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TENSILE STRENGTH DISTRIBUTION OF GRANITIC ROCKS
IN DIAMETRAL COMPRESSION TEST

TEEE="-E% & 5GP )G
By Yozo KUDO, Osam SANO, Kohei FURUKAWA and Koji NAKAGAWA

Several kinds of diametral compression tests were performed to check what the major

parameters that scatter tensile strength are. One of them was as carefully an arranged
experiment as we could possibly do. Another one was a roughly arranged experiment,
which is probably usually performed. Between these two extremes, three kinds of ex-

periments varying in some parameters, like testing machine, cylindrical surface grind-
ing, spherical seats and orientation of splitting plane, were carried out, Oshima granite
was chosen for these tests, The tensile strength for the carefully arranged experiment
showed minute scattering. Experimental results indicate that in order to get meaningful

data, it is necessary to fix the split plane with respect to the axes of anmisotropy, at
least for granitic rocks and that the design of the spherical seats and the readjustment
of the spherical seats after a slight loading are also important,

Keywords . diametral compression test, iensile strength, granite, anisotropy

1. LI

EREXPERONFMEOFHEO—FkE L CHEMRR
EEBRLTIRBEERIIREBNEERTHS. ELT
NOSDEBRISERZ LD TH S HICIZEBEEN LV
EBBBELRZZEEINSIETHREN. ThETIZ,
BAREBROEBRIIEAZRELS>EPELHBODEER
HNTETHBY, COREBEHDEFLERDHORY
BHEICERLTWREEXHLNTE ., CAIHLTE
% 513, JbRETEHE % BV T —iTERREERR 2 TV,
BB OMEDES D EERREZL SN TNIIEEX
XnHOTEH LW EZHLLIZL, BRI, DI,
KRFEVPRIBLITEBIRELELDEPELS
ZERRUIY. 2 TIAHREAERPRROFEICHE
DOEEMAbIhTHB Y, 16 HOTEHEtAKIITL 1
% BOEBRBIBOINTVES. COEBRTHO N
relb RBIEREDRIAESINE T 4mm BETHY, &

*E2E I SUTXSIEPTERBBIE TAREE
TR (T745 @ILTAK 3538)

*» ExA TiE LoOXFEBHEE ITERERTER
(T 755 FiFmEHBEE 2557) .

e E2B T LOXFEREE THERLARTHER
(AL)

e FRE T O LWOXFRE ITHEFEXTFER (AL)

75y 7 ORRIBIHRAKEZDO 1/I0 L EORXD Y
DHLTFELT. Uo7, 35k a{tms T,
EVFVREOERERSFTE 5. BE, iKoX
BItEE2HVWIEREEER T % DTOESHF
HrELINTNSY,

FEBEDIR O DEMNRREZON TV LD /AIN
EDBHLMPIZE S 1ZETY, BIREBEIZ OV TENR
VDEEHOEMBELDENIZANAEETHS. hik
RS DS, SRNDOMNREEZ EI1Tx U ¢ HBrSi
TH3, WHIIEBEMRBTHL5DIIHL T, FIREEIR
BEBBRTHHENIFZIEKRLTBY, TOMIZE
TEORHNOGMLELEZHND.

AR T, EREREER LR BRI RS,
BROFIRBREERE S UTREN 2 ERRE SRR % B
9 Eg, FFTVLOLORATHODOERZ > 12 HET
EBREITH. Z2ULT, COEBRBROES D& LERE
WLEDNRTA—F - OPEBHXETERET- 12
EBREROE S E L2 HBHRET 5. AFROEEN
X, EEREOIEL 2 IIHTEE/T7 A -5 —DFS
EZPALMIZTHIEICHD. RBEREOBAEZGF
23 %2T, AFRTHEHEL, BEHOEN, 5> HEED
B, 8Richis28REHB®E LU, HEKE A
TEHBEZHRBRE &5



234

2. EFBEERICHIZIVNLDHPDORIESR

R ERRIIERAENSBETH B LI KE 2R

RELBIZWLKOPOEFOMBRNS S 5. £, 2O
BRYEERBRTH L Lo, MHOMEIZ S 5BDORE
PRELT S, ERRERBROERR I 2S5k
BMELFELTVAED, BEALOERIEBESS
WIBE LORAHEF T B L OBEB I ORE K
MUV, 1275y 7 REROBEIPHO D2
HICIEREE A 72530, Ch b SEmtEsE VW HR
BRI B Lz 5, Amedei B Z 5 i
(transversely isotropic) iz DWW T, FEZYRPEEEER
DIFZFTRICK®D, BRANIK k> TE s W B EE2BIE
LT3,

EAMIOVTIE, BROBASHE-BER Y hE S
5 LRWHELEDTY, FHREERIIBNTRG %S
ERTAHLIEDOLEAPMOBNITETHS. Ex
X, HEARE % hardway B (TEREORLE AT
WETH5 rift & 2 BB ICHIR T VETSH S grain
HICERT 5MH) &L, KBRS SVWTTTRED
NT VB BERY %2 AL T Amedei 5 D FH 59 344
&, FHERECHRERAVIBAEUSHREIL3%
BETHS.

