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Abstract: It is one of the important ways to study the interaction between structure and soil to carry out laboratory
test by shear equipment, so the improvement or development of shear equipment is of great significance. In this
paper, a large-scale multifunctional cyclic direct shear apparatus for structure-soil interface is developed, which can
realize two loading modes of applying constant stress and constant stiffness in the normal direction. The shearing
force is applied by servo motor in the way of equal strain and equal stress. The shear box is equipped with a glass
observation window, which can cooperate with the external image acquisition system to observe the movement track
of soil particles. The connection of the upper and lower shear boxes adopts the rolling structure to ensure the
clearance, which limits the upward warping of the upper shear box during the test. The design of the auxiliary
guide rail facilitates the replacement of the structure and the loading or unloading of the soil sample. The test data
can be automatically collected and displayed at the same time through the computer control system. The cyclic shear
test of interface between calcareous sand and rough steel plate was carried out with this equipment. The
experimental results show that the equipment can better analyze the shear characteristics of steel-calcareous sand
interface, which provides a strong experimental support for the later study of interaction between structure and
granular soil.
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Fig. 1 Schematic diagram of large-scale multifunctional
cyclic direct shear apparatus for structure-soil interface
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Fig. 2 Real picture of large-scale multifunctional cyclic
direct shear apparatus for structure-soil interface
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Fig. 4 Shear direction system

1.1.3 &k&EHRS

W 5 (a) Brow, B H RS b B R E 5
T ARG MR R k. i 5(b)FR, ki h
TN . 2B 28 B A S R B 2 i T B Y S i A A
SR AR A e i, R T AR b 7 B8 A% SRS A uf
TG AT R B B B B0 i T A 56 ik 28 0T DL SE B IR R
R RERE B RGN E o E b, LUE K& BB
IRIEHERR , BRI 45 G B v LUl T excel BEFT MR
7. FEHIFER & 12 B . THE LA SO 46 AL
BRRTE—, fRIUE T 50 i & R gh i v AL
T3 A S B SR S ) e

il

. £
L ———

OIREGRRK; @QBHMAR; DEARK; DEffs; G2k %k
PN @RIEE R X ORIz & R X
(b) Bt T S il Ak 1

5 RERFRSE
Fig. 5 Equipment control system

L2 BEHENGE
Lo2. 1 EahihR w5 5 Bt

b PEUIER TRy R, EREKR, ALY
R R ) S B A e B A TR M, A fgE R B — ) R
TEB RIS A M BB R B MR B S 8, ET
SIYIG AL S B, s 6 PR, TR
BA Y A LB UG AR R R A 5.

(b) BTG L
Eo6 HESH
Fig. 6 Auxiliary guide

() 4HB) 540



676 o @ s OB B ok % RAARRERD % 53 %
Lo2.2 H R EE N sL 8Ly X JEES FIRE 2 ) (FEDLIE 9, 10), JPRe A B

Sy HE B N A W EE T e N 8 07 XA S B
AT, 2 i A R B R R B A 7 A IA 8
PR,

xRN M, mE 7)) R, kg EE
RNy, Ko o ARG E; b
AR FF B 5 ¢ DA% RS b e Tl T 2 4%

BRI S s d A ERE; ¢ hhiEEE; f

REERYIEGIE s a. oy f BNy B B 2 AR
NS R P& R, AT, R
HEEM a0 FHBREAER, b, 4. e HAA
R WE 7)) PR, BINE R )G, AR
AR, HABAE A b, 58RI - i 52 B 46 v
JEAS/N, REEEAE A dy H e, BEE 5T B DAL
MBS, RS R A4S ETAKRBLER. W 7(c)
PR, LR G HEEMN o BAE e, BT
FEAAR M 161 €, ] 3e i 8 HE 28 37 pE B Y ek
oK) TR, BULREMNR ., WE . HER. £
S S IR TE 2 e ik T A Hom R A, R
KEE d REFAZ, HELHBATRRES 0, HK
b WA (DR, LR AR S EN o 5
RE ey, MTHERE 4 REFAZ, HLHHH
FREM b0 WNE by W ESRSrFral s, Do s
JE dy TEIRER S A IR 2 R AN, BOX I 1) N
7 R B FNEK.

£

T

. %=
(o) REEEFR T R 8048 () KBS b bk A 8Tk
7 ERAMBEETRE
Fig. 7 Loading principle of constant stress
xtF R R g, B8 (a) ki ik i . ) JE
HURSEr=r S G VAP D) =R 7 & k™ SR (] €S S
(b)Fr7s, W BEAR [F] Y 4 28K 18 2R T <UL 5 %

75 LA E A 4 IR , 2 JE s idkin) DEd, <
LA AT B0 B2 DR 52 30 ) 3 0 BR o A AR Ak, AR
JEMUET L LR o, b Fl e 3R,
M EAE I BEAET EMIRES, L2 Bk
i) eI fe R R A . I 8 () Brw, Bl
E S Y YIRS ) BEAT, A bk A B 4 H
Moer WNE e, AR DL E B e, 5038 &
ENd BERFE do, 8 PR A5 3 1) B T 98
AN B 8() FR, #7 R R AR BT IS A e
WRE e, WFEMEEN 4 BNE d, FHFEPE
UG SF TP VAP E: I NN w8 2 o T I 5 P o N
SR ) 1) AR B AN T R IR 2 R A
L 1) 7 7 A2 AL A8 55 98585 ey B2 78 A0 (8 1 BB R ¢
RFFAAE, UK 5 58 R K R FF A B I3 07 50
PR A WY 2 2

