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Abstract

Incremental launching method is becoming increasingly popular to build steel box girders. But
when using this method, the load on main pier shall change during launching, and sometimes shall
even be larger than the design service load. Therefore, for the safety of neighbouring tunnels, if
any, it is necessary to appraise the effect of the settlement of pier foundation on tunnels before
launching. Based on the construction of a bridge crossing metro tunnel in Shanghai, using the
software Midas-GTSNX, this paper has presented a 3D finite element analysis of the effect of foun-
dation settlement on neighbouring tunnels. This analysis includes the calculation of the tunnel
displacements due to short-running and long-running loads, and the result shows that the dis-
placement due to short-running load shall be less and proves that it is feasible to adopt incremen-
tal launching method. Finally, this paper has made a comparison between calculation and site
measurement and shows that the effect of bridge launching on tunnels has been under the limit
and the launching is a success. This method can be a reference for other similar projects.
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FERR X, MRRIEA 20 AU HEFEA . (R SE A I 80K of 10 B 10 Bk i 2 R 1) 22 4 7 AR AN
SN, DR A At I 8 A T R BB T (RS A HEAT 20T PR, DL SR R A A RS BT AT T 24,
HtR ek aia s .

SR TR FLRE A A I 30T A BE 2 U BR RS T S, ] N A AN /D 2235 SR TR IR TCBUE BB TT
THEFE[L]. K 45 (2022) R A BB T 2 Wl AT Mibte o 284 R 0 BB 5 M O et [2] . ok
AR T RS RIE o TR, JE B S U5 5 HUE AT R0 78 1R It S BE AT U BRBETE A . A
) AR AR PR RE RO RZ R (3] 1515 HE(2008) A1 FH A3 PR TCH AT Plaxis-3D 7047 480 I T R AR it X [ 1
FISEIR 4] T4 (20130 RIFERE M ERsER 2 G2 TREEAT 7 = 4E IRTBU I, DA T b
J Lt T BRI B 5 A i R B 408 30 B T 1) 45 ) S B R [5] o REILAE (2017 ) BT IR I AL 45 22
Iy TRER ) = HEBUE A A AT AR L A AR 52 i 3R DL A5 2237 1 I8 ) S R R o T A RS TE 45 A ) 52
Ma[6]. = HAF(2017)FIHIA BRITH A Midas 57 AZ M 2 1 BRI 418 5 14 B T 1D T T By Bk AT B 8
L, I T X BEIE SRR, AR AT OO, DL X[ 7]

R AR XIS LA AR Bk 2 S 2k, JLELRCR ARG SLVEVE AR A, PRECHIER 2 S 2k XAl RE
T/ NEE B 3.35 me SRAITRHEIEAUMN: T 28], BT IHE fErh, WERE S WAL, it T mr 2 2
BOH A E AT E . T T AL ST BN I 28, G [XC1R] B3 T8 RS2 AN 7 2225 8 L AR [ 45 R 3
38 8 f B 7 25 8 AR 25 R 3. DRIk, SRR IRD AR I8 RE 300 52 A X B8 T M K A 2 K1 S e v i 280
B, T W] DA OR X TR BE I8 R 22 4 o bl Bk AES & 1] SR T SRy 38 AR SGTR UE MR
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AU, 8T T ARSI 18] 4o 2T X T BEIE AU AR L, VRIS ERIZ E et ARSCR MIDAS
GTS NX =4iA IRITE AR et AT 7 o brit 5.
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Figure 1. Layout of bridge and tunnel
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Figure 2. Profile of bridge substructure
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PFGRLER), L TRATLRS 8, IR 5500 KN, BRE5 99 THER A7 B2 e, sk 2 S5 281X (Al f%
TEIR 9~10 K, BFIEAME 6.2 K. Mgt 5 X IEBEE AL E G R WK 1A 2 s

RPEH TS FLE R, MR T L2 OFE LY, QEMAH L, @FEREIRIEF T, @KE
Fiok L, @FERFR L, OLEMN L, @3-1 ZHhiEit, @32 ZHmnt, ©3-3 ZHmst, @
ke, @2-1 FiE i EE.

WEERE N ENDE . HERBEE AL T O Z R IR R L, @REMIE L, @FZWEIH L+
=8
THHEE T Ny, BN SR P 1) R T, i 3 P A R T SR B vk I A I B, SR T I
ff B (TEE) A 635175 kN, Fi## 5650 KN« THAHEE it TR 3385 A FIfr #8: Jbil 5845 kN, Fii# 6335
kN.
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Figure 3. Mesh of 3D-finite element model
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3.2. TEXMERBFSH

X REERTER) L, ARREAUR FE IEEE R - FEABA! (Modified Mohr-Coulomb, MMC). i T
HEtE, AMRAR L B R - FEAS R (Classical Mohr-Coulomb, CMC). iXHAMER E4E MIDAS

GTS NX ¥t B 5B
MMC AR AE CMC B8 b X RE 7 /INSIARREARRE 5, P AR S iR SOOI S0 28 155 0 K E A o 1 B2
JINARRFE o
Wi 4 firos iy MMC BRBS R ) - ARG &, HRIAAUN:
R T B S
51_2E50 qa_qﬁ$q<qf 1)
_ref C-CO'[¢—O'3 "
ESO - E50 (Ccot¢_ pref j (2)

