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Effects of grouting conditions on shear behavior of sand-concrete interface

WU Yue'?, ZHAO Chunfeng'”, LIU Fan’, WANG Youbao'”, FEI Yi'?
(1. Key Laboratory of Geotechnical and Underground Engineering( Tongji University) , Ministry of Education,
Shanghai 200092, China; 2. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
3. China Construction Eighth Engineering Division Co. ,Ltd. , Shanghai 200135, China)

Abstract; To study the effect of post-grouting on the mechanical properties of the interface between soil and
structure, a total of 22 groups of direct shear tests were conducted on samples with post-grouting sand-concrete
interface under three grouting pressures, three grouting volumes, and four loading conditions. The influence of
grouting conditions and loading conditions on the mechanical properties, shear dilation, and strength parameters of
the sand-concrete interface were analyzed by using self-developed grouting equipment and grouting method. Test
results show that the interface peak shear stress increased with the increase of grouting volume when the grouting
pressure and normal stress remained unchanged. When the normal stress of the interface increased, the
improvement effect of the grouting on the mechanical properties of the interface gradually decreased with the
increase of the grouting volume. When the grouting pressure was low, the change of the interface peak shear stress
was not obvious with the grouting volume and normal stress remained unchanged. When the grouting pressure
reached a certain value, the increase of the interface peak shear stress was obvious. The shear strength
enhancement coefficient of the interface was between 1.1 and 2.0 under different grouting and loading conditions.
The shear behavior of the post-grouting sand-concrete interface was mainly improved by increasing the equivalent
cohesion of the interface. The equivalent internal friction angle was approximately the same as that of the non-
grouting interface. The shear contraction of the interface occurred under non-grouting conditions, and the maximum
value of shear contraction increased with the increase of normal stress. Post-grouting could change the interface
shear dilation mode for low normal stress. Under the same normal stress, with the increase of grouting volume and
grouting pressure, the maximum value of shear dilation increased whereas the maximum value of shear contraction
decreased.
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Fig. 1  Curves of shear stress-shear displacement under different
grouting volumes ( grouting pressure at 500 kPa)
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Fig.2 Curves of shear stress-shear displacement under different
grouting pressures (normal stress at 100 kPa)
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Fig.5 Curves ofnormal displacement-shear displacement under
different normal stress ( grouting pressure at 500 kPa)
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Fig. 6 Curves of maximum shear dilation of interface under
different grouting conditions

MIE 6 (b) /T LA Hi - ek A )i F) 100 kPa T,
HEEHAEBRMT (200 mL) |, 5 R 7 34 ful v 26 4B,
ANTRTESRE R T $ i i 2 % 2B 99 4, 9 HLOR 09 4
i B T 98 DR T /) 5 A Y
IR TR 5 455 T8 o) Ry B K, AR SRR T T
P42 fk T F R B 48 0 22 S AR, FEASBBIE &, T e R
O JH e W B 5 T R s g 4 R T8 K.

AR BAR AT MRE R A L AT R o i A
Iy T AT D S i - TR 5t - 4 i i B D) A
Az B BE SR S RE S AN L 0K 1 IO 7 A SR I A R
BRI A b A T4 T LA #E B9 1)
Ao R T A3 1 RN 1 P S RE AR R
i B 25 R AR TR FE
WWGE L B B A IR K - RIR AR, LUK
TETEHR R 0/E F TR R %5 A, DT RE 65 43 4% i
TET Ak R ) 28 52 B M B X TS TR I - TR
b T, 3 A AR g MR S i T A - A
SCRERSR, 5 B RS 7 , 2 i T Ak AR SR ) i A
Z, NI, e BT Ul R, 24 A B RK AR, 42 fik i HH
FEM BT VI i) 973 SR8 14 BE 1278 e, T 2k T e
PNCL)IS | R ERE R SRR IRE S S |V - DNITTE DN
11T 244426 fh 1A 2 A B 246 INF, 26 fipl 17 Ak 4 AT 0 0 T )
(1 e AR 2 B 3L R N 3 S Bk 3l —
ERRE , i1 T R AR R, B Ui A
i TR - AT 35 i) 2 T A R BE— 20 T 5 B RO 2
54, I HLI A 55 A P Bl 3 T % e g 0 i Y 4
RS A, DRI 42 fh 1 5 R 09 A4 B TR T )
ISR 9 48 DT DR /0 5 DA A 3 9 422 ik T 325 1o 32
¥ - BT YIRS I 2k nT LAFE H 72 100 kPa 3k ) i ) T
P fk T F5e R B 47 ez R T A 3 ik [ 1827 Y
AR YA, RIVAD A TR E - 42 i 1 5 U1 A A
100 kPa 32 i) B 775 FH R 77 A2 9 99 4 1R G R T HoAth
SR e VK (YA I SN AR SR & 3 LTl
FEAEIEMAE T $2 A v - A S AR B R 7, 4
T 7 35 170 13 g O 100 kPa AR IR 2 A2 B3 DI, 12
Sl ey b AR T LB 47 0 3, i HoAtl 3 ik i) bz
I R R ik T L AU E R R TSR B 5 e e
HHTHK.

