TR MAFEHHEAR

5558 % 55 2 ) Vol. 58 No. 2

2026 4 3 J] ADVANCED ENGINEERING SCIENCES Mar. 2026
a

ARG ARTFE

DOI:10.12454/j.jsuese.202400182

FRAR T K ERME B T AR E A RS R o 3 1 B O 1 RN
AeE L BRE A EY

(1 bR Jy2e 5 TR 2 e, B 20044452, 7 HITTATEC TR IIE B BEA BRA HL AR T M 510663)

W OE. TSR R, - SR A 5 A A IR 145 R 2 T R R ] L A R R e A T 2R R
SR A T IR AWIGEAE 5 7 AR AR 5 KR FR B - 2 T RELRS 32 %o S 1T BY Y1) 4R P (40 5% ), 308 o a8 31 3 ik i) 1o 4
(100,200 F1300 kPa) .4 F % 7KK (14% . 19% . 24% F129% ) Fl 5 FhiEE £ e ROHLRE E 2%%(0.4.5.8.9.5 . 12.8 F116.7) 1Y
FN KA E RS, AT T Sk R ARS8 Xt S BT VI S~ A2 2 HUBTSREE 8 ) (S AS (R 52 ], 2R F A E AR AL
X A R0t A0S AS AT T T o R0 25 SR B BH < ST B 9 B B S KR W T s SR S il Hid ) S5 KR R 19%
A, ST T BY 5 S8 AN B 145K 5 24k M W 1 oh 100 kPa i, BB 4351k 82.40 kPa F130.17 kPao 1% /K3 X [ H1—vi B
e 3 AN KR (14%~19% ) B R I B UL T, 55 8 /K 5. (24% ~29% ) B 230y 5 U AL 78 il 4 TR B+
HEURE I ZR B3 K, ST A 28K 508 1 R D B 48 A 28 A48 R Rk 0 I RO i, S T 28 50 T R DN R S A PR AR RS E , S
TR CBUERHLES TR e R3S om 3 [ PN 09 J00RE FL IR 2 BE BT DA T AS TR , i ELAth 30587 S8 H A S 18
B Wit 5 ST AR A LB A A7 LR i 14 R 2 S/ ) 5 9 T Bk 0 D) 1) B ik 77 45 1) S 1 32y 1) Bt BY

DI75 1) K A i

LR & S AE M A FKOR RS EE s BT DR BB
NEHS:2096-3246(2026)02-0168-11

FESHES TU4ILT RS . A

AR SRR LA R AR A TR T
RIS 0 45 A~ S0 R T A AR A PR S o 1
LA VER SR R P R, B L W 2R R
AR S LA GOAIL ], X2 1 25 A i B it T &
KE G EA B X,

X FARIES G RS TR
A AL BRI T M BT R A P BT R A
TPRURE B P o 6 T RO A B P55 T+
AR A AT S A0 R BT TR B 5 M, W5 1 55 1)
I i 2 A 3R B R 1 K . Chhen 2556 S [ A X
RS S OEI IR EE L A OIS, R I BCE D)
I 3 AR il e S AR RS TR HCRD S B 4K Y . Ferreira
SECUIRGE T A K S - SR BT M RE 0 R
R B 7K X8 S TRIT 5 5 1 52 o R R T A4
9 3 R 18] 1% A7 o Liw 2505 3 96 PR L0986, 40 1
SR D] J32 5% 417 4 v 6% o) (52 4% | BTN BE A BHJE e
AR M) o ZE SRR DU 1T , Lin 250 B OB X4

WiEHEA:2024 -03 - 18 1&[E HEA:2024 — 04 - 28
EEUE:HK A RFlAE L5 H (52378355;52078285)

