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Grouting lifting numerical methods based on numerical simulation
and model experiment
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Abstract; To solve the problem of surface lifting caused by grouting in urban shallow underground projects,
grouting lift calculation method and simplified algorithm were established based on the theory of stochastic medium,
and effects of compaction grouting and fracture grouting on surface uplift were studied. Through PFC simulation and
laboratory model experiments, the suffering area of the surface uplift by ball compaction grouting and horizontal
fracture grouting were studied, and the accuracy of the grouting lift calculation method of surface uplift displacement
was verified. Effects of grouting depth, soil dry density, and soil water content on surface uplift during grouting
were investigated by introducing the grouting uplift coefficient y. Results show that the simplified method of
theoretical prediction of surface uplift displacement was accurate when the depth of grouting was greater than 2 m,
and it was not applicable when the depth of grouting was less than 2 m. The surface uplift caused by the two
grouting methods was consistent with the results of the numerical simulation and the mathematical model
calculation. Single hole grouting changed the displacement field of the overlying inverted cone soil. The maximum
surface displacement caused by compaction grouting was large, so was the influence range of fracture grouting on
the surface. Factors such as grouting depth, soil dry density, and soil water content all influenced the maximum
surface displacement caused by grouting, among which grouting depth was the most important factor.
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Fig.1 Compaction grouting unit model
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Fig.3 Experiment system for the grouting model
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Tab.2 Performance of the grouting material used in experiment
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Fig.4 Surface uplift caused by grouting
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Tab.3  Compaction grouting experimental parameters and uplift coefficient y

H/em  p/(grem™)  w/% i H/em  p/(grem™)  w/% 71 H/em  p/(grem™)  w/% 7
15 1.27 12 0.490 20 1.27 12 0.442 25 1.27 12 0.404
15 1.27 15 0.462 20 1.27 15 0.414 25 1.27 15 0.378
15 1.27 18 0.434 20 1.27 18 0.386 25 1.27 18 0.346
15 1.47 12 0.514 20 1.47 12 0.486 25 1.47 12 0.448
15 1.47 15 0.484 20 1.47 15 0.460 25 1.47 15 0.422
15 1.47 18 0.456 20 1.47 18 0.430 25 1.47 18 0.394
15 1.67 12 0.538 20 1.67 12 0.502 25 1.67 12 0.476
15 1.67 15 0.512 20 1.67 15 0.472 25 1.67 15 0.446
15 1.67 18 0.480 20 1.67 18 0.444 25 1.67 18 0.414
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Tab.4  Fracture grouting experimental parameters and uplift coefficient 7y,