3 ZwEREN

1) Jo VI RE A S st i b — TR R 4 fh T i 3£
FIIAG BT UL, 70 25 T g Rk 18] W 7 — 7 B 1
OUT JE I b R B - 4 f i WA {59 0 ) ) B
I 3G RN O , L BEE k 1w 07 A3, 44
I SR ik T g A P ) B S8R Tl 53

2) AR A ANE [ B F)—5E BYNE B0 T, 42 i T



- 102 -

T SN AN

553 &

WEAE B U N 3 [R) R B A T 5 g 386 g oK, {3
TETEIR T AR W (B YIS, ) B AN TR, G TS
FEJ73R 3 — s (I, X 42 fh T WA {1 5 470 7 17 412 e 2K
TRE A

3) ANTR) A S A far 2 T 00 T B2 fi 1 e BY 56 85 3
SRARBOT 1.1 ~2.0, HAHREE 3 = TR E S
AR TG O, BB A 5 ) 137 ) A3 T8 ) , 7655
PRy AR X TRl K MR R 7R3
TRERA AL | 385 2R B IBUMA.

4) R B A e — TR R - A Ml D 1 A
KA B 3 2 O A Sl T ) 2 A M, DX a5 fh T 257 28
PN EE S A AN AR B I8, mT i BA Y 5 R 15
2 o T S5 A5 N R A A — B

5)FEMMTAAEARTER TOU T B A 8545, Hi K
B 205 5k A 1) 7 g 1) 8 DRI 4 K 5 S 1 K B A
el 7L BSCARRE vi) W7 3T A T A () e, A T
e R B I B 14 I A T I 0 A S 1 4 R T v
K T B AR B 4 DU ol 2 12 % s 3 RN 0 o T 3 R
TN,

6) Ji7 i1 K KM e 8 18 1o 5 35 TR 3% 1 AL X
OB 4 5 G R ) b T T A R L A ) ) T SRR
DAR S A RS 5 TR IR R ) T 0 R/ A e AR
A B AR TG

5% ik

[1]okaby, R, . BhFL M BERE IR S5 TE SR AL 5 6 F
FE[T]. TR, 1999, 21(6) : 681
ZHANG Zhongmiao, WU Shiming, BAO Feng. Study of mechanism
and application on bored pile end grouting[ J]. Chinese Journal of
Geotechnical Engineering, 1999, 21(6) . 681

[2]RUIZ M E, PANDO M A. Load transfer mechanisms of tip post-
grouted drilled shafts in sand [ C ]//Proceedings of International
Foundation Congress and Equipment Expo 2009. Orlando: American
Society of Civil Engineers, 2009 ; 23. DOI10. 1061/41021(335)3

[3]MULLINS G, WINTERS D. Predicting end bearing capacity of post-
grouted drilled shaft in cohesionless soils[ J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2006, 132(4) : 478. DOI.10.
1061/ ( ASCE) 1090 —0241(2006)132.4(478)

[4]5kEHT, TKEZTT. BIRFIEERIR G BT At 32 1 Pk 3 371k
WAFFELI]. AL TR, 2011, 33(10) ; 1601
ZHANG Zhongmiao, ZHANG Qianqing. Field tests on behavior of
destructive and non-destructive base-grouting piles under compression
[J]. Chinese Journal of Geotechnical Engineering, 2011, 33(10) .
1601

[S]okabty, aBfg, fridn, 4. B IRBON FRmRE e
Y SREIE )] WIVLR2 AR (T3 , 2011, 45(11) @ 1980
ZHANG Zhongmiao, ZOU Jian, HE Jingyu, et al. Cavity expansion
theory of compaction grouting in saturated clay considering pressure
filtration[ J]. Journal of Zhejiang University ( Engineering Science) ,
2011, 45(11) : 1980