MMC H5E Y FRI B HE Uy -
2sing

Q; :(C'COtw_O's) (3)

1-sing

Figure 4. Stress-strain relation of modified Mohr-Coulomb model
4. f&IE Mohr-Coulomb 188 & 1M % &

Fig s,

e— LARTEE T M NAS; q— TARBIRI Jj(kPa), q = o1 — o3 Qo LAPUBIREERIRIE, q, =g—f,
f

Qr— LARBUBT IR R, BUH 0.9: cv o— LMK SR Ty (kPa) I BEHE A () og—HR/DN R ) (KPa).

By —0 =0, M MFILRIE: EF —ZHFILRIE: m—EH, 0<m<1, BEBm=05 Kititm=1;

pe—ZH [ K77, B p™ = 100 kPa.
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CMC HARLH S HO M BT A 4 5 3R, Wik 1 R, MMC BERUTHESHCRH IRk A1)
X b g DR [ 2R 2 2 AORIT FE R 9] [10], Bk 2 Fiows.

Table 1. Soil properties of CMC model
%1 BHUER - ERERTES KK

T2 HF ykN/m®)  C(kPa) ¢ MLy K,(le-6cmfs)  Kh (le-6 cm/s)
QM %1 18.5 21 20.5 0.25 0.924 1.48
QU Tk T B 1 17.8 13 15.5 0.35 4.27 7.88
@FF kb L 18.3 9 28.5 0.25 297 468
@i RL 16.8 12 12 0.40 0.147 0.274
®1 Hi+ 18.9 14 145 0.25 0.581 0.752
®3-1 ¥+ 18.6 18 20 0.25 4.23 5.34
®3-2 KhFK + 18.5 14 275 0.25 36.3 40.1
®3-3 ¥rE+ 19.1 20 22.5 0.25 6.25 6.36
@¥ptd 20.1 2 35 0.25 426 517
®@2-1 M F: LM HJZ 19.5 19 23.5 0.25

Table 2. Soil properties of MMC model
T2 BIEER - ERERTESY

+Z ET y(kN/m®)  C(kPa) 0 HEb . Ej(MPa)  Es(MPa)  Ey (MPa)
Qi ik i L 17.8 13 15.5 0.35 12.5 125 375
@Ik + 18.3 9 28.5 0.25 17.5 17.5 66.5
@R R L 16.8 12 12 0.40 7.9 7.9 235

3.3. & A HEMBESHNAGRBEYENFSH
KRITREMHK G BERE S BRITE S5 4 2 N iR Bt A kL, TN $ R AR VR R AT . P
B # BRI 3 R

Table 3. Mechanical properties of pier, pile and tunnel
3. MR E., HEMBRESEHANNIEESH

iais VREE AR R E(MPa) THFA L u

G C40 32,500 0.2

Mk JE C35 31,500 0.2
FEEE A C50 34,500 0.2

34. HEITHR

o U T v 2B it T 28 7K AT BRI R O, TE B T B BORDE B o B R AR BT ) 32 11 AR T
Mo THE LU 4 FTw.
35 HELER

35.1. B TELATRERNRFENTESER
THEAS BIZEMT I B LOLE RN BRIE RO UTRE . Qe 5 P, Hrp o0 3 SR, FBE R A A8 = |
4k 5 MEL 6 . 145 J9uTARIEAR I 151 6 it e mEpr .
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Table 4. Cases of calculation
F4 HEIR—REER

THFS TULHEA H/IE
1 Jb8 1 gk 5845 kN, HAA N ZEAMr T
2 Jet 1 Andbs 2 gk 5175 kN, HABRINE; AW
3 Jei 1 RBE 2 in#k 5175 kN, B4 1INk 6335 kN, HREA N ZEMr T 3
4 Je8 1 FdGH 2 %k 5175 KN, R 1 FIRG L 2 2k 5650 kN TR AT 8
5 Jbt 1 AL 2 in#k 5175 kKN, FAEH 1 FNETHL 2 n#k 5650 kN, )& 5 4F [ 45 KA,

Table 5. Calculation results of tunnel settlement during bridge installation

5. R ERREETFET BEER AL mm)

b & Tl T2 T3
ATER 35 3.7 4.0
TATE 2.2 2.8 4.2

MBS ATELE Y, BEIEVTFEAL MR RR 1 % T OLABrg i, HEA B o .

35.2. AATH TERLIAELERRMBETIERTHEER

1) AR LRSI 9 v ith 2%

BEMRSE G, MR N R AT RAE Y B e TARTESM B ER T, FRUGE L. Bghatfed, 2
A FLRR K I BB (] FRTH L, ARYE & 2 LR MK IS5, THEAS 20 FLRR /K 7 B8 I TR] A A0 ) 2k
WK 7 Fios.

