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Abstract: Under the combined influence of periodic water level fluctuations and the overlying rock mass, the hydro-
fluctuation belt of reservoir bank slopes exhibits significant degradation in physical and mechanical properties,
particularly in interbedded sandstone and mudstone formations. To investigate the shear mechanical characteristics
of sandstone-mudstone interfaces, typical interfaces from the Three Gorges Reservoir area were examined through
stress and dry-wet cycle coupling tests. The results indicate that this coupling effect leads to a nonlinear degradation
trend in interfacial shear strength, cohesion, and internal friction angle, characterized by an initial rapid decline
followed by a gradual reduction. The degradation intensifies with increasing overburden stress. A shear strength

degradation model based on the Mohr-Coulomb criterion showed strong agreement with the experimental data.
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Microscopic analysis revealed a transition in the interface structure from dense to porous, with mudstone degradation

playing a dominant role in the weakening of mechanical properties. These findings provide a theoretical basis for

the degradation analysis and stability evaluation of clastic rock bank slopes in the Three Gorges Reservoir area.
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degradation mechanism
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Fig.2 Typical sandstone-mudstone interface in the bank slopes

of Zigui reservoir area

A R AT B, S B A B S ke A
DA B B E BRI e Ja  ARAE IR ZR, 70931

P tib & A = 1) 4% A 50 mm X 50 mm X 25 mm
TR . B B =S5, R &I BIHIE
FRERE RECH 9.5 MBE IR b, BMREEAN 2
mm, K 2 AR &, R4 TE R 50 mmx50
mmx50 mm )37 7 R EE(ILE 3).

() WA

(a) Sandstone samples

(b) Vs AT
(b) Mudstone samples

50 mm
A
g iz'\/\_/ E
N ¥ R
e

(c) BFERE

(c) Sample schematic diagram

B3RP, Jea il e

Fig.3 Sandstone and mudstone interface samples

(d) LR
(d) Typical sample

2.2 REFHRE

R =0 P [X R 5k}, T A A T VR
FEYE AR N 5N 0.08~0.66 MPa. AL
HIE R A HZ N AR, EH 0.2, 0.4
F10.6 MPa = /™S 70 1 76 B i AT 056

M A A RERAT SRR IR, E/K S BER [A] 1
AR WE 4 Bos. HEREL MBI o
PRI I K (2.29% < w<<4.65%). &K (4.65%<
w<5.01%) 1 T 70 A1 (5.01% < w<5.06%) =
By WA A8 K T F#(5.06% =w>2.49%) Fl
FEHEAN(2.49% =w=0.57%) N BL . FERLUE L
BB, B KERBRAG, Jeid BORL Al HE AR s B
BEIRSE BB M BRI A EAS, FECERE AR
IR LR . Rk, KA S KRR T E N
2.49%~5.06% . A3 T IR AG P R v H BRI
%, KA I - AT BES TR BEIE
Mg KM s TR, LR LREF/KMEY LBIEE
WAE, HiEd s EAlm g Ees, WiE
T A I ) B TOUTHT e 7 K PRS2, Aok 4 Ak T ) R b
A B R IR -



<68 HA S TR 2026 4
o[ w3 R R FE AR I IE A7~ T 06 51 45 10 FEL AR 3R 8 R
st ety | O B B S5 LI 5)

| @ I'm . 1
L I/ : : \- : e kY PARS
s/ N\ 3 EYhEENS e
% 3l N i
% 1 .\: 1
“ 4 : S ; IBFFERL T — TARAFERAR 2 1 RS U 45 P
. | N TS AR ORI, AR LR A R IR I 4
Py RS BT !k wﬁ}j mE 6 Frs. HEE, ARIERRET &S
R A TR IRRE . A B, HFIRIESIEE 2 M. B TEE

o 1 2 3 4 5 6 7 8 9 10
I 1) /d
B4 SR A KRBT LS

Fig.4 Variation of moisture content in mudstone with time
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Fig.5 Test apparatus and procedure for stress and wet-dry cycling coupling experiment
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7, Rk
t(N)= 4k" + B (10)
e A NWIIEEROERE RE & NPiBT s T
BRI wE, B KA EME. &S5 EN
Kl 8.
ER(10) %A b, 5IN BN S0, 3T LB
N JIRHUBY B B S A2 . @I M A F oy T Y
RIGHHE K, oy X TRIEAHIAWN BB 5 E
(A I k) maEs, EXKIARREE B I
B¥, Babio, MRELIEERES, RIEH
XTI AE B(oy), i FHEMEOE R B(oy) =B—
koo AT, ARAXA0)TRE] oV, op):
(N, o,)=Ak" +(B-k,0,) (11)
I Bt/ —FIERT R ey AT RAR, ey RontL
BUSREERE 178 N ISR, ANENER N )R & R
B e FRxAWE 2, 3.

