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Dynamic Mechanical Response and Microstructure Evolution
of Mudstone in Tailings Reservoir Slope
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2.School of Civil Engineering, Zhengzhou University, Zhengzhou 450000, Henan, China)

Abstract: To reveal the damage and degradation mechanisms of mudstone in tailings reservoir slopes under complex
environmental conditions, dynamic uniaxial compression tests, CT scanning, and scanning electron microscopy ( SEM )
were conducted to analyze the evolution of dynamic uniaxial compressive strength and structural damage mechanisms of
mudstone under three typical environmental conditions, i.e., wet-dry cycles, freeze-thaw cycles, as well as wet-dry and
freeze-thaw cycles. The results show that the dynamic compressive strength and dynamic elastic modulus of strongly
weathered mudstone continuously decay with the increase of cycle number, and the deterioration rate gradually stabilizes
after 80 cycles. Among those three environmental damage conditions, the coupling effect of wet-dry and freeze-thaw
cycles brings the most significant deterioration to mudstone. After 100 wet-dry and freeze-thaw cycles, the dynamic
compressive strength and dynamic elastic modulus of mudstone decrease, and the connectivity of pore networks increases
remarkably, presenting a strong linear relationship ( negative correlation) between porosity and dynamic compressive
strength. Complex environments can reduce the effective bearing area and stress transfer efficiency of rock mass by
accelerating pore expansion and crack propagation, thus eventually lead to structural damage and strength deterioration of
mudstone. Relevant suggestions for slope reinforcement engineering of tailings reservoirs are finally put forward based on
the research results.
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Fig.1 Failure characteristics of mudstone under dynamic

uniaxial loading
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Fig.2  Stress-strain curves of mudstone under different environmental damage conditions
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Fig.3 Dynamic compressive strength and dynamic elastic modulus

of mudstone
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Fig.4 Dynamic evolution model for porosity of mudstone
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Fig.6 Microstructure characteristics of mudstone

L LA, TRAE PR 5 URELE 2R e 5 101
W RA 2 )RR RRAE o 7K 73 FIELE R0 38 1 7K 4=
5 R S, 51 K O KR 55 42 005 , 7= A
AL G HBY 5K, A A RRR L, TE-
URRIEIME T 22X 8 0 7 A 2 35 9 T, B8
OR8] J5UA B 7 ) e S B s 58 XA HEANY
IPRFLBIZI , 1 HAR B A P A RSO W

R 2 1 AR ROR B RURI B, ) A2 3 200, 2l
HREASPE R R B 5 e, ST AR SRS -
VRR S S PR e i B 35 O B3 800, 7 R0
OB IS S8 M HEK R GEAK
JIBIRRE R WP fie R B R AR A PR 7K 23 Y
PRI 2 S S AR A B4 R 0, 3 A0 S 252 100 9 e o 77
PERERY 2 fLitt R

4 g

1) TEShZS R 2T, B RIS A IR
WAL S TR A PRI RUAE AR SR A S . 78 TR AL
WEEM T Ve BN IR AR B — 2w

2) 3 Fp LR BRI A AR T8 T B0 A PR R
0, EL B AP R B 3 s vk A 4 45 10 R 2 Bl
HYBIE g o, o, AR T T
IR L B AS U 5 15 S SR AR S R A K, 2
FART A — TR R R IR B, 3R W] 2 Yy B 5 X b1
ORI EA PRI 558505

3) T R-VR LA R B FL B A5 F A R A
IO, S ECFLBRIG A, M FLER 5 Sl A PO 5 B 22 9 £
AAFENE . TRR-URERE R A RO I 1 LB K
HETAR SRS I S0 R FLBR M 4, X —id
e 2ok e AR AR AT AR, ) A i e, e 5
JeA i as i,

4) IR-UREIE R A 7K 23R ik 5 R Rl
SR BOES AT , 2R M i sh vt R 41k, T
e b SO S8 S UK R G, LA 31 B0 T At
JEMR I RS 7 5 (Lt R

S 3k (References )

AT I X LT S, 58 R A o XA TR HE S O X R HE
AR HLEEFSE[ 1], @A 1L, 2024(12) :269-274.

