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Model Test Research on Underpinning Tech-
nology of Bridge Pile Foundation of Lanzhou
Metro Line 1

ZHU lJinyong

Abstract Based on the case study of Lanzhou Metro Line 1
crossing the Yu'ergou Bridge, the indoor model is built accord-
ing to the pile foundation underpinning design plan, and the
variation law of vertical displacement, pile axial force and side
friction resistance of piles before and after replacement is stud-
ied. The results show that the settlement value of the pile group
foundation is 0.34 mm when the No.3, No.4, and No.5 piles
are cut until stable settlement. When the tunnel excavation is
simulated and the lining is constructed until the settlement is
stable, the pile group foundation sinks 0.53 mm, indicating
that during underpinning process, the influence of tunnel exca-
vation is greater than pile cutting on pile group foundation de-
formation; after pile cutting, the pile top axial forces of No.1,
No.2, No.5, No.6, and No.7 piles increase by 35.88% and
54.00% , 36.00% , 43.67% and 26.23% respectively; the axial

forces of No.5 and No.6 piles are distributed in an inverted
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trapezoid shape, and the axial force and side friction resistance
of the pile gradually increase with the increase of the upper
load. After pile cutting, the side friction resistance of upper
part of No.5 and No.6 piles increases significantly while bear-
ing the upper load. When the upper load is 50 kN and 76 kN
respectively, the side friction resistance of No.5 and No.6 piles
decreases drastically, and shear failure occurs at the pile-soil
interface.

Key words urban rail transit; pile foundation underpinning;
indoor test; bearing performance
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Fig. 1 Position diagram of metro tunnel crossing bridge pile

foundation
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Fig.2 Model test overview
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Fig.3 Diagram of pile group layout
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Fig.4 Q-s curve of pile group foundation
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Fig.5 Comparison diagram of axial force of No.1 pile
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Fig. 6 Comparison diagram of axial force of No.2 pile
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Fig.7 Comparison diagram of axial force of No.5 pile
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Fig. 8 Comparison diagram of axial force of No.6 pile
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Fig.9 Comparison diagram of axial force of No.7 pile
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Fig. 10  Axial force curve and side friction resistance curve of
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Fig. 11 Axial force curve and side friction resistance curve of

No.6 pile under different loads

A 11 a) o] . &Rk ol 30 kN B, #ob iy
6 SHEE 5 cm 35 cm Fl 70 cm Lk HE S 5
HR Ay 28 L5 43551 A 10.53% (8.63% 1 2.13% , ik
JEA RS R 15.13% 10.60% F1 2.63% , W 6 =i
BE Bl ) A T 9878 5 24 B far 2843 51 2 40 kN .50
KN .60 kN F1 76 kN f},5 cm Lok 47 5 37
A LAY K 13.98% . 14.38% 13.70% Fl 11.33%,
35 cm Ab &5 AT R LA 40 A 10.15% 9.80%
8.63% 1 8.12% ,70 cm 4 5 [ &R 107 %A H A1) 43 551 A

2.33% 2.58% .2.75% 1 2.93% . B UL AT, |3 faf
IO AET,5 cm Fl 35 cm ZhAE Bl SR TR 2
Y L /N o

HE 11 b) AT H: &84T 484 10 kN 20 kN Fil
30 KN IF, A7 B A0 BHL g 15 A0 3G 05 B Aar R 30
KN, T 2535023 1 o 728 B ) S 25 488 5 1 s 2k
30 kKN #BHES , b2 ER 00 EE BH T 55 i B s, TR 2
HRAONEE RH 7 B8 mAse /N, f e ] DL ZE AR L6 5
AT 53 8010 iy 28 32 A L > 38 43 1 A7 B A
RH 7 780 5 B S5 >4 b 3B A 818G BT, R 2= B )
(S EARTE Sy NI o o <115 e o AP o 1 P e 4
4 76 KN B AR B O EEBH 3 45 60 KN HFysi/)N , AT
JA AR E 4 BT VIR

