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Experimental investigation of the influential factors on the shear
characteristics of the interface between coarse sand

and concrete under high stress

Tan Junkun , Guo Jiaqi s Xu Zilong , Liu Xiliang
(School of Civil Engineering, Henan Polytechnic University,Jiaozuo 454003, Henan,P. R. China)

Abstract: The direct shear apparatus amended from the RMT-150B system is adopted to conduct the direct
shear test on the coarse sand with the water contents of 0%, 8% ,16% and 24 %, respectively. The contact
surfaces with four kinds of concrete basements with different roughness and strengths under different
normal stresses are considered. The results have proved that the ultimate shearing strength under high

stress increases with the normal stress. The shearing rigidity decreases with the shear displacement
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development while the initial shearing rigidity decreases when the normal stress increases. The shear
displacement keeps increasing as the roughness of the contact surface grows up to a normal stress of 2
MPa. The initial shearing rigidity of the dry sand with the water content of 0% is greater than that of the
wet sand under the same normal stress. Regression analysis based on the experimental data shows that the
displacement for the contact surface between the coarse sand and concrete under the high-stress direct shear
conditions can be described via the hyperbolic model. In addition, the ultimate and initial shearing strength
of the contact surface can be estimated through the regression parameters. It has been shown that the
ultimate shearing strength is the most significantly influenced by the normal stress followed by the
roughness of the contact surface, and the influence of the water content is slightly greater than the strength
of the concrete interface. The relative crushing ration of particles is subjected to the significant influence
from the normal stress, followed by the water content and basement hardness and the influence from the
contact surface roughness is minimum. In addition, the relative crushing ratio of particles increases as the
normal stress develops and decreases while the concrete roughness and basement hardness become smaller.
The peak of the existing crush increased with the water content.

Keywords: contact surface; orthogonal experiment; ultimate shearing strength; initial shearing rigidity;

relative breakage
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Fig. 1 High stress direct shear apparatus
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Table 1 Test results of tooth surface roughness

h/mm r/mm h/mm r/mm
0 0 3 0. 30
2 0.17 4 0. 37
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Table 2 Rebound value of concrete with different strength

T BE A5 )3 1] 5 T BE 58 [5] 50
€20 28.1 €10 38.1
€30 33.9 €50 41.9
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Table 3  Characteristic size and characteristic

parameters of coarse sand

Ttk ik e ik
d60 0.464 Cu 5.21
d30 0.263 Ce 1.675
d1o 0.089
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Fig.3 Particle grading curve
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Fig. 4 Shear stress shear displacement curves

under different test schemes
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Table 7 Visual analysis results of shear strength of

contact surface

A WISy PR B R R B ER/S
Ky 6.248 14. 833 14.415 13.977
K 11.584 14. 564 14. 195 15.089
Ky 17.175 14.911 14.599 13.930
K, 22.699 13.398 14. 496 14.710
K, 1.562 3.708 3.604 3.494
K, 2.896 3. 641 3.549 3.770
K; 4.294 3.728 3.650 3.483
K, 5.675 3.350 3.624 3.677
R 4.113 0.378 0.101 0.278
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Fig.5 Relationship between shear strength

and influencing factors
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Fig. 6 Relationship between the initial shear

stiffness and the influence of factors
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Table 8 Visual analysis results of initial shear stiffness of

contact surface

Ap RN R R RE R SR A K

Ky 4.860 0 7.279 6.776 9.775
Ko 6.069 4 7.874 7.186 6.390
K3 9.509 9 7.834 8.506 6.750
Kyj 10.715 8 8.169 8. 687 8. 240
K, 1.2150 1. 820 1. 694 2.444
K> 1.5170 1. 968 1.796 1.598
K; 2.3770 1. 959 2.126 1. 687
K, 2.678 9 2.042 2.172 2.060
R 1.463 9 0.223 0.478 0. 846

