B3 W3
2009 4

31

by

" T £l

we,
?.
Chinese Journal of Geotechnical Engineering

Vol.31 No.3
Mar.

b T E TS 1 R kSR R TR BB 5

ZEA, KER' FER Al
CL. 3 = MR BRI LA 7, Gl 300142: 2. 34K LAOKAIEBE, JEst 100084)
W F: BB B A B K 5 R i B AT LR
e

= PR
YNE

KBEIE: MumiMe: SRk BREE: GEWs XPOR
RESES: U213 SCHRFRIRAS: A
guohe.li@163.com.

Wiy 3 4r, Ik R AT PR G S

WM A ) M BB TR AT TEBUSIT. BFICRI, (ERATH M AT TTRE I P R, A5
S U] FUL, XA BRSR TR R K IO A SR M 7 3

B g e, AR A R A TR SE WK, XA G5 R T A 5 AT AN s JEM TR0 RA 9 REDCIR Ay, I B

XEHS: 1000 - 4548(2009)03 - 0346 - 07
fE&RIAv: 21968 - ), Y5, KA, Wb 5, s TR, MG TR ORI L TRy T WP Ak . E-mail:

Influence of land subsidence on the bridge of high speed railway
in North China plain
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(1. Third Railway Survey and Design Institute Group Corporation, Tianjin 300142, China; 2. School of Civil Engineering, Tsinghua University, Beijing
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Abstract: Centrifugal model tests and numerical simulation are conducted to investigate behaviors of ground settlement due to

groundwater exploitation and to demonstrate the influence of land subsidence on three types of bridges. By use of the

elasto-plastic finite element analvsis method. the structural transformation of the bridee in the tvpical section of the high speed

railway with the influence of land subsidence is studied. At the center district of land subsidence and in the vicinity of the well,

the asymmetrical subsidence is more serious, and has larger influence on the bridge structure than the regional land subsidence
does. It can be prevented and cured by adopting engineering measures.
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Table 1 Physical and mechanical parameters of soils

B M A K 5% R AL
{H 1.38 0.022 0.0058 4X10*cm/s
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Fig. 3 Vectors of the foundation displacement
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Fig. 4 Histories of settlement in soils
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Fig. 5 The distribution of deformation of soils
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Table 2 Physical and mechanical parameters of soils in Chaoyang

District of Beijing

tJz +Ja PR BE KR

G5 tE 2™ T Mpa LB %
L1 Fmkt 20 10~20 0.9 31
L2 W em s 50 20~26 0.812 28
L3 Bpmidhi b 40 21~33 0.7 25
L4 BERrt 50 30~35 0.7 25
L5 kgt 45 30~35 0.7 25
L6 wrani 50 35~40 0.7 25
L7 BmE L 15 35~50 0.7 25
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Table 3 Computing scheme
7K s FLH A S 551 filiZK I fi)/d
L6 i 0 3
L4 JEH 0.95 MPa 3
L2 & 1.85 MPa 3
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Fig. 6 Isoline of vertical displacement within the dimension of
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Table 4 Main calculated results of each case
i e UCFE B /mm K IR DR B /mm
K 1h 1d 2d 3d lh 1d 2d 3d
RN - N
L6 3.00 89 11.7 133 068 6.0 946 126
L4 419 133 156 188 197 107 153 188
L2 312 160 185 199 312 160 185 199
R Seth THIK 3 dJE 3 MR & LR R
FEARAGAR . TR, AR S K 2K, %
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Table 5 Thickness of each layer in each case after 3 days for

G

pumping water

AR M Le fhuK M L4 K ML2 ilK
L1 0.10 1.800 6.5000
L2 ~0.80 0.100 7.3600
L3 1.40 3.400 4.4300
L4 3.49 7.270 0.9220
Ls 3.61 4.030 0.4760
L6 3.52 1.632 0.1577
L7 1.28 0.568 0.0543
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Table 6 The largest gradient of bridge face (10°)
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Table 7 Differential settlement between two piers after 3 days for
pumping water