JE TR A ) B A 1 2E BILRI A T 40 B, 2 BREE K 1Y
A2 LU X2 i e P 245 (0 TR AT AR BV

XTEERE R IADRLRE FE AR SY , T S 2T PP 22 1HAH
Hil 1 2 40 Barton 2 2 KA RS R ETHEATRITSE
PR T 2L IRC-ICS B8 i B RIBY 2 F T 454
FPHUEE I 280 (JRC) (ST . Abolfazli &5 M4 Bar-
ton 52 , iz FH — 4RO C SR Ah A8 2 1T HLRS 2
i, R BRAL N BE N IRC VAL BAT S B H 24
FETF IRC-JCS IR 2 F = 4E I HAR , R gE - HURS
FERFAEUEA TACER R T IR - R HLRE B R 50 TR
R TEHUFIES 0 BB 3R . Yang 26 1 KR
BRI T AL LIRS A e O
FIFH— PG AR RS FE AN FE bR , 7 T (BT BY
588 B T A

P I 0 25 40 ¢ TRDHURS J R B0 SEAE I, Chen
A UOTRIT 5 7 TR VB - 2 THIRE S 3 o S5 T BT U 1 5
M) , SRR S 1A 1 R 46 A A 48 1 5 vk v g B

4% 4 R B #A:2024 — 06 — 05

EF B X E (1976—), 93, 2082, L P58 )5 1)« MU AEAL PR - )y )% . E-mail : Ifyzju@shu.edu.cn

https://jsuese.scu.edu.cn




%2

X, 55 FRBR K SRR ISE -1 2 ThTRELRE B 0S5t 1 BT YIRS 169

P 22 (630 511 . Wang 251740 WoHLRE B %o 41 286 IR e
BRI, e PR B A3 R 2 S Bl K BT DT
JEE R AEH R BELE EE S i A B L 260157 R %
T AT, b TR 5 A TR RS R TR 1 A
TET PR N B 3 , A5 0 500 B B0 1) e R JRE BT Sy v Sy A2 Y
6.25 1 o 106 A A5V A B RS Al R S
b AR TR A P BT DAY, I i R 56 A EE
O3, E B2 AR TR G v A b Y0 A 1T 55 DI ) o Fan
SEPOGELI T — Rl = 4 0 PR S o Yy
PRECER 0 T 1, AR B 2 B T T A A T B
WP 0 BT 8 45578 | Feligha 251 5 5o B 973006 %
B, BY YIRS ST AL IR | A AR Y BT DI IR
FIATF 8 Z Ml REIR 5 s 4522 E— 448 Hh il
SRR 5 2 Py 2 T MRS J3E A7 7E G I6 . Dou 25 o
G R A TIR AR, S B A 05 K RIS TR 1)
MR B 25 SR BT YA TR ) LR 3

AR SE 200, A A I ) 3 T RS 3 X6 A
1] 2 R B (HC TR A R B Sk R Y
TRLE - 2 I LR FE I B 5240 L TR, AR SR FHE
R TR B B ASCX - Y 0 A A B B B R 4y
B 1 Fr 7K % OHLRE B X ST ) 22 R R 52 i), 3 4 57
BB, A3 1 BT U0 R TP AE B A R AL L o 4
PRI
1 X I8
1.1 RIEEE

RIS B W RIS E AL, W&l 1 R KR
B4 E T BT £ R4 9 (305305 150) mm’
(405x305x150) mm’ , %35 £ 547 17 AL % 3 B
Y (E AL 61.8 mm . 5 5 20 mm) , A B FIsl /MR F3E
oy T A X R 4 R A S A L 1A S
TR RS R R G, AR UE S0 S MR

Kmﬁ%ﬁﬁéﬁTa M i Y R

; ; -
I
I 3 :'l?: E .
RS il i ESER
I | . ~— L
~ T
“ -t n—a ] : ]
ﬁ%ﬁ S

1 REESEHN

Fig. 1 Large dynamic direct shear apparatus
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Tab. 2 Soil matrix suction
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Fig. 2 Particle grading curve
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Fig. 3 Soil morphology under different water contents
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Fig. 5 Shear stress—shear displacement curves of soil-con-
crete interface under different water contents
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Fig. 6 Relationship curves between interface normalized coefficients and shear displacement
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Fig. 7 Shear stress—shear displacement curves of soil-concrete interface under different roughness
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3.2 FRIRBIARILBRERS

