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(1. IR EAR TR 1245, AR 610065 ;
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FEE:  HORARE R N SRR RS B PR R O A 2 8 HEAT T 400 AR 7E 2R 3N 7
FINERAF- 5, 8% T 87 AR 5 FL N B3 4 7 ELVE [ 28 (holed single cracked flattened
Brazilian disc, HSCFBD) , Jf: %F H#: 47 T #F 5. b Ah, X 18] L P9 (30501 ) 440 5 P4 8 # (holed
cracked flattened Brazilian disc, HCFBD) 5 T #E— 058 G813 BR T8, X &8 AR N APEAE L |
T WG -5 /179 HSCFBD F1 HCFBD HYJC I AN J758 B K F ¥V il 47T T & mfifs e, 41 Y
Hy T ALA A A A IR SR S EUE IR & 45 RAAX IR EAE+1.39% AN BT T IR AR
SO I 58 TR RS20 2 PRSP HBROR 1 13 /BN, Dt 2N 5 B2 PR R R 7 ) 58
JE DR 28 AL LA R 135 A I T B0 24 B B2 (19 HSCFBD 1 HCFBD 1924 #£47 T HCFBD
HIRIAARES: 6 I A )22 2 U 7T DDA PG 3] 25480 T % L 3R,

*x # W HLANGH) BE TS U PR (HCFBD) ;  BFL N B a7 & T 5 5%
(HSCFBD) ; JGEMN I ERN T, ARICHT; WEARK
hESES. 0242.21; 0346.1°1 XERFRERG: A

doi; 10.3879/].issn.1000-0887.2015.01.002
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HSCFBD (5L PN BRI S 5 0 P [ 455 a 5] 4 K
K, I Y (5l 70 248000 o ) 3 DN 7 a TENBLEKE o« = a/(R-T)
K T TS50 1) 25 W 2 450 P Y WANEIEEL y = /R
Y Tt 4R 5 B R R 2B &
R B A2 12

B
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FIRE (1946—) 55 WivTss 2 N, B8, B4 R 00 GEIR/E . E-mail: qzwang2004 @
163.com).
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IR L RGeS A AW — AN T E SR S R W B A
RS ATk T 2k — e AL ) 2 AR R A, 2 5 [ B9 A1 RIS 27 2% ( American
Society for Testing and Materials, ASTM ) Fl[E Prg £ /127523 (International Society for Rock Me-
chanics, ISRM ) 5.5 A AR 2 TR A B 2L 40, A AR B 45 HE B i ] 1 42 s # R
DRRISE ) o T 2 A BT 248 B TSRM 421 T 4 Al BGRB8 NI U = 5
i [F#% ( three-point chevron bend, CB) ifAf | N\ FIE UIHE &G (R4 ( chevron notched short rod, SR)
JBEE AN FIE U LV 5] 43 ( cracked chevron notched Brazilian disc, CCNBD)ﬁt#*ﬂﬂﬁﬂi%
it (the notched semi-circular bend, NSCB) ke [RILZ AN, WA 2= E R H RO B2 5
EL P 5] %3 ( cracked straight-through flattened Brazilian disc, CSTFBD) R#E4T 55 A7 Wr 2447 BE A%
TR AFE 5 B 23R o BB N T A M BT Ol TR R — MR, AT SR T
FErE R SO ELIFL SR U5 TR AL 32 VR 2445 , 3 RE kP A T IR FL N B S0 L oG 3 4 LA
B R S8 1 T A AR 3RE ) L Hobhbs 1 8 HH A28 1) i 288 1 B8] 25k 3P 4 7 o 28 o 30 B 30 2 7=
A W BLRBEEA T e B LU T DL RS AL T2 A S0k S i i S T 2L S 1T B 2
FRR 1 EE R B RL IR, Fischer S5 5R F T8 IE BRI PR URE " EAT T AU 05T 34 (1 45 KR o0 43 #7. 3l B R
Ja B U RTRE ST T OF 4 U0 R 4% (flattened Brazilian disc, FBD) | [&£LF 4 4 74 [# £ ( holed
flattened Brazilian disc, HFBD ) | H1.(» B 24 4% [" VY 5] % ( cracked straight-through Brazilian disc,
CSTBD) N HUUIRE L PG 5] 45 | [ L (BG4 ) 80T F5 L PG [l 4% (holed cracked flattened Bra-
zilian disc, HCFBD) 5 B[RS 5] 35 00 328 A A 1) W 2244970 B AE e v, B0 Pl 24 20y FBD
I HFBD 18I0 45 R B B BOR, Dl LR 2 in 107 1% b, CCNBD [ i TRV A
Wy SISO 2 241 =ML | A g 4 IRV T8 18] LR AT 70 AT 5 CSTBD SR AG S e 87 5, T fin
AR X255 FE B T LR LN (B2 ) 248015 EL P4 [ 48 (HCFBD, 4n &l 1) J2 A
PRAR A I3 A R SR B ARG 2R 3 e 8] B SR i AR 25 o, ELIN T 1) 848 98 8 e/
U0 P B P /N 5 PN B3 0 [ R R [ A LA N TR B 3 A 4 2 RO AL, BR300 SRS
B T XA S ZER B AR R M A SCAEIZRE B3N T A 28 TINEe9-F &, TR T8 AYiR
K I 28 A IRFL N B a0 5 EU PG [l 4 (holed single cracked flattened Brazilian disc , HSCF-
BD, 4 2) ASChRE it B AT S U AN R, ™ AUER L L, AT 87 TR X AR AT,
“H” F AT BRLL, « CREBRE “F R A A0 8 BD(EPYFRIA) =K ANl R
N BCAFRIBIER.

