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Study of mode- I fracture toughness and its correlation
with strength parameters of sandstone

DENG Hua-feng, ZHU Min, Ll Jian-lin, WANG Yu, LUO Qian, YUAN Xian-fan
(Key Laboratory of Geological Hazards on Three Gorges Reservoir Area of Ministry of Education,
China Three Gorges University, Yichang, Hubei 443002, China)

Abstract: Rock damage and fracture is closely related to each other, and there is a specific relationship between strength criterion
parameters and fracture toughness of fracture theory. Based on these, a compact test scheme was designed for three-point bending
fracture toughness test, compressive strength test and tensile strength test of sandstone under the states of dry and saturated. The test
results show that after saturated in water, the softening effect of mode I fracture toughness of sandstone was obviously, and the
fracture toughness K, ratio of water-saturated sample and dry sample is close to the sandstone softening coefficient of the
compressive strength, showing a similar softening effect. Meanwhile, the relationship of the mode I fracture toughness and the
tensile strength was discussed through theoretical analysis; and a large number of experimental data was used to verify the analysis
results. As a result the analysis results can provide a theoretical basis for the previous statistical fitting formulas between
mode I fracture toughness and the tensile strength. Finally, statistics and analysis of the relationship between mode I fracture
toughness and compressive strength, cohesion, friction angle and some other strength parameters was made. Research results have an
important reference value for the study of the correlation between mode I fracture toughness and strength parameters of sandstone,
and the related test methods, test results and conclusions can provide favorable evidences for the experimental research of other types
of rocks.

Key words: fracture toughness; water-saturated sandstone; tensile strength; softening coefficient; correlation

18| T RBRR G 4 AT B4R K, FORE ), i
sk, PHAREIERULAR AR GIAIAD 197k

BN SH, IR EE Y SRRk, ZEXEEARETITRIUH b, 2R R IES

B HER. KIESCR. G BEETHSPT RIS BRIBUERAR, B, T I T
AU EE O RS0, S TRAR  MHEAGEMEE, QRRE RIS, by

WA H: 2011-09-06
FEEIH: 973 THRIRTHIF L IbE (No. 2012CB426502); . 2 TRFFRARBIA L TFARINHA (No. A2011-302-6); —IK2%RI44 L4 (No. KJ2011B008),
HfEEIN: PR, 53, 1979 454, T, mIEE%, TFEMNFEA L TR TA/E. E-mail: dhf8010@ctgu.edu.cn



3586 = +

1 & 2012 4F

JIRVE TR S IVER PR B AR IR A UL ) B A A
3, HRIEALF R BY R ks, LRk
R ug R PIREY, RgU AT WA kRS
o ok D TR R A A, HETET
IR, Lajtai®, Bazant®!. Santiago 2. Ebrahimi
2501 Nemat-Nasser 2500, Melint, Li 2Elsx} &
BYRY PRGOS RIAT T R, A
NG E LTI 7 SRR T R, g RS Y
CILRS) AR (I8 ey s R 1
ARG B =AM IS . B, 5
A AT T B0 B B L5 0 S B0 AR S L
A+ EEES N TR X,

HAT, ST #mhi A i Wi 240 5 2 0t U A
TREMFEA, FEERESREANTHIE. )
AW MRAAAC S, R, 0 )
JE 5550 SR IR A P 7 TR AT T4 22 (1 ATF
57, XA g TN BT T A v
U () A e 2 5O B D 23 (1 W 284990 22 T [
R, HI K R T SRR SRR 2 50 S L
IR 0 Ry A v, Ik, gk BAF A
BRI N2 20T i Oge i R BLA A i T
W2 ) 3 RN 5 8 S I PRI R PR AR DG, RIS
i % 2 OB TR G A T B L)
S 2 A B OCRBHT THFSE, 48T
LA A, AR S BT
KIStk S—TJ7ii, MK, HPURERE.
IR PY R A AR L A B 2 RIS AIE,  HWT )
FER I ARG A2, IR ) BE A BAT T2
T 7R JET 0, A SCREH TR ACIRA T
W T R4 B I K M IL 5 3 S50 1A (A
S A TR A B A 5T
2 WRETEEIT

A W 40 R AR L — AR g 2 2 B
N FRNNAE, A AW AR 2, A
SCRF SCHR 274 B B D) D AR R, 3BT =
AR ARG . WA ER D =50 mm, KL=
210~240 mm, YIS HIEE ERIAT PR AT, ¥R
JEoh 22~23 mm, BifEA 1.0 mm, R 5 P D)
T L2 D) RE AR A LR B . SRR i e
/A R P L& e 5 P 1 N iy = ) N g PO
IRAP P, FAEIERERS, SR BT ERIRFE 10 4,
H/KIRFE 12 4>

ASLBAXPRE T %, I HRABRHI)
WA, — 5T DA RSB e, 53 ah—A

FEH R 5 g, R e A5 R
BHCHE, WA 210~240 mm, G
Joi, XTI 2 BOAREFREAT N CARRE, il £ R
<4 ¢ 50 mmx100 mm F1 ¢ 50 mmx30 mm [FRFE,
AT =l A i B 56 (L 2 0454 104 15, 20 MPa)
RGBS T bR, WANKFE K 1 s,

