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Simulation study of deformation of frame structure caused by construction of
under-crossing tunnels
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Abstract: Considering the interaction of building-soil-tunnel, the case of frame building with independent foundation
undercrossed by double-line parallel shallow embedded tunnel is simulated by FLAC®P. The results show that the stiffness of
frame structure has a remarkable effect on foundation settling tank of the upper building. In the direction of perpendicular to the
tunnel axis, the largest differential settlement between two frame columns usually happens around the inflection point of
settlement curve, and the existence of the upper structure reduces the differential settlement between columns. The differential

settlement relates to the relative position of tunnel face in the direction of parallel to tunnel axis, while it will be a very small

value when the tunnel face is far away enough.
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Table 1 Parameters of model materials

EAE o7 S G /N
pp A WA 5 OEE e
/m  /(kgm”) [k /KPa fIC° ) Pa
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B — ;
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[7ive 18.3 2100 025 0 35 4.0%X10’
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Fig. 1 Structural plan of frame
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Fig. 2 Numerical model of frame with 7 layers
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Fig. 3 Numerical model of no frame
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Fig. 4 Curves of A-axis foundation settlement (After excavation of

left tunnel)
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Fig. 5 Curves of B-axis foundation settlement (After excavation of

left tunnel)
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Fig. 6 Curves of B-axis differential settlement (After excavation of
left tunnel)
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Fig. 7 Curves of A-axis foundation settlement (After excavation of

both tunnel)
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Fig. 8 Curves of B-axis Foundation settlement (After excavation

of both tunnel)
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Fig. 9 Curves of B-axis differential settlement (After excavation of
both tunnel)
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Fig. 10 Curves of A-axis foundation settlement
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Fig. 11 Curves of A-4-axis and A-5-axis differential settlements
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Fig. 12 Curves of 4-axis foundation settlement
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Fig. 13 Time-history curve s of 4-axis differential settlement

(After excavation of left tunnel)

HIE 10 ATLUE Y, A BEIE 2o Ay 2 BEIE 1K) 73
ik, RIREERYORFEE LR, AT S FRIE N T2 3t
RIS SR R, N DX A A 2k
BEIE LLAT B0y, ) e 2Bl b 2 L iR S R
AR/ BB 11 AT BERE AR R BEIE T, A Bili-4
H%AHSHﬁMWEWWV%ﬁﬁﬂﬁ:%E%%
T8 DU ik B K AR, AR T S A ) S8 AR Ak
WA S BEE I TTZ, ZUTREETHRBE N, 24
bR IG5 DR 2 T . IRAE AT BRIE TT
FERHERSE DA TE LM, ANNALSVE FER 1 e &%
IR E S YR 22, NS /AR B SR A2 T
Bt BRIl TAE T2, BATHEAR IR
BN o B A BE R AR A LA B AR TEAR Y T LA 5
FEHL. AARSEBIN S, R TRRE S, kR
TEITIER, SEREDOREIZHTHIN, ORI iR B
DK o H A BB W T 2R 2 — 2D 18 I a1 0
B, R TRC R 22 Y B 20 DX I o, 38 7 DX skl ) o
AR TR AR 22 00 ) A A 91 ] A7 T g e v ) P

HIE 12 S 13 AT, AEPAT TREE D 1), B
BEIE 7 Rt R FUERNDCRIR L K. b /o2l
B THZEEGE, e by HEZERERE IR BRI 2t 7 1)
MBI, 207 ) EAE PR RO N EoR,
HEREN, R EEE TERIES . JHZRIEIE FJy 5
it o 72 e KR W Y DA 5 1 1 9 0 2 P AE 2R AT
R EIN . AT BT n, e gkBgiE EUTHERE
BEREIC R PO BERE TE S REAK G0, AHREINEACA A
LR BEIE I E N 2 15%, B ) PR32 R FER LA 56
LD/ RN Y S a2 o S5 I /N e | -0 N e R 7]
i b I B e AR e 2 R % B i o R i
I BCR D2 -