(O] Bk ib T, ABfd, XUARMS, . Ml fE iR R R B I BRI BT
F[1]. A%, 2010, 31(8) : 2535
ZHANG Zhongmiao, ZOU Jian, LIU Junwei, et al. Theoretical study
of climbing height of grout in pile-bottom base grouting[ J]. Rock
and Soil Mechanics, 2010, 31(8): 2535. DOI: 10. 3969/j. issn.
1000 -7598.2010. 08. 031
[7]4RfE, skl BRSOV R AL R R IR ALY sk Big
(1. M/RET R4, 2011, 43(12) : 119
Z0U Jian, ZHANG Zhongmiao. Spherical cavity expansion theory of
compaction grouting in saturated clay considering pressure filtration
[J]. Journal of Harbin Institute of Technology, 2011, 43(12): 119
[815L, sk, XU, 4% FLTrfG s i i J5 St for 2t
RESCRBUT]. we/REE Tl K244, 2012, 44(12) 2 95
FANG Kai, ZHANG Zhongmiao, LIU Zhijun, et al. Load settlement
relationship prediction for grouted pile based on load transfer function
method[ J]. Journal of Harbin Institute of Technology, 2012, 44
(12):95. DOI.;10.11918/]. issn. 0367 - 6234.2012. 12.017
(915, SR, XUDSRE. JET-HRERR e 09 B AR A1 J2 v IS 13 e bk
REFMT]. a5 5 IR, 2012, 31(6): 1178
FANG Kai, ZHANG Zhongmiao, LIU Xingwang. Prediction of
bearing capacity of post grouting pile in gravel layer based on
settlement criterion [ J ]. Chinese Journal of Rock Mechanics and
Engineering, 2012, 31(6): 1178. DOI. 10. 3969/j. issn. 1000 —
6915.2012.06.012
[10 ] THIYYAKKANDI S, MCVAY M, BLOOMQUIST D, et al.
Experimental study, numerical modeling of and axial prediction
approach to base grouted drilled shafts in cohesionless soils[ J]. Acta
Geotechnica, 2014, 9(3): 439. DOI. 10. 1007/s11440 - 013 -
0246 -3
[11]YOUN H, TONON F. Numerical analysis on post-grouted drilled
shafts: A case study at the Brazo River Bridge, TX[J]. Computers
and Geotechnics, 2010, 37 (4) . 456. DOI.10. 1016/j. compgeo.
2010.01. 005
[12] 5k, AR, BUSHR, 5. Bt P RSB ER B RER E N
BB T[], - TRA#HR, 2009, 31(12) : 1818
ZHANG Zhongmiao, ZOU Jian, HE Jingyi, et al. Laboratory tests
on compaction grouting and fracture grouting of clay[ J]. Chinese
Journal of Geotechnical Engineering, 2009, 31(12) . 1818
(I3 ]3I, b, o HESR RS S A0 A R AL B fmr 20T R OC 31
WEL)]. AR TR, 2017, 39(12) : 2235
DAI Guoliang, WAN Zhihui. Enhanced mechanism and load-
settlement relationship of post-grouting piles[ J]. Chinese Journal of
Geotechnical Engineering, 2017, 39(12) : 2235. DOI.10. 11779/
CJGE201712012
(14107750, SEsE, SR4Em]. WREANAD 2 K H ARG B AERT 28
e it S50 ], E 1%, 2018, 39(4) : 1386
WAN Zhihui, DAI Guoliang, GONG Weiming, et al. Calculation
and analysis of load transfer in large-diameter grouted pile in extra-
thick fine sand layers[ J]. Rock and Soil Mechanics, 2018, 39
(4):1386. DOI:10.16285/]. rsm.2017.0456
CISTRAARI, 2202, BRASHE, 5. 7R M DR HRORE 32 W 1 o s 12
R[] LSRR (A RFERR) , 2015(4) : 593
ZHAO Chunfeng, LI Jun, QIU Zhixiong, et al. Experimental
research on bearing capacity of the super-long rotary excavating post-

grouting bored pile utilized in the Guangdong region[ J]. Journal of



55

S, A5 AR O b — R U5 - fh 1A 5 DDA )