H/cm ps/(g'cm_3) w/ % V> H/cm ps/(g'cm_S) w/ % Y2 H/cm ps/(gmm_}) w/ % b2

15 1.27 12 0.6875 20 1.27 12 0.650 0 25 1.27 12 0.592 5

15 1.27 15 0.647 5 20 1.27 15 0.5925 25 1.27 15 0.547 5

15 1.27 18 0.6150 20 1.27 18 0.5650 25 1.27 18 0.507 5

15 1.47 12 0.705 0 20 1.47 12 0.687 5 25 1.47 12 0.6350

15 1.47 15 0.6850 20 1.47 15 0.6450 25 1.47 15 0.6150

15 1.47 18 0.647 5 20 1.47 18 0.610 0 25 1.47 18 0.572'5

15 1.67 12 0.7325 20 1.67 12 0.705 0 25 1.67 12 0.670 0

15 1.67 15 0.7150 20 1.67 15 0.665 0 25 1.67 15 0.627 5

15 1.67 18 0.672°5 20 1.67 18 0.6250 25 1.67 18 0.5850

3 B E A SR AT DI T T HE TR AR, AL S5 SR AT
T BRSO H O3S R JK T 1 B FR 6 S

3.1 HEEMSEHEE P/ s B R SR HO) HG OR Hl 3R 6 T3 A 3

EE ISR T BB R BRI K BT 6 DRI AE 250 mm BPRIAE M RAE Y
PRI RIS TR S R f s 3R 40Tt A G s AR ZE it 2k, nT LR, Bl TR B R
PRC BUE R X RO o TERRUKCPBE 200 AT HR R AR AT A, 3 SR BB .
JIv e JSC R M T 4R T B R AT 6 AL, SR AR R AL
i B BT 7, e FTBORLR 75 9% Fish 1 5 8400
I . WETT IR T i A AR 3 K 1
LAk ARG T 51 S A fBUE R AT BUERY . 1) it
KLU ARALLIT T A4 B0 by SRR BB 1F , S oT TR Ak
VERIT AT A% 2l | e 5% K o3 7552 ) UL IE A5 400 P
o FH ) BATTAR B8 a5 42 A5 3 ) FOUAE S ASE AT (T 19
FATTH N I, BURE BT A4 111 1] D J3E % v 1) M T
DT B 34) FURL A DL (6 1 69 S0 AR B 22 1
e, HAE R o0 IR e (] ol DI A, K A
T BRI 7384 RS, E /N T BORE B IC R R/ 5
5) WIURLI AR LU FH A B0 22 TB] AL R 45 56

BRI B R A6 BRARIURL 5 AN g K i B, 8 aed
Y S P S PR AT S 0 A | B T 4 e —
Btk P 57 R S 6, 6 B T A IR AT A ) e/ N B

200 mm 250 i

“150 mm

A2 R, PR SRR ILE R, /R, R E

p SIERTR: B PE A @ B ¢ JHAA V) i

PRZ R0 3 W aUh5 G AR S, BRAK UKL BEAL /3 A T 5 EFERLIACBIGHERL

Bimlzs a2 N, it 3 FhiE W H BUE 4 5 R Fig. 5 Numerical simulation of soil displacement field of compaction
150,200,250 mm , B T 4 i B A 2850 15 1 B grouting

I AR S AE A FETE S FLAMBOE — RIS 55 N 2.5,

MR B I T, R 3R R VR R S AN A5 1] S Ve

375, HEIL T S DK O . 201 e

N

w5 TEHESY
Tab.5 Physical parameters of the soil

HRFHEFH/m
>

R,/ R/ o/ E/ ¢ o/ . 0.5 /-/
m R (gem™3) MPa  (°) kPa ./.
0.01 2.2 1.47 29 25 35 0.49 or T/ ) ) , . . )
0 20 40 60 80 100 120
3.2 HEEER tfs
3.2.1  FESTERIGTHE LS 6 ERIRETE 250 mm AR AR AR EIA9ES L

K 5 MEREE HBUEALE 250 mm BRI S Fig.6  Surface displacement over time when the grouting depth
> ) s Wor St I is 250
BLRe SR A RN 3 Bl H (288537 , I Ak son



5 8 4] R, S ST EABHUAERI S SR G THA 5k - 165 -

3.2.2 BRRUEIRAATIEAULS

P 7 DALY 24T 3K 5 L M R AR TH 9 245
1, R Rl 2 65 1] 37 6 i A 7 Ml 38 0 Ik ) 45 52 1)
UL, I BEE PN o 8 0 R T 58 34 i
N X R B RS R R )

(a) (iRl R

20 m
(b) 3R BN RS 7R A 45 2R

7 BRERTEMCBIHHIERU

Fig.7 Numerical simulation of soil displacement field of fracture

grouting

3.2.3 g5l abr

T T BRI He 2 0 SR PB4 I 3 A A
B S BB T LU Y, T K L BT
HUEEPANTIIES . SUWSIE T /72 | 25 U AN )
FROAFE AT RN BOIe I R 2RI B T
b RARTHE T 507 T os i AR 18 8 [
R T BB TR A EEARDL I SRR (R S
W SRS, h TSI AR, SR R AT A %
SRS W N A AR R A AR ], PRt S0k 1 4K
SRR RS LIS T F R A 12
3.3 WEUHEREIITHEIE

DAVBE S IR 0], Sl 1 Sk fa] Ak 3153 5 2k i
e, MK IR Legendre-Gauss 143 77 1% % F§ MATLAB
B gm it Ay, Bt RS, N
0.05 m,r,, 25 0.5 m,b,, A1 m,tan B K 1.6,5 %]
FHIBF R I AR TH R 1 T RO AT 45
F LRI TH R L G T RS H BRI
WA 9 (a) s, ERIRG N 5 m WHETH RS 53 A
s e anE 9 (b) fizs.

