovered from the Central Canada potash mlne near

saskaÈoon, ehows fracturlng withfn Ëhe lasE lB ft (5 n) of the member.

The Jolncs are subvertlcal and moaË of thern are infflled with nhlte

hallce" Spaclng between the Jofnts varÍes between two and ffve feet (0.6

- I.5 rn). Ihe Rock QualfÈy Desfgnatlon for thls menber ls approxlnately

LOOï".

t0







2.3 THE NEELY }IEMBER

ïhe Neely Menber fs also conposed mainly of lfmesËone and

maLntalns a thlckness between 50 and 60 ft (15 - 18 rn). Ttre bottom of

the member fs unfosslllferous and resËs upon the laet hardground of the

Burr Mernber. Very fossilfferous layers of reefoid naterfal are

encount.ered moving upward, r*1th lnternfttent wfsps of blrr¡men" Thtn

bands of bitumen are located near the top" Four feet of anhydrite nhlch

caps the llmest.one slgnals the Ëop of the Neely l{enber.

Although the thin la¡nlnae of bltunen and beds of fosslls forn or

could cauae relatfve planes of weakness, there 1s no lndicatlon of

novement along Ëhem. In some cases, however, the core could be broken by

hand at chese planes of weakness. The Rock Qualtty DesignaElon of t,he

Neely Menber 1s also approxlmately 1002.

2"4 EUBBARD EVAPORITE MEMBER

The top uember of the Dawson Bay Fornatf-on ls the Eubbard

EvaporÍte Member. Thfs translucent white and less commonly transparenË

bed 1s of varlable thlckness, up Eo 46 ft (14 n) (Dunn, 1982) " In Ëhe

core examlned, however, thls core was encountered for only a fer¡ feet"

13



Sanples for testlng purposes and geologlcal core loggf.ng were

obtafned fron Ehree sources:

1. Central Canada Potash Mlne

2. Subsurface Geologlcal Laborat,ory Ln Reglna

3 " Lanf.gan Mlne

CHAPTER 3

EXPERIMENTAT PROGRA¡{

Ihe core samples varied Ln sÈruct.ure and conposltLon along the lengch of

all cores examlned and ft was lnposslble Eo geË, more than a few slnllar

samples for any depth at any geographlcal locaÈlon. Thfs constralnc

arose from t.he Ë,remendous expense of drtlllng to depÈhe of one kllometre

(the depth of the Dawson Bay Formatlon) and Ëhe reluctance of the nlne

oPerat,ors to drlll upward lnt,o Èhe rdat,er bearing Dawson Bay Fornatlon

from the ralnlng horlzon. Thl-s apprehenelon atems from the facc that Ëhe

Dawson Bay llnesËone 1s a barrler whlch aeparaËes the upper water bearlng

menbere frorn Èhe Pralrie Evaporfte Formation and the rnining zone. Any

breach of thfs natural barrler could reeulË fn waÈ.er fnflow problems.

Ihe sanples obtafned fron the Central Canada m1.ne slce were taken

fron hole B4-2. A fleld trfp was undertaken durlng Èhe stnrmer of 1985 ro

obËafn the core, and at Ehat tlne Ehe author had Ehe opportunlty to Eour

Ehe CenEral Canada Pocash mlne and vfslt thefr subsurface core shed where

lt r¿as posslble to log several other core6 drilled into the Dawson Bay

Formacfon from the mtnlng level. The 42 nn borehole was drtlled from the

minfng horizon, upward through the salt. backo lnto the Dawson Bay

L4

FornaEion aE an angle of 53 degreee frorq the horlzontal. The total
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length of the core wa6 dlvlded fnËo three parts for teetlng by the Canada

centre f or l.flneral and Energy Technology (cAl{MET), DepartmenÈ of

Geologfcal Englneerlng UnlversiËy of ManLtoba, and the lÞpartrnenË of

Mlnlng Englneerlng Queenr s Unfverslty.

Sanplee obtafned from the Subsurface GeologLcal Laboratory r¡ere fn

the form of well core (89 mm diamet,er), fron boreholes L3-25-32-24W

Lanlgan (Pcs) and 5-10-23-32w Bredenbury (pcs). Theee and orher cores

rtere logged at the Subsurface Laboratory for their geologlcal and

structural propertles.

Polnt load ceetlng was performed and hand eamples were obtafned

from the 66 rnn pflot hole core aË Ehe Lani.gan mlne slte.

The three dffferent core aourcea enabled the author to Eest the

Daweon Bay FormaElon over a large areal excent, makfng test results more

relevant Èo the entfre area covered by the Dawson Bay llmestone as

opposed to a locaLLzed area.

3.1 POII{T LOAD TESTING

A:<faI point load cests elere performed on core at the Lanfgan mine

sfte ln order to evaluaËe the homogenefty of the geomechanical propertles

of the Dawson Bay Fornatlon and to develop a relatlonshfp between reeults

obtafned from point load te6Elng and unlaxlal compressive strengÈh

reeults" The point load test has been successfully used previously ln

deslgnlng scale models of mlne sËrata by converEfng the fndex resulËs to

unlaxial compresslve values (Brook L977).

Specfunens were prepared and Eested accordfng to the gufdelfnes set

forth by CANMET (L977). Samples were prepared by breaktng rhe 66 nn
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dfameËer core fnto roughly 66 nn lengthe; lengËhs fn the range of 1.0 D

+/'0"1D were deslred. Sanplee were Èhen placed 1n a ROCTEST point load

Ëe8Ë1ng nachfne (ftg. 3.1) and a load wae applled untll the sanple broke.

At leaet seven eanplea were tesËed at each fnterval.

3"2 UNIÆ(IÀL COMPRESSION TESTS

Sfnple unf.axlal compreaslon t,eaEa were conducted on core fron

Lanigan, Bredenbury and Central Canada Potaeh. The core fron Lanlgan and

Bredenbury ltas origlnally 89 nn 1n dfameËer, froro whtch three 3l mrn

dlaneter eanples ¡¡ere cored. The sarnples from the Central Canada potash

core were 42 mm 1n dianeter. All eampres were cut and ende ground

parallel and smoot,h, so Ëhat the rength to dlaneËer ratÍo was 2:1.

The eamples were then conffned bet¡veen two end platens wlth spherfcal

seaÈlngs and placed in a BALDI{IN-TATE 30000 pound unf.vereal loadfng

nachlne. Ttre sampres were then qufckry roaded untll they fatled.
Thtrty-four unf.axÍar compresel.on tests were conducted. ln ÈoEal.

3.3 STRAIN GAUGED UNIAXIAL COMPRESSION TESÎS

Samples used Ln these Ëests were from the Central Canada potash

mlûê¡ borehole B4-2" The 42 rûr dianeter eamplee were cut usÍng a

commercial dfarnond saw. The ends r{ere Ëhen ground parallel using a

dlanond wheel grlnder so Èhat the length of che sample was 84 mn. The

surface of the sample was then sanded using a very fine grafned sandpaper

to remove dlrt and dried drfllfng fluids, co en8ure proper flxation of

Èhe 8traln gauges. Slx 120 oh¡n, 5 mm long SHOWA steel straln gauges were

attached Eo each sample usfng BEAN BR-6lo ADHESTVE. Three gauges were
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oriented parallel to the core axfs Ëo measure axLal strafn and three

gauges were poeÍtfoned perpendfcular to Ëhe core axls Eo meaaure laÈeral

etrafn. Both axfal and lateral gauges lrere epaced at 120 degree

lntervals around the earnple and rdfthln the mfddle Ëhlrd of the eample.

ïhe samples l{ere then alloçred to cure ln a laboratory oven at a

temperaËure of 100 degrees Celsfus for ffve hours" Wf.ree were then

soldered to the gauges, and the gaugee procected by applytng eeveral

coaËs of polyurethane. The r¿X.ree ¡¿ere then connected to a VISEAY/ELLIS

daÈa acquLeltlon Bystem and the sample waa aet up ln a BALDIIIN-TATE-EHERY

30,000 pound universal loading machLne (flg. 3"2). The sanple lraa loaded

at a rate of approxLnately 500 pormde per mfnute rclth readings recorded

on paper every 30 s. Six etrain gauged samples were Ëeaced fn Ëotal.

3.4 BRAZILIA¡T TESTING

As an alt.ernaÈfve Èo Ehe uniaxfal tenslle test, whlch fs dlfficult

to perform to acceptable standards for brittle materfals (ì{ellor and

Har¿kes, 1971), dlamet,ral compresslon (Brazillan ÈeeËlng) of dfsks haa

sËrong appeal" The Brazlllan teet made on solld dfscs ls appeallng aleo

for lcs elmpllclty fn epeclmen preparaËLon as compared Eo Ehe expeneive

dlrect tenslle Ëe6t. In che experlmental program, Brazfllan disks were

cut fron two dffferent core eLzes; 42 mn dfameter core and 89 rnrn dfameter

core. The dLarneEer to thl-ckness ratf o of the 42 mm disks \ras

approxlmately 1"7:I, whlle the ratfo for the 89 mrn dlsks was about 9:1.

The 42 mm dlameter sanples were taken frorn Êhe CCP B4-2 core, and lhe 89

mm samples were taken fron borehole 13-25-32-24-113 Lanlgan and 5-10-23-

32-\13 Bredenbury. Sanple selectlon using the 42 nm core fncluded
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sPecfnens rePresenËaËLve of both Dawson Bay llneetone members. Sanple

ends were ground flat uslng a dlanond grlnder. The 42 nn samples were

loaded ln a seÈ of curved steel plaEens Ëo eneure that che fntense aËre6g

conce¡rtraÈlon fron polnÈ cont,act dld not decrease the teneile eËrength of

che eanple (llellor and Hawkee, 1971). The 89 rnn dlamerer samples were

taped wlËh two layere of trso slded tape at the platen - sample contact

polnt8 to decrease polnt 8tre8a concentratlons and were loaded Ln beËween

rwo flat loading platene.

T?re 42 mm samplea were etrain gauged wfth four SUOWA 120 oh¡n steel

strafn gauges, 2 on each face; one orlented parallel Èo the axlal atresa,

and one tranaverae to f c (F1g. 3.3). The 89 rnrn diameter eamplee were

fixed ¡¡fth both eËandard and etrain roseËtes. I{fres were eoldered t.o the

gauges and connected co a VISHAY/ELLIS daÈa acqulsftion Bysten. Loadfng

wae applfed at a rate of approxinately 200 pound.s per m{¡¡¡¡e rrtth the

load and straLn measuremenËa recorded on paper tape. The sanple

diameter, Ehfcknese, fooËage and failure load were recorded.

3.5 TRIAXIAL TESTING

Trlaxial tesÈlng r*as undertaken on Ëhe 42 nm df¡meter eamplee from

the central canada potaeh core. specÍmens were prepared as prevfousry

deecrfbed wtth a

lubrlcated using sfllcon olI then placed in a lubrlcated Hoek's cell.
The sample was then 8et up ln a 600,000 pound BAIDI.IIN unlversal loadfng

machfne (Fig" 3"4)" The confinlng stress \{as supplfed by an alr over ofl
sy8Ëem "

length to dlarneter ratio of Z.O. Samples were
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The lateral strees and Ëhe verElcal etress due to loadfng were

fncreaeed elmulÈ.aneously to elmulate hydroecaclc condft.lons untll the

deelred conffnfng Btreas r¿ae reached. Sfx dlfferenc conflnlng pressurea

were ueed: 0, 10, 15, 20o 30, 40 MPa.

preaaure wae reached, the axlal load was lncreaeed s.t a rate of 250 pound

per aecond (I.1f4 kN/e) until fallure r¿as reached. The sample dlamet.er,

couffnlng BËreaa, failure load, and angle of fracture were all recorded.

