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Mechanical analysis and field measurement of large-section quasi-rectangular
pipe jacking buried deeply in soft soils
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Abstract: Deeply buried large-section rectangular and quasi-rectangular pipe jackings are increasingly used in the construction
of large-scale urban underground structures such as subway stations in soft soils. The water and earth pressures and internal
force responses of the structures can play an important role in ensuring the long-term safety of urban underground space.
However, the relevant researches are still limited. Based on the field measurements of Jing'an Temple Station Project of
Shanghai Metro Line 14, the spatial distribution of water and earth pressure and structural responses of large-section rectangular
pipe-jacking structure deeply buried in soft soils are investigated. Then, the influences of earth pressure theories and
soil-structure interaction modes on the internal force responses of pipe-jacking structures are analyzed. The applicability of
different design methods are evaluated. The main conclusions include: (1) The measured vertical earth pressures at the top of
the structures are close to the theoretical values of soil column weight, and the bending moments of the structures calculated by
using the above theoretical earth pressure are consistent with the field measurements, and thus suggesting that the soil arching
effects at the top of the pipe jacking in this project may not be significant. (2) The bending moment of the quasi-rectangular
pipe jacking shows a "butterfly-shaped" distribution, indicating that the deformation mode of the structures is vertically concave
and transversely convex, while the transverse convexity of the waist can further result in horizontal ground reactions. (3) The

horizontal soil reactions can have significant impacts on the

internal force of the large-section rectangular pipe jacking %ﬁlﬁﬁ_-ii@ﬂiﬁﬁﬁﬂ‘%ﬁﬁlﬁlﬂ (22ZR1447000)
structures. The existing design specifications for pipe-jacking RS EHA: 2024-02-04

structures mostly ignore this factor, which can lead to a {5 {## (E-mail: 1018tjzhenhao@tongji.edu.cn)
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remarkable overestimation of the structural bending moment (e.g., for the structures in the case study, and the computation error

for the bending moment at the waist areas can be a factor of two).

Key words: rectangular pipe jacking; soft clay; earth pressure distribution; structural response analysis
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Table 1 Physical and mechanical parameters of soil layers

S 42 v/ Jl 9 K/
WEAI A Nem®) ke () (kPam)
O+ 2.0 18.8 10 10.0 —
@ &+ 4.0 18.3 3 31.8 1.67X 105
TAY NN

OWEIHR o0 175 2 202 13110
i+

@R FiFLE 175 16.7 2 24.5 1.27X10°
®. &t 218 17.8 3299 1.73X10°

G FEEt 303 18.0 5 319  1.72X10°

TE: hONLRIRIER: y NEEE CNERER o' N
RN B S5 k M IFI R PR S 70 R 8, IR AR [ S5 ISHE L



1192 HoE L OB ¥ M

2025 4F

1.2 MMAR

N T IR FTE B T K AT 8 AT 5 S5 N, 1%
FERATERIUVE REE 8 FAANEE 21 FAEE T OB
200 Horp, 55 8 MR ORI, TS 21 PR RR
B I v ZE I Rl B AT o AR AT ST T
THE],  EATZRMRIT A T Bk, &4 FAT4IN
BTSSR TS, A B T 38~ A2 A HAh i T80T,
B DR [T A E R T ) 7K L 488 B 45 R i R ARRALE

WIREHHS: 8. 21

TR
15 F T3 i_z BOLTLES[ L 1

&2 METEE
Fig. 2 Plan-view of pipe-jacking structures
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Fig. 3 Configuration of water and earth pressures and strain
gauges for pipe jacking structures
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Fig. 4 Typical time-history curves of measured water and earth

pressures on pipe jacking structures
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Fig. 5 Distribution of measured water and earth pressures along

transverse section of pipe-jacking structures
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Fig. 6 Typical time-history curves of measured structural strain of

pipe-jacking structures
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