H 9 Ca) AT, SRS ALIRGRAE 2 m LI,
TESR LA H0 TR R LR A 7 1 i B B4 7
PR Al 22 HK, A TR A5 R W] /N TR 3 s 240
FRALERGRAE 2 m DL B, VR R 4R THH 5 5 1 )
HARA T R 8 B 46 TH A B To i 22 , T DL, faj 4k
JiE RGN TR R EETE 2 m DL B A T A
A O (b) I ALERTR A 5 m i i 3R 46 TH 5 19 A
2R mT T TR A FR TH T vk B CHL 1R b O i
BB THOL RS B A W) & K T

RAOLF FEiR (LN 0. 000 3 m.

275
2.50F
225}
2.00F
175}

£ 150}
R 1.25F
= 1.00f
= 0.75F
£ o050}
0.25}F

0

-0.25

R e

w
SLI
ERE

R

°
A

25 20 -15-10 -5 0 5 10 15 20 25
PR S BE B /em
(a) FESE 1 3K AR THHE A s B X R 40 A

0235 505 0 5 10 15 20 25
B R B /em
(b) BFREIR BT H 0 A5 X R A

8 ERWBFEFLREINNES

Fig.8 Contrast distribution of grouting lift from center point

Fig. 9

1.2 -
Lo | . W R
| o BT R R

g 0.8 |
S !
&= 0.6 \
& \
B ool o
2 0.4 '.

N

0 =

0 1 2 3 45 6 7 8 9

BB Him
(a) HuZR 8 1) i B Bl 0 S R BE HIW AR Ak
0.012r = BEH LR
TR TR AR
0.010F
0.008
S
0.006
B
ﬁ 0.004 I
R 0.002} f‘ ‘\
0o+

O NN
BE S L BE B /m
(b) H13 8¢ [ (R B O BB AR 4L

B9 HETESELTESRL
Comparison between numerical calculation and simplified

calculation



- 166 - U N S N A NI S 51 %
railway[ J]. China Railway Science, 2015, 36 (6): 1. DOI; 10.

4 4

“a

W

1) o307 1 TR S BOh R T 1 #0845
BT R RO S EU R AR T AR AT
SI7 R MRS

2) W I O SRS B 3 4R T R A
TR AR BUERASE R S MBS 1l i X AR
TR By W57, 15 BRI R BRIk, T
TREE | AR 8 R 5 K R AR I B AR W I 5 |
EIES SO PN ST U SV S AL I

3) WUERLIRAIE 1 e 8 IR B 20T I - 30
W AR THOL A% 5 1355 07 0 S L AR AL Bk ) E
P, LTS Al AR AR R I R R A A,
M TT X LR R I i R THEOKR,
LSS RN

%% X

[1]EL-KELESH A M, MOSSAAD M E, ISMAIL M. Model of compaction
grouting[ J ]. Canadian Metallurgical Quarterly, 2001, 127 (11): 955.
DOI:10. 1061/ (asce ) 1090 —0241(2001 ) 127 :11(955).

