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Analytical solutions for surface deformation induced by jacking large-section
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Abstract: It is of great significance to study the influences of the whole jacking process of a curtain box culvert on soil
deformation and surrounding environment in advance to predict the deformation and control the influences of construction
disturbance. A method for calculating the surface deformation under the combined action of front propulsion, friction and soil
loss is obtained based on the classical theoretical solutions such as the Mindlin solution and revised Sagaseta formula. The
mechanical model for soils under the jacking process of the curtain box culvert is established, and the formula for the soil
deformation caused by the front propulsion force and friction force is given based on the Mindlin solution. The formula for the
lateral surface settlement caused by the soil loss is proposed based on the principle of the equivalent layer method. According to
the relative independence of each influencing factor, the deformation caused by each factor is superimposed to obtain a
theoretical solution formula suitable for jacking of the large-section pipe curtain box culvert, which can comprehensively
consider a variety of construction factors and three-dimensional deformation of soils. The rationality of the formula is verified
through engineering examples, and the research results can provide references for the deformation prediction of actual

construction.
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Fig. 1 Schematic diagram of action of horizontally concentrated

force
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Fig. 2 Schematic diagram of model for forces on soil under

jacking action
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Fig. 3 Schematic diagram of principle of layered method
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Fig. 4 Schematic diagram of replacement of curtain by layered

method
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Fig. 5 Schematic diagram of layout of measuring points of curtain box culvert
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Table 2 Structural parameters of curtain box culvert
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Fig. 6 Comparison of surface deformations at end of jacking of
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curtain box culvert in Section 1
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Fig. 7 Comparison of surface deformations at end of jacking of

curtain box culvert in Section 2
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Fig. 8 Comparison of surface deformations at end of jacking of

curtain box culvert in Section 3

SR L, Wi — AR B AR Y KT i — A I
=, R EAMRAR AR, BT T R T
BN, BRIl SRR RERARST . 3 NI
b3t R AT BB AR . BB RO SRR AN S (2 (e
BONHRE, BARRES T, MM RIER, %

E T T 256 5 RE TOUE It T PRI 3R 2 ) R R
T R AT BR B AN A B, BISME S5
AEAEADL TSl M 2 5 PREIN A IR T /7S e T o 2%
Ry ATPIE RS MY M

4 &

BT IR TV it T 5| A th RS TR I B R A 50
JIT 2% R TR B i I L, fR e T —FhE A TR
b T A A R T i T, T SRA R 2 Pt DR N
AR Z AT R TR AL, IR TR SRR B
s A HERR 1 o

(D) MRIEHIS TR BUE BRI s D E 3
TR FEARIRE TR, HhR e Ky & R AETEAR I
HERAL, ] PIAE TN o

(2) 12 Mindlin fi#Z fi& IE Sagaseta A A 115
3B AR T i TRt A K BES
HZ BT R A HE, R A B2
DUBETT AR, THEYGE. RO, TR
HZE A, TS AT I E DR 5 SERRA L AR K o
A I TR S SRS B B SR R AR A, S EE AR
PS5 BRI IE ) b, BRAIE T B A =N A B .

(3D FEAFRR TILEE Jt T 5] 2t R AR T 1) = KR
A IR THE S BT AR 5 ] Bl A B
v BARER, ASCRBIEBHEARGEEHZET
A b2 R 22, W DAY S PRt T rh AR T R S ke

SE -

(1] 8 44, WEX HREK, 5 TUEHE Lo b AR
HOTERI. AA 71%5 TR, 2005, 24381 2):
5808-5815. (WEI Gang, HUANG Zhiyi, XU Riqing, et al.
Study on calculation methods of ground deformation induced
by pipe jacking construction[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(S2): 5808-5815. (in
Chinese))

2] % M, BB, RECT, S5 AT T3 R L kR
I EINER L], T =S TRE2EH, 2019, 15(5):
1482-1489. (LI Hui, YANG Guiyang, SONG Zhanping, et al.
Study on calculation method of soil delamination

deformation caused by rectangular pipe jacking
construction[J]. Chinese Journal of Underground Space and
Engineering, 2019, 15(5): 1482-1489. (in Chinese))

B] M 33 &, BeH, & ZEEBN TV L5 E
LA B A T]. BRIERLE S TSR, 2021, 18(1):
192-199. (JIAO Yi, LIANG Yu, FENG lJinyong, et al. Study

on soil deformation caused by pipe jacking construction with



%13

SR, SR ORI A F AR TOULE 5 6 AR T g T A 5 191

multi-factor[J]. Journal of Railway Science and Engineering,
2021, 18(1): 192-199. (in Chinese))

(4] TREM, 200, RRAE, S BRI T 5
HEREVNEE SN &+ %, 2022, 4338 T 1):
419-430. (ZHANG Zhiwei, LI Zhongchao, LIANG Rongzhu,
et al. Analysis of surface subsidence and deformation caused
by rectangular pipe jacking in soft soil stratum[J]. Rock and
Soil Mechanics, 2022, 43(S1): 419-430. (in Chinese))

[S]JIA P J, ZHAO W, KHOSHGHALB A, et al. A new model to
predict ground surface settlement induced by jacked pipes
with flanges[J]. Tunnelling and Underground Space
Technology, 2020, 98: 103330.