14 i€ 1 BORLAE BT U1 A2 v B 02 8% B 1L
O, Horh i Sk RN BURLIZ 3l J5 1), P1~P4 Sy A Y
AR T3 57 AE 4 SCHE DI o 7E BT DT AR i, AL
TRV S W VE T B iz sh R 3, B s
248, 1 P S ) AR DU 7 A B Gl R K P88 o TR L 3R T
FRPRELRE 111563 (i AR BB L P g 1) T~ A2 3ok ) 32 1) ) By (2
FFHUE 14 vh P1 P2 DX UL 245 5 56

BEH BB T CHORF BT DI RS A E] 5 mm) , i
72 B [ TR BB L rP R U1 ) 3% Bl B IX R gl S 2L
TR FE [T - [ A HL oy, T AR B L A A
ROHLRE E o IX — PG RE TW(EL BT VTN 1 A 22 B R
it 4 1 R T 5 2 B A IR Y A BT D) R v, R 2
BOWORLPERE T T3 5T U0 & A2 Bl kAR 1) A i [R) AE£r
¥ AGAFRRINE RS 2 , 5 AR DR FE L P3 X o7
RPN 33 AT LA IR T3 X S ks 32 TR B LA
R AL

MHTYINIE A F) 60 mm B, TREE + 3R ZUAE A 5
R, T BT B B D) A 5l S0 AR TR A P4, 1 IX
S Al R DA BT A

6.600 0E-02
6.000 0E—-02
5.000 0E-02 £
4.000 0E-02 X
3.000 0E—02 &
2.000 0E-02 431
1.000 0E-02
6.200 0E-03

() BYPIF£60 mm
14 FRIfI#17
Fig. 14 Particle displacement fields

RN PRAF A AL B 22 4 A8 B0 e 3K
SR S N N S P B TS Ty
71,72 1 Z3 o 1k Xof A4 DX 3 A g ) e kL i 3
(HHEATF- A0 P, 15 2 FLBR A Rl 59 U7 AR TRt 2
W15 B o BB 1S AT MRS T 21 FZ3 X8, 22 X
W FLBR R — H R R/ ME  BEE BT U R4 T, 22
73 XIS FL BRI )N , X R B B U455 A X
SR PR S I B B RN AT B A Z DX, AL
R AR bR Ry 2, TEBT DI TR R v, Z1 X3
() FL B R A SR 38 i L 3 ] LUUE IR 3% X 807 AE 5T )
5, OR8] B AH ELAE AR BN, UKL %) B VR S 3
B2 T BALBR R A

0.44
-- 71
)
— 73
0.42F
& 040 | .-
— z
Mo K
0.38 | I
0.36 L L L L L
0 10 20 30 40 50 60

B Y #%/mm
15 B EFFLRRA T Lk

Fig. 15 Change curves of porosity during shearing process



%2

X, A SRR KR FNTRGE 1 e TR RE X S 11 55 D54 5

175

SAKRT, FLB AR BE T U A% 22 A T FRLAH X0 85
/I o HLBEF B 5 VAT P T LB R 2 8 ) 5 o At
JE ST/ o A A LI R A B D) o At A AL 2
5 ST (4 S o B TR 11 DX, LB R AR
AN S, 2 32 DX I ) UL 46 4 152 ) B D)2 )
AR E
3.3 FNNETHS

T 1) i 28R ANET) i iy 28 1 A S 2 ad AR v i 28k
1) A % T AR ] 42 fh %233 , TR S R
A EERIVER 5 X 28 ) B A A5 AR 25 M s AR
He W 1 L A ARG S Ty 2 7 3 3o BB A
ARFHARIUR S BETE AL, W 16 B