(2158, XA, 28 3CR TR AR THOL A B0 Fz 1] Ak #5¢ B BF 52
[J]. RIEBETOR22440, 2015, 46(3) : 298
ZHANG Min, LIU Junjun, QIN Wenquan. Prediction and simplified
model of uplift displacement by grouting [ J]. Journal of Taiyuan
University of Technology, 2015, 46 (3): 298. DOI. 10. 16355/].
cnki. issn1007 —9432tyut. 2015. 03. 010

(3123007, BAHK, 4R 48 16 THOLRL 19 BEAL A 5T 238 T
Jrk[J]. BRERE S TRAER, 2013, 10(5) : 47
LI Lixin, TONG Wugqi, ZOU Jinfeng. Study on grouting uplift
displacement prediction using stochastic medium theory[J]. Journal
of Railway Science and Engineering, 2013, 10(5) . 47. DOI; 10.
19713/j. enki. 43 - 1423/u.2013.05. 009

[4]CHEONG M T, SOGA K. Influence of underground excavation on
compensation grouting in clays; Small-scale laboratory experiments
[ C1// 5th International Conference on Getechnical Aspects of
Underground Construction in Soft Ground. Amsterdam, Netherlands:
Int Soc Soil Mech & Geotech Engn, TC 28, 2006 369. DOI; 10.
1201/n0e0415391245. ch49

[STHRMN, BRIRIE, TRKHT, 5. G R BRIE 2 B AMEETE S X = 4
BRI S N IR M BUERURE IR [ D], 5 L TR %R, 2016,
38(10) . 1741
ZHENG ZHANG ZHANG

Disturbance of shield tunnel excavation and compensation grouting to

Gang, Fuzheng, Tianqi, et al.
surrounding soil ; Laboratory tests and numerical simulations [ J].
Chinese Journal of Geotechnical Engineering, 2016, 38(10) ; 1741.
DOI:10. 11779/CJGE201610001

[6]RIBERL. R TAERARTI UL RACRITFE[ D], Kt KR
2%, 2016
ZHANG Xiaoshuang. Study on the mechanism and effect of grouting
uplift in underground construction[ D]. Tianjin: Tianjin University, 2016

(7] 0. H A LS OO R ARF R D], Jbat:
BERFLEDIFE R BE, 2003
FENG Xuhai. A research on laws between lift-effect and the
mechanism compaction grouting[ D]. Beijing: China Coal Research
Institute,, 2003

[8fHtIH, DI, PRI, BRIENE LT 2 A ST i K 4R T AL
FBarsE[J]. Aa 1% 5 TR, 2011, 30(12) : 2407
HOU Yanjuan, ZHANG Dingli, CHEN Fengbin. Study of
mechanism and prediction of grouting uplift in tunnel construction
undercrossing buildings[ J]. Chinese Journal of Rock Mechanics and
Engineering, 2011, 30(12) . 2407

(O]9, taMiEe, SRAME. Wik it i 52 & ISR TR T A 1
MR [T]. PEZGERE, 2015, 36(6) : 1
GUO Le, YANG Xinan, WU Dongpeng, et al. Field test on treating
settlement by grouting for soft soil composite subgrade of high speed

3969/j. issn. 1001 —4632.2015. 06. 01

(10 ] MRk, UL T B 2 8 A2 2 i SR 22 A s I o
[D]. dest: JestsgimRey:, 2015
PANG Tiezheng. Security control for large secton of urban tunnel
through a complex group of buildings[ D]. Beijing: Beijing Jiaotong
University, 2015

[11]SHARGHI M, CHAKERI H, OZCELIK Y. Investigation into the
effects of two component grout properties on surface settlements[ J | .
Tunnelling and Underground Space Technology, 2017, 63 205.
DOI:10. 1016/j. tust. 2017. 01. 004

[12]OCHMANSKI M, MODONI G, BZOWKA J. Numerical analysis of
tunnelling with jet-grouted canopy[ J]. Soils & Foundations, 2015,
55(5):929. DOI:10.1016/j. sandf. 2015. 08. 002

[13]NICOLINI E, NOVA R, NEGI A. Modelling of a tunnel excavation
in a non-cohesive soil improved with cement mix injections [ ]J].
Computers & Geotechnics, 2000, 27 (4): 249. DOI. 10. 1016/
50266 —352x(00)00003 -3