P Ehe O R == Er e § DR Zﬁ P
R R
B EALN(h) RecrE & B2 RALNRBHLCER
L VG 5 % ( HCFBD) PG [ 4% ( HSCFBD)

Fig. 1 A holed cracked flattened Brazilian disc Fig. 2 A holed single cracked flattened Brazilian disc
REER FEIUM S8 Ah K42 R, N2E4E r, RS B, HE K ¥ o, 4 £ 28. HCFBD I
HSCFBD Ky I N F755 B A 7 ( stress intensity factor-SIF) FEk 41T .



18 (58 FL P 5320 (00 ) SRECY- 15 L 1 (B 507 ) 568 B2 [H 1) 4 T b s

P
K, =—Y 2 1
I JRB (a,y,2B), (1)
&Bﬁ
Yy 28) =~ (2)

Hry BTN 8B H T a =a/(R - r) HTEENHEAKE ,y =r/R ANINERLL, 28 7
SEEMEE, P ONIEINTE & LRGBS T, Y & a, v, 28 R R IT 5 D4R 1) X
B, WFEEARE T 28 = 0BG M) BIEHL @A ROtk Y B 5hRE , Y RS B R o5
JEFEXSE R 8 LK, TR B T Y gl A A,

%X A [ 4 v A 2k 3K 43 A i 2k ) R IR RRE ) Y2 N B RS G ) 2 b i 45 A
3% Ahmad F1 Ashbaugh'® X 4% [ I 2% & 4 20 10 S S0 1R BRIR0RE , bR T A48 Lol
0.25, 0.333, 0.5, LR HZLUKFETE 0.2~0.8 5 Bl P (1 G 491 7758 5 [H 1. Chen 251 8
FRE T AREAREE N 0.5, TCR RS BELE 0.1 ~0.7 5 P B9 JCHE 400 F1 38 8 N 1, 9 550
Bk 8 1A 45 SR EA T T X FL S UE. Aliha 51 UAIFST T 15 IR IR0RE 14 TG 5 49 07 g 5 B PR 7, (EL
SLSCRIN 7 1] B FA AR 0° ~ 32035 s fb. s 2, DL BIBFSTHB i A4, A Al R % 08 T Ak
A5 RN B S S0 A ) R 26 G HR 20 7 i B A M, Rt A R R 5 in 28
ASC5ER T HSCFBD Fl HCFBD JCHEAN N Iy 3 BE K ¥ R TR & , 255 % 18 TIRAIR S50
S, oG4 28 =00,7°,14°,20°, NAMFEAE Ly =0.1,0.15,0.2,0.25,0.3, o ALK i
a = 0.025~0.975.

1 I B AR S 7 s
1.1 RSN REE

g | TR K\ SRR, TR K| =
7 i K 1o, VAT Jit B 0 0 P LSS
° o X6 B FE o sk (1) 358, A 7R
< | PRI, AR B2 9. HCFBID) B0RE 9 4 - (7
EN i (I 3) 2205 A B BS, WA
] | LRt R XL FHIL R, Tk I )
. i RIE IR TR (Y, TEJ 6 T Ao B i
T A WK W B — R b

loading-point displacement »/mm P, (W o, =a, /(R - r) BIlG A ZEE0K BE X R

B3 HCFBD A7 -h i (ks i 45 25 Y,.) AT LA — R/ N P, 258 Y., — AR
Fig. 3 The load-displacement curve of HCFBD ARK (D) HH K, B
Pmin
J/RB
1.2 NEREREFIREREMBE

A SR FHA BRICE A ANSYS X (1) I S5 BER - Y AT Bl AR, R 1/4
RPN B Ebe: VR33N A R R o 1 bu 33 T SARIA * 2 IR A3 EN VA E- 2SR
SRy R IR AT S BT AN I 4 B 7R AT BROCIE T3 A S 8000 B A A RIS B A
B 9K 5 R LR R AR I g i R 7

Ky =

(3)
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_ J2mE  8vy — v, (4)
241 - o

P E, w ol A a R SRR R Poisson H.r,,, AT S HAICH r,, 19 174, 4o, AT
Ky T v A B 1y 7 .

R T BORAS SCEELRR R B A R FIRER I | XoF 2 PN S 280 I BR il RE A7 A BR TS 0
BB AR 50 5 TR 8,14 ] 45 SRk AT 1 X LSS IiE, AR 8 br o 45 R 5 =& ki & (4
K 5) R IR ZE /N T +2.19%,
SCHRL 8] 5 3CHR[ 14 ] 25 5 F-B{E - A< SCE5 R |

I

AHXF DR 22 = ‘ ‘ .
SCHR[ 8 ] 5 3CHR [ 14 ] 25533 (H
3.0 - - r -
v —— this study
--<---ref. [8]
>~ 2.8 oo TEE. [14]
=
4 p
A %
< =
Y crack face ~ B 0 £
¢ 2 \ :
7 o xX,u =
2%_ /| crack tip =
o, =g,
% 2.2 . . T T T
0.2 0.3 04 05 0.6 0.7 0.8
dimensionless crack length a
4 PR FRAN 1/4 Y AT ST 5 ARSCEUERRE SR 5ICHR] 8, 14 ] 4R XL
Fig. 4 The crack tip coordinate system and the Fig. 5 Comparison between numerical calibration
singular element with quarter points results in this study and references| 8,14 ]

2 HCFBD F1 HCBD ik A8 JC i 29 7 g B [ -+

2% & 3 oy 2R LA AL B X FR M | A PR ICHR I ANSYS #5372 4k 1/4 B (nE 6) R A
Plane82 FAISTRI /3 MM | AR 1/4 5 s 58 it 143, 35 3 660 NEATT, 11 227 N5 SN AE
KRy = 0.1,0.15,0.2,0.25,0.3, F 644 28 = 0°,7°,14°,20°, T HHILK B o = 0.025 ~
0.975 B, 47T HCFBD By JC a0 S158 I F ¥ bR 2 (b 28 = 0° Bf 2 HCBD i84f).

