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Abstract: This study, through laboratory experiments, investigates the effects of freeze-thaw (F-T) cycles on the
fracture characteristics of sandstone under seasonal freezing conditions on the Qinghai-Tibet Plateau. Sandstone
samples were first pretreated with F-T cycles in a temperature range of 20 ‘C to —20 °C and then subjected to
impact three-point bending tests with the aid of a SHPB system. In the meantime, the evolution of the fracture
process zone (FPZ) was analyzed via high-speed camera recordings and Ncorr digital image correlation software.
The results demonstrate that F-T cycles induce mechanical property degradation in sandstone, which in turn
affects its dynamic fracture behavior. As F-T cycles increase, the time required for pre-existing crack penetration
extends, the crack opening width within the same time interval increases, and the time needed to achieve an
equivalent opening width decreases. Crack opening velocity is significantly suppressed by F-T cycles before 111
ms, while this influence dininishes afterward, indicating that F-T effects predominantly govern the initial crack tip
propagation stage. The evolution of the FPZ can be divided into two stages: expansion and contraction. To be
specific, in the initial stage, microcracks cluster near the crack tip, and the FPZ expands with the increase in load.
After main crack penetrates, the FPZ contracts and eventually dissipates due to energy release. F-T cycles
promote the formation of a substantial number of pores within the sandstone, enhancing its energy absorption
capacity. As a result, FPZ peak values are reduced and peak stresses occur earlier, accompanied by a transition in
failure mode from brittle to ductile, characterized by prolonged crack propagation time and reduced initial
opening velocity. The research results can provide basic experimental data reference for the dynamic disaster
relief of engineering rock masses in cold regions.

Key words: freeze-thaw cycle; fracture characteristics; three-point bending test; fracture process zone; rock

mechanics

FAR S A AR 2 B 3 2 ol e A A7 AR Y
Z4B, R FLBRAE NIESLAE G R, X L Hh BT
B ER AT TR R A T
DX (T g it R LA 7 o A RO BB IE L T
UEEAFE R T AR, A A KM B R TR0 2 00 R Rl 17
P (F-T) Bh455 . VRALE PR IR B AR50 52 2% |
BT, TR T (AR, MLIRSh) iz dn
S AT MR Bl) AN ATk G 52 2 Sh 3
B BRI EH R R T ST A
FRJEUA B 3 R 7P, 7 A S A I SRR T o i
(] 55437 173 45 80 3 fr B N, S Tk DA
LsKIT . T RSO OSSR B AU o 1]
i, AR 4 FECT R AR IF A e
R A=zl A A AE 5 LA R W R SR A B A
SHR P B N 28 P, X S IX R LA AR L
M7 A, VA A A R T AR A S e A 1 i
) ™ R, R v D X TR K A R R T
PRI, AT I, A 200 380 A 5 4 R 0 AV P 5 8
PeEh L FEFE RN A A R e E 25 7 AL, X T
PR IE DCH R TR AY L A0 T 18 B e SR FE RS

HERTIR, HA B RIS EAE U8 TR
ﬂ{”%

H T, BN b5 F-TIEMER T 5 A 1
FRHE S AL E T TR B ot sE . XR
7 55 S A R R 1 A R VR K AR T
H0F R VI 7 R il o SN SRl O =
SFEIE CT 4 IR . RS REOR,
XTERRIY A AL () BRI AT 1 B 3RAE, BP9
BRRE R FLATE R ORI 0, £L CGRE) B A e A R
o gx SR XA K, B ROR R
N, W0 AT B B T R B, At e MR e
A R SRR, WA IS LA M R i S AR
X 25 T 2 R KA H AR 1 4 B R B A
B, o3p 1 =B A U S Gk R R B R K
WA, fa7n T B R 5 R G kR R BRI T
TR ASHLE BRI SeE; WANG Z 257 504 T A A
[6] F-T YR 152 45 ARHFAIE, 4545 Lemaitre 552500
AR T R R — (T O S 1 E R 5 B B B
(¥ R Rl — oy 202 B 5 A R SR e Bt ) i gt
BT ARG BT T RRAIR PR A SR | SR A