3.6 DIRßCT SEEAR TßST

BËrength and frlcElonal resfetance along diecontlnuftles. Accordlng co

Barton (1971) lc ls ffret necesaary to determfne Ehe baslc frfctfon angle

fn order È.o evaluaEe t.he frlctlonal reelsËance of a dfscontinulEy. Thls

frfcrfou angle can be deEermined uetng the dlrect ehear machfne and a

flat artlflclally prepared eurface.

The strengËh of a rock mass r¿ll1 depend on Èhe lntact rock

After the deslred conflnlng

3"6"1 Rock Type and Sanple PreparaËlon

I'he eanple used for Èhe dlrect ehear teet wae obcalned fron the

Burr Meqber of Ëhe Dawson Bay Formatfou. Ie orfglnated in the forn of 89

¡trn core frorn che Bredenbury core. The mfcrocryetalllne llmestone 1e

llghc bror¡nlsh grey 1n colour wlth crlnoide, shells and ocher snall

fossfle (co 2 cm).

The EesE specfmens qere cut t¿f th a

che lor¿er block of che speclrnen had Èhe

cm., whlle che face of che upper blcck had

The eamples were cuE and orlenced so tha

dlamond aaw so chac the face of

flnal dlmenslon of 8.7 crn x 6.0

a dfunenslon of 5.7 cm x 4.5 cm.

t the elldlng eurface modeled a
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vertfcal Jolnt occurrence, fn sftu" The two sarnples çrere then cernented

fnto Èhe uPPer and lor¡er cyllndrical boxee of the dlrecÈ shear testfng

machfne using a conmercfal grouting cement rslth a 3"5 : I cenent to

staÈer rat.Ío. The epecfnens rtere then ground flat usLng a commerclal

dlamond wtreeled grlnder Èo enar¡re proper contact for the frfctlon test"

The elfdlng surface nas noË reground after any of Ehe tesÈe. Inetead, a

naÈural eltdtng surface evolved"

3"6"2 lestfng Bqufpnent

ïhe RM 101 dlrect ehear machlne r¡as ueed for this ËeeËlng program.

The nachlne waa rnqnufactured by the StrucËural Behaviour Englneerlng

Laboratories Inc. (See Ftgure 3.5).

Tr¡o RAMg, RC-151 and RCH-121r mârìlrfâctured by ENERPAC, were used

for normal and shear loadfng reepectÍvely. The nornal RAI'I has an

effectlve area and maxf.mun capablltty of 20"2* cn and 134 kN (15 r,one),

whtle the shear RAH has an area of L2.182 c¡n and a maxlmum capaclty of

107 kN (I2 tons). Itre nornal RAM ¡¡as connected to a pressure supply by

tneane of a hydraulÍc hand punp. The loadlng supplled Ëo the shear RAll

r¿as through an alr hydraullc booster assernbly.

Two preasure Ëransducera l{ere used Ëo measure normal and shear

loads" Dlsplacement EeaauremenËs were obËalned by three HPTDCDT LVDT6

(11near varlable dffferential transducer): two read the vertlcal

dlsplacernenc and one Ëhe horlzoncal dlsplacement.

3"6"3 Callbrarfon of Pressure and LVDT Traneducers

Ihe pressure cransducers 1n both the normal and shear loadlng





system8 were callbraËed using a unfversal testing machlne.

callbratlon naa done for a range of loade frm O to 45 kN"

Ttte horl-zonÈal and vertlcal displacenenta were measured by usfng

LVDT traneducere" These transducers nere callbrated uslng a mÍcroneter

calÍbrat,or.

3"6.4 Flnal S:et Up

After the callbratÍon, the experfmental set up waa conpleted by

connectlng all LVDTe and pressure traneducera Èo a Eewlett Packard (HP)

Model 342L^ data acqufsitlon syst,etr, rshtch Ëransferred data to a Hp75

micro comPuter. Thle compucer r¡as ln turn lnterfaced r¿ith a Hp9816 micro

comPuter 8o that whlle the firet one collected and sÈored Ehe daËa, the

second computer plotted the reeulta on a monitor.

3.7 STATIC FATIG{JE TBSTING

3"7.L Introducrfon

Static fatlgue 1e deflned ae the delayed faflure of a materf.al

under euetafned loading" rt has been recognf.zed for soue tfme aa a

problen fnvolvlng underground excavaË.fons Ín rocks, but only recently fË

hae been the obJecE of experiraental endeavour. Thts ls mafnly due Ëo the

lnterest fn long term nuclear waste dlsposal studlee (Schnldcke, 1986)"

26

The

3"7 "2 Sanple PreparaËfon

Tr¿o sample sources \{ere used for the scatfc faElgue test.fng

prograra; borehole L3-25-32-14I{ Lanigan and 5-10-23-32w Bredenbury. The

89 ron dlameter well cores were eawed fnto 90 mrn lengthe froú whlch three
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29 mm dfameter sanples were cored usÍng a dlanond drtl1 blt and a

ellghtly ¡oodlfled drlll press" All eanplea rrere orLenËed parallel to the

core axie" The drfll was cooled and lubrlcated by a conatant aupply of

EraËer. The applied presaure, and consequenEly the epeed on the blt, was

controlled by the driIl operacor. Flfty-elghÈ eanplee nere cored ln thts

fashLon" All sanples l{ere numbered with ink, and EheLr footage noEed.

Oue edge of each eample wae then ground flat using a grinder.

Each epecfmen was Ehen cuË to a 60 nn length and ground flat to a lengch

of 58 'nm, gLvLng a length to dLarueter ratlo of 2:1"

3.7.3 UnLaxfal compreaalve streûgth t,esÈB

The epecimene ¡¿ere dlvlded lnto two groupe ln a random manner.

Compreeeive strength test,lng eras perforned on one aeco The test,s were

carrfed out on a Baldt¡1n hydraullcally controlled tesËlng machLne wlch a

capacfty of 301000 pounde" The specLmene were loaded Èhrough hardened

steel platens nachfned to a dÍameEer of 29 rnno A spherlcal head r¡as

placed at one end to enaure even loadlng.

3.7 "4 Tfme to fallure teatg

Static fatlgue teats l¡tere carrfed ouE on the other eet of

epecimene using a Structural Behavlour Engfneerlng LaboraËorlee CT-50

loadlng frame connecEed to an Ap-1000 alr on oll punp (see Flgure 3.6).

Ihis equlPment rsas able co supply a relatlvely constant unfaxlal load ro

a speclmen, +/- 57" (schultdke, 1986), unrll fallure" Full load r¿as

transferred to the sanple after a valve was opened for abou¡ two seconds.
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The envLronment.al condftlone for Ëhe epecfmens fn the scaElc

fatfgue Ë,esE were chosen Eo nodel chose of che Ln-elÈu rock. Tr,ro plaetlc

palle were fflled wfch Ëap wacer and the epeclmena were lrnmersed ln the6

for a perlod of, 24 hours" AJrer EhaÈ, rine tr çraa declded char the

eauplee ehould be placed 1n a brine eolutlon r¿hlch v¡ould reeenble au

euvlronmerlc ltrore aimllar fn chemfcal conopoelËlon to the 1n-sltu flufde.

Piecee of potaeh çære Ehen pulverÍzed and mlxed wlÈh Ëap rdater co forú. a

eaturated brfne eoluElon" The saalplea were thea Eraneferred to Èhe brlne

eolutf.on aud remafned È,here unt,ll the testÍng was conpleted. Durlng

te8cfng, che eanplee were placed fn a coated steel pot fllled wtÈh Eater.

An funporÈant phenomenon noEed durlng the EeeÈ1ug of the lfunestone

waa thac che samplee seemed Ëo -rot' çhen left. to eoak ln che brfne

eoluË,1on. In oEher çrorde, Ëhe BtrengËh of the aamples decerloraced Èo a

level eo t,hat t,he second batch of Èest resulte could not, be ueed ln Èhe

analyela. Another lmporcant obeervatlon le that poroalty played a key

role fn che tine co fallure t,eaca. TeBÈ sanplee exhibltlng very llttle

poroeLt,y vieually, ytelded the longest Efne ro failure.





4.L POINT LOAD TEST RESTILTS

The length of the epeclmen as r¡ell ae Ëhe fallure load r¿ere

recorded and the polnt load etrength fndex naa calculated by dtvtdfng the

effectLve load by the aquared length of the sample (ROCTEST Manual, 1985)

(See Fig" 4"1). The effect,lve load ls defLned as Ëhe recorded pressure

at faflure rnultlptied by Èhe effectlve area of the plston; whfch Ls L"76

1n2 for the ROCTEST polnt load teet machfne. It has been noted by othere

(Broch & Franklln, L972; Brook, L977) Ëhar Ehe pofnr load index (re)

varlee as a functlon of the dlaneter of the sarûple (D) fn Ëhe dlanetral

test' and as a functlon of the equivalent core dÍameter or length (De) in

axial, block and frregular lunp tests. A sLze correctlon nusË Eherefore

be applfed to obtaln a unlque polnt load etrength lndex value for the

rock that can be ueed for purposes of rock strength classlficatLon. The

sfze corrected polnt load strength lndex Is ls defined ae the value of

Ie that would have been measured by a dlametral test LrfÈh D - 50 rrm. The

corrected Polnt Load Strength Index 1s calculaËed from the calculated

BtrengEh lndex value uslng Ëhe converelon charte ehown ln Flg. 4.2. The

medfan value (ROCTEST, 1985) of all the tests r¿as then deÈermfned and

Bultlplled by a faccor of 24 (Brook, 1977) ro obtafn rhe equlvalenr

conpresslve strength value.

Flgure 4.3 shows the varlaclon of the equivalent compresslve

Btrength (or polnc load strength), calculated from polnt load index

È.eetlng, along the core. A rnlnimurn of seven polnE load teets r,{ere

CEAPTER 4"0

EXPERIMEbITAI, TEST REST'LTS

30



Somglç -S9¡g-þ!3t'mlnous laEfnae.

POIN T LOAO S TR€NCTH INO€X
LLoesÈone, pale brown, hallte ineluslons,

con Ë ac t be csg gf¡-.Ls! _8. Bj__anC_-Ne_e f y

Locol¡on.¡l!¡¡;!nsal 3-28 (tanlqan)

Sorc HolÊ P{1ot Oeprh 3085

Soíplc t{o.

fr¡t
TtP'

_ì ?. S fr ¡hove

ir{nl

S, ¡c ia¡¡
lle.

?

o

3

77

lI

Oo lc

7t -\

P

5

75

fcalrd bf

6

2550

61

(Coopuced on: 85 0i 16)

7

?670.

otJ

6S

I

2575

69

ns ll7 r}Â

9

2650

9-19

Averoge wolcr conlenl : - "h

Avcrogc dcqree of ¡olsrolion .. +o/o

r qoo

58

A -7?

D. Kroll

2725

t,

8.72

6t

2t oo

6.ts

¿88

1050'

31

6.55

ls(5o

51S

r300

7.38

520

4.Oi

758 .

575

l{cdiæ
Velcr

5.2r

51

6io

5.77

650

620

10¿ I

850

Mcdion voluc¡ of slrenglh inder. l a 
(5O)

Porollel lo plone of vrsokîoss: 

- 

ps¡ ( 

- 

MPo)

Pcrpcndicufor lo plonô of wookno¡¡: (,)(\ psi ( t,.ZS MPo) d.=192 ¡¡,¿

354

580

397

740

Verv hard to breal

r050

core for samoles

Xole¡

370

Is-^-

to tesÈ, uaing

Anirolropy inder, lo (5Ol = 

- 

-

420

hamer & chieel.

