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Development of mechanical experimental system for interface
layer between frozen soil and structure and its application

SUN Hou-chao"? ~ YANG Ping', WANG Guo-liang'

(1. School of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China;
2.College of Civil Engineering, Yancheng Institute of Technology, Yancheng, Jiangsu 224051, China)

Abstract: In the permafrost region and artificial frozen soil engineering, there are massive interface layers between frozen soil and
architectural construction, but it is lack of experimental methods for frozen soil-structure interface mechanical deformation research.
For this, based on the developed apparatus called large-scale multi-functional cycle direct shear system for frozen soil-structure
interface ( DDJ-1), the shearing box of frozen soil was modified to highlight the interface layer of frozen soil ,and the measuring
system of tiny deformation was developed, thus the experimental system was composed. Using this system, the mechanical properties
experiments of interface layer can be performed under different boundary conditions; the displacement of soil can be measured in
different positions; and the deformation properties of interface layer can be studied under different temperatures, roughnesses and
normal stresses. The results show that, the apparatus can accurately reproduce the mechanical and deformational behaviors of the
interface layer between frozen soil and structure; meanwhile, it can provide a experimental basis for carrying out researches on the
frozen soil-structure interface layer.
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Fig.1 Schematic view of DDJ-1
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Fig.2 Shearing box of frozen soil
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Fig.6 Shearing strength-shear displacement curves of
contact interface under different permafrost
temperature conditions

d S mrn, FRARBTYIN,  BEAE YU A Y
b, wAE 0.2~0.6 mm i, BIYIN ) T UG BN /)
VAR, AT AR, BRIV R ARNE NN
THERT, BYUIN WA AT R8T DI ) 2 5 B2
o 4 700 kPa I}, BY YIS S « 24 673.1 kPa, jE o
100 kPa [FIBY Y)Y I WEAE 1) 6 £, 2 P8y P
B2 6.4 Ao FUILIER R FHA6 BY DTS REDRS AW AR AS
AN S IR - S AR AR UK VR R 4l g, I v KR
AR5 VR L S ) R D, B P B ),
BYYIINY: g 3 B v RORDRE A A 5 1 Bl % 1 17 B8
7. HBEIE A 338, ¥ 1 S OE sk
B VIR WA, I P AR B B I8 bt

B UEUNE GO, AR S R
TR G AR BEAE 1Y 5

HE 6 nJa, BEEBUIMEREM, Euh
0.25~1.00 mm I, BYYIN I FF4h IR g U f,
MEE TP, HREUIZHR. AREEEAT,
BN WA AEAE 2557, R E 14 CH,
fil LIRS DI WAl R, R 540.4 KPas R Ll AE
H=2 CI, BYYIN JUfE /N, R 393.95 kPa; [V
JIVEAE 75 5228 1.37 4%, ThiAE~FAEBY DI B 16 BY D)
NAASK, YILE 350 kPa ZEAikEh. Y HRINE
BNy LEWIABT VIR, AR WS4 T Bt
VR FERE, i BRI R 5 S5 R TSRO TR e
(VR 15 SR TR, 5 B v iRkids -t 5 2 T b [)
VRS, JJ K. MAEPASBY UIBT B, it W] Fr BY
P10y FE v ik L S5 85 1 R R R D), F 2
2 ol T T S2 925 10 g 23T R
43 FHEHBEMBRKSER ST

K 7 AARFENE M o FRARREBIIN, 7
T2 R AR AT u B S 2 RS h e R ek .
HANFENE TN h-u K FRIMZnT 5, REE il 7
JEIREE h B4, Sz N AR R S A
WMo PRIATECRH 100 kPa I, BRI 5 mm
JaE N, BESEZ RN, R ARSI
A 16.31 pm £ 0.65 pum; YL 7% A 700 kPa
i, FHEZEEE S mm W LA KA
93.76 um £ 29.7 pum. FEAE VLN ATEIG N, Sz
Hh ] — 2 IR LAR R34 AP B A3 I, T AN )
JE IR ARSI 7KV B BB IR A TR AE D] 5
TEREE 5 mm G F A SEIR 2 . SO LR A R+
1A 55 25 R ANBSORH 4 fish 5 111 J 2 52 B 1) Aip 28R 7K P B
PIN RN, SR Bl S i (s k52 2]

u/um
0 20 40 60 80 100

—— 700 kPa

h/ mm

—a— 500 kPa
—&— 300 kPa
—e— 100 kPa

B 7 AFREAFTREET hu XRE
Fig.7 Relationships between interface layer thicknesses
and interface layer soil displacements under
different normal loadings



12

PV VR 5 SRl I i) ) X AR ST S N 3641

MBS N T ROR, T BB PR Ak S oz, R AR
RN SN, HAEH 0.

Bl 8 Ay AN [FRLE 4 A 1 R L TR fid T 2 o
REBT VIR LA PARRL RS o B8 2 5 RE b 9% R
L. SR AR mmr e rE, AFEE G L
PR 5 SR TR S AL B DI S Bt fh 5 7 2R 5
V| PO T = RS S NSO B N VA B 2
JFar e B R AR AT, At
JE I LB AR AN Y3 BERE 10 pm 247
FUIL I RA P Ak 2 388 g A JORE AR BL SR R K 2L
Ji, U EEARR KK & D, R AR s s
AU, I R 2 AP B KA A2 B
i P AT 92 (K A o

u/um

10 20 30 40 50 60

0

1

2} ——-14 C
=)
E —&—-10 C
-~

3r —— -6 C

——-2 C
4 -

stk
B8 RNRABEKMET h-u XRE
Fig.8 Relationships between interface layer thicknesses
and interface layer soil displacements under different
permafrost temperatures

ML 708 FRATARH, ANIRIE ) fir 28 BAN R 7 -
ML 25 T A AR A T BT DI, X S = A LA
SEWARIEAE 5 mm oAy, 100 3 mm NASTEIE 0 B35 .

