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Fig.1 Schematic diagram of the location relationship
between the subgrade of Shanghai—Hangzhou high—speed
railway and the No. 1 air shaft deep foundation pit
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Tab.1 Geotechnical parameters at construction site

WEHS  WERAK REm ﬁi§%> fﬁif/ Lt W%fﬁ/ %if/ Eﬁii/

@1 AT It 1.6 - - - - - -

@1 T Bz + 2.9 32.14 1.90 0.91 17.15 20.08 4.56
@3 Wkt 2.4 29.25 1.93 0.82 28.70 6.80 10.66
31 USTADYy Jri - 2.1 42.55 L77 1.20 17.93 12.40 3.32
@1 ST - 9.0 47.09 1.74 1.33 12.57 13.22 2.55
®1 L 10.5 38.21 1.80 1.10 16.23 15.33 3.63
© T Bz + 1.5 25.32 1.98 0.73 16.00 42.00 6.98
@1 Wk 11.0 26.95 1.94 0.77 31.38 10.04 10.69
@2 kb - 24.56 1.97 0.71 32.52 3.33 13.45
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Fig.2 Schematic diagram of the subgrade of Shanghai—-Hangzhou high—speed railway and the No. 1 air shaft deep
foundation pit
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Tab.2 HSS constitutive model parameters

T2
e
D1,21 @3 31 @1 ®1 © @] @2
J5 ¥ /m 45 24 2.1 9 10.5 1.5 11 -

¢'/kPa 20.1 6.8 12.4 13.2 153 42 10 33
@'1(°) 17.2 28.7 17.9 12,6 16.2 16 31.4 325

Wl(©) 0 0 0 0 0 0 1.4 2.5
E.,./MPa 4.56 10.66 3.32 2.55 3.63 6.98 10.69 13.45
E*, IMPa 4.1 10.66 2.99 2.3 3.27 6.28 10.69 13.45
E/MPa 4.92 10.66 3.59 2.75 3.92 7.54 10.69 13.45
E* /MPa 23.39 42.64 20.92 19.3 22.87 43.97 42.76 53.8
E/MPa 81.87 213.2 73.21 67.55 80.04 153.91 213.8 269
Yor 0.2 0.2 0.15 0.19 0.16 0.17 0.2 0.2
Vr 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
p*/kPa 100 100 100 100 100 100 100 100
Ko 0.71 0.52 0.69 0.78 0.72 0.72 0.48 0.46

m 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5

R; 0.9 0.9 0.6 0.6 0.9 0.9 0.9 0.9

b 2 St >R AR B TR AL, i 3 g 5 ) T 22 [ R 5L 1 B G AR AU 0 T RO AR AR AR AR A vl L
FETERER ] Embedded AESATTHEA AL, 368 o 5 T R TTASEADUAE L 5] A9 RH B A P 5 7 3R R T 28 i e ) S 4R
JUASAUL, AR BT[] 114 {1 4 5 FH 5 1 FRLOCARRALL

N T HERALALL G B A A T A2 AR B AR SRR AL | 25 CESURE SRR B ) , 715 8 s AEAE 45 )=
AR T 18 R AU 2 BEL 3 e BR A i BEL T, 45 R 3k 3,
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Tab.3 Vertical ultimate bearing capacity of pile foundation

BERES R AR BE ) WA LT 11 e B ) 2 1 Bk ity

SR P BB S1/kPa AR (/KPa 6 1F 7 40 BHL 1 /kN L1 /kN
05~45 @O1,@1 55 - 0.8 82.9 -
4.5~69  WFH+ 46 - 1 86.7 -
6.9~9 1 WRFAFE 22 - 1 41.4 -
9~18 @1 WIS H A+ 22 - 1 414 -
18~285 1%+ 40 - 1.1 82.9 -
28.5~30 @M EE+ 70 - 1.2 158.3 -