Rcmork¡: AfEer finding aII Èhe ls,.^,
mulciply this value by 24. rhe re\dYt
Oc.

620
fk)nrt forseÈ to
reseE RauRe.

4.25 x 24 = LOZ tfa

Flg. 4. r

's, calculaEe Èhe median and
will be your compressive strengt.h

Polnt. sËrength f.ndex daEa sheet



r ooo
900
80()
70()
600
500

aoo
130

!oo
250

200

r50

roo
90
60

.70
60

50

OISfANCE O. ln.

ô

32

]o

I

AX

2f.o

20.o

r5.o

OISTANCE O. mm

tlt
8X NX HX

NOMINAL CORE'SIZES

ro.o

a.o

6.O

5-O

4.O

f.o

Ffg.4.2 Point

0À

2.O

r.5

t.o

o.6

o.6

o.5

o.4

load sÈrengÈh tesE Bf.ze correctlon chart (CANMET, I977)



Depch
(rc)

3060

3070

3080

3090

3I00

3tt0

!
o

rÉ¡

€ 3065
,6 - L24

c

30Ë8 o -6'.

Pale broçn Ifmescone rrfch sooe blcuofnous laminae.
e 3085 Halice fnclusfons, sorne very snall fosslls.

C- 102 HPac

HPa

3l 20

3r30

3140

3150

3r60

3l 70

3r 80

3I90

3200

c
o

:?{
L)
qt
E
t{
o

C4

>\
(Ìt

aq

c
o
t¡,¡
qto

Carbonaceous, sllghcy anhydrlcfc oudscone.
No'flssures or Joincs.

:

I
I

Geologlc DescrfpÈfon

LfqesÈone, grey, fer¡ fossils, fnclusf_ons fnfflled
e 3f25 r¿ich salc.

d - 165 lfPa .c.

G 3f5O LfmesÈone, Brey.ú - 16I HPa
c

33

e 3168
Cf- - I4l MPa

c

3lg5'-9"

conËacC
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Flg. 4-3 Vartablllty of pol-nt load equivalent compre6slve strengrh
Ëhrough Ehe Lanigan pllot hole core
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Perforned at each lnEerval, with Ëhe amount of core fn each Ínterval

belng Ehe llnftlng faccor. The polnt load ecrength rangee fro,n 102 - 165

MPa Ln the four aecËlons Èeeted, glvlng an average equfvalent compressfve

st,rergth (and atandard devfaË1on) for the Dar¡son Bay llneetone of:

o" - L42 +l- 29 wa

4"2 COMPEBSSrVE SI?ENCTE RESIILTS

Table 4"1 ehows Ehe reeulÈe of the unlaxial

The resulte from the different diameter cores were

that rsould theoretlcally be obËafned fro¡n a 50 mm

enplrlcal formula (Eoek and Brown, 1980) :

Õc?o =Õr/(50/ D)'tt

The reeulta are plotted ln the forrn of a hlstogram fn Flgure 4.4. The

mean compreeslve strength (ogso) for the tests Ls 97.84 MPa.

The reeulta were then converted for a diameter to length ratlo of

1:1 1n order Ëo conpare wlth the resulEe obcalned by other workers uslng

the fornulae (DeSouza, 1986):

o" = o" so / (0.778 + o.222(D / L)) (4.2)

ç¡here: o^ = Unfaxlal conpresslve strengEh of ac 
sample wlth il/l = r.o

D = DlarneÈer of sample
L = Length of sample

Ïhe resulclng mean conpresslve sErengEh of the carbonate members of the

Dawson Bay Fornatlon 1s:

o^ = 110.06 +/- 45 MPac

r¿here. ocs o

diameter sample.
þ a diameter of eanple

Õc = Compreseive Btrength of a sanple
¡rlth diarneter D.

= Compreesíve etrength of

compreeel.ve Èesting.

converted to reeults

core by uee of the

( 4.1)

a50mm



Sample

Table 4" 1:

KOOlDU
KOO2DU

KOO3DU

KOO4DU

KOO5DU

KOO6DU

KOOTDU

KOOSDU

KOO9DU
KOlODU
KOllDU
KOl2DU
KO13DU
KOl4DU
KOl5DU
KOl6DU
KOl7DU
KO18DU
KO19DU
KO20DU
KO21DU
KO22DU
KO23DU
KO24DU

KO25DU
KO26DU
KO27DU
KO28DU
KO29DU
KO3ODU

KOO2DU_S
KOO3DU-S
KOO4DU-S
KOO5DU_S

Core
Source

Unlaxlal

Lanlgan

BREDENBURY

ccP. B4-2

compreeelve ËeeË result,s

Footage
(feet)

3246.4-3247 .4

::

3264.4- 

.326s 

.4

327 L.0-327 2.3
329L.3-3292.3
3300.5-330 1.2
3304.8-3305.8

2668.6-2669.6

2678.5-.,2679.5

2685.0-268 6 . 0
2708.0,.2709.0

112.8-114.0
149.8-r 50.8
157.8-158.8
L77.6-178.6

63 .0-64 .5
84.2-8s.2

103.0-104.0
149.8-150.8

Dfameter Load
(mn) (klps)

31

28

42

35

19.30
13.20
22.O8
21. 50
20.45
20.50
22"7 5
2L.35
29.50
29.s0
27.20
27 .20
15.40
14.60
L6.26
23.6L
26.3L
10.54
14.50
8.r6

15.3 5
9. l5

L2.60
9 "25

L2.30
10.89
25.3L
27 .42
L2.48
L7 .93
27.78
29.62
19 .36
27.78

oU FracÈure
(MPa) Angle

LL3.7 4
77.79

130.09
L26.7L
L20.52
120.81
L34.O7
L25"82
173.85
173.85
r60.30
L64.7 2
LTL.7 6
105. 9 7

1 17 .98
L7L.36
190.96

7 6.50
L05.24

59. 19
105.84

66.4L
9r.41
67.L4
89.27
78.93
81.20
87.90
40.00
57.50
38.53
95. O0
62.L0
89.08

78

63

6¿
67

76
67
,2

6;
63
72
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4.3 COMPRESSTVE EIASTIC MODTILI RESTILTS

Resulte from the sfx straf.n gauged compreesive Èests are ehown ln

Figuree 4"5 - 4"10" The average valuee for both the axlal and lareral

strain gauges are presentedr âe r¿ell ae the volumetrfc straln. Ttre

volumeËric strafn (Â) ln Ehfs case 1s deflned ae ÈwLce Èhe abeolute value

of Che lateral etraLn m{nus the axfal straLn, or3
L,^Zoel-8,

The Youngrs Modulue of a

E

since strafn le dl¡nenslonless, Ehe modulue of elastlctty (E) re

expressed 1n the same unlËa as stress. E was deternl-ned for each eanple

by taking the average slope, fn the elasË1c port,lon, of each axlal

sErees/sËraln curve (see Flgures 4.5 and 4.6>. As ft can be seen, the

stress/axLal straLn curve ls rarely llnear and Èherefore the quoted E fs

only a "best est.f.maËe".

In all materLals, the compreseLon produced by an axlal force P ln

the dl-rectlon of a force is acconpanfed by an extenslon Ln any transverse

dfrectlon. This value fs referred to as Ëhe lateral straín. When Ëhe

condfELona are elaetic the absoluËe value of the lateral straln over the

axlal straln 1s called Polssonrs raEfo, after the French nathematfcf-an

Slnqean Denis Pofsson, 1781 - 1840 (Beer et ar., 1981). The poissonts

ratlo may be calculated by dlvidlng Ehe slope of the axfal stress/axial

strafn curve by the slope of the axial etress/IaEeral stral-n curve.

Table 4.2 glves Ëhe connpresslve deformatfon reeults for the straln gauged

unlaxial compresslon tests. The average results for the compressfve

sample Le deflned
Streee

= --------
Axtal Straln

37

(4.3)

from Hoek's lan as:

(4.4)

tests are: E - 34100 +/- 10000 MPa
v - 0.25 +/- 0.06
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Table 4"2: Compresslve defornaEf.on modulf results

Sanple

KOOlDUS
KOO2DUS

KOO3DUS

KOO4DUS

KOO5DUS

KOO6DUS

FooÈage
(fr )

56.0-57.0
63 .0-64. 5
84.2-85.2

103.0-1 04. 0
149.0-150.8
L7 7 .6-t7 8.6

Average Youngrs modulue of
Average Polssonts ratlo

E

MPa

4L

26900
22500
49400
46200
29600
29700

elae ElsÍ Ëy 
_=

0.25
0. 17
0.30
0.25
0.21
0. 34

34100 +/- 11000
0.25 +/- 0.06

MPa
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4"4 BR^AZILIAT{ TEST RESTILTS

lvenÈy-efght eamplee ltere teeËed fn cotal uefng representa¿Lve

speclmens from the entfre core avaflable to us. The footage, dÍameter,

thlckneee and faflure load of each eample are Êabulated fn Table 4.3.

Brazlllan tensLle strengÈha are plotted fn the fora of a histogram f.n

Figure 4.11"

It, ¡gas observed that tensile faflure dLd not occur aÈ the cenÈre

ln the 89 rnn eamples. rnetead, Ehe eamplea fafred by epalltng on the

faces cloee to t,he ltne of appllcatlon, then ln compreselon (See Flgure

4-L2). Ttre epallfng occurred aa a regulÈ of Ëhe lntense aËreas condltion

developed at the pofnt,s of contacE beÈ¡¡een the tesÈ specfmen and Èhe Èno

flaË steel platens. The elght 89 nra samples therefore were not fncluded

in calculatLng the average value of the Braztll-an Btrength and they are

Bot shorrn 1n Flgure 4"L2. It 1e fnterestlng to note that the calculated

Ëensfle stress at the pofnt of fallure fn compressfon was wLthfn the

range of one eÈandard devfatlon of Ëhe tensile strength of the 42 m
sanplee and wae only slightly emaller"

The average Brazfllan etrength of the 42

or ^ 9.76 +/- 2-68 MPa.

and the average "Brazillan strength" of the Bgnrn

oc = 8 -45 +/' 2-o7 l'r¡a.