-
OSOOD

-]
ISSSSSSSS)
Speslesieviest

o3l

+

-]
BO—DINIRORONOND

JIAEIN

i
Ly
|
NTIINLLY
SODNOSNSN
S
OO
[esles!
|
—_

14

-
il
OO
OO

See s
Tt
OOO
OO

T++
SR
JI5EN

S22
OO

SOOI
lesles

-
SODNSINSHY

==
S
==
esigs!
| +
=
bo—l

(¢) FATTN SRS
16 SR NEER
Fig. 16 Evolution of particle force chain
H1 1 16 FIHL, WIARARZS TR, 765 Rk ol T 9
SEEFEFR  JrBE A R I SPIRAS IR BE L
[T 563 Ak F9 0 R R R, TR 000 7 i ) S 45 B A %
A o IR fioh g B ) T EE T )k ) BEE BT DTN

L 4.=0.493, G
120° g 60° Qf8416°» 120° -
24N, \

150° 30° 150°

180°

210° 330° 210°

270°
(a) WAERAE

& 17
Fig. 17

(b) WE(E TR IR
EEEMAINE— D

Normalized distribution of normal contact force

F 328 TR K 26 W, TORS F F 5 A5 158 S R 96 45, )
B 2% BTG , PG AT DL BT UMV, - o 4
L4 g VL , SR TR 1) T T 5 0 7
ATITAE 22 00 b B0 4 B 4038 (417 X4 RE ik 1
SR ATIRAS I, B A7 3B ph 22 I BORL R 3%, S8R
F1E R4 S S B AT R R L S0 3 1R A AT
He, J1 R0 AT BT R

34 FREHEERIEERLOH

S 40 UL 2L 24 1 3 AL 53R 7 D) 3o A o e
) 4 L3R BE Pk 5 1A 5% , Rothenburg %5142 i 7]
P HEL BRSO L 260 70 K e O I 3 1
32 1Y) [ 3 7 4% 16 S5 PO S L L <

1,O)=f, (1 +a, cos(2(0-0, ) (2)

J1(0)=—fya,sin(2(0-0,)) (3)
H(2) (3) 1, a, Fll a5 A 1 432 o3 0 0 )
FIH % 1) Sk R H, 0,0 0,45 Ak i) B2k 1 A1)
A 4% 16 S 1 SR 1)y A VR I, £(6)
FCOYY I Bk 11 g O 6 98- H 3 i 2 fph 1 P-4
Yl Hfi A7 .

17 18 JBR T IR [RIARAS R Wk o J il
) F1 76 xoz P18 (il A 7K P31 11 5 160, 2 i g
3 81 1) BB (9 — Ak A3 A I — Ak
fih 1 £, (O)f, NI — ALV 1 2 ik 1 £, OV B9 53 A 533
AL AEAE" (B ) R TEME™ (] 18) , ZEMIHR RS T,
RS, 3 B 3 R 160 3 (0 B0 , 7 T ) 2
FRAT A HOREAE , 45 160 S0 307 [0 9320 90° . 24 3 B
OISR 5 5 i 3 BT ) i £ 3 ) P A
SRR IR BN Y17 [ A, 43 BISURY 28.60°F
31.32°, Y B Z AR A N, ok 1) 25 i oy F0T) 1 2% f
F1 T AR R (4 [ S 3R 5T e 2, 0]
0 YD 3ed e O () T HE ) ARG T 3 F 43 A 04
[ S, IR R B 1AM TR AT

a,=0.505, G a,=0.440,
60° 0=55.56°, 1200 60° 0,=54.29°,
£=3.0N. C f=32N.