[ 14 ]SCHWEIGER H F. Numerical modelling of settlement compensation
by means of fracture grouting [ J ]. Journal of the Japanese
Geotechnical Society Soils & Foundation, 2004, 44(1) ;. 71. DOI.
10. 3208/sandf. 44.71

[15]NIJ C, CHENG W C. Monitoring and modeling grout efficiency of
lifting structure in soft clay [ J ]. International Journal of
Geomechanics, 2010, 10 (6): 223. DOI. 10. 1061/ ( asce ) gm.
1943 -5622. 0000026

(16 A A, XU, SR 3R T3t )2 M B AT A S R A AL 53
Brid]. &4Ji7%, 2008, 29(6) : 1512
TANG Zhiwei, ZHAO Chenggang. Mechanisms of ground heave by
grouting and analytical solutions & numerical modeling[ J]. Rock
and Soil Mechanics, 2008, 29(6) ; 1512. DOI;10. 16285/j. rsm.
2008. 06. 032

(17152, ARFR0E, EIHORE. 0 JE A B A 1) RS T AN 1 4%
FEHPIIGTLT]. AR TR, 2014, 36(12) : 2203
ZHANG Dongmei, ZOU Weibiao, YAN Jingya. Effective control of
large transverse deformation of shield tunnels using grouting in soft
deposits[ J]. Chinese Journal of Geotechnical Engineering, 2014,
36(12) : 2203. DOI.10. 11779/ CJGE201412007

(18 ]9, BRTNNT, BRERAR, 5. L IABE 240 00 A 00 40 LA 10t
LI, AT, 2010, 32(3) : 474
SUN Feng, ZHANG Dingli, CHEN Tielin, et al. Meso-mechanical
simulation of fracture grouting in soil [ J].
Geotechnical Engineering, 2010, 32(3) ; 474

[19]YANG X L, WANG J M. Ground movement prediction for tunnels
using simplified procedure[ J]. Tunnelling & Underground Space
Technology Incorporating Trenchless Technology Research, 2011,
26(3) . 462. DOI:10. 1016/j. tust. 2011. 01. 002

[20]JLI W X, LI JF, WANG Q, et al. SMT-GP method of prediction for

ground subsidence due to tunneling in mountainous areas [ J].

Chinese Journal of

Tunnelling and Underground Space Technology Incorporating
Trenchless Technology Research, 2012, 32 198. DOI;10. 1016/
j. tust. 2012. 06. 012

(21 ]t e, ar i, XEEE R E 2% i 3Rl 5L 1 52w
[J]. &A% 5 TR, 2004,23(19) : 3310
SHI Chenghua, PENG Limin, LIU Baochen. Influence of shallow
tunnel excavation on ground surface buildings[ J]. Chinese Journal
of Rock Mechanics and Engineering, 2004, 23(19) . 3310. DOI.
10.3321/j. issn: 1000 —6915.2004. 19.017

[22]YUN J W, PARK J J, KWON Y S, et al. Cement-based fracture
grouting phenomenon of weathered granite soil[ J]. KSCE Journal of
Civil Engineering, 2016, 21(1) . 1. DOI.10. 1007/s12205 - 016
-0862 -1

[23]MARCHI M, GOTTARDI G, SOGA K. Fracturing pressure in clay
[J]. Journal of Geotechnical and Geoenvironmental Engineering,
2014, 140 (2): 04013008. DOI; 10. 1061/ ( asce ) gt. 1943 -
5606.0001019

(24 )5k, 260, sRECHY, 45, BT T ARIRZR M R 00 (1 BF
BUERALR BT [T]. A% 5 TR, 2016, 35(7):
1483
ZHANG Lianzhen, LI Zhipeng,

grouting mechanism  based

ZHANG Qingsong, et al. Split

on nonlinear characteristics  of
compression process of soil[ J]. Chinese Journal of Rock Mechanics

and Engineering, 2016, 35(7) . 1483. DOI.; 10. 13722/j. cnki.

jrme. 2015. 0565
(mEE 2 H)