B2z, FRREOEBAXEZEA T 5 120 1T I
PEHRUEEOEMBISNHEREL» SRS TWE SR
V. ZHIZXL T Hooper® 2545 A2 >W\WT - 12
B EESMEEE, 3 & Hudson et al.? A5 St.
Cloud 7ERPI##S (Charcoal fE#2E) & Tennessee k
HATT - - HiREAERaE ER T, s S v
BREFSAMEL 6RBETHLHEINTVS, BEFSE
ErOLDOHM I 5y 7 OFREEBIET 5 12 Mellor
and Hawkes® |3 BT8R 2 AV CHAIE 2 N> ¢
HIEITKVYY Ty s RGP RELORE XS
5 EEBEL, Zhi2 ISRM ot icggR s h T
3. —Fh, FEBHRZHEOTLEEY 5 v 7 BENTF
EWEICHD HhlthrhRE» 5H4E 35 L0 S RSN
2 H BN, X 5z, Yanagidani et al.? 1%, WNH
LTI & AR BTE RS 2 BV 1 IR O FZYsR Er £
KBVT, 0FBH5—-JEPFY Vv bla—F—T
&£B7 7y 7 DBERETV, FROBRAX#EHAT:3
FHEL LA 7o 7 BRELTVBE I EEZBHLODIZL
TWa. Zho DBRERBRIE, 2 3tREEVSRE
BOBERIIHUTHLRE - 2R IE >N A aEe 2R
LTHBY, B20MESIKBEL CIRBRTHS.

3EZFEOMES L, B|EIC &> T4 U SHEREROE
NGB —RRE XS 5T, THEOSTIREBIIER -t
R OEMADRBERELELTHSH. TGRSR

Tk - &5 - &) - il

KBWTHERICER T 550013, BRKXOBRER
ERHSTVHBRHETCIH R BEIREE T2 HHmES
2%, HEE2 5 FEHERIC OV TIE Hondros®
PRI HORIKEZEBTBY, TtV O>HLDHTE
ERIzHTEBHBBOLIATHEY, 2hdickhid, &
R ERICHST 2 EMANETEISBRANTEZ N
TVBIEIDMEDENKREL RBEAICH D, DA
IZBg L ¢ Fairhurst®® &, Hondros @S HRIC, D
WS & U TEIE Griffith 55 %80 U CEflm &
BERFELOREIRODOLTHRE L. 2 cidEmans
M VIHEBEIZHEREOFD &V T USBBAIED
METEULZEBRINTVS. REOZLHH» ok
B, ERGAE 7 EMAOREKE U TBIEY 2 88
HBEEEBBLTCVS., LA LIDEELHES
Griffith ORI H S 2 L 2aHRE LTHBY, E
BOBSR~OBRATEMIC DLW CEHBEI B ATL
5.

RAMEPEMABOERLE, BEIIPBRRKOERTH
BEREEEBIIR LTI DL BEMI 2 BAT B
ERDVTRELOB@ENDS. 22 TEALR, FR
MEN—HTIRMEL KT 3LV HHROL &IT, E
HWREOERXZ —EOHE 2 ERT 5 -HITRELR
BIOIENE UTHBIRU 2 5 EEREER O BRI A
BoTWhEEZHND, BFE Mellor and Hawkes? 1
—HEIRME L ERESBBEMIC—RT 552N
LMPIZLTWS, BROZETEHD DD, DI &I,
HZE8EERZ LV EEICERS OB SHEOREP—
W RERELOBEEZBRLTNVWIS>ET 8BNS
EVITLESIETHLDTIEZL,

PED k>, FREEREVERLIIEREEZRD S
EBRETHEIDEIDIZOVTIRVWL2HhOBRESAHY D
5. L2LZORREBHENEETH Y, KBRERIT
BEZOSIRBEEZEABELTEVEDITHS. O
CEREAELP SEREMEREROES DX EH L,
EBREZRHAT ALV BEETHS L2 EBHKT 5.