30~33.5 @1 Wkt 66 3800 1.2 149.2 1073.9
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Tab.4 Construction condition
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7 WOE S 3 B S L IRTFAE B 143 m, FiK R E-14.8 m
8 WG o 4 T FUIFIZE-17.4 m BUN KA £-17.9 m
9 PGS 5 1 S, ERIFIZE-22.2 m, UK & PR £ -22.7 m
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Fig.5 Horizontal displacement of pile foundation when the excavation is completed
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Tab.5 The maximum horizontal displacement of pile foundation under different excavation conditions when the excavation

depth is 9.5 m

mm
R 235 A4 fof e i A 5 A5 030 4 B 25 L/m
HoIE BT h/m
6 9 12 18 24 33 42 54
0.4 5.82 5.18 4.57 3.41 2.52 1.64 1.17 0.71
0.6 4.30 3.88 2.93 2.14 1.56 1.00 0.69 0.45
1.0 2.99 2.30 1.68 1.11 0.80 0.49 0.35 0.21

1.5 2.26 1.56 1.13 0.65 0.47 0.28 0.18 0.13
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Tab.6 The maximum horizontal displacement of pile foundation under different excavation conditions when the
excavation depth is 17.4 m

mm
AR 205 ) s e 4 D 5 B B 10 Gk B L/m
Mo 55 ) him
6 9 12 18 24 33 42 54
0.4 15.98 13.48 11.03 7.54 5.63 3.46 222 1.50
0.6 11.61 9.77 7.38 4.39 3.38 2.09 1.34 0.88
1.0 7.19 5.34 3.95 2.27 1.64 1.02 0.59 0.37
1.5 4.40 2.96 2.17 1.18 0.82 0.51 0.32 0.21
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Tab.7 The maximum horizontal displacement of pile foundation under different excavation conditions when the
excavation depth is 25.5 m

mm
AR 235 4 [t B Bl D 15 AR B0 30 0 R 25 L/m
Mo 5 S him
6 9 12 18 24 33 42 54
0.4 22.17 19.67 14.72 10.06 7.53 4.86 3.10 1.85
0.6 20.88 15.23 12.77 7.19 5.74 3.46 2.29 1.30
1.0 14.83 11.23 7.96 4.40 3.46 2.11 1.23 0.76
1.5 9.58 7.22 5.08 2.84 1.88 1.20 0.73 0.42
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Fig.6 Contours of allowable and warning values of pile foundation deformation under three types of excavation depths
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Fig.7 Deformation effect of pile foundation under three types of excavation depths
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Deformation and Partition of Pile Foundation Caused by Excavation
of Foundation Pit Adjacent to Pile—Plank Subgrade

Liang Haoyi'?, Xiang Ruicong'?,Di Honggui'?,Du Wei®,Li Hourong’,Sheng Canjun’
(1. Key Laboratory of Road and Traffic Engineering of the Ministry of Education,Tongji University,Shanghai 201814, China;

2. Shanghai Key Laboratory of Rail Infrastructure Durability and System Safety, Tongji University , Shanghai 201814, China;
3. China Railway 24th Bureau Group Co., Ltd.,Shanghai 200433, China)

Abstract: Aiming at the problem of insufficient research on the deformation characteristics of the pile foundation
of the excavation near the pile—plank subgrade,the deformation control of the pile—plate structure pile foundation
by the excavation of the foundation pit was studied based on a deep foundation pit project of Shanghai Airport
Line. The finite element method was used to analyze the deformation law of the roadbed. Based on the deforma-
tion of the pile foundation,the influence zoning was carried out,and a method for calculating the allowable limit
value of the deformation of the envelope structure based on the pile deformation control was proposed. The re-
search results show that:The horizontal displacement curve of the pile foundation near the foundation pit is
arched , the horizontal displacement of the entire pile body is large,and the maximum horizontal displacement of
the pile foundation is 5.66 mm. The horizontal displacement curve of the pile foundation far away from the foun-
dation pit is cantilever—shaped ,and the maximum horizontal displacement occurs at the top of the pile,and the
horizontal displacement of the deep pile is small. The affected area of pile foundation deformation under excava-
tion depths of 9.5,17.4 m,and 25.5 m is divided into Zone A (danger zone),Zone B (warning zone) ,and
Zone C (safety zone),and engineering protection measures are proposed for each zone. A method for calculating
the allowable limit of the deformation of the envelope structure under the control of pile foundation deformation
is proposed in accordance with Technical Code For Foundation Pit Engineering.

Key words: pile—plank structure; foundation pit excavation; deformation law; affected zone