4"5 TRIAXIAL TEST RESTILTS

Forty-flve trlaxfal samplea were EesEed 1n total wlch speclmens

coning from all Parts of the avafLable core. The resulËs of these tests

are glven 1n Table 4.4" A ecaËterplot of the axÍal stress on Ehe sample

mrn eamples f e:

sanples ls:
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(S1) versus Èhe conflnfng atreaa on Ëhe sanple (S3) reveale c,hat che

results scaÈÈer widely but seem Ëo follow tr¿o general Erends; the grey

lf.mesEone, wtrlch comprlses Ëhe Burr and much of the Neely roenbers, havlng

a much higher sËrength than the dark brown hlghly fossillferous limestoue

located ar Ëhe rop of the Neely fornatlon (rlg.4.l3). The d.ara was fft

Table 4.3 :

Sample

KOOlDB
KOO2DB
KOO3DB

KlOlDB
KIO2DB
KlO3DB
KlO4DB
KlO5DB
KlO6DB

K2OlDB
K2O2DB
K2O3DB
K2O4DB
K2O5DB
K2O6DB
K2O7DB
K2O8DB
K2O9DB
K2IODB
K2lIDB

K3OIDB
K3O2DB
K3O3DB
K3O4DB
K3O5DB
K3O6DB
K3O7DB
K3OBDB

BrazflLan teneile sËrength ÈesE daca for both sanple
dfaneËere

Core
Source

ccP. B4-2

Lanfgan

Bredenbury

Footage
(feet )

136 " 5-137.5

56 . 0-58. 0
63.0-64. s
84.2-85.2

103.0-104.0
149.8-1 50.8
L77 .6-L78.6

56.0-57.0
6L.5-62.O
63 .0-,64.5

84.2-85.2

95.0-96.0
103 .0-104. 0
L28.0-L29 .0
149 . B-r50. B

177.6-L78.6

3246.4
3264.4
327 2.3
329L.3
3304.8

2708.0

Df.ameter
(nn)

4L "7

88.6

Thlckness
(mn)

25.8
25.5
26.8

23.6
23.7
23.7
23.7
23.2
22.L

23.4
23.r
24.L
26.t
24. s
24.2
25.2
26.O
23.4
24.3
22.3

6.7
10. I
lr.l
11.7
9.6

T2.L
9.0

15. 1

Load
(1be)

4150
3780
3260

3445
3950
3050
4L20
3800
4040

301 5

5r20
2680
4230
5050
3L20
4200
2010
2900
2300
16 50

I 250
2200
2505
27 00
2500
3 610
2805
5850

oË
(MPa)

LL.26
9.75
8.26

9.91
11.32
8.7 4

11. 83
11. 12
T2.4L

8.54
14. 98

7 .39
ro.94
L4.04
8.7 2

tL.27
5.22
8.37
6.L6
5.00

5.9s
6.9s
7 .20
7 .37
B.3r
9.52
9.95

L2.36
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I
dt rN MPe

Flg. 4.11 RelaElve frequency hfstogram of Brazillan sËrength Eests





Sanple

Table 4.4:

Foot,age
(feet)

KOOlDT
K002DT-1
K002DT-2
K003DT-1
K003DT-2
K004DT-l
K004DT-2
K005DT-1
K005DT-2
K005DT-3
K005DT-4
K006DT-1
K006DT-2
K006DT-3
KOOTDT
KOOSDT

K009DT-1
K009DT-2
K009DT-3
K010DT-1
K010DT-2
K01 lDT-1
K01lDT-2
KOl2DT
K013DT-1
K013DT-2
K013DT-3
K014DT-l
K014DT-2
K015D1-l
K01 5DT-2
K016DT-1
K016DT-2
K01 6DT-3
K017DT-l
K0l7DT-2
KOl8DT
K0l9DT-l
K01 9DT-2
K020DT-1
K02oDT-2
K020DT-3
KO2IDT
KO22DT
K023DT-l
K023DT-2

56.0-58.0
6L.5-62.0
61 .5-62.0
63. 0-64. 5
63 "0-64.5
65.5-66.5
6s.6-66.5
68.0-69.5
68.0-69 . 5
68.0-69.5
68.0-69 . 5
79.2-80.2
79 .2-80.2
7 9 .2-80.2
84.2-85.2
89. s-90. s
92.O-93.2
92.0-93.2
92.O-93.2
95.0-96.0
95.0-96 .0

101. 0-1 02.0
101 .0-102.0
103.0-104.0
108.2-109 .2
108. 2-1 09. 2
r08.2-109 .2
112.8-114.0
112.8-114.0
LzL.O-L22.0
Lzr.O-L22.0
L43.0-L44.2
t43.0-L44.2
L43.O-r44.2
L47.2-L48.2
L47 .2-L48.2
149.8-150.8
1 55.8-r 56.8
r55.8-r56.8
1 57.8-r 58. B

r57.8-r58.8
r 57 . 8-1 58.8
177 .6-L78.6
r80.8-181.5
1-RED-BED
1-RED_BED

Trlaxfal compreesive etrength

Load 53
hla (klps) (MPa)

L.94
L.97
2.00
2.00
2.00
2.OO
2.00
2.00
2.00
2.00
2.00
2.00
2.OO
2.00
2.OO
2.OO
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.OO
2.00
2.00
2.OO
2 .00
2.00
2.00
2.00
2.00
2.00
2.OO
2.00
2.00
2.00
2.00
2.00
2.OO
2.00
2.00

s3.44
64"69
7 6.82
7 6.65
44"74
59.42
7 2.87
83.15
7 4.97
88.04

1r 0. 48
94.7 5

100.03
67 .5s
58. 10
98.36
42.37
99.32
86.7 5

I 18.40
68. 12
72.78
91 .41
77.6t
84 .38
55.r1
7 4.27
62.4L
25.3r
87.81
55.03
63. 10
90.35
84.29
62.85
80.69
27.42
52.9L
25.67
38.32
43.69
L2.48
L7 .93
3s.69
34.98
39.20

ËeBt data

Sl Fracture
(MPa) Angle *

10
15
20
30
40
10
15
20
10
20
40
30
40
10
15
20
10
20
40
40
t0
15
20
30
40
10
15
20

0
40
10
10
20
40
15
20

0
40
l0
15
20

0
0

40
10
20

L7L.40
207 "50
246.40
245"80
143.50
190.60
233 "70
266.70
246.7 2
282.68
354.7 4
303.90
320. B0
2L6.60
186.30
315.50
136.40
3 18.90
278.54
379.70
218.50
233.40
293.20
248.90
27 0.60
t7 6.70
138.20
200.20
81.20

281.60
176.50
202.6r
290.10
270.64
20r.60
2 58. B0

87 .90
L69.70
82.30

L22.90
r40. 10
40. 00
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Eo several modele, buË only the enpirfcal

and Bror¡n (1980) Ls shown aa the solfd

ernplrfcal relatlonshlp gLven by Hoek

forn:

ot=03+/(mno"*

O=c

IIlr I =

Ïhe constants m and s r¿ere

Hoek and Brown (1980),

strengt.h equaËlons for the

01 =o3 +/(

01 =o3 +/(

where:

4B

relatf.onshfp euggested by Hoek

llnes f-n Flgure 4.L3. The

and Brown follol¡s Ehe followlng

Õ3 * os2) (4.5)

ol

õs

the maJor principal Btress at faLlure

the mlnor prfncLpal atress applted to the
specLmen, ln Èhls case Èhe confinlng preaaure

the uniaxlal compressfve strength of the
fntact rock materlal ln the specfmen

consËants which depend on the propertl_es of
the rock

derlved fron a eerles of equaËfons glven by

and are lncluded in the followlng triaxlal

grey and brown lfmestone respectfvely:

25.96*80.78*o:+80.7d) G.6)

8.14* 44.t4 *os * 44.142) G.7)

4.6 SHEAR TEST RESTILTS

Frictf on 1s def ined through Anontont s law, s t.atf ng È.haÊ, che

maxfmum amounÈ of frlcË1onal resistance (F) in a plane of slldlng ls

direccly proportfonal to Ehe normal load on the plane through a cons¡an¡

of proportlonallËy knoç¡n as the coefflcienc of frfcrlon (u). The

coefflclent of frlccfon ls a property of Ehe materfal, and is lndependent

of the slze of the apparenE conEacË area.

slx dlrect ehear tests fdere conducEed on a slngle Dawson Bay

LinesEone sample using the progressÍvely wearlng eurface. The
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results from these tests are besÈ deecrfbed by the use of an angle of

frf-ctlon, r¿hlch le calculaced by taktng Ehe arcÈangenr of the quotfent

obcained by divfdlug the shear Btress (T ) by Ëhe nornal stress (¡) at the

point of che first slfppage on rhe worn eurface of the sllding block.

S-arcra"(ft) (4"8)

The reeulte fr@ all the dlrecÈ shear tests are presenËed in Table 4.5.

ïhe mean frlctfon angle from theee teet,s iB:

0 = 33 "42 +/- 2.35 (dee.)

Table 4.5: Dtrect shear test results

RaËe of DuraÈfon of Nornal Angle of
Test Shear Loadfng Stress Before Shearing Frictton (S)

(kN/a) (s) (degreee)

KooIDD 0 0055
K002DD 0.0133
K003DD 0.0310
K004DD 0.2250
K005DD 0.1820
K006DD 0.0470

( 0 ls che frlctlon angle caken at Ehe flrsr sllp of Ehe linesÈ,one
eurfaces)

39
0

20
0

101
0

33.33
3r.7 5
35.61
33.50
29.99
36.29



4"7 STAÎIC FATIGTIE TBSTI¡{G

4.7 "L Theoretlcal aepecÈa of etaÊf.c fatfgue testfng

Intact rock Beema to be little dffferenc fron moet lndustrlal

producte or oËher obJecte rrtth regard to havlng a llmfted lffe

expectancy" The deterninatlon of the llfe of a rock under atreaa fs not

eaay, however, because of the nonhonogeneoua nature of rock. The lffe of

a Daweon Bay LLmeetone eample under constanÈ. suetained loading, for

example, can range from one second to over a monEh.

Because of the wlde range of tlme to fallure meaaurenenÈB observed

1n the testing, a probablletlc approach was used l-n daËa int,erpretaË1on"

LaJtal (1986) aÈtrÍbuted the wfde range of tlme Eo fracture meaeuremenËs

Ín rock t.o varlaÈlons ln lnsËantaneous strengEh ln the rock epeclmens.

At the same stat.lc fatlgue load, a weaker specfmen 1s subJected Ëo a much

htgher relatfve Btress leve1 (sratfc fattgue load dtvfded by the

lnstantaneous, compresslve, sÈrength of t,he epecinen) Èhan a Btronger

epecfmen. Ttre hlgher relatlve Bcreas level results fn a shorter lffe of

the eample.

50

Snowden developed a technique where Ëhe Welbull Btatistlcal

dl-etrfbutlon ls utfllzed fn nodellfng the dlstributlon of boch the

Ínstantaneous faflure 6trength and che fallure tlme at constant stress

(Snowden, L977). Uslng the two parameter form of Ehe WelbulI

dlstributlon, t.he cumulatÍve probablllty of fallure (P) of a speclmen of

volume (v) subJected co a sËress (o) for a tfme (t) can be expressed as:

P=r-expt -( 3"Ï( T") ( t.yl (4.e)

where: oo, vo, Eo, m and !r are welbull consÈants. rt can be concluded

by exaninlng equatlon 4.9 thac an l-ncrease of either at,reas, the volume,



or Èhe loadlag tlne wfll resulË ln an

faflure "

4.7 "2 Modelllng of etaÈic fatigue data

The l{eibull dfetributlon was used to analyze both the unlaxlal

compreeeive sc,rength tesËs and the Ëf.me Eo fallure tests" Seventeen

eamples Itere teated fn each set" Each aet r{as randmly drar¡n from a

larger group of speclmens.

Since unl.axLal compresslon teeting fs conducted ln a conetant Èfme

and the volume of each epeclmen was the sane (38300 ..3), the Welbull

theory ueed to deecribe the sErength dLstrlbutlon wae sf.npllfLed co :

P = 1 - exP t-Z oil (4.10)

where Z Ls a constant thaË combfnes all the non varyfng parameters and

other conaEanta ln equatlon 4.9, and o, fe the strese level ealculated by

dtvtding the sÊatic fatf.gue load r¡-lth the Btrength of the speclmen and ls

expreeeed Ln perceatage form.

fncrease Ín
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Ëhe probablllty of

Simllarlly, the dletrlbutlon of Ëhe tLne to fallure experfments

Idaa analyeed using Ehe sâme form of thls probabllfty functlon for

constanË aËreas (ecatfc load) and const.ant volume condltÍons. The form

of the functlon þg¿nme:

where Y ls the constant that conbines all the non varyfng parameters and

constants 1n equatlon 4.9 (t 1s tlue Eo fallure 1n eeconds). The four

conatanËB Z, m, Y and w r¿ere determfned from the two Cest serfes. In

partlcular Z and m elere calculated frorn the 17 uniaxlal cmpresslon cests

(Table 4.6) and Y and w ç¡ere calculated frorn the 17 statlc fatlgue tests

P(t) - 1- exp [ -Ytt] (4.11)



(Table 4"7).