3. BROERAERBERICESDEESR
SEH

BTk, EMREERERCEL 32522 E
H&ELT, 1) SRMBEEDIES5 D&, 2) HHElHEERE
HEE, 3) StREREIR, <k, 4) BREBE, 5) mER
LHEEOBRMRR, 6) RBBEE, 7) 0T4HE, 8)
HBRE L URE, 9) RBEWN, 25X, 2hEho
o 2Z20ERZBHNIUTEAN BERETH &
EIZEVESDEDNIVERERER LB, EFHBE
EEBRERIIE> D 25X 3BRICH>WWT L FGREER
ERIBFOERNSEZ NS, UL LA o EEREEER



TEMa O ERBEEBREROIE 5D & BT 2H%

L FEBREER T, XENSIGHENEELSIRTR
nAHZEEBLEEBRAN DY, FRBREERICEE O
HEbd 5. 22 CcHREOHFLZE D b ERREERKE
Ricds2& 52525 LE2 5N 5BREBRETIE,
DR R2 k55D &35.

1) EAMBEFOIES DX

BARFORBIZIZ 79 7 2IELDHETEHE L DM
RMEEEHEINTHROARE—TH 5. ZOBNREE
DX 5D E RN FAE—MIERREICILS DAL/
bFEEZLNS.

2) R & B S |

ZLLDERISINIEHLIEOME BRSNS
EHLTWA., ZhoDREMIZZ T v 7 EORIRK
ARSI FORITRANZ EIZEHHDTH 5 - HHR
EAEZNSORMAICH L TED LS ICHM I N B HIT
FoTRENRES, COOFRTFEEZEEETIC
FEEREER 2 1T- 1254, COBREORSEFREG
FBEOESDEEL->THRDLNS,

3) BEREE

EMERBRIC BV T I EAKREmOBR MBI K& s
FELY525. FHURERRIIBLWTHEEOREIINR
EOUELDXIEBEE5X 5 ENEZL NS,

4) HBRKEDB & OERE

HEBEOWEREH 5 VTV THEEL—FITE>
ENEELL. TRREOEBRIRELEREREH
OB EETCHSLEZLNS.

5) RBEM

Pl ERR AT & 7o A E B L HEREEE 1T 3 2 BCREIC
Nz <, HEMSHAEKOELEZRS EHICLTRLE
BETHILE, EH2EDNIVWERERAEBSH X T,
RBEEMRIEESERE 25,

HHREERER, hs>0BRIIHT 5REORI
X, ZEAEOBEIRAEETEb 6T LELILNS.
UL UBEIERAEN $ 28510, FE U EREK
U CEFES TG EITRENSENT 2RSS &
5.

4. RBRBROESDEENEILTHEDODE
7

AIEIRA I EBRICE > TH 53 NBIE5D5%7T
EBLEIPELT B, FBERIEIZUTIREBRS &
5 IEEE L.

(1) #HEORR

ERIAVWLER I, BREERTARBECERETH
5. BREROELEHRE, KBIEEEOTFOBENE
P 1~2mm DT, AWD T T v 7 PiERENERE
BEOTETHOVRELEBRERPBPHIINDIETH

235

3. ENCOEARERABEBRICHVWONS ZENEL,
- BEICE T A ERSBERB LN TS,
(2) StEHERmMAZE
E<HMbNTVB EH I, TEREE, ANMOMNRE
BEEFNZETSLONZNEBCEFEZED
308 SEMEOERICFERAUICEGERUERAE» S
W hi-feds o ERMEOR A > LT hRiciE
Lizb0®% Fig. 1 iRe. REVBSIEZ LI, £
NZhOBEICHT S HEEKRE»Er 2ATHS
M, IS 2EOEL>XOHEE LM ITHE TER
BECHBELEAESIBOOLNE. O &, s, HER
ORI D1z >THRA—FarHaT7 Yy 73562 &
&EU, grain@ICEEIZATY v U

(3) EH M

BB U7z kD IC, BREDIWEREB S LHITIZE
HmzRAUEMICE L CRECEEST 5 EPRETH
5. UL sFig1(b) »obBEeLEEIIT,
2t MEFERNPERE UGRIRLU BE, B
AT N ISEZEEE MY 2. K T3 EREE
DIETHPRERME L1725 T REELE2TE B /MEL
T5EEL, Fig1(b) 2B8ZBERATED S 5 THY
HickEOS O hadway AR FR T A2 &iIc L
(Fig. 2 Z18).