4 ZHit

1) 4ER5 30 kKN 72k, 4T 3 5 4 SR15 5
2 T A R 2 I, R AT 5 it A T B 1 40 91 A 012
mm .0.13 mm F1 0.09 mm ; #5518 FF 42 31 i 45 e
W= VLR E R, BEE LA N U0 T 0.53 mm, Hik %
AT N R R . 6B AT L4 2o A8 v, B T
2506 R AR FE Atk A T 194 5 i K T A

2) HMERTE,1 5 .25 .55 .6 57 SHER
FETH 3l J7 4% 88 T 35.88% . 54.00% . 36.00% .
43.67%M126.23% . KW 3 B4 BMG , ST
()2 S5 SRR R K, 5 SRR,
HAH R o4 6 S hE

3) 55 6 SAR AT B il 07 4 BB TE 40 A
LR 158 i 28 185 KA B b 07 AT A0 2 RHL g 328 ¥ 34
Ko BHEE,5 58 6 SHERY 234 R ) B
FEWR R LA A, L A2k 2 B 50 kN A
76 KN B}, 5 51 6 5 HEAE S 0] 2 BH g 2RI/, iE
4 AR A B YR

S22 3Lk

[ 1] BRu I, ARG, ThiG e, A5, b Bk G A B 18 2 BT 238 1 5 A

FEZEARAY FCH 5 BR S R B [T]. A - TR 224, 2012
(7):1217.
XU Qianwei, ZHU Hehua, MA Xianfeng, et al. Pile underpin-
ning and removing technology of shield tunnels crossing through
group pile foundations of road bridges[ J]. Chinese Journal of
Geotechnical Engineering,2012(7) :1217.

(2] XUME, R, FEL. Mk 00r L S H BRI T H AR
WIE[T]. A REYGE R E (B IRRFARD ,2014(2) 23
LIU Heng, XU Shida, ZHOU kai. Study on technology of pile



foundation underpinning road overpass in subway construction CUI Aihua. Application of passive-type bridge pile foundation

[J]. Journal of Shijiazhuang Tiedao University ( Natural Sci- underpinning technology in Lanzhou Metro[ J]. Railway Engi-
ence Edition) ,2014(2) :23. neering,2016(2) :76.

(3] E, oA, ki, 5. MR T8 T 28 BEA AT i T2 5% [10] ARG, 0B o DX b 2k R T8 2 I SR W BE T e B R B Y
SITLT]. BREER,2012(6) <84, [J]. #kiEtrEscit,2016(4) .78.

YAN Xin, YE Yangsheng,ZHANG Mei, et al. Construction in- ZHU Jinyong. Research on technology of metro tunnel crossing
fluence analysis of metro tunnel under-crossing existing railway bridge pile foundation underpinning in saturated loess district
bridge[ J]. Railway Engineering,2012(6) :84. [J]. Railway Standard Design. 2016(4) .78.

(4] IR0, VATl JE R 28 5 2R B L 0 46 R b i it T B A (1] E3CR, B0, M, 5. 2 MEESGE 152w sh 5k
[J]. B AS @A 5Y,2020(9) < 175. FEHEARR N [T]. AT SS @A T ,2020(7) :51.

SU Ming, YIN Zhiqing. Construction technology of pile founda- MA Wenjie, WANG Xu, WANG Binglong,et al. Application of
tion exchange and cutting for shield tunneling under viaduct passive pile foundation underpinning technology on Lanzhou
piles[ J]. Urban Mass Transit,2020(9) :175. Rail Transit Line 1[J]. Urban Mass Transit,2020 (7) :51.

(5] ZEttbfls, sk, M RE P o e R T G 450 10 Y B s A 1] [12]  Z=RL BOBEHA. BE T8 I 32 X0 A A 15 1) 5 B8 1IN 7 52 W) 43
RELT]. P Gk, 2011 (1) : 128. [I]. At TR, 2007(3) :398.

LI Shiwei, ZHANG Changhao. Reflection on application and LI Zao,HUANG Maosong. Analysis of settlement and internal
potential problems of pile foundation underpinning in collapsible forces of group pile due to tunneling [ J]. Chinese Journal of
loess tunnel[ J]. China Real Estate,2011(1) ;128. Geotechnical Engineering,2007(3) :398.