K H: 4k i

HhA s G DT EE 25 /mm

PibE i/ mm X=70m  X=110m X=70m
L6 12.6 0.6 1.2 0.8
L4 18.8 1.8 3.0 2.0
L2 19.9 2.9 4.0 3.0

3 AN ) 780 2 PR MR Bt A il K 5 LS (1 M AN R4 500
B, MFIEHS BT Shi A, EHEARPIN, B
IR AT B A e o) A e G, it b K (1) 4k 8
AT, ARTRIBEHTRIE . WIPEAE AT OGS ) 2 A
g I T LA 1 S P S b, AT £ il 1 AR T K
SRR IX L, OB DRI R R, il AR R
T8y N (B 1 B0 W T B W e S N NG £ A | BB L
R0 A S A E B T W S A 1 A, B A DR
(AR, 1) P AN M XA il 1) A8 TG A B, 1T P
S P il 1) 2B AT ) S AR A o 7 ST AR (1 2y ) S0 A
S A WA W) 45 R HS L ae 4] ol e, mrLed
ﬁﬂ%ﬁ%ﬂwf&ﬁmk,ﬁxm“%%$,ﬁm
W MR IR 2 AR LR e, I R 7 T S 25 5 3R
i) S de e 4. LI 9~11.

3 b 2 2 0 MR XA AT T 1 30k P AR Ak de K . Her,
DU A (0 7 T 48 S AR A e 0N 1 87 SCMT AR (140 A7 T 45
ﬁiwmk TR RE AR PR A, ZEAH [R] ) Hh L

ANF A TRy, ORI AP B fe /), ABAERF AL
AR 187 SO 40 el AR T 2 AT /N, HF
YA B LR 22 4, AH H el 25 45 SRR T 5 R AN Pt

3 B2 EY ith By 3th T TP X A SR TAE R M

7
9 T BB ST T R X A 1

Hb TR A 2 TRE RS, DA ST st ik i 2 i)
%kﬁ&uﬁ%kﬁﬁMLM&%ﬁ%,ﬁﬁ&mw
SERIFFE PRI R 7K SR 5 | i T 7 A 0 B 18 P W e B b
PR TR )

(1) fj 32 25 b

AR BT R Rk e 2 TR R, B
W S0 2R 180~370 m, HFR2BEK: 45~50 m. if
AR, M RKIFR S EURYE 2 [ 255 e )2
ARSI T B AR, S KAEh 0412 m (b
J2) A1 0.414 m CHRfA). TR BRI 17 AN,
Govk AT sAE B AP YRR SAT N B, LARUES 4%
PEAZ AL 585 11PN PR s i o 5% i A i B 12 oo
A Y, MR A A A 28 e 4 )2 (] 45 4 X B 1
SPGB, KB — L2k .

B FORAE TR A N A ¥ = AR TR AR 5 6k
PR, BRI A rh TR R . &
VAR NN ) d5e KA R e /ML W3k 8 i .
] LA H 2R ar 20 R R AR Y, g S madge ), v
AR I K Y R, 249 0.001 X 10° Pa; Ha 4522 45
FAF NHEAR R S B ALAR /) o

(2) JELAR LR g

ARBAL TR RS m s i By, BoN Moz iR
£ 200~400 m, MrgEbEiEACE 45~65 m. Hi R /KT
KT T BUK G J2 15 45 5 | 1) o 2 RO AR AR T 3 2 2 8
ARG, f KAk 0.483 m (HBJ2) F10.497 m (HffA).
M 13 ] LR, Br R+ AR50 28 5 e 4 2 ] 454
JE %ok 44 TSP WG S i R R U A, RBUR— H 2k .

e B ) 2R TR . goi & AR
A FHRRR ) S KA R s /MEL, 3R 9 Fivs e ZE4ifar

2T ~20
.«\ ;TQ\

20

30— /__T)“ "‘fg ,:’é?