The unlaxfal ÈesËfng nas performed on sanples representtng Ëhe

Daweon Bay llnesEone fn lts enËirety. The teete were conducted aË a very

faet loadfng raÈe ln a perfectly dry envlron¡nent. ThLe teeEf.ng was done

Èo obtaln resulËs for Ëhe fnstanEaneous strength of Èhe Dawson Bay

lfmestone" Table 4.6 shorrs the reeults of Ehe teets, rankLng the sample

etrengcha from lor¿est to hfghest. Tt¡e nean conpreselve etrength of the

29 rnn diameter samplee was:

o" = 115 MPa

The sËatfc facigue test sanples were subJected to a constanc

atresa of 60 MPao or about 52 7" of. the average unlaxf.al compressive

sËrength of the samplee. Durlng the tesË, the sanples were eubrnerged 1n

taP ÌtaËer" The Èfme measurenents yielded a dietrlbutf.on of fatlure tfmee

from Lnstantaneous to longer than a month. Three eamplee, ranked 15, 16,

and 17' dtd not faLl under the eËatic loadlng" Table 4.7 shords the tLme

to fallure reeults ranked 1n order to longeet tf-me to faflure. The

ct¡mulatLve probablllty aseociaÈed with each rank can be approxftnaËed by

equatlon 4.L2,

52

P=1/ (lËrl ) (4.12)



Table 4"62 Dry cornpressfve
used in Ëhe staÈlc

strength of Dawson
fatfgue study

Bay LLmeetone

Rank

53

epeclmens

1

2
3
4
5
6

7

I
9

10
11
L2
13
L4
15
16
t7

Strengch
(MPa)

59
66
67
77
79
89
91

105
106
r06
LL2
118
r65
171
L74
L74
191

n=17

T = 1I5 MPa

s = 43.7 MPa
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Table 4"7: TlEe Eo fatlure resulte for Dawson Bay Lirnestone aE a statfc
fatigue sÈ,reea of 60 MPa. Specfmens 15, 16, and 17 did not
fafl over a perl.od of: 4 days, 31 days, and 35 daye
respect,lvely. The streee level Ls obtatned by dlvfdlng the
sËat,Íc fatigue load (60 Mpa) wtrh Ehe srrengrh of the
specimen havlng the same rank fn Table 4.6 and Ehe result,
expreseed le a percentage form"

RANK

I
2

3

4
5
6
7

I
9

10
t1
T2
13
t4
15
16
T7

TTr (e)

1

1

1

2
4
I
I

10
L2
L6
62

240
295

2460
no break
no break
no break

SÏRESS
LEvEr (z)

102
91
90
78
76
67
66
57
57
57
54
5r
36
35
34
34
31

CUMUIATIVE
PROBABILITY

0.05556
0.11111
0.L6667
0.22222
0.27778
0.33333
0 .3 8889
0.44444
0.50000
0.55555
0.6111r
0.66667
0.7 2222
0.7 7778
0.83333
0. 88889
0.94444
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¡shere 1ls che rank and N ls che Èotal number of EesËs. Ttre constanta y,

Z, Ide and m of the Welbull disEributfon were Ehen evaluaÈed by

llnearizfng equarions 4.10 and 4.11 and Ëhen plorÈtng lnln It/(l-p)l
againsË ln (o) and agafnst ln (t) for each deÈermfnation. These plots

should reeult fn atralght lLne curves r¿here:

The consÈanta m and w are the elopes of rhe stralght lfnes and ln (Z) and

fn (Y) are the fntercepts. Ihe resulte obtained from thle experimenËal

suLte yfelded the followÍng relatLonshlps:

lnln (1/(1-P(o))) = ln (z) + n ln (o.)

lnln (1/(1-P(r))) = ln (Y) + w ln (r)

Ffgures 4.14 and 4.15 show these relatfonships. Flgures 4.16 and 4,17

show the uon-llnearÍzed l{eibull flc to the cumulaËfve probablliry vereua

strength data.

On the asstrmptlon that the weakest specimen falled flrst and the

strongest last, Le. a epeclmen ranked I tn che strength dlstrlbution has

Ehe fafrure Efme aË the same rank l, a stattc fatigue curve can be

constructed follorrlng the technlque descrl-bed ln LaJtal et al. (19g6)

givlng the relaElonehtp between srress level (or) and rlme (t):

Lo (or) - -4.370 + (Ln 60 - .1 x Ln (r))

Ln (r) = -43.8 + l0 x Ln (60/o¡)

lnln (1/(1-p(o))) = tn (-13.205) + 2.7L4 x tn (o)

lnln (1/(l-P(r))) = ln (-1.35r) + o.z7L x tn (c)

(4"13)

(4"14)

(4.1s)

(4.16)
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4.7 "3 Statfc facigue LLmft

In addicfon Ëo Ëhe strese/tfne relatlonshfpe developed 1n the

prevLous aecEion, a sEaÈlc fatlgue curve (etreee level agalnst tfne) can

also be consËrucËed wlthout reference to the Weibull dLscrfbutlon.

Schnldtke (1986), and LaJËaf and Schnidtke (1986) obeerved 1n the course

of thefr work wlÈh BËaËfc fattgue experlment,aÈfon on granlte, anorthoslt,e

and Tyndal lÍmesËone, that Èhe slope of Ëhe static fatigue curve

decreaees wfËh decreasLng staËf.c fatlgue atreas. Thls euggesÈs thaÈ a

statlc faclgue lfrû1t, l.e. a Btrese level below ¡*trlch no faLlure occura

at anytlne, exlsts for most rock types.

Tttls lfnitLng feature for Dawson Bay LLnestone 1s shov¡n Ln Figure

4.18 nhere Èhe stress level fs plotted agalnet time (e). rn order to

model the daËa, a Ln (ttrne), Ln (erreas leve1) plor (Fig. 4.19) was

construcced after LaJtaf (1986) and a standard non llnear regreesLon was

perforrned uslng an exponential functlon of the form :

Y=Aexp(Bx)*C (4.18)

The equatlon Èhat best models the relatlonehfp 1s shown by rhe solld lLne

1n Flgure 7.19 and fs given mathematLcally by:

58

For very long fallure tlmes, the exponenËLal term becomes zeÊo. The c

Eerm then, becomes the statlc fatigue tluft. For Ehe case of Dawson Bay

LlmesÈone, Ëhe staÈfc fatlgue linlE whfch will not cause fallure 1s

l,n ( or) = 2.86. Expressed as a percentage of Ehe stress level Ëhe value

1s 17.57" or 20 MPa. In other worder saÈurated Dawson Bay llmestone wfll

never fracEure if 1E is subJecÈed Èo a unlaxfal statlc load less than 20

MPa.

Ln (or) - 1.63 exp (-0"11 * t) + 2.68 (4. 1e)
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The same problens that exfst

strength of brlftle ¡aaterLale are

tenslle deformatlon nodulf of brlrtle

vLrtually the same. An experimental

uslng strafn gauged Brazllfan samplee

E a and vt.

INDIRECT TENSILE MODULI EXPERIMENTATION

CEAPTER 5"0

5.1 TEBORY

Theoretfcally, the derivation of the tenslle defonqatlon moduli

can be done usÍng Eoekts law. Ffgure 5.1 shows a l1ne loaded Brazllfan

teet f-n sectlon and the forcee actlng on an elenent 1n the cenËre. Both

compreesive and Èens11e atresses wfl1 act on the element causing stralng

ln dlrectlons parallel to borh of the prfncipal stresses. An increase in

the maJor prfnclpal stresa, w111 result ln shortening of the element in

the o1 directfon. A decrease of the minor prlnclpal stress (le. an

lncrease ln the tensfle st.ress) wfll result 1n an lengthenf.ng of the

elenent 1n the 03 direcÈl,on. For a llnearly elastic, homogeneous

naterlal, these sËrafng can be deEerrnlned from the elastic modull of the

mat.erlal and aE a cercaln stress sEate by Hoek's law. The straÍns 1n the

prlnclpal atresa dlrecËlona are glven by:

1n determinlng the unfaxial t,enefle

lnherent fn flndlng the uniaxfal

maEerlals, since the Eest set up Ls

technique vas Ëherefore developed

Ëo deËermlne the cwo ËensÍle nodull

60

e. = or /% + vro3 /E r (5.1)

E¡ = o3 /Er + vco ¡ /E c (5.2)

r¿here all the parameters (stress, st.rafn, modult) are gfven Ln absolute
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Jec/z

F1g" 5.1 Stresses and strafns
theoreElcal Brazllian

acElng on an element
test speclmen

at the center ofa
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values. ec 1s ehe conpresslve prfncipal strafn and et 1s Ëhe tenslle
prfncipal straln and the subscrfpËs c and c tdencffy the constanËs for
Eenelon and compresslon respecËlvely. Sfupllfyfng Ëhese equatfons for E ¡
and vt rse get:

I{e can obt,aLn E 
" 

and v" f rom uniaxiar cøpreesive Èestfng and

from a etraln gauged Brazlrfan cest. o1 and 03 can be

analytLcally fron the Brazilian tesr:

az = Pl(nRt)

ot = -3p/ (rRt)

where: P = point load applied to dtec
t = disc thlckness
R = radlue of dfsc

5.2 COMPRESSIVE I{ODTLI

Er= o3/(e¡-vqotlEò

v¡ = (Êc-srlE)B¡/o3

The flrst testlng done r¡as to det,ermLne the cmpreesLve modulÍ

parallel to Ëhe bedding plane and Ëo €xaml¡s ff the modull ¡rere Ín fact

eixnflar 1n directLons both parallel and perpendlcular to the beddfng

plane. To lnvestlgate Ëhls, tv¡o 3l mm eamplea nere cored parallel to the

bedding plane at two dlfferent footages frm g9 mm core. The samples

Idere Ëhen straÍn gauged and tested fn unfaxfal compressl-on wlth Ëhe

results given 1n Table 5.1. The compressfve ¡nodu11 perpendlcular to the

beddlng plane 1s Eaken uslng sarnple descripttons and reeults fro¡a Dunn

(1982). Table 5.1 shows that the elastlc modulf perpendicular ro Ehe

beddlng plane 1s not nuch dtfferenr than Ëhe r¡oduli parallel Eo Ehe

bedding prane. Frqn rhts polnc, onward then, it fs assumed ËhaE Ehe

compresslve nodull 1n boch dlrectlona are approxlmately equal (ie. Ehe

(s"3)

(s.4)

ec and e¡

derlved

. (5"s)

( s.6)
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rock 1s lsotroplc). Thfe assumpËlon allows us Èo use mod.uli results from

prevlous perpendicular conpresslon tests to examLne the tensile modull

paralle1 to Ëhe beddtng plane.

5"3 I$DIRECT TET{SILE MOIXILI RESITLTS

Seventeen etraln-gauged Brazfllan EesÈs r¿ere conducted 1n total
ueing two different dianeËer Bpecimens: 42 mn and g9 ¡¡n. T¡¡o types of

straln gauges r¡ere also used, 5 nn long sEandard SEOWA strain gaugee and

60 degree strain roaetËes conposed of straln gauges 2 m ln length. Ttre

theoreÈfcal streee distrlbutlon Èhroughout the disk along the vertlcal
(paralleI co loadf.ng) and horfzontal dLameters ls given by Ffgure 5.2.

