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Abstract: Soft interlayers are critical geological formations that significantly impact the stability of slopes in water

and hydropower engineering projects. This study investigated the shear mechanical characteristics and failure

Wis BHEA: 2024-06-17; {&ITHER: 2024-09-20 ML : www.swdzgedz.com

EE&WE: HEARPEILETH (42293353); #0579 F B 6 -5 HU0T 58 O 4 18 5K o 5 90 30 %5 [ 3 P48 (SKLGP2020Z008 )
F—1EE: X (2000—), B, BiEoR A, EENGAE L TEFE PR . E-mail: 2242395954@qq.com

BIAEE: k30(1985—), B, i+, S TR, 32 AEK TR A ST TAE . E-mail: 3463287@qq.com


https://doi.org/10.16030/j.cnki.issn.1000-3665.202406031
https://doi.org/10.16030/j.cnki.issn.1000-3665.202406031
https://doi.org/10.16030/j.cnki.issn.1000-3665.202406031
https://www.swdzgcdz.com
mailto:2242395954@qq.com
mailto:3463287@qq.com

- 126 -

7K SCHb BT TR b S

mechanism of the soft interlayer under dry-wet cycle conditions with a focus on the left bank shoulder slope of the
Caizi Dam pumped storage power station’s lower reservoir. Real rock morphology characteristics were replicated
using 3D printing technology to create structural surfaces, and the roughness coefficient JRC of different structural
surfaces was then calculated. Subsequently, shear tests were conducted on soft interlayers containing artificial joint
surfaces subjected to dry-wet cycles. The results indicate that, after multiple dry-wet cycles, the shear strength
decreases exponentially as the number of cycles increases, and eventually approaches a very low stable value,
which is approximately 5% of the initial strength. Moreover, the shear strength is positively correlated with the
roughness of the structural plane. The shear stress-strain curve of the soft interlayer exhibits a stepwise decrease
during the failure stage, with the magnitude of this decrease in the residual curve proportional to structural surface
roughness. Samples with higher roughness on the structural surface reach the residual strength stage at a shorter
shear displacement, and the residual strength decreases as the number of dry-wet cycles increases. This study
provides valuable insights for slope stability assessments in energy dissipation and water storage projects.

Keywords: soft interlayer; dry-wet cycle; 3D printing; strength deterioration; roughness; residual strength
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Fig.1 [Engineering geological profile of slope

1.2 K55 Je 2 HRE
My MERMARMEHWENREEARZ =
B BY 3 S A b AR s e 2 (1 2), 32 50 A A B Ak
T8, 55 Je 2 # AR 7= R g N60° ~ 70°E/SE £ 5° ~ 25°, &
2~3cm, ABKIHE . BERZEERGQ, RKREFK
F26.3%, F N 1.8 glem’, HAWBSHIL % 1.
1 RBAREXENESY

Table 1 Physical parameters of soft interlayer for testing
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Fig.3 Sample diffraction curve compared with standard card
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Fig. 6 Preparing the specimen
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3 RAWERS

3.1 BV J7 -0 AR A R AR S A

TP 1~ 4 T RAE AR F B9 39 U1, 45 2
3 G [RDRDAE B2 11 64 R ) -1 A8 i 2k, DLIAT 9.

MNP ml RIS 2, 5 8 e J2= Al R A hin 230
Hh L N g B 3K A 2 BLER AL B R 3 I i 1) A
S8 R Al 1) 5 3 AR, 59 T g - Y £k DA R A AL
B xF 9 2 A ml A B UL B O O =
W B B LR g 30 04 {55 B2 2 iR AR — A B B, MR
sk B B, % B B R B U A2 A AE 1 mm DAL, Bz ] -
IO 78 T 28 AT ABL T — A% Bk, 9 0 3 Bl B D45 B B 1 A
IR 5 AN BOR IR B, BUMASTE 2 ~ 3 mm,
P B R g I A A ) B 2 DL R A AR ek
FURS AE 1 5 A2 0 B 5 fie S — 1> B Bl 2 B A% 5 E
B, 1B B J RS — e fE

TRRAEER ORI I, 15 -1 AR AR AR T
¥, 5 — > B B A 7R 388 W O/ , 05 38 06 {5 55 )



- 130 - 7K SCHi B TR b R 553
07r Al </ e B AR 07 ¢ e SRR
Koo e 2 5 N I ) 5 N I HE2URAEIR
06T Do U N —— A3 061 —— A3V
< 0.5 R U . A £ N (B A HEARAEA < 0.5F ~— T HARIEIA
£ e & Ty & T —
= F ot = 04F = 0. T
E 04 o '5 04F ., g 0.4 k .
= 03] et aata e 1§ 03 e = 03F § e
R o2k ook /N T - o2k | e .
o1kt o1t/ 0.1/ froe T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
B #/mm BFUI7 #/mm I F5/mm

(a) 1'5Z5H

(b) 2545k

(¢) 3545

9 IRFFEYIR 1-Kr T 4k E

Fig. 9 Shear stress-displacement of soft sandwich

DI A% 32 87 84, Be 09 56 B 7% 9 AR, bl WD SR 2R
IR 55 e 2 (9 B U1 A7 2 e bk 25 A 000 W

FE R TR IR AR R AT T, Bl 25 HLAS S5 A0 18
B, R 3 -7 it 2 e AR T B AL, (ELA [ M R B2 3K
FERY 2 1058 A B Bof BT AN R, % B Bt 4k 2
BB B 2 B, MRS 32 B H B 6 3R R A IR
Kot 22, B P LG B0 PR R A B B py A2 3 75 3K
S EFRER B AR, BARIIA 10 FroR .

