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Study on soil-compacting effects induced by pipe jacking construction
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Abstract: It is shown that the excessive support pressure, deflexion of shield, the friction between shield and soil, and the big

grouting pressure will induce the compacting effects during pipe jacking construction. In addition, the heaving process will reduce the

total magnitude and widths of the surface settlement troughs after the construction completion. The soil is assumed as a uniform line

elasticity material and the initial stress field of the soil is considered. Through the simulation of soil-compacting process by applying

an outward elliptic radial displacement to the surrounding soil of shield, the approximate analytical solution of soil displacement

fields in half space is obtained in small strains. Considering the spatial effects, the modified calculation formula is also presented.

Furthermore, the calculation results from the modified formula are compared with field data. The maximum of surface upheaval is at

both sides of axes. The calculated values are a little bigger due to hard surface of ground; while under the hard surface, they are in

accordance with the measured values.
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Fig.3 Steps in the analysis of singularity and its image

3.2 BEH5HRBIEFERABY

Muir BB AR A% g AP L 3550 kA
A L& ARG W (B BY ) g, SR B e 2 A
TERIPERE T A A AR A% . Pender PR
ﬁé*ﬁﬁﬁﬁﬁi?%ﬂﬁﬁi‘zj}i%(avo =Dy On =Kopy )EH]
A SR A I R R TE TS G R A R .
Sagaseta ' f i AT LA T HE9R E Ak v - A48 0% 5 12 )
TARNAS AT T 0T, W ILEAE R AN AR
o), SR BB R AT 18 B AR, 153010145
R i BN 3 En 8 e V1S R N A R ol e N
Hrfi# . Verruijt F1 Booker! %} Sagasetal "ffifig it 47 7
HE), 2 L8 AR 5 TS ) 1) B 3R [T 3 A 428 )
sl e N e S L IEEDE T A% 30, &
33 T IR AR B v AR B3 RN Y, 60
A A AA LEERIE H

K Sagaseta(1987 4F)!M MR 557 W
Bl 2 R, SNV T IS (x=0, z=H), MR
H AT A3 “YETA I (x, 2) BRI P, 2)Ab7 2R
AL R

x(x* —kz*
ux:3R2i2+5R2(—4) (1
r r
z(kx? —2*
u, =3R2%+5R2(—4) (2)
r r

i A ARG, BB A AR R
&, A AR N 5. Bk, S
XS B TG I VR 2 S U

A w, ARG w, by AR A
¥o: x AR R R AR R, D B2 Ty
WONIE: z AFEE RS, DS R H ol
(R R R BN TSR TRYS e o= (T R VY s AR
z-H; zy=z+H;: P =x>+z: 5 =x"+23: k=
p(l—p)s e AHDRBSRNGEBEE, e=n/2,
n A AR I AR E s s 5 ik
WL AR XS R T S5

%M Loganathan H1 Poulos! 42 H! i)+ 55 77 v,
(GEIF

n= % x 100 % (5
4R
b g ATIERSE, R e AR ANt 5
I, g=Uyy, Uy AHREEHLETEE LA — e iy
AR, LA R A
U,y =0.5n8, (6)

L n h HARDIEIE ) 23 A —ft, n=0.7~
0.9; 24K AWk sh i G T AR K E ),
n=10. & K TALEFHZIN P B AL,
5. =QRp,[E; QNTLENAMBHET, ATH 1.12;
E AANHKZIEHE:  p, AFFIZHE N 7,
po=p-Kip. —p,» p AIFIZHWY KT K
AR LRI REG p) hEE R AR A
BN S5 p, HE BN LUK R Ty o ETH
T KRR, p, N0 E A8 HERLS A 2 R RH
J12nRLf s L AN f o PR ) o
S5 ARME L LR RECK, Koe HHK,
Sagaseta A T 8 5 & (KRR N
8 =4(1- u)(1-2u)e €

3.3 RMEIENHEIE

H T LA B AR B, BN ) o R H
MiFu, fEHIER (2 =0)¥0 0, mP = A IE Y.
Jo M5, BRI z=0 4.



720 ES N Y 2006 4
22 w2 — H?
- 4GeR =~ — _4gHR* ——* _ _25HR? amn
O, CI( ) (x 7E ) U._g [ERTE (xz Hz)z
8GmSR> H*(3x* — H?) 3.4 FERZ RN IE

(8)

m+l (4 HY
L G AR B UIR S m A5 u
R Bh I HE, m=1/0-2u) .

