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Improvement and Verification of Shear Strength Criterion for Non-Persistent Jointed Rock Mass Under Freeze-Thaw Cycles
ZHANG Yaoping"*®, LAI Chungi', LEI Daxing®, LIU Bo®, ZOU Xionggang®
(1.School of Resources and Environmental Engineering,
Jiangxi University of Science and Technology, Ganzhou, Jiangxi 341000, China;
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Abstract: The engineering stability of jointed rock masses in cold regions is often affected by freeze-thaw cycles damage, which
leads to geological hazards. The core control factor is the deterioration of shear strength of rock mass. In response to the
engineering background of the coupled effects of freeze-thaw cycles and shear loads faced by jointed rock masses in cold regions,
existing methods for calculating the shear strength of freeze-thaw joints have certain deviations. Therefore, a modified shear
strength criterion was proposed that accounts for the strength degradation of jointed rock mass under freeze-thaw cycles. A
systematic experimental study on freeze-thaw-shear coupling was conducted using similar material simulation methods. Based
on direct shear test results of freeze-thaw joints, the degradation mechanism of rock bridges under freeze-thaw-shear coupling
action was revealed as follows. The shear strength of non-persistent jointed rock mass consists of three components, including
the shear strength of non-degraded rock bridges, the shear strength of degraded rock bridges, and the shear strength of the
joint surfaces. A coupled damage model for rock bridges was established with shear modulus as the variable, achieving quantitative
characterization of the degradation behavior of rock bridges. Building upon this foundation, the modified Jennings shear strength
criterion demonstrates the following advantages: the mean relative error between theoretical predictions and test results is merely
3.28% , representing a significant improvement in prediction accuracy compared to the original Jennings criterion. This modified
criterion effectively captures the strength characteristics of non-persistent jointed rock mass under freeze-thaw action, thereby providing
a reliable theoretical basis for studying the freeze-thaw damage mechanisms and safety protection of jointed rock masses in cold regions.
Key words: Freeze-thaw cycle, Non-persistent joints Coupled damage model, Jennings shear strength criterion, Degradation

mechanism

* Yrfs HE:2024-10-21
ES&WMB LA AF TR A (GI)21851D
YEE BN KT (1974 B TLPE BN A I+ B2, FEN S A N % R L 2E A5 . E-mail:zyp2005csu@126.com
BEESE BHET 999, B LW JULA B -LF A, EENF S A %5 TR PR . E-mail:2805241424@qq.com



RHBPF FABBARTERB YR ZRRATRAANG KRG SRIE[]]F7 LFFE S FL,2025,4509). 147

0 5l

WHUE R T AAAE TR B A B R R
rp T AR B T B ) A T B Y B A R R
PRI B R 22— 5 AL, R 495 4 2 ) Ak
AR E Tk, AT AT BB 75 R IR R AR L 3 U K& 4
FER L HTE X A A R A AT R AR 2 R
P BT 3R AR AR R b 32 1 B 3% 3 R R A
PG RRE  S mlds L R BR ST R LR 2R R
TE3E S VR T BT 58 B 55 Ak L EE AT SR L AE
Bt F M TR LA EEE X,

HEl. B A Z¥E IR T K X T Uil 1y 3
FREPEGE S IS T BRIk
T SR AR B4 A R B 2 R FEX A
BRI A 2T S R B R K 22 B R 5s T B i R
AR A5 Y B AR A 0L R il - A2 o 48 405
R R O 102 B A e 0 0 2 B R Al A A3 4
I, I 5 AN fr 2 A B 2 AR AR A A . Bl .
ZHANG S5 I 145 BA A i AR 35 51 1 K AT
5 B2 IR AN Weibull 4345 B FF 55, 456 AN TRl B i Ay
FENL T AT TE R B R = R 4 6 A R
M A RS AY  TAN A8 1000 451 405 B8 Jr 15
T oRm 433 . 0 0 1 R Bl 5 A R N AR
BAL P AR G R A . LT A0 VR il 2% 14 A B2 MR K
TR0 B R 7 27 M A 1) v Ak 5 10 A5 R, 30 iF 25 1A
5B S AR A, JTA RS20 U] 3 T B A PN R Ak
L5 RE R o DA 2RH UL 7 B 4 S T SRR AR E A A AR
T WA, JF Tt S R