Du Hairui, Zhao Hongze, Guo Shuai. Deformation mechanism of

(1]

dump with different construction methods in complex geological area of
open pit mine[ J]. Metal Mine, 2024(12) :269-274.
[2] ChenZ Q, He C, Ma G Y, et al. Energy damage evolution mecha-
nism of rock and its application to brittleness evaluation [ J]. Rock
Mechanics and Rock Engineering, 2019,52(4) :1265-1274.
HI 2R, e, WG, 4. TR DX ER R A i 4 288 B (A o 458 40
HE R Iy 2R PEIR ST 1] A4k, 2024 ,49(12) :4687-4700.
Tian Sen, Zhao Ying, Si Hu, et al. Experimental study on freeze-
thaw damage characteristics and mechanical properties of fractured
rock mass of surface mine slope in cold region[ J]. Journal of China
Coal Society, 2024,49(12) :4687-4700.
XSl il 2 A URRMIEIME R A a3 1 e
L AR ENRIR TS ()], sPERIERE, 2025,46(1) :1-14.

(4]



55 4 )

XUHE, G5 AT PR IR A Y 3 25 T 2 e o S O AS A AT 59

[10]

[11]

[12]

[13]

Liu Xianfeng, Wang Tong, Li Jianguo, et al. Experimental study on
the mechanical properties and damage constitutive models of limestone
and quartzite under freeze-thaw cycles[ J]. China Railway Science,
2025,46(1) :1-14.
A B, X SE0s, T8, 45, URED U0 s Ty R R R A
BRI )], RULRREBEBE A, 2025,42(1) :177-185.
Hou Zhaoxu, Liu Xianfeng, Wang Tong, et al. Mechanical character-
istics and damage constitutive model of quartzite under freeze-thaw cy-
cles[ J]. Journal of Changjiang River Scientific Research Institute,
2025,42(1) :177-185.
AUt BN, T30, 4 TR XA Bl R RER B A
FEIAR B[], TAEREZAR, 2019,41(11) :1374-1386.
Li Changhong, Xiao Yonggang, Wang Yu, et al. Review and pros-
pects for understanding deformation and failure of rock slopes in cold
regions with high altitude[ J]. Chinese Journal of Engineering, 2019,
41(11) :1374-1386.
P2 BREEZR R 4%, 46 I R RE XA D ST A Rl g 2 P R Y
MRS J]. AT R, 2019,52(1) :89-98.
Fu Hongyuan, Chen Jingcheng, Zeng Ling, et al. Experiment on the
effects of temperature and humidity on uniaxial mechanical properties
of silty mudstone[ J]. China Civil Engineering Journal, 2019,52(1) .
89-98.
ZR RN, BT, AR VRIIE PR S A N AR SR S
BRED AR W SRR A AF ST [ 1], =222 40 ( HARBI AR
2024,46(6) :65-72.
Li Honggiang, Yao Zhongshao, Zeng Zhihang, et al. Study on de-
formation and failure characteristics of sandstone with unequal length
cross cracks under uniaxial compression of freeze-thaw cycle[ J]. Jour-
nal of China Three Gorges University ( Natural Sciences), 2024,
46(6) :65-72.
OB, A0 FPR SR, . AKAL-VREIRE S R A IR K )
SREELT]. MR R (BRI , 2025,55(1) :188-198.
Zhao Yue, Niu Xinyu, Qi Xiaolei, et al. Creep long-term strength of
marble under coupling effect of hydration freezing-thaw[ J]. Journal of
Jilin University ( Earth Science Edition) , 2025,55(1) :188-198.
Gong F Q, Yan ] Y, Luo S, et al. Investigation on the linear energy
storage and dissipation laws of rock materials under uniaxial compres-
sion[ J]. Rock Mechanics and Rock Engineering, 2019,52(11) .
4237-4255.
g JUZR. Wb VR 1 25 AL K oo i 38 T 1) g 2 i i
FRAERTEL )], i 12 5 TRE2AHR, 2024,43(11) :2860.
Meng Fandong. Study on freeze-thaw damage degradation mechanism
of sandstone and its mechanical response characteristics under impact
load[ J]. Chinese Journal of Rock Mechanics and Engineering,
2024,43(11) :2860.
WRHE , HAE T . R4 A T SRR BUA R LB R
FI]. BEAR S T, 2022,22(26) : 11567-11576.
Chen Xiang, Xiao Taoli, Zhe Haicheng. Triaxial compression condi-
tion order fracture rock fissure extension study[ J]. Science Technol-
ogy and Engineering, 2022,22(26) :11567-11576.
PREZ 52 RN, 23 Ul A5 VR B0E 25 -y 430 F T AS [ 464 43 7 B2
PRRERCEBAASTERTITLT]. B LR, 2026,46(1) :58-63.