E-w
[ “-p"‘-\zox
10 20 30 40 50

B 9 Rt 4 [ 3

80 90 100 ]10 ]20 ]30 ]40 150 160 170 180 190 200 210 220 230 240 250

&n %{Eﬁ.

Fig. 9 Isoline of axial strain ¢, of the rigid-joint bridge
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Fig. 10 Isoline of axial strain &; of the continuous beam bridge
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Fig. 10 Isoline of axial strain &, of the simply supported girder bridge
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Table 8 Statistics for the max. and min. stresses
X [ % J)/Pa Y [i] % J)/Pa XY B % J/Pa
e KAl e/ MiE NI eI NI de/Mi

DRE P 0.806 X 10° -0.133%10° 0.114x10° -0.118x 10’ 0.540x10° -0.735%x 10°

LR E 0.806 < 10° -0.135x10° 0.115%10° -0.119%10° 0.545x 10" -0.743 % 10%

| 0.806 < 10 -0.133x10° 0.114%10° -0.118 % 10° 0.540x 10® -0.735x 10%
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Table 9 Statistics for the max. and min. stresses
X i1 ¥ J1/Pa Y [ % }1/Pa XY 81 J1/Pa
dpe KAE Ipe/ME I KAl Ipe/ME I KAl Ipe/ME

ik 4R s 0.208 % 10° -0.202 % 10® 0.690% 10° -0.992 % 10* 0.524 X 107 -0.527X 10’

KR TR 0.213x10* -0.208 % 10° 0.690 % 10° -0.992 % 10° 0.524 %107 -0.527% 10’

5[l &5 0.208 < 10* -0.202x 10% 0.690x 10° -0.992x 10% 0.524 %107 -0.527% 10’
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Fig. 12 Curves of smoothness on the simply supported bridge

surface (railway surface)
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Fig. 13 Curves of smoothness on the surface of continuous box

-34 16 44 76

beam bridge (railway surface)

A TN D e ma i, Fep AR i Kol Y 1)
RiJ7, #90.003X10° Pas HefiiJ22 (8 45 &4 R AR 1)
AN

BEANEE RAW], IR 5 R 2 AR A AL TE 3
TN AT, LRI ARE [ BERE 5 1 22— [F) 444
Tt

(3) JLE s B b I IC B2 0] HF 22 (1) 52 i 73 My

HUY AR G 5 A r B R A e DA SR

B KK FE A2 0.02 m (B IDCRE, AR OB SRR
VHIS BT 2% R RVE TR, 200 2546 () 7 AN 52 ) o

R R, EY XA, MR A
GEIVREARTE N, SRR B~ s AR N, A
PAE G RS AE T, T LA A2 vk B 0T 7 2 B
TP O BEA SR o AEARHERR H B3 22 ST e
KB, FEAE B b, B IR oK
32 S 38 (R KA AR B2 5 R R s (M i T, )
BE T B 232 25 W) B T T AP 7= A A R IR i

4 4 e

(1) B OBIRIR G K S M SE B, ZEdtK
BT S AR ST YR b TR T . A 30 e T 3
Ve o SR, B HE K O A S8 W55 (R
KRR, WK B, (H S I A4
PRI AT TR, MU BESE S L 345 o B
835 P 4 2R P T TR S o 1 Tk S P 9
SR HHE A R, K S A 328 T 76 4
S TE - (K S50 R T B R 2
ANT 92 B K K 13 M T

(2) ML AR5 P 2 SH0 L3 45 K 1
AT, MR AT I 5 e 5 M B 5 T 2R AT o
R A PP F , SRR ISP, EURF AL AR
2 AR s 18 SO AR B T A b o 1



352 o

+ T

L 2009 4

A g/, AHRR AN T ek NEs K L BCR P B0O% #%
AT LA T i) AR )

(3) FEHBIIGCRR F4™ RE DA A, SR S0 10 M i
DR HEA TR, 45 RARI A M T R 5 i =
PRSI LB B AT, 1 T Hr A SE Al bt L st
JZ— R Y0, MR X A e & b K B P A 5 i
R