At the centre of the disk, Ëhe tangentÍal st,reee on the X axfe is equal

to the radfal atress on the Y axis and the radtal stress on a polnÈ on

the X axis ls equal t,o Èhe Eangentfal strees actlng on a polnt on the y

axls. The tensLle stress (o3) undergoes llttle change along the y axls

and the cæpresslve streas ( or ) renalna reaaonably constant at the

centre.

The test specfmens were divlded tnto four groups accordlng to Ehe

chronologÍcal order of resËing: KOOODB, Kl0oDB, KzooDB, and rhe K3ooDB

serles" Results Ehat. were obtalned fron KOOODB and K100DB serfes were

highly queetlonable yfeldfng unreasonably hlgh youngr s Modulus of

E1aeËlclty and some negatfve Poissonrs ratÍos. IË r¿as concluded that

Ëhese reeults rrere due Ëo eicher lmproper posltlonfng of che straf.n

gauges or thaE uhe gauges erere coo large for the 42 mm size disc. Thls

problem was corrected for Ehe K200DB and che K3OODB serles by rakfng

greater care ln placfng Ë,he gauges on the K200DB sampres and by using



Table 5"1: Conpressive modulf parallel- and perpendfcular to
plane of the Dawson Bay LlmeeÈone

Sanple Foocage E (par) u (par) E (per)
(n) (MPa) (MPa)

K3O2DCS
K3O6DCS

99s
1007

39000
41300

0" 289
0.246

-o.6

-o.8

-e4

-q3

-ca

64

the beddtng

v (per)

50300
42100

-o.

o

o.

0.267
o.269

e
þ

o.a

o-¡

o-4

o.E

o'o

Ffe. 5.2 Theoretlcal streaa
horlzonÈ.aI disrneËers
19s9)

o.¿8 0.2 0
aoY

-o.e -o,ô 4.@ -o,a
qty

dletributfon along
of a Brazlllan tesE

-t.o -t.¡ -t.4

che verElcal and
speclmen (Hondros,
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smaller gauges and Èhe larger K300DB eamples. Testlng on rhe K2OODB

serfee was performed on 42 nm dl.amet.er dleks cut frm the Cencral Canada

potash ml ne core with a dlaneËer to thfckness ratlo of 1.75:1 "

Compressive results ueed 1n the calculatLons were obtained frm
compreesl-on tests conducted perpendLcular to the plane of Eenslle

teeting" As showu earller, these ehould not be much dffferent fron the

modulus ln Èhe beddlng dfrectfon.

Testlng on Ëhe K300DB serlee wag perforrned on 88"6 rom well core

drllled at an angle of 90 degrees co the horlzontal \ütth a d.íameËer ro

ÈhÍckness rat,f.o of about 9:1. compresslve reeulte used, ln the

calculatlona were deËernlned fron unlaxlal conpressive testing parallel

Ëo Èhe plane of Eensile t.estl.ng on specl.mens from Ëhe sâme core.

Indfrect compresslve mod.ulf ¡¿ere also compuËed (from the Brazllf.an test)

to aee how they would conpare to nodull frm compreesfon Èests. ThLs was

done using the equarfone by Eondroe (1959):

5.3.1 Indirect teneÍle modulate reeulte - K2OODB SerÍes

Etghc samples ln È.otal were analyzed froru the K2OODB series at

both hlgh and low stresa ranges because of the non llnear naËure of the

Ehe Brazfllan stress/sËraln curve (see Flgure 5.3). Lorv stress was

deflned as a corllpresslve sEresa of 1O MPa and hlgh stress was deflned as

a coEpresslve stresa near 20 MPa. The compressÍve modull were taken as

Ehe secanc modult ac these two sEreaa levels fron the compressf.ve tests.

The results of the K200DB ËesË serles are given tn Table 5.2 and 5.3.

v =-(3e¿+ec)/(3ec*ar)
E = 2p (1 - v2)/(nnr ( ec* ve¡))

( s.s)

(s.6)
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The mean fndlrect tensfle rnodulf valuee are compared fn fable 5.4. Tabte

5.4 shows Èhat the value for Ea decreaees at the htgher sÈreas level. va

, however, Íncreases when conparfng the hlgh to the low atress 1evels.

The average valuee for the Youngre modulue Ln ËensLon and polssonrB ratlo
ln tensLon from these experfmenËa are 26500 and 0.495 respectfvely. T1xe

Youngre nodulus Ín tenefon ls approximately 347. lees than that Ln

compresslon. Pofseonts ratlo fn tensfon ls about L277. Larger Ëhau

Pofseon?e ratfo Ln conpresefon.
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Table

Sarnple Vc

K2OIDB
K2O3DB
K204DB
K2O5DB
K2O6DB
K2O8DB
K2IODB
K2I IDB

5"2r K200DB Ëest dara

Ec 01
(HPa) (MPa)

0"235
0.L77
o.L77
0.191
0" 191
0.300
0.201
o.2r7

5r100
30500
30500
49400
49400
53200
29900
38200

Saraple

af

es

10. 416
r0.092
r0.166
10.138
9.972

LO.L27
LO.452
9.817

Table 5.3: K200DB teec

lor¡ stress
el

KzO IDB
K2O3DB
K2O4DB
K2O5DB
K2O6DB
K2O8DB
K2IODB

305.5
388.0
333"0
183.0
249.O
335. 5
439 "5
504.5

level (10 MPa)

Er v¡
(MPa)

o.z7 0
0.180
0. 180
0.236
0.236
0.27 9
0.203

Ec
(MPa)

139.0
19 9.0
143 .0
r05. 5
L28.5
223.5
3 58.0
423.0

4zLOO
26600
26600
50300
50300
49600
28800

O¡
(MPa)

daca aË hlgh atrese level (20 HPa)

38100
24000
40300
51000
37000
20300
12100
8900

20.832
20.226
20.L7 6
20.o27
20.280
13.165
16.884

E¿

1"120
0.407

-0.040
-0.335

o.524
0.872
0. 313
o.67 4
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Table 5. 4: Èlean lndÍrect
(200D8 eerfee)

STRESS E vc
LEVEL (MPa)

ß,
(¡ó.)

953 .0
1059. 5
766.O
398.0
616.5
473.5
718.5

e1

35700
28000
31700
61000
43000
34500
29000
24000

v.
1

462.0
7 23.0
353 .0
225.5
352.0
331.0
693.0

EI
(MPa)

Low
(r0 MPa)

Hlgh
(20 MPa)

Average

0. r43
o.2L7
0. lr2
0.30r
o.22L
0.428
0.661
0.70r

21 100
11500
31000
50800
26300
17 100
9800

V¡

4r500
( r0300)

38700
( r0700)

40r00

tenefle modulae for hfgh and low atreaaea

I .400
0.510
0.035

-0.001
0.831
0.8r0
0. 230

Ei
(MPa)

.zLL
( o. o4r)

.225
( .037)

. 2IB

Et v¡
(MPa)

23200
22000
27700
55100
36000
32200
30800

29000 .446
( r4800) (.447>

23900 .544
(14r00) (.509)

26500 .495

0. 181
0"452
0.151
0. 288
0.293
o.477
0"930

E.
"r-

(MPa)

35900 .348
( r r700) (.227)

32400 .396
( r rr00) (.266)

34100 .372

v.
1



5"3.2 Indfrect Èensfle nodulf resulte - K300DB Serfee

Thfs teeting serLes was conduct,ed 1n order to determlne 1f

fncreaefog the dlaneter (D) and the dlanecer co thtcknees (t) ratlo had

any substantial effecÈ on the lndirece t,enslle resulte" lwo dlfferent

Ëypes of etrain gauges v¡ere used: a standard strain gauge and a etraLn

roset,Èe compoeed of t,hree strafn gauges. The two t,ypes of strain gaugeg

were posl.tloned as shorrn fn Figures 5.4 and 5.5 on each eide of the

eanple. Both types of gauges gave Ehe sâme results ae shown Ln Flgure

5.6 and 5.7.

Ihree 88.6 mm dlameter samples were analyzed uefng

coropreesive modulf values obEalned parallel to the tenslle Ëestlng plane.

Sarnplee K305DB and K306DB r¿ere cut from the sâme core segment. The

resulte from Ëhese tests for both htgh and low stresa are glven fn Tables

5.5 and 5.6. The average tensÍle defornaclon nodulf for the three

samples are given fn Table 5.7.

IË 1s evfdent fron Ehe 300 test serfes, rhat Èhe average Youngre

Modulus in tensfon 1e about 377" lower thaE the average Youngrs modulus l-n

compreselon. The average Polsson's ratfo ln tenslon f.s about t¡rice ae

nuch, ot 2057 the value of PoÍssonts ratlo Ln tenslon.

6B

5.3"3 Comparieon of reeulce fron the different slze BrazLllan sanplee

The average values for the Youngts modulus ln tensl-on and the

Pol-ssonr s raEf o f n tensf on f rom the 42rnm diarneter experfmenEs (K200DB

serles) are 26500 MPa and O.495 respecrlvely. These values result fn a

Poissonrs ratlo ln tensl-on whlch ts L277" hLgáer Èhan Vcand a Youngrs

ruodulus ln censlon 347" lower chan Ec The results from the B9rnn
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sPecltrens (K3OODB serfes) reveal thaÈ Ëhe Pofesonfe ratfo fn Ëenslon 18

about 502 hfgher than v" , and E Ë le about 371 Lovet than the Youngre

nodulus fn conpreesLon.

Togecher, Èhe reeulËe lndlcate that, the determlnaÈlon of E g ls

relatively fneeneÍtÍve to Èhe dianeËer of Ëhe epeclmen used. Hor¡ever, 1È

fa obvfous thaÈ a change of sample dlaneter affects the values for va " A

poesfble explanatlon for thls le that the 89nn dlsks were much thfnner

(dlalleter Eo thlckneee raÈlo of 9:l) than Ëhe 4?mm dfsks (dfaneter to

chLcknees ratfo of 221), and the aÈreaa regfne wlÈhln the 89nm sample,

based on Èhe plane aÈreaa condftlon, was therefore more cloeely predfcced

by the analyËlcal formulae.

5.3.4 DetermfnaËlon of compreaelve deformatlon nodulf by lndfrect meane

DeternfnaÈlon of the cmpreaelve deformatlon modulf E 1 (Youngre

modulus f-n compreeelon) and v1 (Polseonrg ratÍo Ln compreeslon) wae

perforned lndirectly ueLng the BËress Btraln data froo Ehe straf.n gauged

Brazflfan Cests, and Èheory and equaËf-ons (5.5) & (5.6) by Eondroe

(19se).