(a) Wiz

(b) W5
H1 fHE AR

Fig.1 Typical sandstone samples

B2 HAREEE
Fig.2 Test equipment figure

= 25 R 6 T WAW-1000D 3o L4561 e
WA T RERIGHL, il 2 Fros, Al IR Hs o A
B 4 MRSTAER R, WIEESR 1100 KN/mm,  H 12
h T RAERRIBE RIS, MR Sk 122
&, BEM N EHREE FRL AR, R
i, RGN R Lk A% (CMOD)
SRS R 0.001 mm, BRE6 IR T ) 1 3K T4y



512 3

MR Wi 1 RUWTAR P S 5 5 S B AR R 5T 3587

B Esih, B 0.0l mm/imin RIS E /N T 6x
10" mm/s, 4 0.036 mm/min) , X CMOD #si
A st e SRR AR sk AR A 06, I
HEBR T IRIA LA N2 7R b AR E B Ak 3 457 AR T (1)
o, WHCSRAM TR (LPD) #3i, XLk
M sl ¥ AR o

3 WREEIR L

31 WA 1 BRI KRB 55 R R
W2 A E AR 4 R W3k 1 P, 3
TR E K SR SCHR[27] 7 1 28 SRR AT 5

K, :o.zs(%‘J% y(%j (1

2\ NS 0.5
12.75(j {1+19.65(j }
a D D
y sz N (2
-3)
D
R K HWFHIE (MPam™ ; D AitlhEfe
(m) 5 SO SCAIAIEE RS (mD 5 P, I
R (N 5 a AEVIFEE (m)

R1 BRYE K AE

Table 1 Testing values of fracture toughness K,

s PP EE DR RN Ke
W PR BEE OWE WIERORRE "
/cm / (MPa - m™)
/ (m/s) / kN /cm / mm
21.6 3044 0413 2.20 0.076 0.366
221 3036  0.398 2.20 0.057 0.352
222 2942 0413 2.25 0.069 0.378
221 3017  0.398 2.25 0.062 0.364
o 234 2895 0428 2.20 0.051 0.379
T 226 2968  0.381 2.30 0.060 0.361
231 2891 0377 2.20 0.056 0.334
228 3103 0435 2.25 0.063 0.398
234 3024 0383 2.30 0.068 0.362
228 2978 0412 2.30 0.053 0.390
222 3344  0.363 2.20 0.069 0.321
230 3312 0.302 2.30 0.088 0.310
218 3373 0.343 2.30 0.093 0.325
210 3353 0318 2.20 0.096 0.282
240 3310 0.285 2.20 0.076 0.273
WA 23.0 3317 0324 2.20 0.081 0.287
215 3268 0.328 2.20 0.072 0.290
213 3334 0.323 2.20 0.089 0.286
233 3382 0.378 2.20 0.098 0.335
222 3374 0291 2.30 0.076 0.275
235 3271 0328 2.30 0.088 0.310
217 3324 0301 2.30 0.101 0.285
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Fig.3 Brazil disk split test box
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. K . 0 0 . 30 K .0
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Table 3 Testing values of tensile strength
R BUEESURSRE MPa W ik
KE 1 2 3 4 5 6 7 8 IMPa R¥
4% 3.08 333 327 298 282 354 343 288 3.17
MUf 298 222 296 3.02 241 203 227 298 261
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Fig.4 Schematic diagram of crack tip
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Table 4 Fracture toughness and tensile strength of rocks

— K, (GE5) ot r K, GF5HAE)
/(MPa-mY?)  /MPa /mm / (MPa - m*?)
1.66 13.3 25 1.76
1.66 16.4 1.6 217
S 1.80 12.1 35 1.60
1.78 13.0 3.0 1.72
2.47 17.0 34 2.25
0.99 5.4 5.4 0.77
1.36 11.9 21 1.71
R 2.06 15.0 3.0 2.16
0.85 85 1.6 1.22
1.38 85 42 1.22
MV 0.37 33 2.0 0.37
1.55 13.2 2.2 1.72
1.61 13.2 24 1.72
1.76 13.2 2.8 1.72
1.89 13.2 33 1.72
IERE 1.93 13.2 3.4 1.72
1.75 13.2 2.8 1.72
151 1.1 29 1.45
121 1.1 1.9 1.45
1.36 1.1 24 1.45
2.15 15.4 31 2.04
2.19 16.8 2.7 2.23
praAsES
217 16.3 28 2.16
2.08 16.2 26 2.15
0.85 6.2 3.0 0.87
0.63 46 3.0 0.64
2.68 17.3 38 2.41
2.26 15.4 3.4 2.15
2.02 13.9 3.4 1.94
KFL
1.7 121 31 1.69
1.44 10.0 33 1.40
1.28 9.9 2.7 1.38
0.98 9.3 1.8 1.30
1.13 73 38 1.02
0.67 5.1 28 0.61
0.28 2.7 1.8 0.32
0.38 33 21 0.40
0.56 40 31 0.48
ha
1.47 10.1 34 1.21
1.40 17.0 1.1 2.04
0.37 33 2.0 0.40
0.45 37 24 0.44
ARICRY DA 0.37 32 21 0.38
0.30 2.6 2.1 0.31
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Table 5 Empirical formulas of fracture toughness
and tensile strength of rocks
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Table 6 Fracture toughness and compression strength,
cohesion, friction angle of sandstone

R K. PEPURERE ¢ c P ag
W& 1 (MPa-m?) / MPa /(°) /MPa / MPa
T 0.368 56.31 50.12 1119 3.17
Hufl 0.298 46.17 4787 951 2.61
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