Aoy BIRBTE
ey
B

B

BB

Y Y1)% 1/ MPa

’
L L
’
’

B/ mm

B 10 FAEMRIEXREE
Fig. 10 Shear modes at different stages
TE: 7 FBTYIN T3 vy FIVEEBTYIN J1; 0 RIS

2R B BE R BT DAL RS AR AE 1 mm DL, HAR &
A TERRESICJZ IR, Al 10 SRR B i 35 IR, BT LA
IO JJ- I A 2R FE A LR MR, A2 T BUBT AR AZ 1

BT DI 5 4 IR B Be, 2 8058 S J= A 04 5 U
T3 =P b 2 2 1 BT A 5T B, AN AT 10 IR B Be i)
SRS, YOI AE AN R AR AR R N, B Ul e
G5 I 0 <A 7 U 2 A T fi i BT V)52 % 114 3
TN, X b 422 fiph 7 52 HH B, R A7 - B AR R 2 R B

Ko 1585E 4 XX TR T 3~ 4
U, M2 a5 F T R 1~ 3 Yk, RS B X fh s
el B WO R 22, T LR A R B A X R
AR B Z . H & 9 mT %, 3 5454 % A
B R B, RO P 35 T8 3 £ J2 0.054 rad . fie K€
B JE 0.147 rad, KgAK T 1. 2 54549 10, 4544 1
MR, RaA 1. 2 SRR <4 5 < iy
T fi, Jr DA 28 BLOR 25 BB B 20T
3.2 TIRAEH T s 9 208 5 A

W 9 [tz e RLRE B Ak 1) B A AR ) 4510 T,
B 2 T TR A ER U A 3 0, R (4 T B 5 R 4 3% W P
%, BL 1 S-S50 T R, 1~ 4 K TIBAEFAE T 0940
B 3435012 0.638, 0.408, 0.260, 0.192 MPa.,

AT 55 2 J2 1) 40 T L ok Ao B e B 58 45 Ak 1
JEC IR, A A1 B 33 56 T 4 i X 4K 55 e 2T R T XRD it
5, A9 3 e 2 1 3 2 R R R A A e, Ho
LRI 3, ST 619%. Ak 1k 5 A 331
J P A D7 TR T, A S A O e 1, TR R A g
BKo 5K kAEK-ADEILAE . FEMK ST, K
SBNREIZNT, SRR G KA KA
FHET, Az i 5 WA S AR, T LR S IR 20 ), i
UAE W AE e J2 b o i s AR B AN TR, 43 3 e 2%
W) UKL AE 32 7 3 78 AR B A5k dr s 5 — 5T, UK
XoF 55 I 2 A T Sk A% T R A A S A T, DT 8 75 ST
JE BB R B PRI

itk — BRSPS TIRIE SR EH Z
B AR 2R, K Ak 85 D8 1 &5 SR AEA T g IR 4 il
PUA ML, & 11 frR, v LR BI85 808 e 2R Y
PUOTRR S T A A2 AR B OC R, D3 Sk
FER ], & )2 P0 BT 58 7R AT 4 T IRAGIREH T 1Y 5
VRl B 35 40 ) 2 29% . 23% ., 18% A1 10%, Vit H T 125 2R



2025 4F X, S T 3DFTEN AR BB I 2R T IRAE B R T 2 AL S T T - 131 -

UCBONT e 2470 BY 5 B2 11 52 W) A 320 T 55, 6 A i
B B0HE AT LG, AR 2 e el th 4 w] AR 3 5 S5 4
T B BY 5 45 78 2 K6 8 5 88T 0.04 MPa, 5 I i
ik 95%. 3 [ RE Y 5 2T LB AS 2] 1, 2 5l
BB 3 I B 48 T 0.08 MPa 1 0.05 MPa, #2392 )2 %]
URSREY 5% Ji A o

081 o VL5 (JRC=7.748)
w 2545 (JRC=5.904 )
0.6 1,=0.97e055+0.08 3545 (JRC=4.200 )

1,-0.94¢ 040,05

HUHY5RE/MPa
=
~
T

02+
¥,=0.92e7055+0.04
O 1 1 1 1 1 1
1 2 3 4 5 6
PEIAEIR

11 FErsEEG HhZE
Fig. 11 Shear strength fitting curve
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