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Abstract Accurately obtaining the tensile strength of rocks and comprehensively understanding the evolution mechanism of
rock tensile failure is one of the key issues in the theoretical research of rock mechanics and the application of rock engineering.
Due to the limitations of direct tensile testing, such as difficulty in sample clamping, significant stress concentration at the end,
and low success rate, indirect methods are usually used to test the tensile strength of rock materials. The Brazilian disk test, as
the most widely used testing technique among indirect methods, has become a research hotspot in the field of rock mechanics
since its proposal due to its special mechanical mechanism. However, the accuracy and effectiveness of its results have also been
widely questioned and discussed. This article systematically investigated indoor experiments, analytical models, and numerical
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simulation studies related to the Brazilian disc test, summarized and analyzed the development trend of this method, the different
experimental standards formed, and the basic basis and applicability proposed by each standard. Based on experimental data from
domestic research, the differences in test results between Brazilian disc and direct tensile test were compared, and the key factors
controlling effective cracking of Brazilian disc were analyzed. The influence of external factors (loading conditions, geometric
shape) and internal factors (mechanical properties, heterogeneity) on the fracture mechanism and test results of Brazilian disc was
clarified. Finally, the effectiveness of Brazilian disk testing for rock tensile strength under actual conditions was discussed from the
two stages of initial crack initiation and propagation crack extension. Combined with several innovative rock tensile testing methods

in recent years, the development direction of tensile strength testing methods in the field of rock mechanics was pointed out.
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doi: 10.3969/].issn.2096-1693.2024.02.018

0 5l

PP o B e b A PUER BE I — A RS
B, FEELSEI TRE . K RS R AR TR )
M T AP RmR R I N T U, 82 R 46 4%
P 5 & A PR 2 SRR UL, NI,
HERA A ARAG A0 U7 i R 3 48 LA R SR AL o)
AR TR R E TR TR R B CE R,

AU B A RO T v 2 AR R A A )
SRR B — O L, P, R R
SR F5 R VRS KA A PP B 3 3 ) E A S
PrafefErp, st A0 e TF 2 . o0 10 77 Mk DAL aBE |
Uity s IO 77 A vtk 2 A 2 SR BR P ME R R ) T B A
TR %) 1 FH RN & e U0, DRIE,  Ta) 4t A A fr
SiR R A 5 PG 5 IR v e, TSRS R fRT 2
BRVE(EHE . R m s, RS T A 1240
BN R R )2 B A PR R K . TR
BIE 1978 4EF11 2008 4F-4k [E b -1 F1224 4% (ISRM) Al
% [ bSR3 U2 (ASTM) 51 Sy i 525 7 g 7 o
BRI 35 001 B, TR ks W AT i 2 i £ v
BEZLDAE o hr o B A 5 7 7R S SR E R Tl
B U2 SRR A b, P (R S PR A AR )
FEZE I Jma, 2R AR 5o & 28 B XU 3 7
HO R 12 E LR A% 05 1A 3 o8 BaE I 4%
TE (5 1 [l L 2805 0 BEAR M R ) RAT 8 551 (W)
WAL A T RSO ) B, B P[5 S s B
2 8] TR Z 24 BT %€ . 4l Hudson J A 45114
FEAR I o & AR 2% T A LG (3 SR 2 L £
A INAE S5 F AR B TR, AN EECKE B P a8 1 A
TR 7. Swab T TR US4 B 7 AR
TF e T AR k07 =Cry VG R £, 25 aRIH e
MR A A, Wi R AE gk R 4R, i fi]
PR AR [f] R 406 A4 L4 G 50 255 06 AN 43 2% A A

$ik . Fuenkajorn K il Sippakorn KU A Ay B fiff 5 pY
(B 3540 4y B 24y vhoC R AR AR AN B Ui RS0 W A
Y 2 BB SR B AR S), AT
EAG AR R SR . Gong F Al Zhang LU 38 i —
FHNAE B, TCIRWRR AR Y PG 13 A A R
FLE LR AR W 25 5, ASTMARTE AT ISRM A
T B a0 O PG B S0 B2 i) oA B A iR B 1)
152 A5 161 A%, MR EAT AR e S Y L PG 8% i Ji7
LR HEAURIR R 0.73 4%

UL PG 5 B AR 50 AR AFAE R RN B B8, B Ti%0T
ERAE T PR AU A BRI, BUA MR R AT
VY [ 2557 J i hr s B AT AR o s K 2%k, Ry
0 A5 A T 5 R ) TR P AR AR AT AN AT T S Y [
USSRy it — 20 B VT R SR A R, AR
Seypt TP R SR 0 R R IR, A T I
PRSI, AT T A ARSI A AR, XL
T PR A BRI RS R LS, W
By 1 4 ) L G [ A R R s R R DL R S A AR B
J12E B YERIAR S B XA R A5 . e, MHIIR L
U AR G S0 R A B Be s R TR T P [
PRI A P B A SEPR AR T A R, IS
B R IUM R R R A A R, R T A A
Prhram BRI 0 K T 1]

