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Abstract: The mechanical properties of the soil-structure interface have always been one of the key and hot issues in the field of geotechnical en-
gineering, and revealing its mechanism is helpful to promote the understanding of the bearing characteristic of structures such as pile foundations
and retaining walls. A total of 28 groups of large direct shear tests with the post-grouting sand—concrete interface were conducted under three dif-
ferent grout volumes and four kinds of loading and unloading conditions to analyze the interface mechanical properties and the distribution of
shearing influence range. The test results show that grouting can gradually eliminate the difference between the interface’s initial shear modulus
and shear stress due to the loading and unloading of the interface. The softening phenomenon doesn’t exist in the un-grouted interface, while the

post-grouting interface exhibits softening and the softening occurs in the unloading interface shearing process with low applied normal stress. The
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grout cement improves the mechanical properties of the interface by increasing the equivalent cohesive force of the interface but has no signific-

ant effect on the equivalent internal friction angle of the interface. The improvement of the interface equivalent cohesive force on the loading in-

terface is better than the unloading interface under the same grout volume. The distribution of interface shearing influence range under unloading

conditions is slightly larger than that under the loading conditions. Regardless of the loading, unloading, and grouting conditions, the distribution

of interface shearing influence range is positively correlated with the interface peak shear stress. Under the same applied normal stress, the mech-

anical properties of the unloading post-grouting interface were improved due to the formation of the grout bulb by compaction grouting to in-

crease the roughness of the concrete plate, while the mechanical properties of the loading post-grouting interface were improved by penetration

grouting to form the soil-cement mixture. The research results can provide guidance for the post-grouting of pile foundations in practical projects.

Key words: interface; unloading; shear bands; mechanical properties; grouting
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Fig. 1 Schematic of the shear impact range
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Fig.2 Curves of interface normalized shear stress—shear displacement under loading and unloading conditions

3)FE ) — Sk 1 03 3, S Ak i ) — 1
WAL 57 D)V 7 i A T S ek A KT K, (E 8 R R
JEE I A6 ¥ 5 AT S8 4 A o IV 3 g 0
R, BN S RO 2 i T B D) 194 A R
B o PRI, ESEPRTE SR R T, AN REARE R K
S /S e R L YE S LTI AR o b e

AT EIRBLG A R IR, MARE A JEE , 42 fik i
T [ 2595 0 B 34 TR /T DL g Rt a7,
VAT 2 B YD i Ry TR A B AR it R PRt
XF T AR E SR AL S T, AL 7] — S IR IS T, f )
ey $2 i 1A 22 D0 1 Se ik ) N R T A B B, R
e I 2 -5 JC A 42 S v AR [ 04 B VD9 1) 1z A3 T
Frog, AR 2 B R AR, (HR T LR
ARTE R AR LA P, S0 1442 S T ) 2 S J3E L% 422 fih

3 China Academic Journal Electronic Publishing House. All rights reserved.

T AL B 3R 014 S5 R a0 R 85 T T S0 42 T 14 %5 5 JEE
LAz i AR AR SR 1) L BE s AR R SRy Ul A v ey
2 S vy B 1) A5 P DIE T I 20 42 fk v B U R A Xt T
CESRK LA IR, o T 25000 1 fuh v AR BB R
SRR, DA T oA kTR - AR ) B U S,
SR o T 5 U0 g 2R O T R I f T Y 1) )
SARFPE R, Xk T[] — B Rk A 1 T A 4
ST T 200 ) 4 ik AT L DG SR 9RT T 200 2 floh AT A - A 5
JE v o — BT 75, 6 S R B R Y AR, SORCE A B
A B3, AR — IR MRS BT, JoHIfr T
D02 floh T A 1) 22 S 1T ALk 1) 9 A A 18 8 TE RO T
ARG LU, 5 T 0 T 0 s i A4 LA 5 A
S 2 fl AT A 7K 90 S JROHRE 7 AR T R AN, e TR
BE AR I BGEIRAR, TSR SO IR BE R AR A &