Resulls for E t and v i fron Ëhe K200DB test Berlea are gfven fn

Table 5.8. Thre average lndlrect Youngrs modulus waa 34f00 MPa and the

average lndlrecc value for Pofssonrs ratlo fs O.372. The actual

deforroaclon modulf deËermined frorn unLaxfal compreeeÍve ceetl-ng were:

40100 MPa and 0.218. For the {2rnm dlameter samplee Ëhe average lndfrect

Youngrs modulus le I5Z lower than Ë.he average compreesive values. The

lndfrecc rnethod of calculaË1ng PolgeontB raElo overeeÈfmaËee the average

Polseonis raÈ1o derlved frorn coupreeelon testfng by 7O7"
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Table 5"5: K300DB ÈesÊ, daËa aË lor¡ stresa Level (f0 MPa)

Sanple Vc Ec d 1 6s €l Et uC E1 ti
(MPa) (MPa) (MPa) (MPa)

K302DB 0"233 35800 L0"424 398"8 247 "6 19300 0"599 29300 0"363
K305DB O.2L4 46500 9.980 255.5 131"5 38600 0.489 41700 0.219
K306DB O.2L4 46500 9.906 246.0 139.5 35000 0.351 44100 0.288

Table 5"6: K300DB resË data at hfgh srreaa level (20 MPa)

Sanple vc Ec o.t E¿ el Et vt Ei ti
(MPa) (MPa) (MPa) (MPa)

K302DB 0.249 37000 16.225 618.1 443.3 16200 0.537 30700 0.504
K305DB O.2L4 44oOO 20.952 596.5 37L.5 25900 0.446 39400 0.365
K306DB 0.2L4 44000 20.248 542.0 378.0 24LOO 0.293 43300 0.474

Table 5.7: Mean lndirecË Èens1le nodulae for K300DB test serleg

Sample Ec vc EE v¡ E i u i
(MPa) (MPa) (MPa)

K302DB 36400 0.236 L77 50 0.568 30000 0.434
K305DB 45250 0.2r4 32250 0.468 40550 0.292
K306DB 45250 0.214 29550 0.322 43700 0.381
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Results from che K300DB Brazllian tesË eerÍee (Bgmn dfa¡neEer

sanples) are closer to c,he compressive reeults (See Table 5"9)" The

average lndlrect defornatlon ¡nodulf were 38400 MPa and 0"290" The

average valuee fron the uniaxlal compreeslve ËesËs are 429OO MPa and

0"22O. In thie experfmental series, the lndfrect meana of calculatfng

Poiseonrs raÈlo overeaËfmates Ëhe dlrect neÈhod by about 242.

From the reeults from Eheee Ër+o test serlee usfng two differenÈ

sample eLzeeo oûe can conclude that sample elze Ls clearly a dependenc

varfable ln the lndÍrect nethod of determintng co¡npreeslve defornatlon

rnodull. For both Ehe la)mm and the Bgnxn samplee, Ëhe value for the

lndlrect Youngrs modulus was only 12 - 15U lower than the dlrect values.

In calculatlng the Polssonrs raÈ1o, however, the error of overesËlmatlon

was reduced from 7Ol to 242 when usLng the larger diameter eamples.

I{ondroe developed Èhese equat.loas for an elaetlc, homogeneous, f.eoEropLc

materLal and aeeuned fn hLs derfvatfons thaË the defonnatfon modulf were

the same ln both Èenslon and compresslon. From Èhe BrazflLan tesÈs \re

know thle f.g not the case for Danson Bay LLmestone, Bo r{e can not expect

the lndlrect values Ëo be exactly equal to the values decermlned by

unLaxlal compreeslve t.esEing. IË is lnËerestlng to noÈe hor¿ ¡nuch lower

the error of overestfmatlon f.s when the larger diamet.er samples are ueed.

Thie ls due t.o the more accuraLe measurement of tensfle straln at the

centre of the disk ln the larger sanples uslng the relatlvely smaller

strain gauges" Jaeger and Cook suggest that because the atresses vary

through che dlsk, errors nay arlse fron the use of gauges wlch a flnlce

length. They also sr.¡ggest Èhac the gauge lengch should therefore be

confined Eo a length less than one tenth of che dlek raClus for accuracy
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withln a few PercenË. Thts condfËÍon was saÈfsfled usfng the 89 mn disks

t¿-lth the strain rosettes.

Table 5"8: Indtrecc conpressfve deforrnation nodull frm the K200DB test
serfe s

STRESS E V E. V

LEVEL (!På " ("Ê") '

Low 41500 "zll 35900 .348
(10 MPa) (10300) (0.041) (11700) ("227>

Illgh 38700 "225 324OO "396
(20 MPa) (10700) (.037) (11r00) (.266)

Average 40100 "2L8 34100 .37 2

Table 5.9: IndlrecË compressive defornatlon modull frm rhe K300DB test
serie s

Sample vc Ec o. €" tl Ei ui
(MPa) (MPa) (MPa)

K3OzDB 0.249 37000 L6.225 618"1 443.3 30700 0.504
K305DB 0.2r4 44000 20.952 596.5 37L.5 39400 0.365
K3O6DB 0.2L4 44000 20.248 542.0 378.0 43300 0.474



6"1 TEST RESULTS FROM OTEER SOITRCES

Ihree other groups r{ere lnvolved wfth the fnveetfgatlon of the

geonechanLcal properties of the Dar¿son Bay FormaÈion" These groups were

the Mtnlng DepartnenE aE Queen?s unl-versiÈy, the Canada Centre for

Mineral and Energy Technology (CAIIìfiT), and the SaskaËchewan Department

of Èllneral Resourcee" Ttre regults obtalned by these researchera are

presented fn reporte by DeSouza (1985), Gorski (1985), and Dunn (1982)

respect.fvely.

CHAPTER 6

DISCUSSION

6.1.1 Reeults fron Queeure U lversity

The work done by DeSouza (1985) consÍeÊed of 90 uniaxfal tests, 14

trLaxial tests, and 236 BtazLlLan teste for a Eotal of 340 tests" The

eamples used by DeSouza were all 42 mn in dfaneter and were obtained from

ffve boreholes located aË the Central Canada Potash mfne 1n Colonsay,

Saskatchewan" The lnclination of the holee are glven tn Table 6.1. All

unfaxial and t.rlaxfal sanplea !Íere prepared havtng a length Ëo dlameter

rat.lo of 2zI and were ¡aachined to withfn acceptable tolerancea.

Conflnlng pressure for the trtaxlal teats ranged from 3.4 MPa to 2O.7

MPa. Brazfllan disks ranged ln thlckness from 3.8 mro to 8.9 nn. DeSouza

used the average failure angle of these EesEs Eo deEermlne Ehe average

frictlon angle accordlng Ëo Ehe equation:

A.=2 x(T-45) (6.1)

r¡here: A = angle of fnt.ernal frlction
T = angle of fallure plane

A plot of all the test results lncluding average unlaxlal and Brazlllan

75
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Table 6"1: IncllnaËfon of boreholee ueed as sample aources for Queen¡stest program

Borehole Incllnaclon from
the horlzontal

84-2
84-3
B4-5
B4-9
B5-9

Stratlgraphic Unit o" oE
(MPa) (MPa)

53
55

unknor¡n
43
68

Dawson Bay
Limestone I24+/-25 l-I+/-2.8 3020Gt-/-11200 O.L2+/-0.06 7L+/-2.6 2L

Firec Red Beds 64+/-7 l+l-t.t+ I72OO+/-L4OO 0.08+/-0.02

Table 6.2: Summary of Queenrs te6t resulEs

Second Red Beds 4I+/-7

-c
(MPa)

L77OO+/-2800 0.17+/-0.08

O Coheslon
Degrees (MPa)



values on a ¿u(la1 strees (S1) vs.

esËfmate Ehe coheefon of the rock.

Ls glven 1n Tabte 6.2.

6.L"2 Resulre fron CAI{HET

rhe work done by Gorskl (19g5) coneiered of 32 unlaxlal, 34

triaxfal, 56 BtazflLan, and 13 deflection teets" All the tears nere

perforned on core Provfded by the Central Canada Potash Corporatfon frcm

borehole 84'2" Baeed on geology and texture, Gorskl eeparated Ëhe core

f-nto elx unlts as described fn Table 6.3" All uniaxfal and Erlaxfal
eamples were 42 nm Ln dia¡neter and had a lengch to dlaneËer ratÍo of 2:1.

Each Êriaxfal epecfnen was teeted uefng a stlff testlng machfne at a

conflnlng pressure of 0"103,1"03,1o.34r 20.68, and 27.5g Mpa. Borh Ëhe

peak and reeldual valuee lrere obtained. Brazllfan tensl-Ie strength

eauples Irere prepared w-lth length Eo díameter ratfoe of. lz2. Deflection

te8t sanPle8 were prepared wlth length to diameter ratios in excese of

3.3:1" Ihe triaxtal data r¡ae evaluaËed using the lloek and Bror¡n faLlure

77

conffning atreas (53) graph ryas ueed Ëo

A, summary of all the Queenr I testfng

crlËerfon for fntact rock.

Brazflian Ëests are glven in Table 6"4. Table 6.5 sumrnatlzee the average

values for the Dawson Bay LLmesËone and Flrst and. second Red Beds.

6"1"3 Saskatchewan Energy and Mines

Some llmlted geomechanlcal ceetfng r¿as also conducted by Dr. W.

Potts, (formerly of che SaskaEchewan Dept. of Mlneral Resources) and was

publlshed by Dr" Colln Dunn (1982) froru the Saskatchewan Depr. of Ì{lneral

Resources. The testlng l¡as conducted at the Unfversfcy of SaskaEchewan,

( U of S) and conslsEed of flfteen uniaxÍal and flfteen

Reeulte fron the unLaxial, triaxial and



Table 6.3: Unlt claeefficatlon of 84-2 core by CANMET (Gorekl, 1986)

Geologlcal ClaestflcatLon

2nd Red Bed
Grey dolonftlc mudstone
Grey ffne gralaed hne.
Bro¡vn sugary blËumfnous lms.
Grey f.g. lns" hallte f1lled
Brown sugary lme"

Table 6.4: Mlne rock Btrength test resulce (Gorekt, 1986)

Rocko"otEvm
Type (MPa) (MPa) (MPa)

FooËage
Interval (ft) Unlt

44"O-46"0
50. 0-52 " 0
58 .0 -149 . 2

L52.6-L57 "8
L75"r-L79 "5
181.5-182.5

UnlE 1

Unit 2
Unlt 3
Unic 4
Unlt 5
Uult 6

7B

24
44

128
56

105
43

Table 6"5: Sunmary of unlaxfal
(Gorsk1,1986)

1

2
3
4
5
6

3
6
9
5
9
3

12000
9000

41000
30000
36000
18000

Dawson Bay LfmesEone
Flrst Red Bed
Second Red Bed

Unf t

0. l5
0.r6
0.3

0"28
0. 28

15.3

oc
(MPa)

13"1
L4.2
9.8
8.2

and

ot
(MPa)

Lt9+/-45 8.89+/-2.67 3BB0O+/-r0930

BrazLllan teat reaulte by CANMET

43 3+/-0.0r
243

I
1

I
I

E

(MPa)

r8000
I 2000

0.27+/-0.05
0. 2B
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teneÍle teste. Unlaxlal compreeslve eamples nere approxÍnacely 40 nn 1n

dLameter wtËh a heighË to dÍameter ratlo of 2"LzI" The Brazllfan

epecimene were cuË froro the 40 nn core wÍth a dlameter to helght ratLo of

approxlmately 4" SËeel loadlng platena for dfametral c@preasLon srere

cenented aË Ëhe extremltles of the dlameËer f-n each epeclmen. LoadLng

l¡ae then applted untll the speclmen fa1led" The result,e of the ËeatLûg

by the UnLveralty of Saskatchewan on Èhe Dawson Bay I.lmeetone are

eurornarl-zed below"

Unlaxfal compreseive strength É

Brazilfan tenslle 6crength =
E ln compressLon É

V 1n compressfon =

6"2 COUPARISON OF RESTJLTS

A comparf.son of results fron all aourcea l-s eumnarized ln Table

6.6" Ttre table shows Ehat Ehe U of M, CANMET and Queenrs reeults are

el-u1lar for unlaxial compressLve Btrength ( oc) , BrazLlfan tensLle

st,rengËh (o¡) and Youngrs modulus of elasËiclty Ín eompreesLon (%). The

three aources differ, however, on the value for Poissonts raËlo Ln

compreeslon (Vr)" The U of H value of 0.253 and the CANI'ÍET value of O.27

are almosc ldentfcal, but the Queen's value 1e lower by about 502 being

0"12. Ttre author therefore concludes thaE Ë.here was an error l-n either

daE.a acquisitlon or data manlpulaclon by DeSouza resulÈlng ln a low value

for v^. The value for Polsson's ratlo obtained by the U of S l-s sl-m1larc

to those by CANMET and the U of M, however, che unlaxial compressfve

strength 1s about 757. hlgher than the average of Ehe oEhers, Ëhe

Brazl-Ilan sErengch ls 507" htgher Ehan the average of the others, and the

Youngrs modulus in cornpresslon Ls 33"/" hlgher than the average value of

2O7 +/- 50 MPa
15 +/- 2.9 MPa

45,900 +/- 13,700 MPa
0.222 +/- 0.06



Table 6"6: Comparison of Ëeet resulËs
Dawson Bay lfnestone

fron dlfferent reeearchers

Source

UofM
CANMET

Queenr e
UofS

o c
(MPa)

Lro+/-4L
LLg+/ -45
L24+l-25
2O7+/ -50

BO

on Ehe

o f
(MPa)

9.39+/-2.56
8.89+/-2 " 67
11. Or/-2.80
L5.3+/-2"94

E
(MPa)

34100+/-11ooo
3 8B0O+/-r o93o
30200+/-11200
45900+/-1 37oo

.253+/-.06

.270+/ -.05
"r19+/-.05
.222+/-.06



rhe other sources.