N T RIBIE (2=0, o_.=0), LY
MM IERN ) o, = —g(x) RV L 1 1E
M. 77 q(x) » KA F I Cz > 0 ) H (1) Boussinesq
filt, RN

z=0, o,=—¢q(x), 0,=0 9

% 0] AT LK Fourier 4t vl, fardd 4 1
FEAHRE, g(—x)=q(x), BIAFRLEAE (9, Zk
[ i

U, = J.:C(l —maz)exp(—az)sin(ax)da  (10)

- _J. : C(l+m+ maz)exp(—az)cos(ax)de (11)
L CR_R—MBDME, CH

C=——L1 L™ () cos(ax)dx (12)
mnG a? 0
B ®) T g(x) EHAAL (12), Cc&R
2¢R? 2

C:

exp(—aH) - 20R aHexp(—aH) (13)
m m+1

B LSRN AN (10), L (1D, fh
. Fourier £143, X ©411 Bateman £14y, 7] LIS
| R

23R2x{ 1 2mzz, }
Uy = R 4 -
m | 7

2 mz(x? =322
46R XH[Z_2+ ( z)} (1)
m+1

2 4
n n

26R*| (m+1)z,
uzZ == m

4 6
v m+1 7,

2_2 22z, (3x* - 22
25R2H[x L, M a 2)} (15)

CARENCE W EIN
L 54

U, =U FU,s U =U, U, (16>

A (4 A, wieT L

Lz =0, FTLAAGE] 0 3 5 RS () A

H AR SC 2 3UHE T FPoRs TOUE A 2E AL S 98 s
PN IR AL A I Ay, 7 AR TR RN, 3
SR HEN LA A ™ A (K B AR A BT 55
WA Dy TAET S ST SE et L, 7 200
AAXBATEIE,

SCRR[1815EH B TETT ik, X T Lk H % 5),
BB EARRE SIS S AR i B A SRR, 32 IE

w2y ——ZITR e
&+ (-2 -]
A
u, =y, +u,) (13

T I 0] K B L SIS B (1) o AR B, KL
PRRI RS B ER B I A E sk, Bk, 2
FHRH T ANERBIERBAAN

A=exp|-2r°/(H +R)’ | (19

X r=x*+(H-2)" —R, HAbF S E.
IR JE I AP s it A
u,=AMuy, +u,,) (200

4 S

PO T A M B THA AR B0 B, SR 1 Pl
THAS , AN AR R 1 440 mm, N B4224 1 200 mm,
EATKREEN 1.85 m, LR G 242D 4 4 m.
RN BRI AT G, BEER

m; 12, ZER13m; Ht2)2, 25N
1.8 ms IR AL T2, 2N 3 ms AR TES
LB EEA T 2 B, B LR
PEREFRbR N : RAREKE0=295 %, fLKLe=
0.81, H/¥y=19.43 kKN/m’, JARALL 4 =03, JE4i
FHa, =023 MPa", [H 45 B3R R AR ¢ =
8.8 kPa, ¢, =25.0°

by TP 7% 300 S 0 A ) TR A ) 7 B E

ATIEI . ARPEIA Mg DL, W T T T 2R 7 1) A
ET 5 N HITHI RN AL, B2 Bs 40k 0, 1,
2.5, 4, 6 mo JELJEM AR T B I RMSCGHEAT Bl
TR BT T A7 AT & T — AN ACEA AL Bl
I, AT 3 MRIRVE, BAhZiEgsanlh 1.5,
3.5m A1 5.5 m, HBHEEHR 10 m.

Bl 4 P th e, il pos, BEevkEh



5 5 3] B A T L5 R B B0 AT 721

LB KT, BIEA SRR RN A RS
SR BUHART o b 107 S0 P e ke 1 A KT
ASOOFEWHAR, e TS Bk A
RN R ARG Sy, T sbs AR B
Jy EFBEE RS OR, 1Ak B 2 LT s
PR SR K TASCOE T A R o IR EAL it
T [ H S LS MR K, 3 T i b i J
IEFVPEERY, T 25 FIREAT R, DAL i - A
B)ESep i ne D NN AT TR 22

60
0 r S SN
E 40} -~ BIEE L
P ~ BT
¥ 30 F
®
F 20
10
0 1 1 1 1 4 ]
0 2 4 6 8 10 12 14 16
KFH B/ m
Bl 4 i R 2R

Fig.4 Curves of surface upheaval

SCHR[31R AT BTN, it N 0.1 MPa (1) FH 0
N 77 A B K M TRT B AR 20 0.6 mm, 5 AT
R (p, =3.01 MPa) KEGHFF, BEIIASTT
IR . B 5~7 HIRIE AR S,
BIFTR, B K VEE B 3R, e T g 55K
MMER AR, X e T2 v ff g m . &t
BIEG, HEML S s, RHBLER
BT & LRSEbafEol. AT LZE Ghims
2 m¥%) X—E LIAKPREEE N TR, S
AR — 3. 2 2m BLF, TAkEEI4),
SEI kS IE TR LR A

JKPFERS/ m

R/ m

- Sk
~ BE
~ I

' L G
O O 0 NN bk WD =O
= — T T T T T T T

B 5 BEHL 1.5 m BEFE ARSI L
Fig.5 Curves of horizontal displacement, 1.5 m away from
pipe centerline

JKPHERS/ m
0 10 20 30 40 50 60 70

= Sk
- B IETH S 2k
—= PR TR 2k

s
KB/ m

'

U O

S O 0 N N AW N = O

g T T T T T T T T

B6 BHL 3.5 m AHFE AR PSR
Fig.6 Curves of horizontal displacement, 3.5 m away from
pipe centerline