http://www.cnki.net



LERE ES

Pi, A5 I T A0 T SRR b TR B e fh T 5 U e R 107

R RLAH A R T 4 fk AR B8 PRI, XoF T I
T, T AR, 0 o Rk A R B AR LR
A fh TR B DR 5 X T AT Ak T, A
R LA 1, 5 2R el i ) BT DT AR S
AT By (9 1 S RV AT R 0 QI T e 42 fih
Ab - PRREPE B 03 , M 835 BT DR DR, 1
A T B T S 7 A 4 S T BT D) 7
P22 5 o SCHR[SIOF T2 I, 12 i i A fL B 5 B ml o
BUAE B R R BE -5 30 i A R B b T Ak, 3X 5
ARSI 4 f R AL R — B X B ERIE T
ANIRB, 388 1o 494 A S T R R A BB B, oA T
T 2 kT ) B DR
2.2 R EDFE X HR AR BT 58 E S AR MR

AR e fh T 5 LT 7 3 (52 7% 1t £, 45 2 AS [+) i 2
TBUMIE IR T A b i W Y DI F7, W23,

*2 TEEEMEEESYINA

Tab.2 Peak shear stress of the normal loading interface
7,/kPa
o /kPa
RiEH EF200mL  HERH300mL  VERK400 mL
25 20.95 31.93 39.90 43.73
50 36.84 48.99 54.00 55.93
75 52.98 65.99 68.97 70.96
100 70.95 78.00 80.82 82.94
®3 ETEMEEESTIRA
Tab.3 Peak shear stress of the uloading interface
7,/kPa
o /kPa
RIEH  EHK200mL  TER300mL  EIR400 mL
25 24.43 35.62 40.87 52.49
50 41.00 45.49 49.94 60.98
75 55.96 65.55 67.81 68.98
100 70.95 78.00 80.82 82.94

F 22 3T D422 ik i 0 {6 5 170 1% ) 0 B U0 [h)
N H Z B G &R, JE AT B IR - MU &, B3R
B

T, =0, -tang+c, (1)
R, o Ml 0 3] S 4 i T B D135 6] 107 ) A (R B 1)
LT3, @R, 53530 A e o T 5550 PR P 482 ) PN AR SR T o

DL 2 T WA AT 5 DD, 55 B D0 1) 10 7 T 413
JI7R o B EI3RT AR, I, s fer 2528 T, o2 filim
TR 5 A, HEAE 55 U) N 3 AT UIE [ 1 ) 2 6] 34
AR G-t V9 JEL JEE IR — A 2 M IR HE ]

ALA 10 2 R 2k 3] LAAS 380 422 fioh 17 S5 0 BH 2R
FIRNERCN BRI AR, W4 R R4mT L. SR
Sk TR AR L, R flh T 457 5 0 3R 04 31 B 25 4R T, O
L il T A5 AR R T B A T R A 1 R R 2

P fol T A7 AE ) fr T O, FRE 2R SRS
K T R o T S SR TR T I LA i o R 4 R
3 42.05 . 2.69F14.39; 12 fill AN A7 A H1 g T O0HT,
e 22 TR VENT DI QU &5 LTSN E T )
1) B A Bt R S A 3 R 530 R 4.47 L 6.79F117.75.
I, [Al— 33 R, SR T ) far 422 fh v 2 50 B R N
F14) BAC 8 30 SR AT T fr T R i 1 B R
X2 1 P A R TG T 00, 2R fo o
F AR BB RO — B KB B T E AR
Fy2E e, DT 5 TR BE - 2 o e AR EL AR, SR B0 K
ENRENETE Iy B vy ()| NG 210 R W7 N [ B 25 =5 gl < ]
T 0 foh TR 25 2050 PN R 48 A 55 A U O 42 il T A5 00 N R
B304 Bl , UL, AT LA A 35 %t 22 fink
AT A58 P BE 8 £ P R AR S MR R K i) — 1 R R, R
Jon S Ao T A A8 R BB AR — 3, SRR
JEEAE M JC I 22 S R, TERPE T T, T
AT R 0 s 7 A A s T B IR 25 5

