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Abstract: To thoroughly investigate the long-term stability and failure mechanisms of sandstone with initial dam-

age under complex stress conditions,and to offer insights for the safe design and construction of deep rock engineer-
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ing projects, this study conducted a systematic examination of the creep mechanical properties of damaged sandstone
through comprehensive experimental analyses. The experimental methodology comprised three stages. Initially,a Split
Hopkinson Pressure Bar( SHPB) system was utilized to generate sandstone specimens with three distinct levels of ini-
tial damage (D, .D, .D;) by precisely regulating the impact air pressure. This dynamic loading process induced con-
trolled distributions of micro-cracks within the rock matrix,thereby simulating realistic damage scenarios encountered
in engineering applications. Secondly , conventional triaxial compression tests were carried out to determine the funda-
mental mechanical properties of both intact and damaged specimens across a range of confining pressures. Thirdly,
systematic triaxial creep tests were conducted using a fully automated rock triaxial testing apparatus, applying three
different confining pressure levels(5 MPa,10 MPa,and 20 MPa). The creep tests followed a step-loading procedure,
wherein each stress level was sustained for 4 hours or until specimen failure occurred , while continuous monitoring of
axial strain development was used to fully capture the creep behavior. The experimental results reveal several pivotal
observations. Notably, the creep stress level exerts a substantial influence on both the instantaneous strain and creep
strain of damaged sandstone,and it governs the degree to which initial damage impacts the creep behavior of sand-
stone. A stress threshold o, was identified , below which the instantaneous strain increases linearly with creep stress,
whereas above this threshold,the growth rate accelerates nonlinearly. This critical threshold value rises progressively
with increasing confining pressure. The steady-state creep rate of damaged sandstone demonstrates exponential growth
patterns as creep stress increases, remaining modest under low stress conditions but escalating rapidly under high
stress levels. Initial damage significantly influences steady-state creep rate only under higher stress conditions, where-
as its impact diminishes considerably as confining pressure increases. Quantitative analysis reveals that the creep fail-
ure stress decreases linearly with increasing initial damage degree, but increases dramatically with rising confining
pressure. Under different confining pressure conditions , the creep failure stress ranges from 67.4% to 94.5% of peak
strength , providing essential quantitative parameters for engineering applications. Failure mode analysis elucidates
that the complexity of failure patterns is collectively determined by confining pressure and damage degree ,with confi-
ning pressure exerting a dominant influence. Specimens under low confining pressure exhibit composite failure
modes , characterized by a combination of shearing and splitting mechanisms , accompanied by extensive crack propa-
gation. Conversely,under high confining pressure, failure predominantly manifests as simple shear failure with mini-
mal crack formation. Notably, confining pressure exhibits a marked weakening of the initial damage’s impact on fail-
ure modes. The research findings illuminate the underlying mechanisms driving creep failure in damaged rocks and
establish essential relationships between initial damage, stress conditions, and long-term mechanical behavior. These
results provide vital theoretical foundations and technical support for assessing the long-term stability of damaged
rock masses in deep tunnels, slope engineering,, mining operations, and other critical infrastructure projects,as well as
optimizing support parameters and developing early warning systems.
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Table 1 Pre-damage loading test program

et S5 U R/ BRI R
Type of (; ! Shock pressure/ Number of Initial degree
experiment roup bar specimens/ pieces of damage
mamwL ! 0.7 13 b
Pre-damage 2 0.8 13 D,
loading 3 0.9 13 D3
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Fig. 3 Creep test graded incremental loading stress levels

(1£.0.9 bar gympily TR T 2211 1 vhify B 01 )5 B9
IhE A 1, 0 4 45140 e BE O Dy ) B U R 9 R O
26.3 MPa, fib 3 14 W fH 5iR 5 450 0 7 B8 5 67 AH G,
FAUIREIE A, WAL 58 /)N 5 [R] st vl LA B, 463 40
T BE A , 1R LR B AR AN, RIS ) s A
No EHIGUEHT )RR 4405 XD I B A ) S R B
Wi 235 o R AR AR I GE , BT R 5 B4R
HTES MPa 10 MPa 20 MPa [ J5 T A9 06 {F 58 B2 3
)47 86.7 MPa 92.2 MPa . 134.4 MPa, Bf LT
AR AR i 52 2 R0 1) 249 SRR AR 00 1)
A2 B TR A B R AROR B RE A B0

(OF 4Ty

(c) Control panel

(d) SRS i 7 Hh 2k

(d) Creep process curve

2 REER

2.1 ZERHFE

K 4 il A 7E 5 MPa 10 MPa .20 MPa [l [+
TSGR L. I 4 Al B e A
R pH 2 R A S B b TR 3, A 2 A, W P
JOEAR N7 R A 2 S I s 1] 22 188 49 ) 17 2 BID Ay 5
ARRAR o DB 4 Rl LA Y B A8 1 KA
ACRHB R 14 i o 07 728 8 2 Wi S =5, %o B 7 7 7
ML R o 0574 B ) A5 /N, Bt 5 ] F) 384
N AR 0 B A R 2 BT R =, L i
Wb A SRR 728 5 > 5 A 1V ) BRI, A5 10 14
T A R 2 I R ) AR O e 28 A 455 D I — 1
L, 5720 AR S R, BT b B R AE T AR
A B 5 >0 70 N7 g e e P R T B 54
Wb 2 22 Dy A8 58 B0 = B B, B 728 7 728 P a3
KE BRI BIR . B oh, B 19400 46 358 13 72 FE
XA M . b Ak T R —
AAETT I AR A R R A B A AR A A v
RS A A N F AR B A P R T
INfIa) R o O HL, Bl — i 04 e SR R o Y
AR