enlargement of the crack tip region

%

4%
a"z;'% 2
V1 et
QIR %
Wittt
i
Piigy ity
iyttt
I
[
[

crack tip

B 6 HCFBD A BRI R4 k5>
Fig. 6 The finite element mesh for HCFBD
AFRTTARE AR AT 4 FORE-6 48 28 TR TC R NHEK L o NIEAR L y X
TR STHREH T Y, W3R 1~4.Y B o, 28 H72S T an1E 7 14 8.
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[P £L P4 .34

(HR) ¢

BV £ TP (B R0 7 56 B2 [H - ) A Tl b s

F*1 HCBD Ii#

Table 1

R SIBREEHF Y (28 = 0°)

Dimensionless SIF of HCBD (28 = 0°)

%2 HCFBD i

W IR T Y (28 = 7°)

Table 2 Dimensionless SIF of HCFBD (28 = 7°)

dimensionless

crack length

inner-radius-to-outer-radius ratio y

dimensionless

crack length

inner-radius-to-outer-radius ratio y

a 0.10 0.15 0.20 0.25 0.30 « 0.10 0.15 0.20 0.25 0.30
0.025 0.358  0.442  0.520 0.603  0.697 0.025 0.356  0.441 0.518  0.601 0.694
0.038 0.364 0.470 0.570 0.676  0.794 0.038 0.363 0.469 0.569  0.673  0.791
0.050 0.363  0.482  0.598  0.721 0.858 0.050 0.362 0.480 0.596  0.718  0.855
0.075 0.358  0.487 0.623  0.771 0.937 0.075 0.357 0.486  0.621 0.768  0.933
0.100 0.357 0.488 0.633  0.796  0.983 0.100 0.356 0.486  0.630 0.793  0.979
0.150 0.371 0.495 0.646  0.825 1.038 0.150 0.369 0.493  0.643  0.822 1.034
0.200 0.397 0.514  0.665  0.852 1.080 0.200 0.395 0.512  0.662  0.848 1.075
0.250 0.430 0.543 0.693  0.883 1.122 0.250 0.428 0.540 0.689  0.879 1.116
0.300 0.470  0.580 0.729  0.922 1.169 0.300 0.462  0.577 0.725  0.917 1.162
0.350 0.514  0.623 0.772  0.969 1.222 0.350 0.511 0.619  0.767  0.962 1.214
0.400 0.562  0.672  0.822 1.021 1.281 0.400 0.559  0.667  0.815 1.013 1.271
0.450 0.616  0.726  0.878 1.080 1.346 0.450 0.613  0.720  0.870 1.071 1.334
0.500 0.675  0.787  0.940 1.146 1.417 0.500 0.672  0.779  0.931 1.133 1.402
0.550 0.741 0.854 1.009 1.217 1.493 0.550 0.736  0.845  0.997 1.202 1.473
0.600 0.815  0.929 1.086 1.296 1.576 0.600 0.809  0.916 1.069 1.275 1.550
0.650 0.899 1.019 1.171 1.383 1.664 0.650 0.890  0.996 1.148 1.354 1.629
0.700 0.997 1.112 1.269 1.479 1.760 0.700 0.981 1.085 1.235 1.438 1.709
0.750 1.113 1.227 1.383 1.591 1.868 0.750 1.086 1.185 1.330 1.527 1.791
0.800 1.259 1.371 1.523 1.726 1.995 0.800 1.222 1.304 1.437 1.620 1.868
0.850 1.455 1.565 1.711 1.905  2.161 0.850 1.349 1.423 1.541 1.704 1.925
0.875 1.587 1.695 1.838  2.026  2.273 0.875 1.414 1.479 1.585 1.733 1.932
0.900 1.759 1.866  2.005 2.186  2.423 0.900 1.468 1.520 1.609 1.735 1.906
0.920 1.946  2.052 2.189 2364  2.591 0.920 1.463 1.515 1.591 1.695 1.838
0.940 2.214 2321 2.455  2.626  2.843 0.940 1.429 1.461 1.513 1.589 1.699
0.950 2.403 2511 2.645  2.814  3.027 0.950 1.394 1.403 1.439 1.498 1.590
0.960 2.657 2768 2904 3.072  3.282 0.960 1.281 1.293 1.320 1.367 1.442
0.975 3.290 3410 3.554 3.728  3.938 0.975 1.055 1.046 1.055 1.083 1.134

Wit 1~4 MK 7 K8 nTLIEH, NIMERE

& adihn, 2B > 00 mf, Y BEE o SIS MS /Ny > 0.1 I, a3

& o BN L ST NS D8 N
bR 28 = 0° 5b, Y-a thZk b il B K ICE AN S5 E T Y, (UL 5) R
a, A o & Y Bl y BOSEINTISE N ; B 28 B3N e

TE0.15 ~ 0.3 Z[EIRF, Toi 4Ny e K F i KA Y, Heds Bl g B 5 iiAs
EARPEC(3) AT R AN AW 248 . 0 T TR 38

T Y B REERIAA (L 6).

Wy =010 fa<

0.1 Y JREByE Y, Jo &t
R TR BE R T Y B TG NS o B IE I/ ;a0 > 0.1, F 5 6A 28 = 0° A, Y Fifi
BRI BT Y B

ET AR
T AR UL A5 B TC b 20 Ry 5 2 ]

