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Abstract: To investigate the excavation deformation and bearing characteristics of ultra-deep circular shafts for
shield tunnels in soil-rock composite strata, this study focuses on the circular shaft foundation pits of a shield tunnel
section along the Shenzhen Airport-Daya Bay Intercity Railway. By analyzing field measurement data and numerical
calculation results from three adjacent shafts—one main shaft with an inner diameter of 36 m and two service shafts

with inner diameters of 12.6 m—an in-depth examination of the excavation deformation characteristics and internal
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force responses of the ultra-deep circular shafts was conducted. The results indicate that: (1) Under the influence of
groundwater level fluctuations, soil and rock excavation, and adjacent slopes, the diaphragm walls of the main shaft
exhibit a composite deformation pattern characterized by “cantilever” and “bulging,” with a maximum lateral
displacement of 0.52%0H. (where H. denotes the excavation depth). The diaphragm walls of the service shafts
demonstrate overall tilting deformation, with a maximum lateral displacement of 0.18%o0H., while the maximum
surface settlement reached 0.37%oH.. (2) During asynchronous excavation of the shafts, the ratios of the maximum
circumferential normal stress to the maximum vertical normal stress for the main and service shafts are 4.8 and 4.4,
respectively. In addition, the ratios of the maximum vertical bending moment to the maximum circumferential
bending moment are 6.9 and 1.9, respectively. Furthermore, the diaphragm walls exhibit compressive bending per
unit depth. The axial forces in the ring beam supports of each shaft are relatively high within the groundwater
fluctuation zone or near the soil-rock interface due to various factors, including local overloading and uneven soil-
water pressure. (3) A simplified calculation method for determining the vertical bending moment of the diaphragm
wall based on inclinometer data was proposed and successfully applied in the engineering case. The calculated
maximum vertical bending moment of the main shaft is 78% of the design value. This method can effectively and
quantitatively assess the bearing capacity of diaphragm walls during shaft construction, particularly in cases where
reinforcement meters are not installed. The findings of this research provide valuable insights for similar circular
foundation pit engineering in soil-rock composite strata.

Key words: tunnel engineering; ultra-deep circular shaft; excavation characteristics; field measurement; diaphragm
wall; vertical bending moment
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Table 1  Construction log of main shaft for Shilong #1 shaft project
KB L% FAUR H
(phase)  (construction content)  (depth)/m (date)
S0 ﬁﬂ’ﬁféﬁgﬁéﬁ;DW 0 2022/07/01~2022/09/30
o %4}[;;3?;:%]3?3 _1 7.5 2022/10/01~2022/10/10
Hi%ﬁﬁi%zjﬁ'%% 13.5 2022/10/11~2022/10/21
Hi%ﬁﬁi%jjﬁ'%% 19.5 2022/10/22~2022/10/31
N ;ﬁwﬁ;gg% 4 24 2022/11/01~2022/11/11
o %ﬁjl%?@bj:;j% s 28.5 2022/11/12~2022/11/21
Eﬁm&-;la{;;[:g 6 33 2022/11/22~2022/12/02
o Ez\%?%ig 9 36.5 2022/12/03~2022/12/16
0 Lé}%;’fé s 40 2022/12/17~2023/02/21
o ?ﬁhié;?z%lfﬂ; _9 43.5 2023/02/22~2023/03/15
THZH B

S5 RB - 10 47 2023/03/16~2023/04/07
FEFZ TS AT
I 50.5
S6 T—IEHEERB - 11
FEZ. WIS S —
TEATHE LW - 1
FEZ. WIS
TGt LW - 1
FEHZ. BT A =
A LW - 1T

2023/04/08~2023/05/01

54 2023/05/02~2023/05/29

585 2023/05/30~2023/06/22
S7
63 2023/06/23~2023/08/06
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Table 2 Physico-mechanical parameters of rock and soil for Shilong #1 shaft project
Al 2% et g
o 0 R b 2y BTG BIERB
fe sty L (unit weight)  (moisture (Vil;j/%ati 0) .(flzfc?;olnj iﬁe;ﬁ [ PREEF R T (modulus of (coefficient of
(type of rock & soil) 7 /(kN * m 3) content) e () (cohesion) ¢, /kPa  deformation) permeability)
W% » Peu Ey/MPa K(em * s
H+ 18.5 25.5 0.810 12 12 6 6x10 4
gl 18.4 31.1 0.912 15 16 10 1x10°3
R 5 18.3 21.3 0.740 24 26 60 6x10 4
AL AE R A (AR 18.4 19.6 0.726 28 30 100 3x10°4
HRRAIE R (FLR) 22.0 - - 35 80 160" 2x1073
HAARAE R 25.5 - - 40 1000 2500 9x10 4
ORAAE 26.5 - - 42 2000 5500 6x10 4

e T AR,
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Fig.3 Relation curves between excavation depth, external

groundwater level and time for shafts
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Fig.9 Time-history curves of ring beam axial forces of different service shafts
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Table 3  Surface subsidence statistics of shafts

1 o TrLIUH WOV
(type of shaft) (size)/m (settlement around (maximum
P the shaft) settlement)
ESis 16;115:362 (0.14~0.36)%0H. 0.37%0H.
B I;;: fgg (0.12~~0.32)%0H, 0.35%0H,

AL, A TRER BRI R 52 8 7 %
PRI R a2, (B F2 R v S TR AR AR
TR AL TR,
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PR B ) S i 7, SN i I A T A4 R
F RS AR BRI, AT A PLXIS 3D A
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(a) Schematic diagram of the model
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Fig.12 Schematic diagram of the strata-structure method model
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Table 4 The parameters of Mohr-Coulomb constitutive model

b2 stratum)  E (unit We{gsht) ﬁ_?é Vil o P BE S . . ‘JEM’“A 24 . . MR
y /(KN » m °) (cohesion)c/kPa (friction angle) @ /(°)  (Poisson’s ratio) v (elastic modulus)E/MPa
HAE 18.5 12 12 0.30 10
AL A (HOR) 22.0 80 35 0.22 250
R AL B A 235 1000 40 0.20 3500
AL 25.5 2 000 2 0.18 6 500
RS PNRIR L ARRE A S5
Table 5 The parameters of HSS constitutive model
EE B W@ﬁﬁ% NI EE 24 NI EE 24 NS4 BTy
Hh 2 (stratum) (unit weight) - (friction angle)  (stiffness parameter) (stiffness parameter) (stiffness parameter) (shear modulus)
/(KN « m %) (cohesiomc/kPa = e Es/MPa Eoo/MPa E./MPa Gy/MPa
R 18.6 16 15 35 3.9 19 50
RMAE R E 18.0 26 24 6.5 6.5 24 95
HRAIE R A (1R 18.5 30 28 12.0 12.0 40 150
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Table 6 Parameters of linear elastic constitutive model

RIS NI RENE L

4K (structure) (strength grade (circumferential  (vertical ~ (Poisson’s

of concrete)  stiffness)/GPa stiffness)/GPa  ratio)
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(g) Schematic diagram of shafts’ deformation
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Fig.13 Cloud diagrams of lateral displacement of shaft groups
at different excavation phases
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Fig.14 Cloud diagrams of bending moment and axial force of

shaft groups at different excavation phases
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