BAYRAM F'Y 3 F 5 il 46 28 F U 45 38 56 45
RSB R, ST A AR YRR - R
26 R A VR T I i B 840 Y8 AR A 780, O 31 R T R Bk
TR WA A PR R . X B E T B H
Lemaitre [ 48 55250 J5L B, 4k 5 25 A0 R il — 52 o7 451
kB A B AR R T R R 46 45 T 0 0
AR, I e B R TR AL 0y A ]k
YAN Zelin 58 A A 2 ROBE 46145 48 & ff 8 JE 4T
WEE, K IR Rl 5 47 28000 & A o 12 2 Bl 43 28 6 1Y)
FRA LR, ELUR K ™ A 1 2 0L 284 SCU8 1 4000 R il b
Pt 24 S0 i T 1 Ak, R HE AR S PR A
PRV BT PR a0, 25 45 400 0 B0 0 A 2 UL 401 40
P N T BB AR VR - B 2 A 0 A L JIE ST
VR Bl e R 0 4 3 S A TR R

gaill®

RS R K BT, R Rl - AN A R A VR R
WL R A5 2 I R AR B R AR
TR IXEE . 5 0 B R G 20 45 15 T A i R R 55
A0 2 VB 00 T A R BT BY o BE YOG B, AR
1M s B G T R Rl T 3L A 5 U0 A 28T R 2 55 Ak A
AR E R E = . I, BT VR - 57 )
FRA A HIOT 5 A AR 1 55 A0 AL 3, Sy 3 B Ty B
R BB S B R, © R FE X b BT E B A S
B = (OB TERTI o

ZE LTIR AR SCFE T Jennings $2 H A $T 57 558
HEN I 25 45 VR il — 59 YIRS & V6 B R 0 B8 R B 4
AL, A5 MR BE B R0 5 U far 485 0 A B 0 55 AL 7R
JE B E B OGRS A 5 AL ) A AR R 2 T i
7 [ R Rl G PR 52 R 948 IE Tennings T 5 58 B o )
2 I TN S DX AR B 3E A AR BT BT SR, R
LR B FE DX YR I & TR R Ml R B A B A T 5
A

1 R H7

1.1 FARTEREHNRE

F T R AR Y B R o] A B A K, AR SR A
RIRE RS 3 J7 3k ) £ AN (] 3% i 2 09 Al 5T 58 1 #
B RE B REE K U | ARD K B R, 2
R A, EAR AR C L S ) 2 B L
%2 CHk[26], KK 100 mm X 100mm X 100
mm (KO8 X ) 1Y 57 J7 44 5 BT A Tl AR R
HIRRE T mATE 2T, R %iET 3 AR ®E
T R T B R Crp ) O s BB A Ol S A B,
B 7R DAY B ] 58 B 5 R 5 9 B 1 02K
Lo s ST B S R A, k50 3k I YT B 34 9 R )
9 20%.30% .40% .,

5 S URE AE R a0 R AT I K A B, SR Y
R mlR 0 AE B SRR G 5 A4S 58 B R Rl B
FLAR G FEBE WL 2 % SCHk[26 ], R RE 58 AR fl it 56
Jo MRAE 0.5,1.0,1.5,2.0,2.5 MPa T 9% 18] b /)
AT E Y . BT IR0 R R R T e Ay A 4 o A
o E e 5.0 KN/ min R i I [a) far 2% 2 00
) 4 2% 0B s B /S LA 1 mom/min 85 U 38 22 it b 21 ) faf
B Y8 YI N ) - 57 DA il 2R A i (E HL D) 1) fif
A H] 20 mm BHF RN, 828 A RE
VIR J7 — 55 )05 4% il 4k BR300 A8 D SCik [ 26 ]
FISCHk[27 ],



148 gL B R S5 A

2025,45(9)

FREHHE "

