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Analysis on Deformation Characteristics of Pit—in—Pit
in Different Spatial Forms
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Abstract: Based on the foundation pit engineering case of the pit—in—pit of Nanchang Aixihu tunnel,the defor-
mation characteristics in different spatial forms of the pit are studied and analyzed by using the numerical calcu-
lation software. The influence rate of foundation pit deformation is proposed, which can be used to comprehen-
sively 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 enclosure
structure. The specific sensitivity relationship is as follows: relative depth > relative position > insertion ratio 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
H,:Excavation depth of inner pit
« hy:Insertion depth of inner pit enclosure
B:Outer pit width
b :Inner pit width
D :Platform width of pit in pit
L :Influence range of surface subsidence
< S : Maximum surface settlement

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
o Pit toe coefficient (ratio of pit abutment width in pit to
Position influence factor & e=DI/H, ( . p W p
excavation depth of outer pit)
Enclosure influence & &=h/H, Insertion ratio of outer pit envelope

factor
y N

. &E=ho/H,

Insertion ratio of inner pit enclosure
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12 BLAS B O 53 2%, L AHL 9L 8 A A Y ST LA ik A2
U GUIF AL SR, A SOk B HS R AL 9
R Y HE AT R840 A, B RUSE 78 43 5 1 RS 340
BT R 250 mx50 m, + 2 S HOH LS8
e B R T NI ) B G B b T R 5 ) S bR &

BORME, TEASSEOE I RRARIIL R 2, K3,
FAME 2, My BEE " NEEM ;o' N

P EE A S B IR Bk B R B O - A2

FERRE B g R B B TN B s I
b o S 97 B R AR TEBEL, 11 2 2 (D)=

o D HETT R AR 5D B B2 0 o P B
0 8 B 5 ¢ 4 55 RO < B,y 40 K 1
RS B, B K HE LA IIE s L by SRR

*k2 TES¥FE
Tab.2 Calculation parameters of soil layer
Number Solum y/(kN-m®)  ¢'/(°) @'1C°)  ELMPa ES/MPa  E"/MPa "
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 03
argillaceous siltstone
7 Moderately weathered =55 ;) 50 40 80 80 240 0.29
argillaceous siltstone
®3 BEPEMTESHE x4 THUHESHEX
Tab.3 Building envelope parameters list Tab.4 Supporting structure parameters list
Enclosure structure form Fquivalent EJ 24 Support type Characteristic  EJ/GN  Ls/m  u
thickness/ A (GN/ I ’
(C30 concrete) GN 5
mm m?)
) . Concrete support ..
Underground diaphragm 800 24 128 0.167 (800 mmx1 000 mm) Elasticity 24 24 9
wall (800 mm)
B"re‘i %%g(i?f)mmx 510 153 033  0.167 Steel support($609 mm)  Elasticity 153 121 3
First concrete Second & third
support steel supports
Soil 1
Fourth concrete Soil 2
support i
Fifth steel Soil 3
support
50 m Soil 4
Underground Soil 5
diaphragm wall
Bored pile Soil 6
Soil 7
250 m
B2 mAii#EitERE
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Tab.5 The pit in pit design parameters of baseline model

and initial model m

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
. Bi Bi=AL/L,
foundation pit surface settlement
Influence rate of maximum )
. Bz AS /S0
surface subsidence
Influence rate of maximum
horizontal displacement of Bs AY oY o

enclosure structure

H T UL BB, 200 SRS R A5 B S i
BERLAI) AR AL A T S A5 SR AR T
®7 BEBISNAERGFREREETEER

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

Model Lim B, S, /mm (3,

Baseline model 10 10 30 10 10 8

Y o/mm Bs

Initial model 10 10 30 0 0 0

2 iRt R RAE
3 TP BT 9 428 T 1 5 ) 478 A LA
BALSUB B (R0 A P b A G
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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/m 3 6 9 10 12 15 18
o 0.10 020 030 033 040 050 0.60
L/m 36 36 36 36 36 36 36
Bi 0.64 0.64 0064 064 064 0.64 0.64
Sp/mm 5.0 5.0 5.1 52 52 5.2 53
B> 0.06 0.06 009 0.11 0.11 0.11 0.13
Y,o/mm 6.3 6.4 6.4 6.5 6.5 6.5 6.6
Bs 0.09 0.10 0.0 0.12 012 012 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

Hy/m 2 4 6 8 10 12 14
o, 0.2 0.4 0.6 0.8 1.0 1.2 1.4
L/m 24 28 32 36 64 78 90
Bi 0.09 027 045 064 191 255 3.09
Sp/mm 4.7 4.7 4.8 52 9.2 134 194
B> 0 0 002 0.11 09 185 3.13
Y,o/mm 5.9 5.9 6 6.5 11.6 168 243
Bs 002 0.02 003 012 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

D/m 25 5 7.5 10 12.5 15 17.5
e 025 05 0.5 1 1.25 1.5 1.75
L/m 57 54 46 36 28 22 22
B 1.59 145 1.09 064 027 0 0
Sp/mm 107 9.9 6.7 52 4.8 4.7 4.7
B> 1.28 1.11 043 0.11 0.02 0 0
Yo/mm 134 123 8.7 6.5 6 59 5.8
Bs 1.31 1.12 050 0.12 0.03 0.02 0

F12 EHIAREPEEBAANLLI FIRPRER
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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

Result Group! Group2 Group3 Group4 Group5 Group6 Group?
hym 2 4 6 8 0 12 14
& 025 05 075 1 125 15 175
Lim 40 38 37 3 36 36 36
B 082 073 068 064 064 064 0.64
Sp/mm 5.6 54 53 52 52 52 52
B. 019 015 013 0.1 011 011 0.11
Yo/am 76 67 65 65 65 65 65
B 031 016 0.2 012 012 012 0.12
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Tab.11 Analysis results of influence of parameters on

N

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

him 25 5 75 10 125 15 175
& 025 05 075 1 125 15 175
Lim 46 40 38 36 36 36 36
B 109 082 073 064 064 064 0.64

Sw/mm 71 6 55 52 52 52 52
B 051 028 017 011 011 011 011
Y/mm 89 75 68 65 65 65 65
B 053 029

0.17 012 012 012 012
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