JKPHERS/ m
0 5 10 15 20 25 30 35 40 45 50

= Sl 2k
- BIET L
- ST R

W/ m
,
e P R | U L |
S O 0 NN R W= O
LA

B7 BEHL 5.5 m EFE AR PSR
Fig.7 Curves of horizontal displacement, 5.5 m away from
pipe centerline

5 4 B

P 7 ST It e R — B 2 HH LR
FEA—K85F LB THET BN S B R/ ok
SR 7 o VAL i G PPN I Py R VAR S
P Sgo TR, i, M R Al LA 4R
MW 57, i Far AR AR 2 2
GrISE S, e BENLR A i e), /s 1 TE
Ji B LA ) S U B R B, A A IR A AU 3
17 N T EARBUR R BRI, BN 2
ZINHITET Sk PR DR AR S DU R 58 15

AN AT AVE STV B 1 5 DS (1 Jee K b i
W B RN BT RS M KRR AR AR S, G TR
WG, R R SN R & ATHEA
SCHER B RE BT T DU S LR S AN
Mo N LA RN . SO BOE AR 3 A & 1 [
PR ICPRFE (A, BeAT %5 R HE LR A s
TS LR BN, SIBRE OB, &
VERE— 9.



722

i
+

2 2006 4F:

(2]

[4]

(3]

(6]

[7]

2 % 3 MR

RMWIR, Bl TSI THARM]. Jbat: ARSI
HiRRAL, 1998. 115—116.

Ti WA BT T CIE IS LS R R 2
ZH[D]. Ll [AHER, 1998,

TR A, T THUE ) 2 RN R B AL, 23 AT ).
A TR, 2003, 22(3): 400—406.

HUANG Hong-wei, HU Xin. 3D numerical analysis of
construction mechanics effect of pipe-jacking[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003,
22(3): 400—406.

i, FERER, AR H IR, THUE T3 EE R (A e
VEELOMTII. AT )05 TR, 2004, 23(7): 1158
—1162.

FENG Hai-ning, GONG Xiao-nan, XU Ri-qing. Finite
element analysis of influence of pipe-jacking construction
on environments[J]. Chinese Journal of Rock
Mechanics and Engineering, 2004, 23(7): 1 158—1 162.
PEE, SRR, aRARYE TS I T X A AT
B S SEMA AT, 1% 5 TRE 2R, 2003, 22(4):
601—605.

FANG Ying-guang, MO Hai-hong, ZHANG Chuan-ying.
Theoretic and testing analysis of soil deformation in the
area of disturbance caused by pipe-jacking[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003,
22(4): 601 —605.

BN, IRHK, EE. TR I 5 DR AR sh BLig 23
B SARB R E[]. A A %5 TR, 2004, 23(3):
476—482.

WEI Gang, XU Ri-qing, TU Wei. Testing study and
analysis of soil disturbance induced by pipe jacking
construction[J]. Chinese Journal of Rock Mechanics

and Engineering, 2004, 23(3): 476 —482.

B, IRHIR, MR, & THE it 15 DR i A2 T8 7

(8]

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

Fr[3]. A E B, 2002, (4): 27—29.

WEI Gang, XU Ri-qing, XIAO Jun, et al. Analysis of
surface deformation induced by pipe jacking construction[J].
China Municipal Engineering, 2002, (4): 27—29.
T, BT, BN, A TR X AR e IR
BRI IE[T). 712, 2003, 24(5): 781—1785.
FENG Hai-ning, WEN Xiao-gui, WEI gang, et al. In-situ
test research on influence of pipe jacking on soil[J]. Rock
and Soil Mechanics, 2003, 24(5): 781 —785.

Lee KM, Ji HW, Shen C K, et al. Ground response to the
construction of Shanghai metro tunnel-line 2[J]. Soils and
Foundations, 1999, 39(3): 113—134.

Iy« PR, TE TRECRADIM]. dbst: $EER T
HiRRAL, 1983, 28—33.

Sagaseta C. Analysis of undrained soil deformation due to
ground loss[J]. Geotechnique, 1987, 37(3): 301 —320.
Muir Wood A M. The circular tunnel in elastic ground[J].
Geotechnique, 1975, 25(1): 115—127.

Pender M J. Elastic solutions for a deep circular tunnel[J].
Geotechnique, 1980, 30(2): 216—222.

Verruijt A, Booker J R. Surface settlements due to
deformation of a tunnel in an elastic half plane[J].
Geotechnique, 1996, 46(4): 753 —756.

Loganathan N, Poulos H G. Analytical prediction for
tunneling-induced ground movement in clays[J]. Journal
of Geotechnical and Geoenvironmental Engineering,
1998, 124(9): 846—856.

Lee K M, Rowe R K, Lo K Y. Subsidence owing to
tunneling I: Estimating the gap parameter[J]. Canadian
Geotechnical Journal, 1992, 29: 929 —940.

Sagaseta C. Discussion to Verruijt[J]. Geotechnique,
1998, 48(5): 709—713.

Sagaseta C. Author’s reply to Schmidt[J]. Geotechnique,

1988, 38(4): 647—649.