0230212



TGS Ry 55 EE M TR Vol. 8, No. 2(2026): 023021

B W - A AR A A M TR R L
G 1 R o B s ST T A A i AR A, g —
AR T N -VRADNFEIVE T T b5 2 a4 AR B
BRI R, PLZRYT i % 4 % SR AT (SHPB)
R AEHOR T B R AT i E 4T bl T4 k4 7w
5= bl AR T A A T 2Emm AL, A58 T
R AT 100 2h A BF BT R R BE 5 VR BTG PR B0
AR

AR o 22 T B R RE SR T 5
BRI R T R TR AR R . (HEFR T
PSR B AR 03 2 4, A PSR AT 3kt A
FEA R RS, 515G A A W 15247 R, I
A B ORAE RE R & 2EBUE A IR T
o XA Bl SN T A R R R
15, HARGIE K T o8 kbt m et 5™ pgt 7o
A TR R LI M AR, 5t T
(PR RS o N A S R N T N | o &5
U 240 B A A AR ML X 2 AN, 1R AR
AR, YRR A A 2 Bl R R s R
ALY bR H R AR R R A B R
VR RGPS, B9 T Vil ) B ar 2R A
FT B R A0 R S W7 S v fh R, 220 B
252 R A el i A BT T L
W T RV S A SRR, BP9 R B E A DN
Tl % % R 5 AR R RE F-T YRECS I/, I AN
FO IR 748 K5 0 R 2 ) S i 50 25 B2 7 ) 23R
TR IR G PRI 1 R S5 R 5 4 A Sk e S
Ak, sh AR o B bl R Rl AJE 20 U0 38 I i
1% YU S %P BB, B F-T YB3, W {57
71 WA IR B 2 RE ) BT ECT R, BT
AU SLARE 1Y 1 22 80N T 1 B W R 1 ) 2
24 YU Meilu 255 58 i3 507 G R (DIC) MK
SR IX AT T F-T IR RSy R
M), b IR B 53 i 2 A A SR 25 R e P i
T HRREMEIIMER T A 28y K EHLE], iR
RE T & 4 BUA R 7 22 A T Rt 25 T AT
FHehith

I A SR [ PN A2 3 6 R il e AR 1 T 2 v b
9% FEAR TP TE RS BERR M SR, s R S
X TR SCER (% 18 B 42 . s A vk L R
k2L, HRAER) b, SRR SR s

A s nh i A A VIO o 5% TR R A TR AE L5
TREH WA (il | HR) VR A )2
IO, FEAE R AR AL, 7 RER | AR RIBTTEAL
A B =, MELAT 2 A A T TR A
fiti 59 TIUE B SEBR R oK o JE U A X PG 9 9
M DX (AR B | 79 TR BT 2K BRI T rh i
FAE B VR =3 1R & SRR, AHOCHT I B2
fEnTE. SEFH LA e R R 5 e, X e
JE T R R R AR B A sy 2 o i, R H i
HIPLIE s T BREsh SR M R ot T R
SRR R R RS R, SR RS EOR
(DIC) X AR EMEIME T ZREEh L B i T R
TR0, AT 25 R X1 ) 48 /s B R R
FEDCR U PR A BERAIL ], S A O TR I PR AL
DU SUT S T 00 P B A A A S

1 REARKEIIRE

1.1 RS &

IR By 5 R E A 7 e e R R e T X i 3
ERME DS, BISNE KA, R, N
FLBR/IS, B SEVESE o A THE S8 % N B R Rl
FHXEA A Ty 5PE B sE e, BT b e 61T XRD
RS 53 Hr, HE BT Yo & 1 Fos, B
SRR 1 BT N T HIESTE SHPB RSP i
118w, I REA SRR S B 2N ke
5P R, 50 R R #h (Semi-Circular
Bend Specimen, fij # SCB) & b 7=l if, A 52
50 mm, JEJE 25 mm, Fifil 2445 K 10 mm, JIKHB
A I 27.5 mm, 54 ISRM & T a4 s S W 249
FEIIR BRI B IERY S SCB ke 1153 T RS M
PAFE X R rh kb R RN B8 R AL R, A T8
Ik et A 2 e 43 B R AT B 5

N

5.6%

44.3% R
: Vil 26l

A
B R Yo o
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Table 1 Initial physical and mechanical parameters of blue sandstone
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MR/ (g-cm )
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