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Analysis on Deformation Characteristics of Pit—in—Pit
in Different Spatial Forms
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(China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan 430063, China)

Abstract: Based on the foundation pit engineering case of the pit in the pit of Nanchang Aixihu tunnel,the de-
formation characteristics of the pit in different spatial forms of the pit are studied and analyzed by using the nu-
merical calculation software. The influence rate of foundation pit deformation is proposed, which can be used to
comprehensively judge the sensitivity of pit spatial shape parameters to foundation pit deformation. The results
show that the influence factors of the spatial form characteristics of the deformation characteristics of the pit in
pit are mainly the relative size, relative position of the inner and outer pits and the insertion ratio of the enclo-
sure structure. The specific sensitivity relationship is as follows: relative depth > relative position > insertion ra-
tio of the outer pit enclosure structure > insertion ratio of the inner pit enclosure structure > relative width.
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D H,:Excavation depth of outer pit
hy:Insertion depth of outer pit enclosure

Inner pit

H,:Excavation depth of inner pit
hy:Insertion depth of inner pit enclosure
B:Outer pit width

H,

h,

b :Inner pit width

D :Platform width of pit in pit

L :Influence range of surface subsidence
o

~= S : Maximum surface settlement

*1

Y e : Maximum horizoncal displacement of enclosure
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Fig.1 Cross section view of spatial morphology and deformation characteristics of pit in pit
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Tab.1 Influence factors of pit in pit spatial morphological characteristics

Influence factor

Representation symbol

Calculation formula

Interpretation

o a,=b/B Excavation width ratio of inner and outer pits
Size influence factor
a, a,=H,/H, Excavation depth ratio of inner and outer pits
L Pit toe coefficient (ratio of pit abutment width in pit to
Position influence factor & e=DI/H, ( . pit-a w p
excavation depth of outer pit)
Enclosure influence & &=h/H, Insertion ratio of outer pit envelope
factor & &=h,/H, Insertion ratio of inner pit enclosure
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Tab.2 Calculation parameters of soil layer
Number Solum v/ (kN-m?) ¢'/kPa @'1(°) E:)f/Mpa E:;/Mpa E:i,f/Mpa o
1 Muddy silty clay 17.5 7.06 3.69 3.13 3.13 9.39 0.28
2 Silty clay 19 49.92 22.63 7.07 7.07 21.21 0.35
3 Medium sand 19.7 32 25 25 75 0.26
4 Gravelly sand 20 35 32 32 96 0.24
5 Round gravel 20 36 35 35 105 0.2
6 Strongly weathered 20 40 25 40 40 120 0.3
argillaceous siltstone
7 Moderately weathered = 55 ;) 50 40 80 80 240 0.29
argillaceous siltstone
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Tab.3 Building envelope parameters list Tab.4 Supporting structure parameters list
Enclosure structure form Eq}livalent EJ E/ . " Support type Characteristic  EJGN Ls/m  p
(C30 concrete) thickness  GN  (GN/m?)
Underground diaphragm Concrete support ..
wall (800 mm) 800 24 1.28 0.167 (800 mmx1 000 mm) Elasticity 24 24 9
Bored pile (800
o 1 %l(jg(mm )mmX 510 153 033 0.167 Steel support (609 mm) Elasticity 153 121 3
First concrete Second & third
support steel supports
K [ Soil 1
ourth concrete Soil 2
support Fifth steell B Soil 3
support
50 m 1 B Soil 4
Underground Soil 5
diaphragm wall LB
Bored pile [ Soil 6
B Soil 7

250 m

B2 Jidii#iEit s

Fig.2 The numerical calculation model of pit in pit
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Tab.5 The pit in pit design parameters of baseline model
and initial model

Model H, h B b D H, h

Baseline model 10 10 30 10 10 8 8
Initial model 10 10 30 O 0 0 0
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Tab.6 The calculation table of deformation influence

Influence rate of foundation pit Representa-  Calculation
deformation tion symbol formula
Influence rate of influence range of
. . ° ﬁl ,BFAL/L()
foundation pit surface settlement
Influence rate of maximum L
. B AS, /S0
surface subsidence
Influence rate of maximum
horizontal displacement of Bs AY Y o

enclosure structure
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Tab.7 The calculation results of pit in pit deformation
characteristics (baseline model and initial model)