- 103 -

Shenyang Jianzhu University ( Natural Science), 2015, 31(4):
593. DOI.:10.11717/j. issn:2095 - 1922.2015. 04. 03
(16T AR, BRIGEMG, WIME. 5 He 3R A AL B 0 for 28 A% B AL 3 F
LI, HET1%, 2004, 25(2) ; 251
HUANG Shenggen, ZHANG Xiaowei, CAO Hui. Mechanism study
on bored cast-in-place piles with post-grouting technology[ J]. Rock
and Soil Mechanics, 2004, 25(2): 251. DOI:10. 3969/]. issn.
1000 —7598.2004.02.018
(17 )3 AR, ZR4ET, skibelds, 45, BhFLRETENL G i kB ik
WoE[J]. A+ S5, 2004, 25(8) ; 1315
HUANG Shenggen, GONG Weiming, ZHANG Xiaowei, et al.
Study on load bearing behavior of post-grouted bored piles [ J].
Rock and Soil Mechanics, 2004, 25(8) : 1315. DOI.10.3969/].
issn. 1000 —7598.2004. 08. 030
[18 JHOSSAIN M A, YIN Jianhua. Behavior of a pressure-grouted soil-
cement interface in direct shear tests [ J]. International Journal of
Geomechanics, 2013, 14 (1) 101. DOI. 10. 1061/ ( ASCE) GM.
1943 —5622. 0000301
[19]YIN Jianhua, ZHOU Wanhuan. Influence of grouting pressure and
overburden stress on the interface resistance of a soil nail [ J].
Journal of Geotechnical and Geoenvironmental Engineering, 2009,
135(9): 1198. DOI:10.1061/( ASCE) GT. 1943 —5606. 0000045
(20 ) kAR, WiRsth, BIMS, . TSR U M b 39 Ao 1 4 1 3 0
WRLI]. A2 5 TR, 2013, 32(9) : 1744
QIAN Jiangu, CHEN Hongwei, JIA Peng, et al. Experimental
study of mechanical behaviours of grouting-screw pile interface[J].
Chinese Journal of Rock Mechanics and Engineering, 2013, 32
(9): 1744. DOI:10.3969/]. issn. 1000 - 6915.2013.09. 003
(21X, S, AR, 45, — BRI i 5 1 0 1R 1 3
PR YGRE E AR I 7 . CN108828195A[ PJ. 2018 —11 - 16

(22, 2B, B, 45, — BTN i 35 00 5 P 0 2
B AHRE )% . CN108613885A[ P]. 2018 —10 - 02
[23]CHEN Xiaobin, ZHANG Jiasheng, XIAO Yuanjie, et al. Effect of
roughness on shear behavior of red clay-concrete interface in large-
scale direct shear tests[ J]. Canadian Geotechnical Journal, 2015,
52(8): 1122. DOI: 10.1139/cgj —2014 - 0399
[24 ] B HUMERLFE AN ;. JGI94—2008[ ST. Jba. dE A Tk
fiAt, 2008
[25 IR, SRd, B, 4. 25 BT L Y RD £ TR b e i e
SIOVR MRS [T]. a0 1% 5 TR A, 2018, 37(4) .
1020
ZHAO Chunfeng, WU Yue, ZHAO Cheng, et al. Effect of
unloading on shear behavior of interface between sand and concrete
[J]. Chinese Journal of Rock Mechanics and Engineering, 2018,
37(4) . 1020. DOI.10. 13722/j. cnki. jrme. 2017. 1399
[26 XA, S2IE, AR, 45, 5 Bk ) sk i A R B 1
MSIAE AT (1] a2 5 TR, 2012, 31(4) : 848
ZHAO Chunfeng, GONG Hui, ZHAO Cheng. Elastoplastic analysis
of interface between clay and concrete considering effect of normal
stress history [ J ]. Chinese Journal of Rock Mechanics and
Engineering, 2012, 31 (4) . 848. DOI. 10. 3969/j. issn. 1000 —
6915.2012.04. 026
(27 14 A, RN, T HTR. el + 5 IR e b e fl i 59 U e
PELT]. PR R (A SRR R , 2009, 37(1) : 71
XU Zeyou, LU Yanhao, DING Mingwu. Shear properties at
interface between highly plastic clay and concrete[ J]. Journal of
Hohai University ( Natural Sciences) , 2009, 37(1) . 71. DOI.10.
3876/j. issn. 10001980. 2009. 01. 015

(mE x #)