I S 2B
ERMAZREO T, AONEAEE y

Hfek
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%3 HCFBD iR EH T Y (28 = 14°) &4 HCFBD LN RER T Y (28 = 20°)
Table 3 Dimensionless SIFs of HCFBD (28 = 14°) Table 4 Dimensionless SIFs of HCFBD (28 = 20°)
dimensionless dimensionless
inner-radius-to-outer-radius ratio y inner-radius-to-outer-radius ratio y
crack length crack length
[} 0.10 0.15 0.20 0.25 0.30 « 0.10 0.15 0.20 0.25 0.30
0.025 0.353 0.437 0.513 0.594 0.687 0.025 0.348 0.431 0.506 0.586 0.677
0.038 0.359 0.464 0.563 0.666 0.782 0.038 0.354 0.458 0.555 0.657 0.770
0.050 0.358 0.475 0.590 0.711 0.845 0.050 0.353 0.469 0.582 0.700 0.833
0.075 0.352 0.480 0.614 0.759 0.923 0.075 0.347 0.473 0.605 0.748 0.909
0.100 0.352 0.480 0.623 0.784 0.968 0.100 0.346 0.472 0.614 0.772 0.953
0.150 0.364 0.486 0.635 0.812 1.021 0.150 0.357 0.477 0.624 0.798 1.004
0.200 0.389  0.504 0.652 0.836  1.060 0.200 0.381  0.494 0.640 0.820 1.040
0.250 0.421 0.531 0.678 0.865  1.099 0.250 0.411  0.519 0.663 0.847 1.076
0.300 0.459 0.566  0.712  0.901 1.142 0.300 0.447  0.551 0.694 0.879 1.115
0.350 0.500  0.606  0.751 0.943  1.190 0.350 0.486  0.589 0.730 0917 1.158
0.400 0.546  0.651  0.797  0.990 1.242 0.400 0.528 0.630 0.771  0.959  1.205
0.450 0.596  0.701  0.847 1.042  1.298 0.450 0.573 0.674 0.815 1.004 1.253
0.500 0.650  0.754  0.901 1.097  1.357 0.500 0.621  0.721  0.861 1.050  1.301
0.550 0.708 0.812 0.958 1.155 1.418 0.550 0.672 0.769 0.908 1.096 1.347
0.600 0.771 0.873 1.018 1.214 1.477 0.600 0.723 0.818 0.954 1.139 1.388
0.650 0.838 0.937 1.079 1.272 1.531 0.650 0.774 0.864 0.995 1.174 1.417
0.700 0.908 1.002 1.138 1.325 1.576 0.700 0.820 0.903 1.026 1.196 1.428
0.750 0.977 1.063 1.190 1.365 1.602 0.750 0.855 0.928 1.039 1.195 1.409
0.800 1.035 1.108 1.220 1.377 1.591 0.800 0.866 0.924 1.018 1.154 1.343
0.850 1.059 1.114 1.204 1.333 1.512 0.850 0.824 0.868 0.942 1.052 1.209
0.875 1.043 1.086 1.162 1.274 1.431 0.875 0.777 0.811 0.874 0.970 1.108
0.900 0.994 1.025 1.085 1.177 1.311 0.900 0.703 0.729 0.780 0.860 0.977
0.920 0.908 0.937 0.987 1.064 1.178 0.920 0.615 0.639 0.683 0.750 0.848
0.940 0.795 0.815 0.852 0.913 1.005 0.940 0.511 0.529 0.561 0.614 0.690
0.950 0.729 0.739 0.768 0.819 0.898 0.950 0.452 0.461 0.486 0.528 0.590
0.960 0.630 0.642 0.668 0.712 0.779 0.960 0.375 0.384 0.403 0.435 0.482
0.975 0.458 0.463  0.479 0.505  0.549 0.975 0.217  0.227 0.235 0.249  0.255
4.0 22
——y=0.30 o 2.0] —»=0.30 o
s 397 ——9=025 25=0 i ~ 18] —7=025 2p=1
& 3.0{ —7=020 o 01 ——9=020
@ ] ——y=0.15 y » 167 —y=0.15 -
2 ' 2 14] ——y=0.10 Zak
3 3
= = 1.2 P g D
-2 2 1.0 g
5 5 0.8 e i
i £ 0.6]& /A (0.875,1.932)
04— B(0.900,1.7344)
0o ] €(0.9025,1.6093)
0 .O E(0.9195,1.4855) D(0.9125,1.5269)
"T02 T 04 o6 08 10 0 02 04 06 08 10
dimensionless crack length a dimensionless crack length a

(a) 2B = 0° (b)2g =7°



22 (B8 FL PN B (BOXGA ) AT 1 LUV (881 28007 7 5 3 TR 1 1 A T A S
L8 =0.30 1.6 7=0.30
1.6—_0_¥;0:25 2p=14 A, N ’ _o_y=0:25 24=20
v e = B 2 14450
5 ) . = o Q -—12__o_y=0.15
2 1.2 a0 =0.10
4 6 1.0 A
% 1.0 %
Z 0.8 g ; 081
2 0.6 4(0.7625,1.6031) 2 0.61 A(O 700,1.428)
T 0.4 B(0.790,1.3774) 3 S04 ] B(0.725,1.1988)
N C(0.8125,1.2219) 02] C(0.750,1.039)
024 E(0.845,1.5888) D(0.8325,1.1187) ] E(0.800,0.866) D(0.775,0.9292)
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
dimensionless crack length a dimensionless crack length a
(c) 2B = 14° (d) 28 = 20°
B 7 HCFBD F1 HCBD 147G 400 ) 5 BE A
Fig. 7 Dimensionless SIFs of HCFBD and HCBD
4.0
——28=0" =0.20
35 26=0 Y
s, 3.04
w
»n 2.5
= 2.04
2
Z 1.51
£
5 1.04
0.5
0 T r T T T T T
0 0.2 0.4 0.6 0.8 1.0

dimensionless crack length a

B8 My =02 AFEFEE

i/~ HCFBD Fl HCBD fyJCht 445
Fig. 8 Dimensionless SIFs of HCFBD and HCBD with different flattened angles wheny = 0.2