[6] @ WS, mER, S JEHEE T 02T R AR [13] AKAHASHI K,FUKAZAWA N,AGIWARA T,et al. Observa-
FIEUEHT[T]. #2505 TR, 2012(3) +485. tional control of slurry shield tunnels with super close spacing
PENG Kun, TAO Lianjin, GAO Yuchun,et al. Numerical analy- under the nearby bridge abutments loads[J]. Tunnelling and
sis of bridge pile deformation caused by shield tunnel construc- Underground Space Technology,2004(19) :390.
tion underneath[ J]. Chinese Journal of Underground Space and [14] @74 BREDS. JE AR T 6 B LAl 28 1 10 h A5 52 )
Engineering,2012(3) ;485. WgE[T]. HF 2S5 TRAAR,2012(3) :562.

[ 7] XB%, K IR, . BF 20 E 3= sh3E 4 vp T T o7 28019 ZHAO Honghua, CHEN Guoxing. Research of the dynamic de-
Witk A4 f%,2015(11) :3259. formation influence of pile group induced by adjacent shield
DENG Tao, GUAN Zhenchang, CHEN Kailiang, et al. Simpli- driving[ J]. Chinese Journal of Underground Space and Engi-
fied calculation of jacking load in active underpinning of bridge neering ,2012(3) :562.
piles[ J]. Rock and Soil Mechanics,2015(11) ;3259. [15] IhR&UE, T AW, 2580 2, 25 T A I 5 | 3 2 40 2 At 36

[8] M. (AT Lt XHESEFCHIEAE AR B B AT AL T]. ViR E BRI RAER [T]. A & TR R, 2012
PN AZE AR 24, 2016(3) :29. (5) :942.

WU Wei. Research on the bearing capacity variation behavior of MA Xianfeng, WANG Junsong, LI Xueyun, et al. Centrifuge
of pile foundation underpinning in saturated loess area[ J]. Jour- modeling of ground loss and setlement caused by shield tunne-
nal of Lanzhou Jiaotong University,2016(3) :29. ling in soft ground[ J]. Chinese Joumal of Geotechnical Engi-

[9] . Bah=U ST BORAE =2 N s kb s LT neering,2012(5) :942.

BB SR, 2016(2) < 76. (ki H 11 :2021-04-22)

TOANONNOA MO NONNON MO NN NONNOANEINENNOLNOINONNON MO NN NONNOANENANENNON MO NENNON MO MO NONNOANOTNON MO MO NONNONNOANONNON MO NONNON MO NN NONNON

20221 £E FeEHTHEREEIL

WEARSE, WG AEHEE U IE 20l A Ak 8 S B T8 A 2 I (1 il -, X R I Sl LR B T REIS AL,
AR B AL 2R 45 0 1 Ve 4 ) o, 418 w8 L 5 T 1 W i, 0T AR J 3k Tl 2913 3¢ i s 7 LR
—BEBN" o 2021 AF RS U R ZAR, I HUEASE #i A AR RE, BRI RIS — R ki
14 5528 18 52k —H S:IAL IS A T 23 R BUE T R4S 4 DNEEETH , 20k 3 T2 4 S 2k
WU 2 AR VU REN (13 SR PURE (17 S ER VG REfi] (18 52 T 23 T4k 1 21 S — 1% 7 AT H
T, A 1T IE A M 2 R — B R R AR S — AR RS 2 T O A L S i ——
14 520 K 18 54— WAL BO 1 12 H 30 H R, i 50 4 W 452 8 BRI 3 831 km, 2RI &
20 7%, 35 B AEuiE F 508 JE, e a3 A 83 i, MK AR AR SR G M e Bk . S PRSI, 2021 4E 1~10 [, 4
A 23 AN A S S T 1 AR 4 AN B S E &S e 15 R Hor, iR
A IE H R K, 1K 29.44 AR ARG K 31.2% , #EAS4EIE, HIBHLESSHE APP O 54 18 AN
I A S BB HE " (# 8 2021 4 12 A 29 B¢ LEAHIR) ,TH HFIeRid)

- 01 -