30° 150° 30°

330°

270°
(c) FRATTRL IR



176 TAERRA SEOR 55 58 %
00° B _ 90° =0.075,
,012 a=0.091, 0.12 4,70.095, 0.12 o
120 60° 9=83.79°, 120° 60° 6, =52.47°, 60°0=51.70°,
fi=24N. £i=3.0N, f=32N,
300 150° = 30°

150° =\ /> 30° 150°

180° 0° 180°

210° oY N 330° 2100

0°

330° 2100 330°

240° 300° 240° 300°
270° 270°
(a) PIaRARAS (b) VALY I PRAS (¢) FRARTI I RS

E18 YRR AME—LS

Fig. 18 Normalized distribution of tangential contact force

4 % B

R T WRIE T KA R X B AR - R B 4 i
BTUVRAER 2R, HEAT T — R A% N R YA
H R FTBUE A AL, 73 A 1 - AAE 35 D) Bt v (9 200 )
AT R ARBILLT 458
DA & /K AR I, FLa 40 87 o B FIRE SR 15k
BRGNS, 21w ol 19% I3k 3 A (L, T 1A JRE 442 £1 DA
28.28°3%F /N2 15.59° AR 7K AR (14% . 19% ) I, )i
JI -0 B il £ 2 L 0 35 VT AR B v 5 K 2R (24%
29% ) It , BN By U RE AL Y
2) TR BE - T A7 AE I FERLEE E (JRC O 12.8) , 1E
W2 By, P BT BT s R R T N B A R R DA
AR IR T K, I ik WA 5 2k 2 e SORDRE /5 , i 28
ZHUEIIA T TR
3Bt By DI RS 1) A JEE ks I 4k R ) e
AR T SR 3, 4% o) Sk 325 T ) A B R
I35 T HES , ARG ST B U AL Y RE
4) s I 25 R, A Bl T AR rh e SR e S
I ) K AR W L AN T A PR TR E R
THRELRE B2, AT DA 2808 i iy 5 bk 1 22 ) g B 452
77, I s BB P RE
SEH
[1] Liu Feiyu,Zhao Chuan,Sun Honglei,et al.Study on the ef-
fect of salt content on the shear characteristics of the inter-
face between sodium sulphate saline soil and concrete[J].
Chinese Journal of Rock Mechanics and Engineering,
2022,41(8):1680—1688.[ X & & W41 INE 55 5 Hhfi
X B R B 0 T8 - — TR BB - BT B R B S R 0[],
A TS T REAR,2022,41(8):1680-1688.]

[2] Wang Jun,Zhu Chen,Liu Feiyu,et al.Shear strength of rein-
forced soil interface under normal cyclic loading and its

prediction[J]. Chinese Journal of Geotechnical Engineer-
ing,2022,44(5):954-960.[ 4% A 3, X1 & 5 g

(3]

(4]

(3]

(6]

(7]

(8]

Ay 23T A7 e B A B L R R 0], o TR
#2,2022,44(5):954-960.]

An Ran,Kong Lingwei,Zhang Xianwei,et al. A multi-scale
study on structure damage of granite residual soil under
wetting—drying environments[J]. Chinese Journal of Rock
Mechanics and Engineering,2023,42(3):758-767.[ %9k, fL
RS e T T2 VA N A e Ba s A s K
Bl 2 RIZEWFGR ). 54 71275 T R4 41,2023,42(3):
758-767.]

Zhao Mi,Wang Weiwei,Huang Jingqi,et al. Simplified time
history analysis for soil—structure interaction under earth-
quake[J]. Journal of Disaster Prevention and Mitigation
Engineering,2022,42(1): 111—117. [} % , F 4i: {5, ¥ 5 7,
S5 MbRRAE RN -5 AH B P (8 AL R 23 BT 9] B
FEI R T AEAR,2022,42(1):111-117.]

Liu Hongbo,Liang Chongxu,Liu Feiyu.Seismic response
analysis of granite residual soil slops considering the ef-
fect of water content[J].Journal of Disaster Prevention and
Mitigation Engineering, 2023, 43(2): 342 —350. [ X1 {4t ik ,
QRSB XN B B S K AR (14 46 b e 5 A L i
Mo 7% R 1S 53 A (). Bl 998K TR 24 41, 2023, 43(2):
342-350.]