Jr5E R ¥

%5 HCFBD Ry, 28 THI Y,

Table 5 Y, of HCFBD with different values of y, 28
flattened angle inner-radius-to-outer-radius ratio y
28/(°) 0.10 0.15 0.20 0.25 0.30
7 1.485 5 1.526 9 1.609 3 1.734 4 1.9320
14 1.588 8 1.118 7 1.2219 1.377 4 1.603 1
20 0.866 0 0.929 2 1.039 0 1.198 8 1.428 0
% 6 HCFBD Joi 40N J1aEH -+ ¥ LG A=
Table 6 Curve-fitting formulas of dimensionless SIF for HCFBD
Y(a) =k re®2® +ky-afs + ky-a® (0.30 < a < 0.95)
28/(°) Y ky ky ks ky ks
0.10 0.206 3 3.182 6 2.068 4 29.391 3 -2.681 8
0.15 0.435 6 0.823 8 2.045 3 21.088 4 0.999 0
0 0.20 0.572 1 0.701 3 2.076 9 21.886 3 0.988 9
0.25 0.735 3 0.677 8 2.119 1 22.970 3 0.880 7
0.30 0.926 1 0.730 8 2.150 7 24.258 3 0.638 3
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2L 6
Y(a) =k re2® +ky-afs + ksoa® (0.30 < @ < 0.95)
28/(°) Y ky ky ks ky ks
0.10 0.208 3 3.071 1 -1.420 7 22.619 5 -2.350 6
0.15 0.419 1 0.962 1 -1.797 9 34.023 7 0.780 4
7 0.20 0.5329 0.949 2 -1.831 4 30.849 2 0.584 7
0.25 0.680 8 0.946 0 -1.855 6 27.010 5 0.338 6
0.30 0.863 7 0.973 4 -1.910 2 23.151 8 -0.003 6
0.10 0.269 8 1.784 2 ~1.486 2 15.131 4 -0.072 8
0.15 0.369 2 1.405 0 -1.508 4 14.241 6 0.070 8
14 0.20 0.502 1 11375 -1.593 1 13.176 4 0.114 5
0.25 0.670 7 0.965 7 -1.7322 12.055 1 0.086 7
0.30 0.868 3 0.912 1 -1.920 1 11.096 3 -0.091 7
0.10 0.270 3 1.695 5 -1.413 0 10.111 6 -0.074 4
0.15 0.370 5 13117 -1.448 8 9.613 5 0.067 2
20 0.20 0.507 8 1.013 3 -1.564 2 8.993 8 0.168 2
0.25 -0.002 4 6.952 2 1.072 3 0.1859 1.489 2
0.30 -0.005 1 6.406 7 1.378 2 0.186 0 1.721 5

%% 6 " HCFBD Jo 240 S5 BE K1 ¥ LA A3, HCBD #8168 A =045 R 55 Ebr 2
ZE R A B R AN R 22 (FARF IR 22 = (BUE R 45 B - PUE 45 8 ) /BB R E S5 R ) £ +1.39% LU
N, HCFBD #1620 45 5 5 5UE bR e 45 5 W B RAHXT IR 2276 +0.91% LA,

3 HSCFBD Fi1 HSCBD 3k 18 JG 12 29 v 75 B [ 7

MBI L5 B S A B s A T R LN L R E0T £ EL S R £ HSCFBD Al [
LI ZLECEL P B 4 HSCBD (28 = 0°) .[Al#£ ] ANSYS X HSCFBD 1l HSCBD Jo i 24X 1i /1 it
JEF Y A TEUE IR 2. 75 3 faf 48 00 X AR, dlE ST 2 4 1/2 AR Plane82 HoT K1) 43 )
M, AR 174 35 5 5E ML 4y, 35 8 360 4~ H0T, 25 457 A L NAMEAR L v = 010,
0.15,0.20, 0.25,0.30.5F-5F 28 = 0°,7°,14°,20°, K N K E o = 0.25~0.96.

A PRICHRE S5 AT 3R 7~ 10 TGN 158 B+ Y Bl o 9728 Fkih 4 ULIEL 9 | [&] 10.

1.4 - 12
——7=030 28=0" 4(0.4625,0.9011) 1——7=0.10 4(0.550,0.8905) ——»=0.30
| 2—Iy28'§(5) B(0.3625,0.6969) [} 2p=7" B(0.3625,0.6923) +y;8§(5)
N +$=o'15 €(0.2875,0.5346) s, 107 €(0.300,0.532) jzzo'ls
E 10_ E 1 M«—cw
@ P 081 .
£ 0.8 8 ! i
£ £ 0.6]d N
£ 0.6 g 14
g o g 00 -
= — = 0.4] T
T 0497 TS, D(0.225,0.404) = " D(0.225,0.4025) |
Y E(0.150,0.295) 1 T E(0.1625,0.2492) #
0.2 ——— o
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
dimensionless crack length a dimensionless crack length a

(a) 28 = 0° (b) 28 =7°
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dimensionless crack length a dimensionless crack length a
(¢) 28 = 14° (d) 28 = 20°

B9 HSCBD il HSCFBD fyJG ik 4 R F7 50 i X F
Fig. 9 Dimensionless SIFs of HSCBD and HSCFBD

% 7 HSCBD Joi N SR ERF Y(28 = 0°) % 8 HSCFBD JTLEHN S1s8EHF Y (28 = 7°)
Table 7 Dimensionless SIFs of HSCBD (28 = 0°) Table 8 Dimensionless SIFs of HSCFBD (28 = 7°)
dimensionless inner-radius-to-outer-radius ratio y dimensionless inner-radius-to-outer-radius ratio y
crack length crack length