1 PGS HEAS PRI R )5 7

P B 4 4 56 R 42 1) 1R 45 3k 56 (Diametral
Compression Test), & [ Carneiro F " 7 7E 1943 4F
KU, AERAYE, HAE Akazawa T POTE [F]—4F
Wi Tz, HHAar A BRI, 5E
FERL R AR L, P 5 g AN i 2 A i A
FEECE IR N34 8 F gl B 5 by A o B
PRAE T PREE 5, a0 o 3 0y 2122 R



242

FIMBLEER 2024 4F4 H 9B 2 )

AR I A RN 78 B 8 A% L — AN TE 55 /N S
(& 1), B9 PR 2 7 A T A A B AR B AP
DS i Y A 1] 2 Al AU WY € S 5y N A AP 3 E YA
71, HATHF R H W 3 A%, A4 Griffith 58 AEN, A
AT RAE SR B A A PSR 8~12 ff, PRI IL [ 453Uk
T SR I BN ) WFE R e R A B In, 2
) L PG B S i AR 2y o1,

2P
" aDT M
Kb, PO RESRES A IG F2 far (N), DI ) HLAR
(mm), 7HARAFH DI (mm).

AN ) AL FEAR B R . O gk XA R 82
[ A2k d fr i ; @ A e UR 46 B R R B i
P @ WA MR B E R s R g, Bt
RGCARIE TN X, @ Bt G FRE O,
FUIN R X Wi 2R i A o0 (R R 3 oA o 7 6 B i
AR, A2 1) 2y FH A 150 28 A0 6t 1 22 TG -
PR, e B P 13 43R A S F i 2807 =X (18 2a).
2008 4, 3 EHALS MM B 23 (ASTM) BHiZ 7 i g A
FpRufEr U, SR, FEAR 2251 3 Nk & 7 a5 Hh 7
WA THE LGSR R P RE, X A2, SR Y
TR, P, A2 TR R 2 it A
VAL, X BTG 3 AT AR Atk . Sl
PRI L BGRFE TURIE AR 1 AR A

() Mz F Ay ekt EZAAEE 1.5 A5 RO H
ANAE HPRITE A T (& 2b A 2¢). Fh T EL PG (R 487 K
A o BB, Z B PREm EAS RE
T2 AN 34 50 43 A7 78 TR 45 69 A5 BR B (&) 1b). 1971
4, Mellor M Al Hawkes T 20155 — R @ U FH 2148 i,
FE LS REIOB R R ke e B, 12 ek
I B4 112225 (ISRM) HEFE A AR vk o), {3

Or =

(a) (b)

B 1 ASTMF1ISRM#rAE T B A E &K1 R
Fig. 1 Principles of Brazilian disk testing under ASTM and
ISRM standards

WATFH N, T ISRM AR A C1 AR 25 1 R AS ]
I B O B R R 825 7 A AR R Y DD ) AR
AR W 2 B A S YD e Ty (BERE D)), XA
ARG 55 0 SRS TR W e A MR 2 S . Rk, —FpaE
R IIOR ke B b th (A 10)27,

(2) A Bl Bl 2 A NI AT R 44 (18] 2d
FE 2e). PG RIS RA R — A HidE R hr R
AR B, WIEFEmaRet e, SXfprik
S 6 R 3 22 ()22 56— AR/ N NIPEFRT, 7E
TSN R RVERTE AR WA E o B A O Y
AIREMERE AU, X — A BT AR (TR
ARG TR UE (GB/ T50266-99) ) 121, 5 —Fhg i,
(A B R R R A o SR AT inm 2
N JJEE AR, R A VR P R 3 5 9 2 X
AR ke i B A N ) 43 A 3 SRR R 82

(a)

|
(1) S OFRM S (2) HBHECE I ) IRETIR Bz

B2 BARZKBERHAREREE
Fig. 2 The different types of development of Brazilian disk

experiments



2 G I S Ao i A A 2 P ) R R 3t B UL i

243

(3) 1R J LA AR A28 Al 32 BEA0 451 5 [l A 1R A
BifLIREARE (18] 20 1A 2g) P ARSI H Y S
SEHESINIA) e Ve 7SI i S e o
I NSRRI, A R S M TR, il
5517, B TR A, LA T BRI 2o
A L2 BB T o HSEBR B, IR A AR
AE I A 25 S AT3 88 2 T BOF 15 [ B URE S o8 A U1 1) 1o
1o R #H %5 BB DV R B SGE ST AT EE,
P th DL AL B R iy s B2, AR vh 7l LA
19 45 Hh 37 1R 7 BE S A0 0 U A E FLBE |7 2k
PAEAR R T 00 A 4807 A AR SE P AR Fp o) B
M 20T O P e R, HORN A 2.