26 ok 2025 4 12 H
101 12 - 14 ¢
—— 5D, —— 10D, ——20D,
o — 5D, 910 | — 10D, o 12| ——20D,
& 8 5p ks 10D, N 20D,
S 3 8 =
j: g s} 107
2 °| 3 3¢ —
z e Ly —
AT bl o —
= = 4T — = 4+ —
= E = —
&2 g2} g ,|
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 10001200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
B} 8] Time/min It [E] Time/min B} A Time/min
(a) 5 MPa (b) EIFE 10 MPa (c) FElH20 MPa

(a) Peripheral pressure 5 MPa

4

(b) Peripheral pressure 10 MPa

AN IR AR A A R e PR B A A it 2

Fig. 4 Creep time course curves for sandstones with different initial damage levels
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Table 2 Instantaneous strains under different creep stresses at a peripheral pressure of 5 MPa

— AT RPN 25
_%. HIth Instantaneous strain under different creep stress levels/%o
Initial damage
36.8 46.0 55.2 64.4 73.6 82.8
5D, 2. 895 3.610 4.365 5.171 6. 157 7.395
5D, 3. 004 3.727 4. 466 5.401 6.789
5D, 3.109 3.812 4.611 5.749
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Table 3 Instantaneous strains under different creep stresses at a peripheral pressure of 10 MPa

R IR 1K R 2

pN Yy
?Jﬁ”bn‘{jj Instantaneous strain under different creep stress levels/%o
Initial damage
40.8 51.0 61.2 71.4 81.6 91.8
10D, 3.030 3.672 4.425 5.290 6. 348 7.691
10D, 3.184 3.884 4. 605 5.527 6. 447 7.788
10D, 3.268 4.068 4.842 5.831
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Table 4 Instantaneous strains under different creep stresses at a peripheral pressure of 20 MPa
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Fig. 8 Transient strain versus creep stress in damaged sandstones
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Table 5 Creep strain under different creep stresses at a peripheral pressure of 5 MPa

N [V A2 2 3 7K1 B I 1o A%

RNy
T}?ﬂnb—dﬁ Instantaneous strain under different creep stress levels/%o
Initial damage
36.8 46.0 55.2 64.4 73.6 82.8
5D, 0. 157 0. 301 0.369 0.461 0.767 2. 105
5D, 0. 173 0.323 0. 475 0.725 1. 450
5D, 0.194 0.328 0.738 1.355
& 6 [EE 10 MPa R ARRREN N THRERE
Table 6 Creep strain under different creep stresses at a peripheral pressure of 10 MPa
N AN TRV AR IO 3 KT B BRI A2
L . "

Instantaneous strain under different creep stress levels/%o

Initial damage

40. 8 51.0 61.2 71.4 81.6 91.8
10D, 0. 155 0. 296 0. 399 0. 492 0. 699 1.815
10D, 0. 165 0.325 0. 553 0. 771 1.172 2.671
10D, 0.190 0.351 0. 699 1.616
Fx7 EIE20 MPa R AEETN A TR M T

Table 7 Creep strain under different creep stresses at a peripheral pressure of 20 MPa

AN RISTAZ I A3 K- BB A2

Instantaneous strain under different creep stress levels/%o

TG

Initial damage

61.6 77.0 92.4 107.8 123.2 138.6 150.9
20D, 0.125 0. 196 0. 340 0.472 0. 699 1.215 2.317
20D, 0. 146 0.217 0. 360 0.533 0. 879 1.953
20D, 0.165 0.251 0.413 0.671 1.172 2.672
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Fig. 9 Creep strain versus creep stress in damaged sandstones

&8 [EIES MPa RARMEEN A THRSREEEER

Table 8 Steady state creep rate under different creep stresses at 5 MPa peripheral pressure

AN [V AZ R A3 7K1 AR A I AL i R

T 45
?ﬂtn B Steady-state creep rate under different creep stress levels/ (10 ™*/h)
Initial damage
36.8 46.0 55.2 64.4 73.6
5D, 0.114 0.217 0.277 0. 409 0.722
5D, 0. 121 0.226 0.344 0.526 1. 127
5D, 0.130 0.232 0.403 1.101

*R9 EIE10 MPa R AEETN A THRSIETREER

Table 9 Steady state creep rate under different creep stresses at 10 MPa peripheral pressure

AN IRV B 1K AR A I AL R

Steady-state creep rate under different creep stress levels/ (10 ™*/h)

2L SRV

Initial damage

40.8 51.0 61.2 71.4 81.6 91.8
10D, 0.116 0.134 0.245 0.374 0. 598 1.217
10D, 0. 121 0. 154 0. 286 0.461 0. 877
10D, 0.124 0.157 0.404 0.863
F10 BERYGKEREEN
Table 10 Pressure to rupture the given flaw length
b e AN TR AR I g KT RS S A2 3
EINGEEA

Steady-state creep rate under different creep stress levels/ (10 ™*/h)

Initial damage

61.6 77.0 92.4 107.8 123.2 138.6
20D, 0.116 0. 134 0.225 0.374 0. 598 1.217
20D, 0.122 0. 144 0.232 0.413 0.728
20D, 0.131 0.154 0.239 0.461 0.877
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Fig. 10 Steady-state creep rate versus creep stress in damaged sandstones
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