The reaeon for this diecrepancy ls unclear. CertaLnly, because

Queene, CANMET, and the U of M ueed Èhe same core source, they ehould

obtaln the sâme reeults, wtrich they do" Accordlng Eo eample

descriptlona, all workere ueed 42 mrn dÍameter core for apecfmens, and

used simllar testfng technLquea" The orientat.fon of Ëhe core eamplee

¡¡ere the same for the U of M, CANMET, and Queenrs" The teetg conducted

aË the U of S, however, were perforned on core Chat nae oríented at an

angle of 90 degrees co Èhe vertfcal. Ttre condltLon of the U of S core 1e

unknown.

A plauslble explanation for thls dlscrepancy fs that there r¡as

soneËhlng \rrong wfth elther the calf.bratlon facÈor ueed for the loadfng

machlne at the UnLvereÍÈy of Saskatchewan, or Ín Ehe calculatfons used Èo

determlne the conpressLve and tenelle etrengths. A problern lrfth Ëhe

calibraËlon factor Íe a good explanatLon becauee the Poiseon's ratlo of

the maEerLal fs sfmflar Èo rhat obtaLned by CANMET and Èhe U of M"

Polssonrs raÈ1o 1s calculated by dtvtdtng the lateral strafn by the axLal

strain" A general trend exlsts ln the Da¡¿son Bay lfunestone 1n whlch the

Poissonrs raËlo lncreaees wlth the Youngrs modulue of elasticfty" If Ehe

elaetlcfty obcaLned froro Ehe U of S samples r¿ere lndeed dtfferent from

the other aourcea, one would also expect an l-ncrease 1n Poiseonrs ratlo

for Dawson Bay lfmestone.
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6"3 TMDIREST TET{SILE TEST RESTITTS

The reeulËe fron the fndfrect tenefle nodulf teste nere very

encouragÍng" rn boch Èhe 42 mm BrazLllan sanplee and t,he 89 rnn

Braefllan eanpleeu Ëhe Youngre nodulus 1n tenelon waa about one Ëhird

lower than the Youngre nodulue ln courpreeeion. rn che K300DB test

serleeo Ëhe Pofseon¡s ratLo ln tenslon lras about 105ã higher EhanVc. In

che K200DB serf.es, t,he Polssonrs raEfo ln tenslon was about L277" hlghet

than vc

defornatlon nodull çtere exErenely st,ress dependent ae ahown fn Flguree

6"1 and 6.2" Flgure 6.1 shows chat Ëhe Young's modulus ln Eensfon

changes fron 76500 at a very lor¡ stress level Èo 22300 at hlgh srress

levels. Figure 6.2, shows thaË the Poissonfs ratio Ln Ë,enslon lncreases

frm -7.03 at very low streas levels to 0.430 ar hlgh stress levels. The

Polsson's rat,io in ËensLon seens Ëo reach a lfunftlng value of about 0"435

at the hfgher stress range and rernalns around that value untÍl faflure

occurs.

What was qufte evident, however, nas Ëhat Ehe tensf.le

Changes of Ëensile elastic defornatlon modull ¡¿fth sEress have

also been noEed fn tesrs on sandscone by pandy and slngh (1986). They

noted chaE the slope of scress taken Eangent frorn Ehe lor¿ to hfgh stress

Ievels, decreased from 16000 MPa Eo 2000 MPa. They also observed t.haË

Polsson's ratlo changed qutckly \r1 t.h sEress level.
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Changes fn compresslve elastlc deformaEfon modull wlth stress

level ç'ere Iess pronounced because che nechod of analysls used to

deÈermlne Ehe el-astfc modult was ro deEerrnfne the slope of che

st.ress/axlal-s traln curve.

resultlng ln a near llnear scress/scrafn relatfonshlp and consequently

The lfmescone behaved almost elasclcally



near con6tant, deformaÈfonal nodull results.

The results fndicaÈ,e ÈhaË at hlgh stress levels, Ea fs lower Ehan

Ec. This hae also been obeerved by Jaeger and Cook.
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6.4 STATIC FATIGT]E RESTILTS

The value of 20 MPa as a streaa lfmft below whfch no tlne

dependent faflure wÍll occur ln eaturaËed Dawson Bay LLmestone seems

quiEe low. It 1s even lower Ëhan Ehe Btatlc fatlgue llntt of 33 Mpa for

Tyndal lfmeetone (Schnltdke, 1986) Ehough lts unfaxlal compresslve

strength of 115 MPa fs greater than that of Tyndal lfmestone (76 Mpa).

Thfs can be explaf.ned by exanining Ëhe aËructure of each lfunestone.

Tyndalstone ls characterLzed by a lack of sortlng of gralns and ltttle

vlsible pore apace. IE 1e also htghly notËled and dolonlÈ1zed. I'he

Dar¡son Bay llnestone Ls characterlzed by an extremely fine grained matrlx

wlth abundanË foesfle throughout. In sotre places the lLmestone 1s

composed EoËally of reefold rnaterlal makfng 1t hfghly porous. These

pores ¡¡ere all salt lnfflled. Even Ëhough a eaËurated brlne was used Ln

the Da¡¿son Bay test progran, salË wae 8È111 Leached fron the pores.

Potaeh rolne operaÈors do not extend lnto areae 1n rgttlch Èhe Dar¿son

Bay llnesËone fs r¡eE for fear that a fracture zone nlght exLet 1n the

formatfon at Èhat locaË1on and serve as a potenÈfal rnechanism for mLne

floodfng" In addltfon Eo Ehls concern, lt ls Buggested by thle research

thaË because of the reductfon ln ecrength of the lfmest.one wlth water,

the mlne operacors should also be concerned about the poesible reduction

ln llmestone atrengËh caused by the presence of a rset zone.



6.5 STRUCTIJRAL MODELLING OF THE DAWSON BAY FORMATION

From the geomechanlcal lnveetlgaËfons and the stratfgraphic and

strucÈurar well logglng by the author and Dunn (19g2), ft fs apparenË

that the Dar¡son Bay lfnestone ls a very BËrong competent ¡nember" Of the

cores exanined by the author, only a few contained vertf.cal Èo

subvertlcal fractures" Ilor¿ever, mosE of the fractures were healed or

1nfllled ¡rith hallte. The rock qualfty deslgnaÈ1on for the lLmestone

members approaches 100 7", esÈabllshfng the membere tn the VERY GOOD

deefgnatlon Ln the Hoek and Brown rock mase quatity deelgnatlon. The

lfmestone membere of the Dawson Bay Format,lon ehould Eherefore be nodeled

ae a eingle thick bea¡n 40 m ln thlckness wfth no intermlttent bede of

rseakneee.

Converselyr Ehe Second Red Bed member le very broken up, contafns

abundanÈ sllckensldes and ln soue places has a RQD of o. rhls menber

ehould therefore be nodeled as a weak cohesfonless layer.

6"6 RECOMHENDATIONS FOR FUTIJRE TßSTING
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Ïhe baslc geomechanlcal properElee of the Dawson Bay lfruestone

have been Lnvestlgat.ed, and enough tesEs have been conducted to

conffdently establlsh Ehe: compressfve, BtazlLian Ëens1le, and triaxlal

sËrengths. The Youngrs modulus ln compresslon and Polssonre ratl-o ln

compresslon have also been well esÈablished as has Lhe angle of dlrecc

shearing reslstance. There are, however, several more areas of lnterest

whfch deserve lnvestlgatlon :

1) Post yleld strengrh

2) Escabllshment of tenslle rooduli by dlrecE uniaxial
tenslle Eests



The followfng concluel.one have been drawn wlth regard to the

geomechanLcal propertfes of the Dawson Bay lLneetone"

Unfaxlal compressfve strength
Unlaxfal conpreeelve strength (Potnt
Brazillan tensfle strength
Youngrs nodulus fn compreesLon
Polsgoars retlo fo cmpreeeÍon
Frfctfon angle

CHAPltsR 7

cotdclusIoNs

Trlaxlal etrength
Bror¿n llnesËone' or = ø3 + /( 8.14 'k 44.L4 * og * 44.L4:)
Grey lfneatone : oi = oi + /iZS.g6 * 80.78 't og * 80.782)

Ttre point load ceat reeulte, converted Eo equivalent conpreasíve

ecrength valueee were hfgher than the reeults obtalned frm uniaxfal

cesÈfng by about 272, brlt are 8t111 rrlÈhfn one etandard devfatlou of the

unlaxial compreselon tesË reeulta.

Ttre tine dependent sËrength of the lfmeeEone wae aleo exam{ned and

was found Eo be ext,renely varfable" The tlne to fallure, stresa

relatfonehips that r¿ere obeerved r¡ere:

r,n (o¡) a -Q.370 + (Ln 60 - "1 x tn (t))

Ln (t) = -43-B + 10 x Ln (60/o¡)

A staclc faËlgue lfrnl t of. 2O lfPa r¡as aleo deEermined, belotr which no t.lme

dependent fallure of the llnesEone would occur.

Two different sizes of Brazlltan samples were used ln the lndfrect

Eenslle deforuatlon modul1 experlmentatlon, and each displayed 1Ës own

dlstinct mode of failure" The 42 nm dlarneter "thick" dlsks fafled fn

censlon r,r1 th a verclcal crack dovm the centre. Ihe 89 rnn "Ehln" df sks
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- 110 MPa
load) - L42 MPa

= 9.8 MPa

- 34100 MPa

^ O"25
-33 deg.
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"Êhin" dlsks fafled by spallfng of the facee" Ttre average value for Ëhe

Youngre modulus ln Ëen81on was not, affected by the dffference 1n sanple

dLameËer and ls approxfnately one thfrd lees than that Ln conpresslon"

Decerml-naËÍon of Pofseonrs raË1o fs dianeter dependenÈ, wfEh Vt IO57"

higher than vc for the 89 nn samples and vtl277. htgher than v" for the

42rnm sanples. The elastfc nodull obtalned frm the 89 mm tesËs are

probably closest t,o the Erue value.

Ihe Dawson Bay llnestone members should be nodelled as a sfngle

thick elastic bean 40 n thfck with vertlcal fractures" Dr¡e to the

varlablllty of the results from the geonechanlcaL ËesË program, a

sensiElvity approach should be ueed, enployfng the upper and lower as

well as the average strength values. The Second Red Bed member should be

rnodeled as a weak cohestonless layer 4.2 m thick"
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