40 mm

100 mm

e

S
y/ 100 mm
(a) =4k
fmmHE _
< | £ e £
/ S
: >
L

00000000 —

| 100 mm |
I 1

(¢) A=30% it EE

 fmavm
> X A E E
| 40 mm ) %
s .
i35
D0 00 006
! 100 mm !
(b) A=20% *EE
EREHE
< . = g
: § E
N BT g
= >
2%y

00000000 —

| 100 mm |
1

(d) A=40% B

1 AER@EWIEE AR

Fig.1 Non-persistent jointed rock mass specimens
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Fig.2 Surface macro and internal micro freeze-thaw damage of jointed specimens
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Table 1 Shear strength of joint specimens before and

after freezing and thawing
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MA ST MR om0 20k 30K 40K
0 0.5 4.22  4.03  3.86  3.67  3.54
1.0 506  4.81  4.65 451 4.37
1.5 5.88  5.60  5.23 504  4.71
2.0 6.38  6.06 569 539 502
2.5 722 6.95  6.60  6.28  5.91
20 05 398  3.01 278 238 2.26
1.0 478 331 3.02 275 2.64
1.5 5.62 379 3.74  3.24  3.08
2.0 6.10  4.68  4.38  3.92  3.55
2.5 6.98  5.23  4.93 447  4.10
30 05 3.65  2.64 250 229 218
1.0 432 2,98  2.86  2.68  2.53
1.5 1.95  3.60  3.32  3.16  3.09
2.0 561 4.37 4.6 3.94  3.80
2.5 6.42 5.4 467 442 412
40 05 356 206 198 191 184
1.0 4.26 237 225 215  2.08
1.5 4.86 272 254 244  2.36
2.0 5.49 319 296 278  2.60
2.5 5.95 352 3.38  3.21  3.04
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Fig.3 Comparison between calculated values of Jennings shear strength and test values of jointed specimens when A =20%
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Fig.4 Weakening evolution process of jointed specimens under freeze-thaw-shear coupling action
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Table 3 Comparative analysis of shear strength calculation values

and test results of specimens under 20 freeze-thaw cycles

Y% Y;E#i!i'ﬂﬁ% uo/ ui/ . l“jﬂﬁ??ﬁ]

' WHL n mm mm f#% /mm
20 0 0.12 2.74 1.82 2.88
10 0.13 2.27 1.90 2.36
20 0.14 2.08 2.16 2.28
30 0.16 2.03 2.28 2.23
40 0.19 1.97 3.04 2.15

""" 3 o0 015 263 1.8 267
10 0.17 2.14 1.95 2.19
20 0.18 2.03 2.20 2.16
30 0.20 2.01 2.36 2.09
40 0.21 1.91 3.09 2.06

""" 0 0o o016 255 191 263
10 0.18 2.06 1.99 2.11
20 0.19 1.96 2.23 2.07
30 0.22 1.93 2.39 2.05
40 0.23 1.90 3.27 1.98

Y e Sy WEEPUEY 5/ MPa AHXT R 22/ %
’ MPa #(6) A0 K (6) #(10)
20 0.5 3.22 2.74 15.82 1.07
1.0 3.77 3.24 18.76 5.86
1.5 4.32 3.74 15.50 1.06
2.0 4.87 4.24 12.48 3.01
2.5 5.42 4.74 10.61 3.66
""" 30 05 305 232 2151 637
1.0 3.73 2.92 48.03 3.14
1.5 4.45 3.52 32.15 6.02
2.0 5.15 4.12 22.61 0.96
2.5 5.85 4.72 24.52 0.63
""" 0 05 29 190 4571 4.0
1.0 3.55 2.29 51.44 1.78
1.5 4.15 2.68 61.20 5.51
2.0 4.8 3.07 62.16 4.06
2.5 5.45 3.46 60.07 2.05
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Fig.5 Comparison of peak shear strength test results and theoretical calculation results of jointed rock specimens when 1= 30%
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Fig.6 Comparison of peak shear strength test results and theoretical calculation results of jointed specimens when 1 =40%
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