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Numerical model for jacking force based on pipe-soil contact characteristics

ZHANG Peng, MA Bao-song, ZENG Cong, TAN Li-xin
(Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan 430074, China)

Abstract: Jacking force is one of the crucial parameters to decide design of pipe structure, selection of pipe jacking meachines
and design of shaft structure for jacking projects. In order to more accurately calculate the jacking force, it is assumed that the
excavation tunnel is stable under mud pressure and partial contact occurs between pipe and soil of hole wall. The Persson
contact model for coordinated surface is used to analyze contact angle of pipe-soil surface and distribution of contact pressure.
On this basis, the formula for calculating the jacking force is deduced considering influence of friction resistance between pipe
and mud concurrently. The results show that the contact angle of pipe-soil and the distribution of contact pressure are affected
by the mechanical parameters of pipe and formation excavated. The contact angle approximatively tends to be constant value of
180° , and the resulting force of contact pressure is about 1.35 times the pipe weight for jacking in soft soil. When the
mechanical properties of pipe and rock are close to each other, the pipe and rock tend to be point contact state. The resulting
force of contact pressure is equal to the pipe weight. The jacking force measured during jacking process is consistent with that
predicted by the proposed formula, and its applicability is proved.
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Table 1 Mechanical parameters of pipe and soil

B )E P AR B E/MPa EL VNS R
W 21.00x10* 0.3
C40 3.25%107 0.2
C45 3.35%10* 0.2
C50 3.45x101 0.2
N C55 3.55x10 0.2
Tzig C60 3.60X1Oi 0.2
C65 3.65%10 0.2
C70 3.70x10* 0.2
C75 3.75%10* 0.2
C80 3.80x10* 0.2
FHLRD 33~46 0.33~0.4
. R 33~46 0.33~0.4
s N 24~37 0.33~0.4
bR 10~14 0.33~0.4
mt 11~23 0.43
Mg+ 8~45 0.25~0.35
0.25~0.4

it 11~28

2 EXFENTEMER
Fig. 2 Plane strain contact model for pipe-soil

X (5 AN
1-v)HG {(a —D[In(®* +1)+2b*]+2

(e = AR b +1)b° ~4h } @

WEEEYEE E E, IR T A B A A
E, Hita —»-1, X (5 F5AUEET 0, vk
N
2[In(b* +1)+2b*]+2
(B> + )b’

=4p - ®)

H] L, A LAl A A5 5 - Dundurs 240K,
XAREETVE EIEM 44, HEMmE 5 EIEET
Ky RS AR H G (6) R . EH A EE AN
FMET, RIE (6) [EMIE S04 p(), IR
POE[e, e]ABGY, (ERRIGEZMIEFTHIE T Po

P=[" p(O)Rd0

f{ 1 [Jﬁwﬁ}

In
2r(* +1b* B +1-p &
b —é’
NP e 4o . )
N +1(1+e2)}

T (9 MLLEER S, NTET TR
R, RAZBUER 5> F. 5 Gauss-Legendre A i85

j_'l F(x)dx ~0.2369 £(0.9062) + 0.2369 £(~0.9062) +

0.4786 £(0.5385) + 0.4786 £ (~0.5385) +
0.56891(0) - (10)
ZRERBMSXE N[-¢, ], PREHEXH
Gauss-Legendre A3, FEHITLH., 2 0=2,
tel-L1, W[ p@)Rd0=[ plenR,dr, AHET
38 5 H 8 235G Mathlab 8014
mTEEdRET B, plEaET -(1-2v)/
20-v,) s AT EANE L ARTARA L v, 2600 T 8
fil fH R, S5 HANER 2 Fin . v WREE LR EEIE K,
B AEREZ RN, PIG WA FFK. — %
TARVARALEAE 02~0.4 28], SboRE W& T8
FETHEAR A PIG AR TR IR ZE AT 10%.
M, AT TR, 7] 2 AR b i 18
fid 5 P g2, L5 RE B ik A e K 3 S SR T )
WEART %4, 8 MR EMZRREMT, B
fisk A7y BE R I DAY 180° /B A -
Fz2 TiREREESEMAE

Table 2 Poisson's ratios and contact angles of soil

REEL/N A B BEffAE2e () PIG
0 -0.500 189.695 1.3896
0.1 -0.444 182.471 1.3598
0.2 -0.375 174.606 1.3285
0.3 -0.286 165.830 1.2952
0.4 -0.167 155.947 1.2597
0.5 0 144.700 1.2222
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Table 3 Friction coefficients of different contact surfaces

P 2R JEE R R

IR L Sb/As G 0.5~0.6

KRt 5%+ 0.3~0.4

R B0 IR SRR 0.3~0.4
B RRE TS+ 0.2~0.3

IR+ Sb/as G 0.3~0.4

Kt 5%+ 0.2~0.3

T Bl EE R B0 IR SRR 0.2~0.3
L REE LS+ 0.1~0.2

TS 0.1~0.3

x4 TEEELERSH

Table 4 Pipe-soil friction parameters of different soil strata

2 WEERESM/(C ) TNEN  c/kPa u
wE5 15 4 10 0.1317
W 20 10 5 0.1763
W 30 15 0 0.2679
il it 1= 40 30 0 0.3640
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Table 5 Parameters of project A and B

THESH T A TB
HZ Sandy gravel Gravely sand
% /(kg'm”) 1830 1670
TNEN 18 30
YR /m 9.8~10.2 9.8~10.2
THE & 5 /m 2447 250.2
P IE J1/kPa 114.5 114.5
EIBEE/(KN'm") 5.5 55
= E/MPa 30 40
&1 E,/MPa 2.5x10* 2.5x10*
HIE v, 0.2 0.2
F%18 B 1% Dy/m 0.98 0.98
BIEEAE Dym 0.8 0.8
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Fig. 4 Comparison of jacking forces of project A under partial

contact of pipe-soil
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Fig. 5 Comparison of jacking forces of project B under partial

contact of pipe-soil
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