Chen Yanting, Rong Hui, Ye Huishi, et al. Fracture characteristics

[14]

[17]

[18]

[19]

[20]

[21]

[22]

of biotite granulite with different damage degrees under freeze-thaw
cycles and loading [ J]. Mining and Metallurgical Engineering,
2026,46(1) :58-63.

Xie HP, Li LY, Peng R D, et al. Energy analysis and criteria for
structural failure of rocks [ J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2009,1( 1) :11-20.

Li J H, Zhang L. M. Geometric parameters and REV of a crack net-
work in soil[ J]. Computers and Geotechnics, 2010,37(4) :466-475.
FEWIAR, BRI, INRBO-SVM BB 15 370 3 2 4 A BBl v (9 )37
FI]. BRTAR, 2025,45(2) :20-25.

Xiong Chaolin, Chen Junzhi. Application of INRBO-SVM model in
predicting slope safety factors [ J]. Mining and Metallurgical Engi-
neering, 2025,45(2) .20-25.

FEEE UK, W 5y, 55, URRIREAT SR AE b o B4 206 7% 200
PEOFHEER T[], TARHBAR, 2024,32(3) :840-850.
Ren Jianxi, Yang Haobing, Xie Yi, et al. Experimental study on
macro-micro fatigue characteristics of freeze-thaw double-fissured
granite under uniaxial compression[ J]. Journal of Engineering Geol-
ogy, 2024,32(3) :840-850.

Yuan W, Liu X R, Fu Y. Study on deterioration of strength parame-
ters of sandstone under the action of dry-wet cycles in acid and alka-
line environment[ J]. Arabian Journal for Science and Engineering,
2018,43( 1) :335-348.

T EEE, B IRIEIMERE th KA AE o i R A
ViR PERTSE ()], HF 25 )5 TR, 2023,19(6) :1800-1808.
Hu Xingyu, Gao Qianfeng, Zeng Ling, et al. Study of strength dam-
age characteristics of moderately weathered granite under wetting-
heating cycles[ J]. Chinese Journal of Underground Space and Engi-
neering, 2023,19(6) :1800-1808.

JRIZRSE DR SL, XUBH. HOA B - -0 s AR Al i i b AR R
FOPLHIL D). TARHTAAA, 2019,27(3) :477-486.

Zhou Cuiying, Su Dingli, Liu Zhen. Discussion on energy dissipation
mechanism in seepage-chemical damage-softening process of soft
rock[J]. Journal of Engineering Geology, 2019,27(3) :477-486.
E. URRAE BRI AR T BOR A b 212 e B R B AL LA
FEID]. 4 PR R RS ,2023:44-47.

Peng Bo. Research on the crack evolution law of the red-bed mud-
stone of Huicheng Basin under freeze-thaw cycles[ D ]. Mianyang:
Southwest University of Science and Technology, 2023 :44-47.
MREET IR, Sk, 45, FUES WK i bl P (X 21 R A0 TR
WG H BB B A A [ T]. v E M BT R E 5 B
i, 2024,35(5) :67-77.

Lin Shizhe, Hu Xinli, Zhang Haiyan, et al. Structural degradation
and permeability evolution of red sandstone under dry-wet cycles in
the Baihetan hydropower station reservoir area[ J]. The Chinese Jour-

nal of Geological Hazard and Control, 2024 ,35(5) :67-77.

SIS X FKES. BF AR EGZHE N Fow BRI
BAHFR[]]. b AR, 2026,46(4) :54-59.

Liu Ping, Zhang Junfeng. Dynamic mechanical response and microstructure

evolution of mudstone in

tailings reservoir slope[J]. Mining and

Metallurgical Engineering, 2026,46(4) :54-59.