M 7 TR H, FLBRK R ) A KA T GG T 8, 48 60 R, L[] 25 B nl ik 1)) 84%:; A5
THIREE N R 18 R FERT BE, 5 4E(1800 K) [ 45 FE L0 92%. b BH b 2 1) F B[ 45 i B R BN TR AN o

2) TR AT BRI 1 [ 25 Db
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Figure 5. Vetical displacement cloud of tunnel at the end of case No.3 (north section profile)
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Figure 6. Vetical displacement cloud of tunnel at the end of case No.3 (south section profile)
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Figure 7. Curve of excess pore water pressure vs. time

B 7. BFLBR/KE SRER A L Lk

BB SE R, MRHEAE HAREI S R R R AT BRI 2 i B R, Hh ™ A e Bl 2 1R [ A R
BETMT S X RIBEIEGTRE . 4 6 K ART B INBEI [z K[ 45 6 SR BEE IR TH A5 R . & 8 JyH Ak
45 5 SR, BEIE S R LR 2 B (R IR AR THD) o

35.3. RFMEREER MM

TR, FERIRTEIER T, BEIE R UMD 4.3 mm; TR ASECT 5 B ARG 45 5 4ERT, BRI 5
KUTKEN 5.8 mme. Ui ISR BEE SR B 70 W 3800 R 300 i 280 RE I /K AT 3, (E MR A 30 B BB T I B/
TARASTE I B AT -

MR R BUE Al TR B ARG (GB 50911-2013), A 1 HifR WSS “e4x, IR THIERCE
WA 2 P 3 45 1 8 () AR TR R R Oy TR O PREL 10 mm, 8544 B2 BRAE 5 mm. THEERI, AT
MRAr 3 F R AR AR EAE T B3 G54 B R T BRI 250 RE 8 096 2 AR T4 1) 3K
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Table 6. Calculation results of tunnel settlement during service

6. TEMBRBERMETEEERA: mm)

b iE TR AT F it N BERT (T 050 4) T AR 45 5 £ (T4 5)
ATk 4.2 5.6
TATE 4.3 5.8
l DISPLACEHENT
TZ

m
+2.45102¢-003
. +1 55965¢-003
: +6 68290e-004
=2 23073¢-004

10.9%

-1.11444e-003
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——-2.00580e-003
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-2.89716e-003
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== 3 78853¢-003
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Figure 8. Vetical displacement cloud of tunnel at the 5" year of soil consolidation (south section

profile)
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Figure 9. Layout of monitoring points for the deformation of tunnel structure
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Table 7. Monitoring results of tunnel settlement of going-upline during bridge installation
= 7. HITERBRESEMER MR NS R (mm)

RV S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11  S12  S13 =N

1 28 32 32 32 30 28 30 23 31 3.4 2.7 2.8 29 3.4
2 15 15 12 13 12 14 18 16 21 2.2 2.2 21 2.0 2.2
3 24 25 22 26 25 25 28 20 27 2.2 2.7 2.8 3.0 3.0
4 16 14 11 10 10 11 16 14 18 1.8 24 2.3 25 25

T UIBEONIE, BER N

Table 8. Monitoring results of tunnel settlement of going-down line during bridge installation
= 8. MTE&BESEMERNMR MNEER (mm)

TH X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xi1 X1z @ X13 S ONIEN

1 15 16 1.6 19 17 21 16 13 16 11 0.9 11 13 2.1
2 02 01 -03 01 02 05 06 04 08 0.3 1.3 1.2 1.6 1.6
3 0.9 0.4 1.0 12 11 12 09 08 038 0.4 2.2 2.3 2.0 2.3
4 0.3 0.2 0.2 02 02 05 03 03 04 -02 2.3 2.2 1.8 2.3

TE: UIREONIE, BERA.

MG 7 FIEE 8 ATLLE Y, ZEMRH B EATER ISR L AT EORIG R, X RN HZ B 7H A AR T
HER, FEIL AT LRI Z AT IR

9 NBETE TS E (B KB ) A S B (B KB o i

Table 9. Comparison between calculation and measurement of tunnel settlement

# 9. BREHEAEGXE)MIVEGEKE) R RE

T T2 T3 T4

i EATE 35 3.7 4.0 4.2
THEAE B

TATE: 2.2 2.8 4.2 43

) FATE 34 2.2 3.0 2.5
SEIE B

TATE 2.1 1.6 2.3 2.3

MFE 9 W LAE Y, SEIME b SR /N o SIS SRR, TR MR, (X (RIREE ) B 1) AR T3 12 (O
TR IE A AR I R BTG ) (GB 50911-2013) (A8 L% I B sk, Bl AT IEHIEE .

5. &hig

1) THEE MR B TO0 S WO BOR AN A, 2 BRI R TR AR B 0L, S A ANF
TBLN AR X R FESE 1) 22 4 o

2) BN BRI L, O BRI 1 s RGN i B E B R K A B R R A
RIS o

3) A TLREZEMFH BUREIE TR A TSR/ T 7K AST 38T FEIE 5 48 i [ 45 TR AR

4) UFREAEANSEIE AR ], FETIHEIR IR B, <3 R IE AT A A2 T A2 I (K AR P ) 25K
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