o 0.10 0.15 0.20 0.25 0.30 a 0.10 0.15 0.20 0.25 0.30
0.025 0.349 0.436 0516  0.599  0.694 0.025 0.348  0.435 0.514 0597  0.691
0.038 0.348  0.459 0.561  0.667 0.786 0.038 0.347  0.457 0.559 0.665 0.784
0.050 0.339  0.463 0.582 0.707  0.845 0.050 0.339 0.462 0.580 0.704  0.842
0.075 0.319 0.453 0.591 0.741  0.909 0.075 0.320 0.452 0.590 0.738  0.905
0.100 0.306  0.438 0.584 0.748  0.936 0.100 0.304 0.436 0.582 0.745 0.932
0.150 0.295 0.415 0562  0.737  0.946 0.150 0.294  0.413 0.560 0.734  0.942
0.200 0.299  0.405 0.545 0.720  0.937 0.200 0.298  0.404 0.543 0.717 0.933
0.250 0.309 0.405 0.537 0.707  0.925 0.250 0.309 0.404 0.534 0.704  0.920
0.300 0.323  0.411 0535 0.700 0915 0.300 0.323  0.410 0.532  0.696  0.909
0.350 0.339 0.422 0.539 0.697  0.907 0.350 0.340  0.420 0.536  0.693  0.901
0.400 0.358 0.436  0.546  0.699  0.903 0.400 0.359 0.434 0.543 0.693  0.896
0.450 0.378  0.452 0.557 0.703  0.901 0.450 0.379  0.450 0.553 0.697 0.893
0.500 0.399 0470 0571  0.711  0.902 0.500 0.402 0.468 0.569 0.703  0.891
0.550 0.423 0.491 0.588 0.721  0.905 0.550 0.426  0.488 0.580 0.710  0.891
0.600 0.450 0.516 0.607 0.734  0.910 0.600 0.452  0.510 0.597 0.720  0.891
0.650 0.481 0.544 0.631 0751 0917 0.650 0.482 0.534 0.615 0.730  0.890
0.700 0.517  0.577 0.659  0.772  0.929 0.700 0.514  0.561 0.635 0.741  0.889
0.750 0.562  0.619 0.696 0.801  0.946 0.750 0.550  0.591  0.656  0.750  0.883
0.800 0.620 0.675 0.746  0.842 0.974 0.800 0.588  0.620 0.674  0.754  0.867
0.850 0.702  0.755 0.820 0.906  1.023 0.850 0.622  0.639 0.676  0.733  0.817
0.875 0.759 0.811 0.873 0954  1.062 0.875 0.618  0.627 0.654 0.696  0.761
0.900 0.835 0.887 0.947 1.022 1.121 0.900 0.584  0.584 0.595 0.617 0.656
0.920 0919 0972 1.030 1.101 1.193 0.920 0.511  0.499 0.493  0.494  0.507
0.940 1.040  1.095 1.153 1.215 1.304 0.940 0.347  0.321  0.295 0.269  0.250
0.950 1.125  1.182  1.241 1.306  1.387 0.950 0.203  0.170  0.132  0.091  0.054

0.960 1.239 1.300 1.360 1.426 1.503 0.960
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% 9 HSCFBD TN SRR+ V(28 = 14°) < 10 HSCFBD Joig 44N SIsm B+ Y (28 = 20°)
Table 9 Dimensionless SIFs of HSCFBD (28 = 14°) Table 10 Dimensionless SIFs of HSCFBD (28 = 20°)
dimensionless dimensionless
erack lengh inner-radius-to-outer-radius ratio y crack lengh inner-radius-to-outer-radius ratio y

@ 0.10  0.15 020 025 0.30 @ 0.10  0.15 020 025 0.30
0.025 0.345  0.431 0.509 0.591  0.684 0.025 0.340  0.425 0.502 0.583  0.674
0.038 0.343  0.453  0.553  0.658  0.775 0.038 0.339  0.446 0.547 0.649  0.763
0.050 0.334  0.457 0574 0.697  0.833 0.050 0.329 0.450 0.566 0.687  0.820
0.075 0.315 0.446 0.583  0.730  0.895 0.075 0.309 0.440 0.574 0.719  0.882
0.100 0.301  0.431 0576 0.737  0.920 0.100 0.295 0.424 0.566 0.725  0.907
0.150 0.290  0.408 0.552  0.725  0.930 0.150 0.284  0.400 0.543 0712 0914
0.200 0.293  0.398  0.535 0.707  0.920 0.200 0.287  0.389  0.524  0.693  0.902
0.250 0.303  0.397 0.525 0.692  0.905 0.250 0.295 0.387 0.513  0.677  0.886
0.300 0.316  0.401  0.522  0.683  0.892 0.300 0.307 0.390 0.508 0.665 0.870
0.350 0332 0.410 0.523  0.677 0.881 0.350 0.321  0.397 0.506 0.656  0.855
0.400 0.349  0.421  0.528 0.675 0.872 0.400 0.335  0.405 0.508 0.650  0.842
0.450 0.366  0.434  0.534  0.674  0.864 0.450 0.350  0.414  0.510 0.644  0.827
0.500 0.385 0.448 0.542 0.674 0.856 0.500 0364 0.423 0.512  0.637 0.811
0.550 0.404 0.462 0.550 0.674  0.846 0.550 0.376  0.430 0.510 0.628  0.791
0.600 0.423  0.476 0.557 0.672  0.833 0.600 0.387  0.434 0.507 0.613  0.763
0.650 0.441 0.488 0.561  0.665 0.813 0.650 0.392  0.431 0.495 0.589  0.723
0.700 0.456  0.495 0.558  0.650  0.781 0.700 0.387  0.418 0.471 0.550  0.666
0.750 0.461  0.491 0542 0.618  0.729 0.750 0.365 0.386 0.425 0.486  0.579
0.800 0.446  0.463  0.498 0.554  0.638 0.800 0.310 0318 0339 0380  0.446
0.850 0.375 0.378 0392  0.421 0472 0.850 0.189  0.184 0.188 0203  0.237
0.875 0.301  0.295 0296 0309  0.340 0.875 0.091  0.079 0.071 0.072 0.088
0.900 0.180  0.164 0.151  0.145 0.153 0.900
0.920 0.029  0.005 0.920