L

(b) Jile B[R] B 15 R A

(a) Wik B 97 )5

B8 ERIEMBFEERE

Fig. 8 Loading principle of constant stiffness

B9 EREMmEAER

Fig. 9 Ring for constant stiffness loading

BT W R 3 B, B B R 3 R AL



55

SRERMR, A R L DIRE S Y- b B TS BA BT A AT ) 5 677

AT B S k1) T RN E B, SRR IE &
JEHM 2 em, 3 em, 4 cm WYEIER, LU 2 414515 0]
R 3 0~300 kPa i [l 5 I BE ik, il 9 By
N, BUORE T 4 HNEIER, SAMNIE R H 2 A
BRI, DIAIEaEm Y T 200 kPa S, NI
JEE Ik ) SE 3 7 AN & 10 .

(b) THRIRI PRI HIL

(a)ﬂUﬂ)ﬁ
B10 ENEMHFHIMAR

Fig. 10 Implementation of constant stiffness loading
1.2.3 B FEUIEBRHEAE E RSt

miE 11 PR, BT B U1 G R e R PR IIE
B A R B 7 M), FEI] (a) 20 R 2 XK sk, BRI
12T B U0 & 8 DU A £ A7 B AL 232 1 DA BhE T 4
B, % CPGE T LU0 E A DY A B R AR B
EPrTER 2 ) A7 B b, A (b) WA o fl 2 X I
PR, ZEREE R E BT SEBL T LT I RE

(1) el “BuE " Mg ) BEE AR /N, fRIE T
TR EAER WD R, A Lk 5 2 P )
FRAERERE 1 (CF B D& F d i B A R s Bl R S 8,
WA TR FERL D).

(2)“BNIE” @ T2 L SNAE ), “BIE i T
PR 7 b BT O) G A A A A ) bR

(3) “BUIE"H) T A4 BT AT s I A
DR, ZH W AR NGERR, X AR fR
HE T BB OIS b UKL A 2 N GERR i BR HH, X
RIE T LB UG B S E A2 E AR T &40
Yy b, TR I BGE A 4y R B DTG A BE |
i 25 45 #1001 AR ik 16 7.

() FEIE 4l

(b) b MUY
11 FTHYEBREESE

Fig. 11 Connection device between upper shear box and
lower shear box
L2041 DLFS % s ] e 3 E 1 BE it
T I (30 P A2 05 B0 i S ] 12 PR, %
SEE B B E ORI R AR AL, 7R B E BRIF
PIASBLm L, — A LR B/ AT, 55 4 — A 4L

JCE V% 1) 5 % 1% s, (BB R — i i 5% AR UL |
3 — G g N [ 2 B by MRAR B B, (L AR IR B0
b v N [ B R AR T K, ORAIE TS 1R R A
EEEME EASEAERS, Wb 7R
C 3

B 12 FmfuERRrBEERE

Fig. 12 Fixing device of normal displacement sensor
2 {BEERER

HIE B g S e SR, T T 2 A
B85 B 5 B DRSS, BT UIYRIE A 15 mm, B
DI R 3 mm/min, BIYIPERRECA 30 k. 1&
WETYURZ IR 13 Pros, I8 42 i) J7 1) 4 O
-Q0=-Q@->®->0—>0 ", HEXD>O>O—
DR 1 ASERIE, O 1/4 5%, Ol 2/4 1A
W, @N 3/4 VB, @K 4/4 PEIR, HUE K0 A
SRIEJT B YT, 5 3k 18] 26 BT 6] B DT, OE Ja) BY
VIS S BB AE, B2 1a) 8T U1 Sy I (e, R TR e
AR S R 4G 1 1] B 77 100 kPa 486 it b9
T BY) 97 21 BT D1 A58 45 2R

@, _o,

»

IS gy f3if%/mm

-15 « 0 <«

B 13 BREFRIREE
Fig. 13 Single cycle shear diagram

2.1 R H

BT PR o ] R I, W Y ORI 48
PR 2 g B ) 25 48 bR AR 408 4 i T 58 M AR
(JTG 3430-2020) 3K 1%, H KAt 2 ld 14 xR,
I T S b ULIE 15, RIS PRULE 1, FEARY
HZE4E bR WL 2. 50 ik A iR R AR T [ R
0.5~2 mm. BT F LA X 25 76 30 AR 38 1H %)
il 14 ETRAR B = M S, SeHETEEE R 4
mm, {REER A4 mm. WE 16 BiR. S RIES R
LB OIS NIRRT — Bt 85 b 4y TR



678 [T 7S = S N SN

¥ RERFHEMD %53 %

FKNEHOIE, BIREANTTEYN 4.1 ke, &
JZIEEEY)Hy 38 mm.

ek | ober | R | ome ber] mes |

100
90
80
70
60F
50F
40
30F
201
10F

TR A%

i

ANT R SRS

5 2 0.5 0.25 0.075
FifE/mm

0
60 20

2RI 2
(T 53¢ HH

14 $5[R AR B ih 2%

Fig. 14 Distribution curves of calcareous sand

15 KL AB R

Fig. 15 Calcareous Sand used in the test

&1 AEHEVKEBSRDREER
Tab. 1 Gradation index of calcareous sand for interfacial shear test
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Tab.2 Main physical and mechanical indexes of calcareous sand
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Fig. 16 Rough steel plate used in the test
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