Hi e 8 MIAL, X R 5 25 4 45 ik v 2 Ak 1T 400 4
BT DY E 52 35 18] 7 7 82 0 B A FLUR O 35 KR L K
T TR iR J3E 456 i MRS J3E B2 W B/l i BT 6]
R« Wit 5 1) 1O 7 A9 K W0 6 B D) W J3E 30 AL 2
Koo 3 R A 2R A0 A B B i 3R R B R AT
2 AHLRD R P 4 R M T B o BORE 94 E TE AE 1Y RE R
BN SO 1) L g R AL S S R AL 9
AESE 3 . BT VI RE 19 95 1) I ) 52 0E FE - (H iy T A [ 2 1]
O 3 3 FSCAEL 100 UL B B 1) 22 5 T A 5 8 3 AR
BeAR 58 a2k s B 5 /KA B3 K 0 4 B DRI 3
B5EHE RJ5 08/0 » B /ML BRAE 5 K B 800 ~ 166



% 64

R, F . B EATHRSSRELERE T IFEZ R EF KRR 73

Z ] BB P AE TS & K 0 00PN ¥
5y 3% R I o DA TR A2 9 552 B 386 o s LD 5 TR 06 1 25
A 2 il T 22 () A 40 B RE D 3 L BE S S K RIS
HE B AU (] 7K RSB W B 342 L ORI ) 7K R 3 41
— BB WKL SZ 7 5 KLY 1 BT A A 5 B 32 R K Wb
7 RURL BN A S EL Y K R AR S i, A 0 [R] K
R W B A P 28 W U/ D o T R0 K I I RELRD Y 4
T TR, 5 85 SO 37 720 /)N o BRIV RSURE B0 B 48 58 B A7 AE — A
Fe e AR (o B e R K ek, SCAR (17
fi s Bl 1 R A RS B AS TR B K R B 4 i
LR TCIB I o 3 SR o TR ) #RAEAE — A I S 5 7K &=
ZG AR SR 11. 2%, SARSCH W) & s TR B+
SR 85 B 85 KA ) T 2 B AURE 3 JRE BR T 1 0 B
T3+ ik VRIS 85 %o AR PR BT 17 g 5 e /0N o 2% B iR
B £ $G o S AR o
3.4 EEfhTEBUALAE T AR AR R M E = 4 A

TOURE T 2 48 B+ UKL 7 52 B AN fr 2R AE FH T
7 G5 AR T R B A L 40 B R AR A A B S 2 0
KL G 32 B3R I Dy i 06 w7 1R ASURL 9 I it £k 1Y
A8k . Hardin'™ DL 56 5 J5 90RE 24 i #h 28 5 k0 12
d=0.074 mm "&£ P A0 1) 5 1E AR R SR BB
TR I A URL 2 C it £k 5 RLAR d = 0. 074 mm Jit [
J I T R R A B, 1 1T R R i B, =B,/
B,, W 7,

100
X
= [
41 Esd=E ]
2 ol
&
=3
& 40
&
=
H: 20|
-
S5 T o5 0z o1 oo
$i1%/mm

we [ ] mewss U
E7 MR B MEX

Fig.7 definition of relative broken B,
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Fig. 8 Drying and screening of sand after shearing
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Table 9 Relative breakage rate of the contact

surface under different conditions

[ as B, s B,
1 0.152 9 0.099
2 0.104 10 0.117
3 0.126 11 0.103
4 0.083 12 0. 104
5 0.105 13 0.101
6 0.092 14 0.119
7 0.082 15 0.094
8 0.091 16 0.132
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Table 10 Visual analysis of shear particle breakage rate

on contact surface

Agkk RRENT HRAEDRLEE B R RREE ok
Ky 0. 345 0. 457 0.479 0. 456
Ko 0. 370 0.432 0. 406 0. 398
Ks; 0. 422 0. 404 0.435 0. 480
Ki; 0. 446 0. 408 0.383 0. 369
K1 0.086 0.114 0.120 0.114
K2 0.092 0.108 0. 101 0.100
K3 0. 106 0. 101 0.109 0.120
K4 0.111 0.104 0.096 0.092
R 0.029 0.013 0.024 0.028
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Fig. 9 Relationship between particle breakage

rate and influencing factors

0 /6 9 T 10 sf AH X B8 1 5 T 5 K o 806 B D 4
B A 7K Ry 16 00 e HE B 6 e (L ) T 1 D
553 5 JOUREAH X T e it 32 ik T HEL R J32 L 56 PSS JRE B R Y
RN