Yu Wenzhao,Zhu Honghu, Wang Deyang,et al. A review of
research on vertical uplift failure of buried pipelines[J].
Journal of Disaster Prevention and Mitigation Engineer-
ing,2023,43(2): 189-200. [ ST AR 18, T f 3, 45 44k
A7 T % T A AR I O T S £ 3R [0, Bl B R T AR A 4R,
2023,43(2):189-200.]

Yang Zhongping,Li Jin,Jiang Yuanwen,et al.Influences of
stone content on shear mechanical properties of soil—rock
mixture—bedrock interface[J].Chinese Journal of Geotech-
nical Engineering,2021,43(8):1443-1452. [ -, 2=k
PR35 B A RN A IR AR FURI BT U )
FIREAT]. A+ TAR2A41,2021,43(8):1443-1452.]

Chen Chen,Yang Qi,Leng Wuming,et al. Experimental in-

vestigation of the mechanical properties of the sand-



%2

XA, A AR L S K SRR IBE - R TRDREDRE 3 0] S T 3 VR i) 177

concrete pile interface considering roughness and relative
density[J].Materials,2022,15(13):4480.

[9] Ferreira F, Vieira C,de Lurdes Lopes M. Cyclic and post-
cyclic shear behaviour of a granite residual soil—geogrid
interface[J].Procedia Engineering,2016,143:379-386.

[10] Liu Feiyu, Ying Mengjie, Yuan Guohui,et al. Particle shape
effects on the cyclic shear behaviour of the soil-geogrid in-
terface[J]. Geotextiles and Geomembranes,2021,49(4):991—
1003.

[11] Liu Feiyu, Li Haoze, Sun Honglei. Effect of rubber-sand
particle size ratio on shear properties of rubber-sand mix-
tures under normal cyclic loading[J].Construction and
Building Materials,2023,406:133415.

[12] Barton N,Choubey V.The shear strength of rock joints in
theory and practice[J].Rock Mechanics,1977,10(1):1-54.

[13] Abolfazli M,Fahimifar A.An investigation on the correla-
tion between the joint roughness coefficient(JRC) and
joint roughness parameters[J]. Construction and Building
Materials,2020,259:120415.

[14] Gan Lei,Ma Hongying, Shen Zhenzhong. Relationship be-
tween characteristic parameters of concrete rough surface
morphology and joint roughness coefficient[J]. China Civil
Engineering Journal,2022,55(7):57-65.[ H %, St 52 WL Ik
rh RBE MRS DR ARRAE S80S 1y PR B RBOC R
W] 2R THRH,2022,55(7):57-65.]

[15] Yang Junchao,Xia Yuanyou,Chen Wudi,et al. Shear behav-
ior of silty clay—concrete interface based on large-scale di-
rect shear test[J]. International Journal of Geomechanics,
2023,23(7):04023084.

[16] Chen Xiaobin,Zhang Jiasheng,Xiao Yuanjie,et al. Effect of
roughness on shear behavior of red clay—concrete inter-
face in large-scale direct shear tests[J].Canadian Geotech-
nical Journal,2015,52(8):1122-1135.

[17] Wang Xuan, Cheng Hao, Yan Peng,et al. The influence of
roughness on cyclic and post-cyclic shear behavior of red
clay—concrete interface subjected to up to 1 000 cycles[J].
Construction and Building Materials,2021,273:121718.

[18] Liu Shanwei, Zhang Qianqing, Ma Bin, et al. Study on sur-
face roughness effect on shear behavior of concrete-soil in-
terface[J].Engineering Failure Analysis,2023,145:107050.

[19] Zhao Heng,Hou Jichao,Zhao Minghua.Roughness quantiza-
tion model and shear mechanism of pile—rock interfaces[J].
China Journal of Highway and Transport,2022,35(11):1-11.
[ (e b X T A A it TR R 2 AR S
SEYIRLEIESEL]). Th E A B 27 4,2022,35(11):1-11.]

