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Influence of Deep Foundation Pit Excavation of Subway Wind Tunnel
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Abstract; Based on the deep foundation pit construction of subway wind tunnel in Hangzhou, a three—dimen-
sional numerical model of foundation pit excavation was established based on the constitutive model of small
strain soil and the constitutive model of Hawke—Brown Rock. The validity of the model was verified by compar-
ing with the measured data. On the basis of this model, the shallow foundation building outside the corner of the
pit was simplified, and the variation laws of wall settlement, inclination, torsion and foundation horizontal dis-
placement of shallow foundation buildings at different distances were studied. The results indicate the following
conclusions: with the increase of the distance between the building and the foundation pit, the uneven settlement
and inclination of the wall first increase and then decrease and then increase reversely. The torsional degree of

the wall first decreases and then increases and then decreases. The horizontal displacement of the foundation de-
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creases gradually, but when it decreases to a certain extent, the direction of the foundation displacement will

change.

Key words: foundation pit excavation ;corner effect;numerical simulation ;shallow foundation building;wall tor-

sion
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Tab.1 Basic physical and mechanical parameters of field rock and soil layers
. Average v/ c'l @'l Eq,/
L: Soil and rocks
ayer ot and rocks thickness/m (kN/m?) kPa (°) MPa
@® Plain fill 1.6 19.5 3 15 3
(@) Pebble 4.4 20.7 2 35 20
Full
® Y 1.0 18.1 36 16 6
weathered siltstone
ly weath
@ Strong'y weathered 12 203 23 25 15
siltstone
Medi h
® edium weathered 10.1 24.5 400 40 300
siltstone
© Medium weathered 10.7 25.0 850 43 1 000
tuff
@ Mediufn weathered _ 245 400 40 300
siltstone

Note :7y is the soil weight;c’ is the effective cohesion;¢’ is the effective internal friction angle ; Eg,, is the compression modulus.
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Fig.4 Plan view of foundation pit of subway wind tunnel
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Fig.5 Shear modulus—strain curve of soil
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Tab.2 Physical and mechanical parameters of the rock and soil layer in the model

Layer Soil and rocks Ely /MPa E",/MPa E IMPa Yor/(x104) G, IMPa
@ Plain fill 3.78 3.15 22.05 2 88.20
@ Pebble 20 20 80 2 400
6 Fully weathered siltstone 6 6 24 2 120
@ Strongly weathered siltstone 15 15 60 2 300

Layer Soil and rocks E/MPa GSI m; o../MPa
) Medium weathered siltstone 300 0.25 9 19.6
© Medium weathered tuff 1 000 0.19 15 434
@ Medium weathered siltstone 300 0.25 9 19.6

ref ref
Note: E; is the reference secant modulus of the triaxial consolidation drained shear test; E , is the reference tangent modulus of the

oed

ref
consolidation test; £ is the reference unloading and reloading modulus of the triaxial consolidation drainage unloading and reloading
ref

test;Yosis the corresponding shear strain when the secant shear modulus G..,, attenuates 0.7 times of the initial shear modulusG, ;G,
is the reference initial shear modulus for the small strain stiffness test;E is the elastic modulus of the rock;GSI is the geological
strength parameter;m; is the complete rock parameter;o, is the uniaxial compressive strength of the intact rock.
*3 HSSEESH
Tab.3 HSS model parameters

Soil E” /MPa S /MPa E" /MPa G, /MPa Yor/(x107)
Cohesive soil 0.9E;» 126" 76" (3.5~5.0)E" 1.5-2.8
Sandy soil Esiz B 4E", 5.06" 0.6~3.0

x4 HFHHESH

Tab.4 Calculation parameters of structure

Structure Simulation element  Thickness/m Gravity/ (kN/m?) Elastic modulus/MPa  Poisson ratio
Retaining pile Plate 0.92 25.0 30 000 0.2
Reinforced concrete support Anchor - 25.0 30 000 0.2
Steel bracing Anchor - 78.5 206 000 0.15
Purlin Anchor - 25.0 30 000 0.2
Building external wall Plate 0.37 18.5 30 000 0.2
Building interior wall Plate 0.24 18.5 30 000 0.2
Building floor Plate 0.30 25.0 30 000 0.2

Building foundation Plate 0.30 25.0 30 000 0.2
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Tab.5 Working conditions at the excavation stage

C"Zﬁcrll:tlzi Construction stage of foundation pit
Precipitation in the pit to =2.5 m.
! Excavate the first layer of soil to —1.5 m.
The first support was constructed, and
2 the pit was dewatered to —9.5 m.
Excavate the second layer of soil to —8.5 m.
The second support was constructed,
3 and the pit was dewatered to—16.5 m.
Excavate the third layer of soil to —15.5 m.
The third support was constructed,
4 and the pit was dewatered to —24 m.
Excavate the fourth layer of soil to =23 m.
The fourth support was constructed,
5 and the pit was dewatered to —28 m.

Excavate the fifth layer of soil to =27 m.

Existing building

Y Foundation pit
Nanshao river
\
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Fig.6 Finite element model
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Fig.7 Mesh of model for numerical simulation
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Tab.6 Maximum differential settlement of walls of
adjacent buildings at different distance

Distance from edge of pit  0.2h  0.5h 1.0h 1.5h 2.0h

Maximum differential o o) 653 0,065 -0.13 -0.56

settlement value/mm
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Fig.11 Inclination of wall ( point A ) of adjacent buildings
at different distance
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Tab.7 Overall inclination comparison of walls of adjacent
buildings at different distance

Distance from o0 sh 1on 156 2.0k
edge of pit

Overall

417 145 42,
inclination/(x107) 6 ’ : : °
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Tab.8 Torsion degree comparison of walls of adjacent
buildings at different distance

Distance frf)m 0.2h 0.5h 1.0k 1.5k 2.0h
edge of pit

Torsion degree/

6.7 1.1 6.8 275 1.6
(x107?)

(o)}
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w
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T

O 1 1 4 1
-3 2 -1 0 1 2 3 4

Horizontal displacement/mm
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Fig.12 Inclination of wall (point B) of adjacent buildings
at different distance
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