5 4 @

(1D fECAT DDI-1 KR - B B EA ,
YT R BT R, R T oK R TR R AR
FA 2 b 55 REURS 285 4 TR Jsge sk 5 11 J2 BY DA
ARG % RGN A SEILHE Ak ST ) 22
T ELRE ) B fid 3 T2 () R - A A R A T R
I3HT

(2) WIREIUE, %R Rk, Btk
PR, IR EAR A SO E, o TR TR,
5 R L A S 1 )2 () ) AR TR

(3) HEfb P 25 RRBTYINT, ASFE
1) fif 2 2 A A TR R AR 4, B BY DI
B, BYUIN ) FF AR LS. WA, T e T

PR, EARBIVIS W 1E AT RO R AR g i T
AR Ak S 1117 07 25 P SO Wi KT L AT PR 5

(4) FEfub L2 TERE M AN R 1) A
AR A B 4 B R A A Ak B D) I, S 2
AR RS B R B RS D0 T k)N s BB ) ey 8
D2 P T = Y iR P (0 SR R N R B Y N Y VA 2B
i, AR Z B AR Y KT B BV P AR T
RAEPRN, FEEREE S mm Y 2R . B
B I 0 (P 1 7 3 B = R B N S Y F v 2 RV
AN, R AR E B WR AR 5 mm Aoy, ERFEAE
3mm AN ICN B

2 % L W

[1] DESAICS, DRUMM E C, ZAMAN M M. Cyclic testing
and modeling of interfaces[J]. Journal Geotechnical
Engineering Division, ASCE, 1985, 111(6): 793—815.

[2] UESUGI M, KISHIDA H. Frictional resistance at yield
between dry sand and mild steel[J]. Seoils and
Foundations, 1986, 26(4): 139—149.

[3] UESUGI M, KISHIDA H, TSUBAKIHARA Y. Friction
between sand and steel under repeated loading[J]. Soils
and Foundations, 1989, 29(3): 127—137.

[4] FAKHARIAN K. Three-dimensional monotonic and
cyclic behavior of sand2steel interfaces[D]. Ottawa:
University of Ottawa, 1996.

(51 WHEEW], XIS YR i ) B 2

IHFIE[T]. A RN, 2001, 23(4): 431—435.
HU Li-ming, PU lJia-liu. Experimental study on
mechanical characteristics of soil-structure interface[J].
Chinese Journal of Geotechnical Engineering, 2001,
23(4): 431 —435.

(6] SKME, TRAES. KA A5 Sk B ful i A% 34 I 2885 DA
IR N ). A TRE2AAR, 2003, 25(2): 149—153
ZHANG Ga, ZHANG Jian-min. Development and
application of cyclic shear apparatus for soil-structure
interface[J]. Chinese Journal of Geotechnical Engineering,
2003, 25(2): 149—153.

(71 SREER, fo0ig, sk, 8% KB =4+ 5 S5kl
RIH LT H S N I]. 5 TR, 2008, 30(6): 889
—894.

ZHANG lJian-min, HOU Wen-jun, ZHANG Ga, et al.
Development and application of 3D soil-structure
Chinese Journal of

interface test apparatus[J].

Geotechnical Engineering, 2008, 30(6): 889 —894.

T 3643 T



3642 b +

71

2 2014 4F

(8]

[10]

2RI, SKISAR, AT, R LA B ) A A AR
W RAEWHIT]. AL TR, 2012, 34(4): 774—
780.

LI Yong-bo, ZHANG Hong-ru, QUAN Ke-jiang.
Development of model test system for dynamic frozen
soil-pile interaction[J]. Chinese Journal of Geotechnical
Engineering, 2012, 34(4): 774—780.

JRE PR, B, RO, GO -4 Ml i 5 5 i
J2i 3 2 R PR T L BT U (0] R 2 4R, 2008,
33(10): 1157—1162.

ZHOU Guo-qing, XIA Hong-chun, ZHAO Guang-si.
Direct shear experiment of deep soil-structure interface
and interface layer mechanical characteristics[J]. Journal
of China Coal Society, 2008, 33(10): 1157—1162.
BRUMMUND W F, LEONARDS G A. Experimental
study of static and dynamic friction between and and
typical construction material[J]. Journal of Testing and

Evaluation, ASTM, 1973, 1(2): 162—165.

(11]

[12]

[13]

YOSHIMI U, KISHIDA T. A ring torsion apparatus for
evaluation friction between soil and metal surface[J].
Geotechnial Testing Journal, 1981, 4(4): 831—834.
AWM, 07, Bl KB 2 DYt 5 SRl
16K .39 RG] B I [0]. A TR AR, 2013,
35(4): 707—713.
ZHAO Lian-zhen, YANG Ping, WANG Hai-bo.
Development and application of large-scale multi-functional
frozen soil-structure interface cycle-shearing system[J].
Chinese Journal of Geotechnical Engineering, 2013,
35(4): 707—713.

e, BRBRAL, TR, A T ERRAL B — YA
MHE RG], WEHEKRF2ER, 2010, 50(6): 826 —829.
HOU Jie, QIAN Jia-ru, ZHANG Wei-jing, et al. 2D
displacement measurement system based on image
processing[J]. Journal of Tsinghua University (Science

and Technology), 2010, 50(6): 826—829.