(4) TERDE BRI P, N DI R R Bl ¥
PRER IR I 22 S U BN IO B, T A o0
D b K X R I R, IR T
PRI PSSy T AR KA PR B 5 2 AN 2) 3t il 37
A NS e B AR A B B R A S5 7 A K ) S

2% 3T

[1] SkOGHE, Pegar, SEdiei. Enr i A< it DX M i PR pL
HEG AT, R R M T 5 AR, 2005, 16(1): 13 -
17. (ZHANG Guang-hui, FEI Yu-hong, NIE Zhen-long.
Mechanism and trend of land subsidence in the east Haihe
River Plain[J]. Chinese Journal of Geological Hazard and
Cont, 2005, 16(1): 13 - 17. (in Chinese))

[2] JAEAE, ZEneE, gk B, LGRS S
Biiend 5. s A S 9T, 2004, 27(3): 157 - 163. (XING
Zhong-xin, LI He-xue, ZHANG Shu, GAO Hong-giang.
Surface subsidence and its countermeasures in Cangzhou
City[J]. Geological Survey and Research, 2004, 27(3): 157 -
163. (in Chinese))

B3] A, # R, FMZMG P B BREVE. USRI

DR 2 AT SR 5 M THT 0 B 9% 2R 23 0] 43 B[], B T8 F,
2006, 52(6): 804 - 809. (SHI Jian-sheng, GUO Jiao, SUN
Yan-min, SUN Yi, CHEN Yin-sheng. Spatial analysis of the
relation between deep groundwater exploitation and land
subsidence in Beijing-Tianjin-Hebei-Dezhou Plain Area[J].
Geological Review, 2006, 52(6): 804 - 809. (in Chinese))

(4] Z=[ER, VPR, PMBEAL, JRGZR. AL Ut i R ik
TR I 1R S BN D). BRIE TR AR, 2007, 8(107): 7 -
12. (LI Guo-he, XU Zai-liang, SUN Shu-li, JING Zhi-dong.
The influence of land subsidence on high speed railway in
north china plain and main engineering measures[J]. Journal
of Railway Engineering Society, 2007, 8(107): 7 - 12. (in
Chinese))

(5] A, GREERS, 9K W, PMRIE, VRIFR. JREHRAOT
AR i Bk TR S SO R[], BRI TR AR, 2007,
12(111): 7 - 12. (LI Guo-he, ZHANG Jian-min, ZHANG Ga,
SUN Zhen-yue, XU Zai-liang. The influence of pumping
shallow groundwater to high speed railway and main
engineering Journal
Engineering Society, 2007, 8(107): 7 - 12. (in Chinese))

[6] sk M, ARV, skt LT MG 2 HT Y O
GG AR I (0], b D RESAAR, 2007, 29(1): 94 - 97.
(ZHANG Ga, MU Tai-ping, ZHANG Jian-min. Displacement

countermeasures[J]. of Railway

measurement using image analysis in centrifuge modeling of
slopes[J]. Chinese Journal of Geotechnical Engineering, 2007,

29(1): 94 - 97. (in Chinese))

FtRMEET IS EKAFELRERIITS
(10" INTERNATIONAL SYMPOSIUM ON ENVIRONMENTAL GEOTECHNOLOGY AND GLOBAL SUSTAINABLE
DEVELOPMENT)

F—SEH

A PRFREES - TR 2 USEG) TS+ 3t i +
LR A ERT RR AL AR R BRI 20K T 2009 45 9 H 7~11
FEREIE 3% (Bochum) %847, 2 UUliF] ) ok AEARS . T
Mk SERUEOR T TR . TR T A B DA FE A B, W
HZh.

EEHH:

F AR AT FI: 2000 4F 2 J1 28 H: 47 4 B4R A0 4%
1EHM: 2009 45 7 F 17 Hy A SCHASHE H I 2009 45 7 1
17 H.

oAb PEAN{S B5 Bk Mk hitp:/iseg2009.tfh-bochum.de/

(R RUR IR BT A U AT A R