dimensionless SIF Y

0 s
0 01 02 03 04 05 06 07 08 09 1.0
dimensionless crack length a

B 10 %y = 0.2 Af, REF-H /T HSCFBD il HSCBD (1 JG i 40 )5 738 B 4 1
Fig. 10 Dimensionless SIFs of HSCFBD and HSCBD with different flattened angles wheny = 0.2
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MR T RN MK TE o F, TGN S50 F ¥ BT 5 1 28 HE /.28, v #K, V-a #i1 4k
TEEMPLAE o < 0.15 B I IURFERRME Y, Ay < 0.2 8, 7£0.15 < o < 0.35 B BLR)
TIR/IMA Y, OB I FEHEK B,y MR, o, 8K LY, R IR A SR B o, 12/ (a,
<0.15) , WHI LK o, RATRERLL o, , A7 LVEBE R/ IMA Y, ,, SRITZ48) B, 7T DL ek
g P GG Y, —EAAKGS) IR K, B

K P Y, (5)
1c JEB min ®

%11 HSCFBD Afdy, 28 FH Y,

Table 11 Y, of HSCFBD with different values of v, 28
flatten angle inner-radius-to-outer-radius ratio y
2B/(°) 0.10 0.15 0.20 0.25 0.30
0 0.295 0 0.404 0 0.534 6 0.696 9 0.901 1
7 0.249 2 0.402 5 0.5320 0.692 3 0.890 5
14 0.289 9 0.3959 0.5215 0.673 7
20 0.283 9 0.386 4 0.506 0

& 12 HSCFBD JLEAN 5 E W+ ¥ G AR
Table 12 Curve-fitting formulas of dimensionless SIF for HSCFBD

Y(a) = : (0.10 < a < 0.75)
kyofs + o
2B/(°) y k| k, ks ky ks
0.10 0.448 8 3.418 3 0.013 5 —0.549 2 5.610 1
0.15 0.196 0 2.818 4 0.006 5 -0.787 8 3.660 3
0 0.20 0 -0.803 1 -0.304 3 -1.312 1 2.344 4
0.25 0.456 9 2.627 3 -0.036 2 -0.586 6 4.127 0
0.30 0.769 1 2.780 7 -0.034 2 -0.317 6 4.952 4
0.10 -0.054 0 0.8312 -0.733 3 -1.970 8 1.584 5
0.15 -1.167 7 0.569 0 -2.162 1 -5.2917 0.8357
7 0.20 0.706 3 3.803 6 0.191 4 0.176 4 1.852 2
0.25 0.696 4 3.5197 0.163 4 0.059 2 1.603 0
0.30 0.847 5 3.062 7 0.043 3 0.001 6 0.813 8
0.10 0.177 0 -0.031 2 0.763 8 0.927 3 0.148 8
0.15 0.201 9 6.896 8 -0.184 7 -1.127 5 2.329 2
14 0.20 0.073 4 -2.3151 0.454 1 0.164 1 -2.205 8
0.25 0.031 1 -5.629 7 0.455 1 0.049 5 -5.558 4
0.30 0.812 3 2.860 4 -0.019 9 3.674 8 14.771 6
0.10 0.471 0 3.493 3 0.014 5 6.484 0 15.591 9
0.15 0.279 7 6.781 4 -0.181 1 -1.140 9 2.3355
20 0.20 1.707 6 10.261 0 -0.698 4 -2.1451 2.207 9
0.25 0.598 9 2.893 6 -0.003 8 6.489 2 14.173 7
0.30 0.763 8 2.800 2 -0.030 3 4.759 5 12.327 4

AR SR TC RN SR E T Y iR AR (£ 12).3 12 # HSCFBD &
AN IR E R T Y BPLE AR, 5 EUE R E 45 R B AT R 22 L X EAE 0.87% 2 .



Ji 5k W 5t ¥ It i =+

il
i

27

4 HCFBD X%

T B UE R FL P (RGA ) Z440F- 4 B [R5 HCFBD RREI 7 7 W7 22 57) JBE 1l ] 477k Tk
HAHT A Rk, HRD A IE T 451 HCFBD REEIEAT T #1505, 95 ISRM @I N FIE
LIRS L PG R 5% CCNBD #E4T % [ 5255,

TRRE SR FH U ) THE 22 1 75 02 e R Tk, U A 35 B %%, o A 450, 5 B S5 . HCFBD
F1 CCNBD U AS 8 R IR 46 2EE0K B 43 31 DL 2 13 (14, 5256 76 DU K2 Fe i J) 2 5230 2 1
Y REGER 20 AL fil S A L 77 BRI HL - 547 (745 RGM-4300, f5 RN 2
T2 300 kN, IRIGHLIERREE RN 0.5 K, HVRGHE R{E 1% (£0.5% ) LA, 30506 3R 75
JEHEA 0.001 ~500 mm/min JEHIAHE ) , 2o f& B PR ML B, ¥EH 20 kN R S5
KA 0.1 mm/min B ASIMEGE R AT 46, H X HCFBD A1 CCNBD U #E 1742 1] F 46
2, E 11 pros.