4+ i

HR B AT SBCHE L A g I B A AT 5 K
R 020,850,160 ,24 6 1 — R GNP TE A [7] 3 18] Jif
T3 55 A [ 12 fk T RELRE J3E | TR o6 B IS A 1) 5 )
W3 DU 458

1) i W 3 A T A0 PR B 56 38 i 5 2% 17 1 77 6
DR384 O« 42 fk T 5 470 M 52 6 3 5 U0 62 A% 19 38 K i
/N 5 5 10 B ) 4EF 2 MPa B, 59 ) 067 88 1 £k
R IRF 6 3k R S KT 2 MPa i, i 26 R B
IR A R A (18

2) 3k NS AR T 2 MPa i i 13 fh 7 A RS B2
I 3 2 A% BR BT BT 95 J5E /Y 5 D) 167 4 So 38 i Ji ek
AN YN R T 2 MPa iF 2% ) 4% R 5 ) 9 i
F8 5 U057 B e AR A - i - fk T HEL e B2 114 AN [ T
b T B A& E T B DN -6 B O A& il 2k
] SR OB 2 AL AR

3) ML 5 5 1) 4 0 3 W2 Bl 325 1) B ) S BRLAR
PG AR o LB i v RS S5 | 8 i 1 Py 38 K L T
ST ST 6 BT W RE i 32 R AR R A R E )
UK« 35 1) IO 3 = 5 7K 8 = 3¢ i v R e T2 = 6 i
f

ORI 5 S5 F 1 A BR YT DY 5 1 52 9 18] L ) 5%
Wi 5 R+ 470 B 55 B2 5 125 1) T 1) R e T e L LU Oy
2 S T REL B FEE L 5 K R R R A W TR B B T
SR

5) 18 W 1 LB A R ML 5 45 ) 4 f T ) AUAE

R X R 2 325 1] I8 7 5 Wi e K FL U R 5 K S FEIR
Dy e R R JRE o 5 fh TAAEL S 82 572 W /0 o I ELABURE AR X
R I 32k 1) 7 3 8 K T 38 DK il G R AL RS 32 5
JIG R J3E ) 494 D TR 9 /1 5 7K I A A TR Y R
BRI

S X3k

[ 1] SAEE#. XA, BRR. SN T+ 5454 5 m e
STAI TR ARSI S EE T, 2008, 33(4):
120-126.
sUOJ Q. LIU X L, SU C D. Simple shear test of
interface between sand and structure under high stress
[J]. Journal of Civil Architectural & Environmental
Engineering, 2008, 33(4):120-126. (in Chinese)

[2JPOTYONDY J G, ENG M. Skin friction between
various soils and construction materials [ ] ].
Geotechnique, 1961(11); 339- 353.

L3 IRy XA st fIZE. Kt 5 254 42 fil 57t 1 o U 1
M B 7 [0, 48 4 111, 2009(3) : 39-40.

YANG D F., LIU X L., HE J. Experimental research on
the shear characteristics of interface between clay and
structure [ J]. Metalmne, 2009(3):39-40. (in Chinese)

[ 4 oK, B0, kR, Rk 2 55 e il T =

iy 2 e Ak K B WF ST LT ). 4 1%, 2001, 31 (8)
2419-2424.
FENG D K, HOU W J, ZHANG ] M. Experimental
study of 3D cyclic behavior of interface under different
normal boundary conditions [ J]. Rock and Soil
Mechanics, 2001,31(8):2419-2424. (in Chinese)

(51380, AR, W wEME. B D7 50 26 1 -1R 5 - L oy

PRS2 mBF s L], 5 1% 5 AR % 4. 2011, 30
(8),1712-1719.
GONG H, ZHAO C F, TAO G X. Research on effect
of stress history on shear behavior of interface between
clay and concrete [ J]. Chinese Journal of Rock
Mechanics and Engineering, 2011, 30 (8), 1712-1719.
(in Chinese)

[ 6 IBRMME, SR A, A8, e fi 1o BB B2 X 20286+ — TR B
Bl T BT RSE mLT . hR REE R CH AR
fR),2016,45(5) . 1682-1688.
CHENJ H, ZHANG J S, LI ]. Influence of interface
roughness on mechanical properties of red clay-concrete
interface [ J]. Journal of Central South University
(Science and Technology), 2016,45(5):1682-1688. (in
Chinese)

[ 7 JPRASHANTH V, MADHAVI L G. Shear behavior of

sand-smooth geomembrane interfaces through micro-
topograpical analysis [J]. Geotextiles and Geomembranes,

2016,44(4) :592-603.