[20] Fan Wenchen,Cao Ping.A new 3D JRC calculation method of
rock joint based on laboratory-scale morphology testing and
its application in shear strength analysis[J]. Bulletin of Engi-
neering Geology and the Environment,2020,79(1):345-354.

[21] Feligha M,Hammoud F,Belachia M, et al. Experimental in-
vestigation of frictional behavior between cohesive soils
and solid materials using direct shear apparatus[J]. Geotech-
nical and Geological Engineering,2016,34(2):567-578.

[22] Cheng Hao,Zeng Guodong,Zhou Min,et al.Peak shear str-
ength model for clay—concrete interface considering rou-
ghness[J].Advanced Engineering Sciences,2021,53(4):168
=177, B AR, R 5 25 IR R S e 4 B R
R i fh T VA (L B D) i RS RUIE ST [D). TR S 4
A,2021,53(4):168-177.]

[23] Dou Honggiang,Xie Senhua,Chen Feng,et al.Study on
shear characteristics and a mechanics model of granite re-
sidual soil-rock interface[J].Bulletin of Engineering Geol-
ogy and the Environment,2023,82(6):212.

[24] Sun Dean,Liu Wenjie,Lii Haibo.Soil-water characteristic
curve of Guilin lateritic clay[J].Rock and Soil Mechanics,
2014,35(12):3345-3351. [AMEZ X SCHE, B IR FEARAL
B0 £ KERIE 2R [0]. 55 £ 712%,2014,35(12):3345—
3351.]

[25] Tang Liansheng, Wang Hao,Sun Yinlei,et al. Change of ten-
sile strength of granite residual soil during drying and wet-
ting[J].Rock and Soil Mechanics,2022,43(7):1749—1760.
(3, B VIR 5 TR B AL B A R AR L
SR AR IE[J]. A - F12%,2022,43(7):1749-1760.]

[26] Cheng Hao, Wang Xuan,Zhang Jiasheng,et al. Large-scale
direct shear tests of interfaces between different soils and
concrete considering roughness effect[J]. Advanced Engi-
neering Sciences,2019,51(5):117-125.[ 1k, T HE, R FK A4,
A5 2 SEORRE B2 52 Il P9 AN ) - 5 TR g 1 A v R A B 9T
BRI TR SR ,2019,51(5):117-125.]

[27] Su Lijun,Zhou Wanhuan,Chen Weibin,et al. Effects of rela-
tive roughness and mean particle size on the shear strength
of sand—steel interface[J].Measurement,2018,122:339-346.

[28] Hu Liming,Pu Jialiu. Testing and modeling of soil—structure
interface[J]. Journal of Geotechnical and Geoenvironmental
Engineering,2004,130(8):851-860.

[29] Zeng Weide,Zhang Jiasheng,Long Yao.Experimental study
of mechanical behaviour of red clay soil-concrete smooth in-
terface by direct shear test[J]. Journal of Railway Science
and Engineering,2015,12(4):795-800.[ ¥ 4k {5 7k 5 A4, ¥
58 LLRN IR EE O AT B 0TI TS )], POE R
5 THYIR,2015,12(4):795-800.]

[30] Lin Peng,Zhang Jingjing, Huang He, et al. Strength of un-
saturated granite residual soil of Shantou coastal region
considering effects of seepage using modified direct shear
test[J].Indian Geotechnical Journal,2021,51(4):719-731.

[31] Rothenburg L,Bathurst R J.Analytical study of induced an-
isotropy in idealized granular materials[J].Géotechnique,
1989,39(4):601-614.



178 TRER2ESH AR 55 58 4

Influence of Water Content and Roughness on the Shear Characteristics of
Granite Residual Soil-Concrete Interface
LIU Feiyu', MA Kechao', YANG Jun"?