R2 PuBysRE AN REE

Table 2 Coefficient values of shear strength formula

%18 73 (normal

stress)/MPa 4 k B ke
0.5 0.47 0.81 0.55 0.23
1.0 0.71 0.81 0.84 0.45
1.5 0.95 0.80 1.13 0.58
2.0 1.20 0.81 1.40 0.72

®3 PUHEEMA AR

Table 3 Experimental-based fitting equations of shear strength

V£ MM /) (normal stress)/MPa  o(N, 0)Zik 3 (expression of Z(N, o))

0.5 7=0.47x0.81" +(0.55-0.230,)
1.0 7=0.71x0.81" +(0.84 - 0.450,)
15 7=0.95%0.80" +(1.13-0.580,)
2.0 r=1.20x0.81" +(1.40 - 0.720,)

2256 3 :\(empirical MAPE/% 2562\ 3\ (empirical MAPE/%
formula) formula)
SR AR A 40.11 KoY 17.75
FRAMEER 1 A A 42.11 Jiang 243 20.79
R AR 32.36 i AR 303.9

42 BTER - EENHRRELEAR
T - fik TR 470 B 9 B8 55925 ) 277 9 5% R AT B
RIENFIR - e, Hash

r=0,tanp+c (12)
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Ry WEEM S TIRIES IR EOR &,
Y EERN ST 0(oy=0)F, BRI v WEHEM 9o 5
TIRIGHEH T N RIA 5 58

c(N)=4k" + B, (13)

@(N)= 4k" +B, (14)
e ke AR IR E, U R A S R
RO R, BAREE W 9.

ME 9T LLE H, LERN IR, FEN
RPN o RBEVIURNEFE A(op) FIETIEAE B(op)bi oy
AL

c=A(c)k" + B(c,) (15)

CLAIVIEAME 4(0)=0.23 , B(0)=0.27 , ¥ EHEHL
STBUGBATIEATHE, KI A(op) T B, B(op)
Biﬁao Y

B(o,) = B(0) - k,0, (16)

FIA BN Z BRI ks X (16)FRA K (13)
i, REIEER S TR AR FE NI RIA
XA

¢(N, 0,)=023%x0.84" +027x(1-0.40,) (17)

s N BEYE A o5 HTE N ) o SR A ERE D, B

P(N; 0,)=p(N)-alo,) (18)

XA NAE, T H bl o B RER, RILa( o)

5N ELMHEKLR, fdfHEif
a(o,)=BNo, (19)

BARADRAX1H T, 132N EE M5 TR
W, RN RIEA N

o(N, 0,)=17.78x0.83" +28.83-12No, (20)

iy s A~ s, & RAUE IR 4, KA S H K
ST AR T O SR ) 5 A R

R4 POTRESHAXRIE

Table 4 Coefficient values of shear strength parameter formulas

BUBYRE S
(shear strength parameters) A ka B ke
vl 023 0.84 027 0.108
P PEAE £y 1778 0.83 28.83 1.200

K (17), QORAX(12)+ 135
7=0.23x0.84" +0.27-0.108 +

o, tan(17.78x0.83" +28.83-1.2No)  (21)

4.3 1RBYIEIE
HEEGER R S7A 1.0 A1 2.0 MPa 156 5,

FARADMQDR T EAE 5 IR AE AT X L, ] 14
Bk, BB, THEE SR EE L. 5
THE 2 P AR BBEARRZEINR 5 Fios. WLtk
B, 2 B A EF 4R Z BN T 5%, QD)
FIERERPE TR, v RECERL 1, £
KCDIMTAELRERREDEEE . £ 5 H,
RMSE, MAPE, AEnax» R* 53N TRIRZE . P
Yaf H A LR ZE . R AERHRZE R RE R

1.6 W R sEE RenHEiE
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=
e
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=
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TR IREN
(a) YA/ 1.0 MPa
(a) Normal stress 1.0 MPa
26 WA A5 XQDi5EE
op=0.0 MPa —=— -0 - @
2.4 6o=0.2 MPa —e— -0 - &
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<
=W
=
e
]
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(b) VAL 71 2.0 MPa
(b) Normal stress 2.0 MPa

14 AFEPRRECE HUBT 5 BT 5B S ik B i 0 b
Fig.14 Comparison between calculated and experimental

shear stress under different cycle numbers

®5 ARVEAXIRZER

Table 5 Error metrics of calculation formulas (11) and (21)

2 #(formula) RMSE/% MAPE/%  ABya R
(1) 6.21 4.87 030  0.948
X(21) 1.64 135 011  0.99

NIAEZ R A E I, K XA DS
BRI RS e 5 Ak T 0 BY 56 P2 U SR S R I A HEAT X
b, wlEl 15 Pros. A 15 TRVE . 5
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(a) Relationship between calculated results by formula (11) and test results
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(b) Relationship between calculated results by formula (21) and test results
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Fig.15 Relationship between calculated and experimental

values
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Fig.16 Deterioration curves of uniaxial compressive strength

for sandstone and mudstone
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Fig.17 Deterioration patterns of P-wave velocities in
sandstone and mudstone under stress-wet-dry
cycling coupling effects
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Fig.18 SEM images of sandstone at 0 and 12 cycles
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Fig.19 SEM images of mudstone before and after 12 cycles
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Fig.20 Schematic diagram of rock specimen deterioration mechanism under stress and wet-dry cycling coupling action
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