11 HCFBD AL N2
Fig. 11  Loading system for HCFBD specimen
& 13 HCFBD LRI 7 240 1
Table 13 Fracture toughness of sandstone tested with HCFBD specimens

initial

external flattened critical critical fracture average fracture
thickness dimensionless
No. radius angle load  dimensionless toughness toughness
t /mm crack length B
R /mm 28/(°) P /KN SIFY, Kic /(MPa-m"?) K . /(MPa-m"?)
@, Ic Ic

HCFBD(15) 75 50 20 0.1 0.866 12.845 0.812
HCFBD(30) 75 50 20 0.2 1.039 11.458 0.869 0.765
HCFBD(45) 75 50 20 0.3 1.428 5.890 0.614

3 RGM-4300 iR ALZE45 HCFBD 1 CCNBD FE 1107 2 -5 7 fth 2k FER (A o 45 S —
2 (3) SR AR HCFBD RYWT 2RI K | (1136 13) .CCNBD iXFE/EE# B =51.2 mm, 242
R =753 £0.2 mm, i KUIEKE o, =46.3 £0.5 mm, ¥JHEUIREK L a, = 24.5 £0.5 mm; JoiE
WEH o, =B/R, a, =a,/R, o, =a,/RFE ISRM iR FEH] £ LT 55K . CCNBD Wi BEHHE L
HTEAI(3) ML, Ho A I BN R P ARE o, oy, o ISCHR[ 1S ] R A R AR (A
I AT (P, L SR S5 1 17 2 -0 8 il 4 s Hh  HCFBD A5 () b2 W7 2440 18 343y
0.765 MPa-m"? %= T CCNBD M5 (b4 Wi 2449 B #4141 0.666 MPa-m"?. 3 J& H Tl A4 75
ARG A 225,11 CCNBD iR AR A [ 24 G T 78007 24400 B (i — gt g s 12
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RV X AR A A 2R, DS ST AR A4 1 IR B 9T T A
*F 14 F CCNBD A4S0 W 2445 B

Table 14  Fracture toughness of sandstone tested with CCNBD specimens

dimensionless

dimensionless dimensionless . critical critical fracture average fracture
maximum
No. thickness crack length load dimensionless toughness toughness
crack length B
ap Qg P i /KN SIF Y, K¢ /(MPa -m"?) K. /(MPa -m"?)
@y
CCNBD-1 0.68 0.301 3 0.621 6 10.45 0.930 8 0.692
CCNBD-2 0.68 0.342 9 0.618 1 9.50 0.939 8 0.636 0.666
CCNBD-3 0.68 0.371 6 0.625 4 9.79 0.961 8 0.670
+ >\
5 4 TEe

1) XFEFL A (B3 ) 2 80F 5 0P [ 45 ( HCFBD ) AR L P 5 1 24 80 65 27 [ 4%
(HSCFBD) (TG g 40 1% Sy 5 B R F v, 3547 T 30RE 5 5 FE LA S 4000 42 T R G b . X A FR
TOhRE AT S AT T AR IS S T Y LA A0, A A S EUE R 45 554
XFRZE/INT £ 1.39% , J7 (At 5 917 AL RE A 2. AR B SR (o BT 25 1, T 1 W N ) o
FER T Y BENSMEAR L y BEINmREE N, B A8 28 SN T OHIEY R R e 1, Bk
FWAMERE LU T 6 BRI,

2) HCFBD M3 T Y5 W 4 457) B LTI 15 40 7 ) 5k 3 TR - A 24 80K B Y 34 < SE 3
JE g, B R B K TG AN SR BE D Y, RN T AR A - B i 2 B 2 A A R S )
P, , "ARIEAHRN A (3) KR 2RI Y y BRI, v, XN G R RS o, 38
INEEBFEE R 28 = 20°,y = 0.2 /) HCFBD MK T B 7 W 2440 ) fe 5

3) HSCFBD R T AU Wi B B, oy Tk A SR o, i E b, Bk o2
by = 0.2 MIAFETE « = 0.3 2 30 REB e/ NG W0 SR BER - Y, WP R 8 -6 7% it 26
H B 2R AT SR R RAEL P, ARG (S) SR MR T 2L 65 1 28 B/ o, HRER ST H (8
TR Hh 2R B R B BE T 5 A BN IR HSCFBD 5 HCFBD #H LG, Y Bl o 28 AL AR X
LB 22.

4) #4777 HCFBD f#)ER5 , F5 ISRM #18 CCNBD 5 1 %t He ik 86, HCFBD 45 (>
HWT R EE(E 0.765 MPa-m'? &= T CCNBD JUA5 A2 Wi 249 B 4{H 0.666 MPa-m"?,
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Comprehensive Calibration of the Stress Intensity
Factor for the Holed Flattened Brazilian Disc With
an Inner Single Crack or Double Cracks

ZHOU Yan' , ZHANG Cai—gui] , YANG Jing-rui' , WANG Qi-zhi'’
(1. Department of Civil Engineering and Applied Mechanics,
Sichuan University, Chengdu 610065, P.R.China;

2. State Key Laboratory of Hydraulics and Mountain River Engineering
(Sichuan University) , Chengdu 610065, P.R.China)

Abstract . Previously the circular ring specimen containing an inner single radial crack subjec-
ted to diametrically compressive loading had been studied, here it was modified with a pair of
parallel flattened facets, which were beneficial to loading, to form a new-type specimen — the
holed single cracked flattened Brazilian disc ( HSCFBD ). In addition, the holed ( double)
cracked flattened Brazilian disc (HCFBD) was further investigated. The dimensionless stress in-
tensity factors of HSCFBD and HCFBD with different inner-radius-to-outer-radius ratios, differ-
ent dimensionless crack lengths and different flattened angles, were comprehensively calibrated
through finite element simulation, and the curve-fitting formulas of the factor were given. The
relative errors between the fitting formulas and the numerical calibration results were within
+1.39% . The effects of geometric factors on the dimensionless stress intensity factor were also
analyzed. The results show that the dimensionless stress intensity factor increases with the in-
ner-radius-to-outer-radius ratio, and decreases with the flattened angle. According to the var-
ying law of the stress intensity factor, the specimen parameters of HSCFBD and HCFBD were
recommended for testing the mode-I fracture toughness. The preliminary test of HCFBD speci-
mens was carried out for a sand stone, and the comparative test of CCNBD specimens sugges-

ted by the International Society for Rock Mechanics was also conducted.

Key words: holed ( double) cracked flattened Brazilian disc (HCFBD) ; holed single cracked
flattened Brazilian disc ( HSCFBD ) ; dimensionless stress intensity factor; finite
element analysis; curve-fitting formula
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