i bRk, BRI E) T 2R L RE,
T — R AR e AR R80T 1%, (B[R] D575
R R A R 0 H po kDS RURIBR o3 W1
XSO LA AT EIN TR TE o

2 PRI AR R SR 2

H T O G [BR] a0 J A8 I) F 4 45 1 — ol [ 4
ik, ARZHFFER LGRS M FoR M GE . F50 L,
TR AT R K WA BB RN 78 [ 28 0 o e i
JEZ AR 25 5, W3R 1 s,

Wit R VAT LUE Y, AR B A B
il B2 R P IR R R BE R OC R AT TR, BRAT Y
IRk b2z FORAME R R AN ER R E S 80 . SME
K2 F 2R ISR AEETE AR . Liu J F 45 (2014)*1 4
HH ISRM BRIESIR I8R5 A [ 42208 B 2 T ELHER (R
B, TR E AR (RIPERT ) T A Tl 408 B IR T B
PAPSREE . NSRS A ARSI 2= L R
¥t Andreev G (1991)3-36 & B 15 F2% v fift A1 2 7 [53]
A% A A PR 2 (8] 5C R TEAN R A A )
HRIA], Perras M A Fl Diederichs M S (2014)59 3T HoAthy
W5 b 0 BCHE FERT AR B T By (e i B A L G [ s
ISR A ZR, B AE H ISRMOBRTHE SIA5: A0 i i
KFEERPERE, HFHIZCRBOLTFAARAL, LR
FREU foirs | owps) W T AETA TTHANZI N 0.9, XFF Kk
AT Z0 R 0.8, X FUIBLE BN N2 R 0.7,

3 AMEP FRE L PG RIS 0

3.1 InEEERIFN

LA 5 R R
SN 1.5 A ARSI iR KT 2

3.1.1

EL PG (8] S50 A R NSNS R AR T v, A oY
Rz, AR g U U7 e AR e
AR (DIC)SY LA K A AL 52 %6t LU 58 13X 3 Flbs o ik
2 S U NSRRI, EER R & A
e TN Ty m AR ar, A AN ] Y B P
Uods Sl RN N RS2 s S s ) B 1 € 3 B /1 5 S
AT 08 T (B8] 8% s R A R AR L, (B Rl
RSAEAR Z W A R R NI 25 8. Wi
R RCIR NS piie2 4 k= W) (= A | A B e e e s A
FERN e, SRS E kA VT EEA
IR, AR5 2480 W v 1] 158 28 o AR g, X
SRANFE A LV 13 300 25 SR A M iR . 75 ASTM
g R 0 = Al R i U 2 o A R 1 37 N 22911 =1
v B ) iy R LA I IR BALL, B T HEIE Y )
IR, FEISRMARHEIUE AT, W IR HL 2480
PRAE B 45 oo C ARG R, (B G 32 REEUE Fl 25 0E 1
K IRAML, HHBWET, BARNAZEHNEF
LA . Gong F Q 4 (2019)! AN MIPEFF Iz i)
e Z R AT A A T PG e X T a2k,
R At A7 22 6 1) SR 80 A 6 B A 45 R A R T4
Xiao P 45 (2022) WU TA Ay WA I 28~ 268 ] - 4 75 (5]
SR, ASTM AN 28 A ISRM JIIE Jin 2% Y 24 20k
I AR By, AT RS A bt hr B, HAD
I BA TRABFFE i 3 B VIR SO IR Y Jre S4 800
153 A A S 45 AR 20

ARG I ERAP AR EAAAE LU T R 1.5 4%
ittt 2R IR I A8 5 B > P A 480 J3E > B A 5 B >
MIPEFTInZaR B . 9TO8 FPAR N 4823 7 Az i 25 1 R
FE45, PR Tt B8 rh sz Xy, IR
TR E ). MAERIPEFF G # b, mdksm “v”
TEIR X AT L, 75T il 2480 e s e fin e,
HEH )8/, Sgambitterra E 55 (2018)PV HE T4+ 414
FHG (DIC) AR ARAG R AR 377 F1 Sy 3R 71 4347 (& 3). A
TR AR AT IR, A /0N R 422 f T AR 25 FE 2 M X
BRI 7 AR R W RN e, SRR R TR RE Sy
FEFE A s I RS B 5 R R R, DT
el A5 [543 rh O R T AR T i B I 45 5 . ISRMIK
T AT DLSR o 15 A AR, AN 85 g A v
BN, (BNBEREMER, ORI E RN TR,
(5] 5% W 245 LA AN RE T B A, 31X BOUE 2 RS
Prhr i B R K
3.1.2 R B E A

TEE PG R B, ORI AR S SR BN 2
Yo Z (8] 208 W — a8 ) 1 Ml T AR, 2 ik IR % 1z 1 [



244

FIMBLEER 2024 4F4 H 9B 2 )

F1 BARRBHEOEENMEENEAREZREXRNICE

Table 1 Summary of the relationship between direct tensile strength of rocks and Brazilian disc strength obtained from various

studies
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