(6] ¥FAR, £ B, ZEK, S KWL 5V ER R U i
TG 2 ) AR TR AT FE )], eSO A S R (L AR,
2020, 53(7): 597-604. (XU Youjun, SHI Ming, LI Yufa, et al.
Study on vertical deformation of ground surface caused by
construction of large section soil pressure balanced
rectangular pipe jacking[J]. Engineering Journal of Wuhan
University, 2020, 53(7): 597-604. (in Chinese))

[71] MINDLIN R D. Force at a point in the interior of a
semi-infinite solid[J]. Physics, 1936, 7(5): 195-202.

[8] XV, sk ¥k, BEEHK. T Mindlin 2RI VERE I FE
KA. AR HHA, 2005, 27(1): 79-80. (LIU Taotao,
ZHANG Jie, LOU Guochang. Critical pile length

computation based on mindlin displacment solution[J]. Low

Temperature Architecture Technology, 2005, 27(1): 79-80. (in

Chinese))

[9] 5k & FETRIEE AT R N 5 WEA S5 440 L2 ma wfF 7
[D]. Jb5T: dEAE K%, 2021, (ZHANG Lei. Study on
the Influence of Subway Construction under Existing
Structures Based on Stiffness Analysis[D]. Beijing: Beijing
Jiaotong University, 2021. (in Chinese))

[10] BRBASCR, T30, R, 58 g s NI R i) G F it 15
BRSO ORI S TR AR, 2013, 9(1):
155-160. (OUYANG Wenbiao, DING Wengqi, XIE Dongwu.
Calculation method for settlement due to shield tunnelling
considering structure stiffness[J]. Chinese Journal of
Underground Space and Engineering, 2013, 9(1): 155-160.
(in Chinese))

(117 B8 2K i Fvk st T 7 e Aol 9 2 2R B8OBUE AT A 0],
TR, 2009, 39(12): 74-79, 109. (WEI Gang. Study on
calculation for width parameter of surface settlement trough
induced by shield tunnel[J]. Industrial Construction, 2009,
39(12): 74-79, 1009. (in Chinese))

[12] LOGANATHAN N, POULOS H G Analytical prediction for
tunneling-induced ground movements in clays[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 1998,
124(9): 846-856.

[13] ®E R, TUE L 51 E K AR Y o U 7 [D]. ia AR5
W RVE TV K%, 2018. (HAN Guoliang. Study on Ground
Deformation Caused by Pipe Jacking Construction[D].
Harbin: Harbin Institute of Technology, 2018. (in Chinese))

(BXIREFHkR) BITRE

(TR QT 1979 48, ZEKF LA,
Ji%Es B KL RPN EE MR S A AR
FHGUT . rsOKMBREER SR TR, BRI ATFRAT. &
FRE LT AR AU Re R A e R AN SEROK
T RIRHEART SN TRESEBSCR S o fRIEHE IS BrEoR. B
A OFTMPRHRORIT SRR F o WA [ 5 B SRR A R I H B HiA
LI H AR TR R A 3R, A8 AN A S B e 5
F R, IS TR X SRk 2R HA SO ER PR | ZRiR

AT A E SR O] R EREET SCEERE (CSCD)
Zob AT A E R R LT . AR Tl “ TR Ei
Compendex $(i "7 “Scopus ##i P 7 46 H Fr i FEdicx . A
FiI'E M (www.cgejournal.com) 4= R AT AT A FI#E L, “H

A7 “TTTTI 7 YRR A SCCR AT

AT SR N EAREH . KRB, Zlisk. 7 lE
SRS BHR AT NS 2 5 A - TR R
Wit L. MEFES NG,

ATIAAT, A4 TFAR, BREHERR, 222 U1, 4] i) i,
FEWE M 40 T, RFEMN 480 TT.

A [ BrARiE TS ISSN 1000 - 4548, [F 48 —F] 5 CN 32
- 1124/TU, HA RTINS 28 - 62, HAMEATAS MO 0520,
S RS 4 [ A i SR VT, AT R SRR AT I CR
OB 2% o JmiBERiT Wtk : P RTPRIE G 34 5 (A L TREEAR)
R MB4w: 2100245 BEARHIE: 025-85829534, 85829543,
85829553, 85829556; £ H : 025-85829555; E-mail: ge@nhri.cn.

CAS TG BT D