(1.College of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China;

2.Guangzhou Municipal Engineering Design Research Institute Co. Ltd., Guangzhou 510663, China)
Abstract:
Objective Studying the shear characteristics of the interface between granite residual soil and concrete is crucial for ensuring the safety of geo-
technical engineering applications, including pile foundations, anchor rods, and underground pipelines. At present, the shear characteristics of the
interface are primarily influenced by the water content of the soil and the roughness of the concrete surface. This study investigates the effects of
these two factors on the shear characteristics through experimental and numerical analysis.
Methods Based on the standard structural surface roughness curve, a three-dimensional model representing surfaces with different roughness lev-
els was established. TPU molds with varying roughness values were produced using 3D printing technology, and concrete test blocks exhibiting
different surface roughness characteristics were cast. Indoor large-scale direct shear tests were conducted under four water content levels (14%,
19%, 24%, and 29%) shear stress displacement curve, shear strength, and vertical displacement were analyzed. Finally, discrete element software
was employed to investigate meso-mechanical characteristics, including porosity, force chain distribution, and fabric anisotropy, of granite re-
sidual soil during the shearing process.
Results and Discussions The test results indicated that the interfacial shear strength initially increased and decreased with increasing water con-
tent. At a water content of 19%, the maximum interfacial shear strength and interfacial cohesion were achieved, with values of 82.4 kPa and 30.17
kPa, respectively, under a normal stress of 100 kPa. Water content exerted a pronounced influence on the stress-strain behavior of the interface. At
lower water content levels ranging from 14% to 19%, shear softening behavior was observed, whereas higher water content levels from 24% to
29% exhibited shear hardening behavior. At a water content of 14%, the strains corresponding to peak interface shear stress were 3.26%, 3.84%,
and 3.96 % under normal stresses of 100 kPa, 200 kPa, and 300 kPa, respectively, indicating enhanced shear ductility with increasing normal
stress. As the concrete roughness coefficient increased, the interface shear strength increased gradually; however, once the critical roughness
value was reached, further increases in roughness did not result in additional shear strength enhancement. When the concrete surface was rela-
tively smooth, the interface shear strength mainly originated from frictional resistance between the soil and concrete, and the shear failure surface
was located at the interface. When the concrete surface became rougher, grooves on the surface interlocked with soil particles, generating a biting
effect that increased the interface shear strength and caused the shear failure surface to shift from the interface into the soil, forming a localized
shear band. With further increases in roughness beyond the critical value, additional soil particles filled the surface grooves, which reduced the ef-
fective roughness of the concrete surface and led to a marginal occlusion effect. Therefore, the shear failure surface no longer propagated deeper
into the soil and even exhibited slight regression, resulting in no further increase in interface shear strength. Numerical simulation results further
demonstrated that the particle porosity within the upper 5 cm range of the sample increased during shearing, whereas the porosity in the remain-
ing regions showed an opposite trend. The influence of porosity on particle behavior gradually decreased with increasing distance from the inter-
face. In addition, the principal anisotropy directions of both normal and tangential contact forces deflected consistently with the shear direction.
Conclusions A critical roughness value was identified at the soil—concrete interface. Before reaching this critical roughness, the shear strength, in-
terfacial cohesion, and internal friction angle of the interface increased with increasing roughness. However, once this critical value (JRC equals
to 12.8) was exceeded, further increases in these parameters ceased, and a stable state was reached. Simulation results indicated pronounced an-
isotropy in both normal and tangential contact forces, with the principal anisotropic direction aligned with the direction of maximum compressive
stress, enhancing resistance to shear deformation. In practical foundation engineering applications, the water content of foundation soil can be ap-
propriately controlled based on experimental findings. In addition, the surface morphology of concrete can be designed with reference to the criti-
cal roughness value, improving interface shear resistance.

Key words: soil—structure interface; moisture content; roughness; shear characteristics; numerical simulation
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