1200 e ki o RIEH
| VER200mL #9] o FE3K 200 mL
100 | Gl s E%300mL | & E% 300 mL
v R 400 mL v K 400 mL
80 MM S
£
2 60
RS
40
20
0 L L L L ]
0 25 50 75 100 125

o,/kPa

B3 EMEEESYTINN-SBYERN DS L
Fig. 3 Fitting curves of interface peak shear stress—ap-
plied normal stress
R4 BEMESFBHBROMAELR

Tab.4 Interface equivalent cohesive force and internal

friction angle

. B R JIc,/kPa LN PEHE A 0/ (°)
FER T

TeENFF 1 fif T EN i FEIbE)

REK 3.90 9.45 33.60 31.72

200 mL 17.42 19.36 31.84 30.49

300 mL 26.49 25.43 28.85 28.85

400 mL 30.22 41.51 27.95 21.67

L5 LRTIR, SAE L ik Ak AN B R A B
75 S 5 0T, T2 35 T S 0T (AR IR DA 78 ) AE 2
SER A AR SO, SRR S T R
e O 22 18] FL B AR 23, BT, XF 42 fk AT 452 280 PN JEE 452 A
BA 7 Y R U S22 R A A TR U AR R
TATFES 8 49 5 80 R AR 224 B0 4 f i ) HEL S B2
WA P M 2V g 48 SR e T, 4 o e 0+ VR



108 TRERESHA

5 54 %

- o f T A A5 P B 4 A TE I SR O T R AR B
5 I 28 3 36 ) 5 g5 M W LSRR
JEE 48 £ LA AS I 3 2 T 0 A ke A i A Ak o 422 ik g 4
SRR SR 1A o A JOUR [B] 1) 28 2R 0 RN = Bk 5 TR R
FE T PORL ] BRI VE R, IF B B A BN, Kl
BB LRI R, AR T 4 Ok 2 A] Y B
RAEH, M2 05 T 42 fioh 1 S5 8B 3R 7, X 5 Sk
[18,22145 H By 4h it —%K .
2.3 0 ENfer o33 Al T B9 1) 2 M) S R O 2 M

- 5 S5 A0 W4 i e AR B BB, 4554 ) 3 T A
TE25 50 8 B — o 4 AR TR B — A B U048 gl e 124
(I o A3 5008 5 00 7 B V)8 syl 2 A W), 30
faf T8 10 73 3 10 TR B 4 4% fink v 55 1) oo B2 OB
S P 2 il TR B V05 e 3 TR, Pl 4 o S A T 0T 42
fil T 7AC Y- 71 2 L B 105 M) 91 ] i 2 e T B 70 9% ) 1
T AR 4R

= VR -0 - REFK
24 r [+ FE42 200 mL 0 [ <= - V£ 200 mL

i Y
ﬁpf —a— JE% 300 mL 6| -4 - 3K 300 mL
21 + —v— {13 400 mL -~ - {E% 400 mL
18
g
E 15t
=
12 +
9 t
6 1 1 1 )
25 50 75 100
o,/kPa
(a) 7K P BY Y5 M0 ¥ il
60 [T RIER - o - RN
;ﬁ —e—JEH 200 mL | - o - T3 200 mL
i —A— 3 300 mL | - -4 - ¥EZK 300 mL
80 F ML e jiaoomL - -VEH 400 mL
40
g
E
o 30
20 +
10 +
25 50 75 100
o,/kPa

(QESE ARG
B4 SORMEEMN YR s

Fig. 4 Curves of interface shearing influence range-ap-
plied normal stress
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