8‘4 T T T
= o
Z,, a1 [ o,°90° T Rift plane
% ° o8 °
#o o°° °g ° ¢ ° ¢ °o

10 4 - ° 4 F oo _
:,_7 Ooooo o T 8 o 8° °°0 :
w ° o  Hardway § °
= 8r N 1¢ plane k ' h
73] . °
5 Grain plane

1 I 1

=% 80 180 0 %0 180 0 %0 180

AZIMUTH, DEGREE
(a) (b) (c)
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Fig.2 Directional symbols and the orientation of the split
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tively.
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Table1 Experimental conditions,
Case Number of Consideration Testing Waviness Spherical Remarks
specimens of anisotropy machine of surface seats
A 30 Yes Servo- <0,01mm Custom-made Block A
controlled
B 30 Yes Servo- <0,05mm Custom-made Block A
controlled
(o4 30 Yes Conventional <0,05mm None Block A
D 30 Yes Conventional <0.05mm Equipped Block A
E 24 No Conventional <0,05mm Custom-made Block B
F 72 ‘No Conventional <0.,05mm Custom-made Block B
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Fig.3 A spatial distribution of the sound velocity propaga
ting normal to the hardway plane., Because of small
error in measurement, + 10 m/s, this figure suggests
that the variation of the sound velocity is due to its
own property.

s 20T, AELGRICEHIOM/s DBRENEELS.
RoOBEEEEOHHF LI OBRER I LINICBL A
MoTWNWBDB. UIh - TROBP:FHE O 57 IZPPHE
EFOELDEXERLTVEHDEEXSNS. BEMRY
131.29% TH 5.

ZNEhOEBREGTEHRA L LBEOEEBRE DS
KL% Fig. 4 1ITR$. $/-Table2 2 &7 — ADEHE
ZRE, ERREE, TefRERY. CaseAld, TX
B EFVEEICHB LR UEREZT-12bDTHY,
LR AH2.98 % TH 5. Mellor and Hawkes® A5l
EEEEE O EBBEOR LOFEE S L TBTTW
BEEHFRIL% BE2ERTNE, ZOBETHIIPMS
W& x5, Case B, Case A WL CHIEERE
ELULRVWIBETHENIDBRED 3.65 % OEHHRL
T, HEEEZLIHQEDEIOLTHTH D EBRER
DEHDE IV, ERFEROE SO X1, (MHE
FoREORE L&) & (HEAREREFOES )
BT (HBEHOELSDE) OBEFNEIHRICE-T
FEUBEELZOND N, Case A B LU Case BOKER
BARBIEREEABTOELDEBNINVTEEZRLTL
5. CORREIAELEMEL VWIEEIZ>VWTIhET
BEZRTWBLOWEHBLUTHLBDPAE V. 2B
Case A & Case B CREBHEOREOT/E LT T
5.

Case C & Rayleigh AREA#E # FH L T, MEEE
BRI ITOT 27 vy IREOEEFTEEMOBEED#
BT -oTHREZULTEELIZBETH S, HEEOHH
KHETOEMONED 5NDH, TBIHEIT4.38 %
KRE->TWV 5.

ZhizxdLT Case D i3, Case CicBWWwTay 7)) —
~EfEABAOR A T OBRE 2BV THREOHE L L
CEBH LIz DTHY, Case A~C it kR THREDE
BEFEOOTNEI<SEERES 19.8% LELLIKE

237

o
& ok 1
3 | |
o

5 5
1ol ]
3 |
-

1

Og 0 5
[1 of ™ l T
uJ
m
s
=2
zZ

STRENGTH, MPa
Fig.4 Tensile strength distribution in each case. “Strength”

is calculated from the conventional equation for di-
ametral compression test, 2 P/xdl, where P is the ap-
plied load, d is the disc diameter and [ is the disc
thickness,

Table 2 Experimental results.

Average Standard Coefficient
Case Strength Deviation of variation

(MPa) (MPa) (%)
A 11.9 0.35 2.98
B 12.0 0.44 3.65
C 11.7 0.51 4,38
D 7.86 1.56 19.8
E 10.5 1.51 14.5
F 10.2 1.22 12.0
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Fig.5 Vertical and horizontal strains measured in the middle of the end surfaces (see Fig.2) . Fig.5 (a) was

obtained from one of the experiments for Case A and Fig.5( b ) was from Case D,
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Fig.6 Flexural strains calculated by subtracting the measured strains from the mean value of the strains on
both sides, Figs.6(a ) and 6( b ) correspond to Figs.5 (2 ) and 5( b ), respectively.
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