Model L B S B Y B3

Baseline model 10 10 30 10 10 8
Initial model 10 10 30 0 0 0
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Fig.3 Regional division of strain field change caused by
pit in pit excavation
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Fig.4 Stress diagram of pit in pit support structure
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Tab.8 Analysis results of influence of parameters on

deformation of pit in pit caused by relative width of
foundation pit

Result Groupl Group2 Group3 Group4 Group5 Group6 Group7

b 3 6 9 10 12 15 18

o 0.10 020 030 033 040 050 0.60
L 36 36 36 36 36 36 36

Bi 064 0.64 0064 064 0.64 0064 0.64
S 5.0 5.0 5.1 52 52 52 53

B> 0.06 0.06 009 0.11 0.11 0.11 0.13
Y i 6.3 6.4 6.4 6.5 6.5 6.5 6.6

Bs 0.09 0.10 0.0 012 012 012 0.14
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Tab.9 Analysis results of influence of parameters on
deformation of pit in pit caused by relative depth of
foundation pit

Result Groupl Group2 Group3 Group4 Group5 Group6 Group7

H, 2 4 6 8 10 12 14
a, 0.2 0.4 0.6 0.8 1.0 1.2 1.4
L 24 28 32 36 64 78 90
B 0.09 027 045 064 191 255 3.09
S 4.7 4.7 4.8 5.2 9.2 134 194
B, 0 0 002 0.11 096 185 3.13
Yo 5.9 59 6 6.5 11.6 168 243
Bs 002 0.02 003 0.12 1.00 190 3.19
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Tab.10 Analysis results of influence of parameters on

deformation of pit in pit caused by relative position of
foundation pit

Result Groupl Group2 Group3 Group4 Group5 Group6 Group7
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Tab.12 Analysis results of influence of parameters on
deformation of pit in pit caused by insertion ratio of inner

pit enclosure structure of foundation pit

D 2.5 5 7.5 10 12.5 15 17.5
& 025 05 075 1 1.25 1.5 1.75
L 57 54 46 36 28 22 22
Bi 1.59 145 1.09 0.64 027 0 0
S 107 99 6.7 5.2 4.8 4.7 4.7
B> 128 1.11 043 0.11 0.02 0 0
Ve 134 123 8.7 6.5 6 5.9 5.8
Bs 1.31 1.12 050 0.12  0.03 0.02 0

Result Groupl Group2 Group3 Group4 Group5 Group6 Group7

hy 2 4 6 8 10 12 14
& 025 05 075 1 1.25 1.5 1.75
L 40 38 37 36 36 36 36
Bi 0.82 073 068 0.64 064 0.64 0.64
S 5.6 54 53 5.2 5.2 52 5.2
B 0.19 0.15 0.13 0.11 0.11 0.11 0.11
Y 7.6 6.7 6.5 6.5 6.5 6.5 6.5
Bs 031 016 0.12 012 012 0.12 0.12
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Tab.11 Analysis results of influence of parameters on
deformation of pit in pit caused by insertion ratio of outer
pit enclosure structure of foundation pit

Result Groupl Group2 Group3 Group4 Group5 Group6 Group7

hy 2.5 5 7.5 10 12.5 15 17.5

3 025 05 075 1 1.25 1.5 1.75

L 46 40 38 36 36 36 36

Bi 1.09 0.82 073 064 0.64 0.64 0.64

S 7.1 6 5.5 5.2 52 5.2 5.2

B> 051 028 0.17 0.11 0.11 0.11 0.11

Y 8.9 7.5 6.8 6.5 6.5 6.5 6.5

Bs 053 029 0417 012 012 0.12 0.12
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—A—Pit toe coefficient
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Fig.5 The parametric sensitivity analysis curve of the
influence range of surface subsidence
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pit enclosure
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Fig.6 The parametric sensitivity analysis curve of the
maximum settlement value of surface subsidencee
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—A— Pit toe coefficient
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inner pit enclosure

Influence rate of maximum horizontal
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Fig.7 The parametric sensitivity analysis curve of the

maximum horizontal displacement of envelope structure
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