% 64

BRI, F . H A TR R LG TIEES 0B E KRR 75

[8JALIYEH A N, ALI L, PILTAN T S. Influnence of

particle shape on the shear strength and dilation of
sand-woven geotextile interfaces [J]. Geotextiles and

Geomembranes,2017,45(1) :54-66.

[9 IXA 5. B, b7 42 il 0 B0 57 45 4 5 i (R 20

LU0 IR KA 2 4 (T2 D - 2003,33(4) :461-466.

LIU X L, LUO ]. The affecting factors analysis on the
shearing characteristic of the interface under high
pressure [ J ]. Journal of Shandong University
( Engineering Science), 2003, 33 (4): 461-466. (in

Chinese)

CLOTSB RS« K38, TR/t A F T80 5 0 R 5 39

Fr e LB LT ] AL a5 K225 4. 2008, 34 (1) 1 69-72.
GUOJ Q, LIU X L, QIAO C S. Comparison of the
simple shear property between dry and saturated sand
uder high stress [J]. Journal of Beijing Jiaotong
University, 2008,34(1):69-72. (in Chinese)

(IR LA, FE P d—25 5 ful 1 05 U ) 24 ik S R

ma AR g [T, B Bl K 2% 2 4R, 2010, 39 (6) -
831-836.

XIA C H, ZHOU G Q. Experiment study of the shear
mechanical characteristics at a soil-structure interface
and the factors affecting them [ J]. Journal of China
University of Mining and Technology, 2010,39(6) :831-
836. (in Chinese)

(128 FEAr. — R N F7 85 BJ4Y . 201520626812, 7[P]. 2015-

08-10.
GUO ] Q. A high stress shear apparatus:
201520626812.7 [P]. 2015-08-10. (in Chinese)

(13 ] fe N R LR 55 MR & il 5 i R 5k 1 Bl & L i

AR JG) 55—2011[ST. Jb 5t th B & 5 T olk th Wi
#t.2011.

Chinese People’s Republican Housing and Urban-Rural
Development Department.  Design procedures for

common concrete mixture ratio: JGJ55-2011 [ S .

Beijing: China Architecture &. Building Press, 2011. (in
Chinese)

(14T A AR SEFIL 55 AR & B0, TR BE 1 o B AG 45 37

bR :GB/T 50107—2010 [S]. dtat - v [ 2 51 Tolk i bR
fk,2010.

Chinese People’s Republican Housing and Urban-Rural
Development Department. Inspection and evaluation
standards for concrete strength: GB/T 50107-2010 [ S].
Beijing: China Architecture &. Building Press,2010. (in
Chinese)

[15] CLOUGH G W, DUNCAN J M. Finite element

analysis of re-taining wall behavior [ J]. Journal of the
Soil Mechnanics and Foundations Division, ASCE,

1971,97(SM12) : 1657- 1674.

(16 ] 42 AR L0 L 5 Ak & d BB, /K F Kk HL TR il

JR N ZE ML - GB 50487—2008[ST. db 5t : - % i R
#. 2009.

Ministry of Housing and Urban-Rural Development,
People’ s republic of China. Water conservancy and
hydropower project geological survey specification; GB
50487-2008 [ S]. Beijing: China Plan Press, 2009. (in
Chinese)

CI71EMEAR . 23, MR, 45, AR 16 70 o 9 HLED 3 ) 55 1

TR g K % W 5 [T . A £ 1%, 2016, 37 (11D
3115-3122.

WANG D H, LI J] W, CHEN X, et al. Dynamic
characteristics of unsaturated remolded sandy soil
through cyclic shear tests [ J]. Rock and Soil
Mechanics, 2016,37(11): 3115-3122. (in Chinese)

[18] HARDINCS. Crushing of geotechincal engineering [ J].

American Society of Civil English, 1985, 111 (10):
1177-1192.

(h# ZH%H)