3 BIRSRM
AN S T AU O AT Wi 425 B 1 T L 2 e

SLRbAEZR &5 ﬁiﬁ%miﬁ,ﬁnTm%ﬁﬁfﬁi
MHESL G I U AR T .S58 SN T

(1) HEZRES ﬁ%ﬁﬁﬁ%ﬁﬂ%%ﬁ%%%ﬁ
W MR W S 5, LSS M A7 A T AT
YR, HHESRGE AL P FERI TR T P02 . IFERE
TRPEW] SO, SESEAT BTN, HAERRIE 2 B 5L i
U, PIRHERLDTRE R TR HEZE R -

(2) ETEH TREEDT ) b, SEAERIYIRE 25
KA R BLAE DO 2 403 s YO0 3 11 B T 170 KE
PSSP

(3) AEAT TREE TS 1), ALY 2ZE S
SR SR TTHVA R 7 i PR S R TE A el = o L A



114 vl

+ TR

2R 2015 4F

ZERK . BREE G, %07 1) A P2 R AR
N

(4) 73 HrBEIE TFZ 0 HESLE HU) A TE 52 W I
ANA SR LA R e 28 DO I R UU R 22, N 78
TR S BE Al AR T Bt A BE 1 i Ak T 3h &2k
T, BAIBIRRIF ARG . BRI R B
ACRAR AR N T LA % B

SE K-

[1] isete, e, XUSER. dRHE RS 2 bk @
WA, A ) S TTREAR, 2004, 23(19): 3310 - 3316.
(SHI Cheng-hua, PENG Li-min, LIU Bao-chen. Influence of
shallow tunnel excavation on ground surface buildings[J].
Chinese Journal of Rock Mechanics and Engineering, 2004,
23(19): 3310 - 3316. (in Chinese))

21 HHEZ%E, F DR, PR, & HUBRE FIBEIE 7 B0 31
YIBEIERE RS2 M [T]. A TREEER, 2010, 32(851 2):
166 - 170. (LI Jin-jun, WANG Wei-dong, HUANG
Mao-song, et al. Influence of piles of structure induced by

of Geotechnical
Engineering, 2010, 32(S2): 166 - 170. (in Chinese))

3] WRI, B4, T 0, 55 WK ERIE Ty @my
(K22 4[], A1 025 TR, 2010, 29(44 T
2): 3762 - 3768. (QIN Wei-min, ZHAO Rong-sheng, WANG

crossing tunnels[J]. Chinese Journal

Hao, et al. Study of building safety during shallow-buried
large-span tunnel underpassing[J]. Chinese Journal of Rock
Mechanics and Engineering, 2010, 29(S2): 3762 - 3768. (in
Chinese))

[4] # JH, STANDINGJ R, % . Pgifj 5 asmys

[5]

(8]

TET NI A IEVET]. 5 1 R4, 2009, 31(4): 539
- 545. (HANG Xuan, STANDING J R, LI Ning. Modified
stiffness approach to predict deformation of building induced
by tunneling[J]. Chinese Journal of Geotechnical Engineering,
2009, 31(4): 539 - 545. (in Chinese))

i 4H, 2= 7, STANDING J R. Peck 2z F i i
T b i A T PN & A BT D). s oA, 2007,
28(1): 23 - 35. (HAN Xuan, LI Ning, STANDING J R. An
adaptability study of Gaussian equation applied to predicting
ground settlements induced by tunneling in China[J]. Rock
and Soil Mechanics, 2007, 28(1): 23 - 35. (in Chinese))

X ¥, B, AT, A MRS R REIE T o A
il 75 AR AZTEWT L[], R 25 1] 5 TR AR, 2006, 2(4):
621 - 626. (LIU Bo, TAO Long-guang, LI Xi-ping, et al.
Research of ground settlement induced by metro shield tunnel
beneath building foundations[J]. Chinese Journal of
Underground Space and Engineering, 2006, 2(4): 621 - 626.
(in Chinese))

T, KRG EMBEE I T RARTE T S = YA R
JCRERA[I]. &1 7%, 2004, 25(8): 1330 - 1334. (YU Ning,
ZHU He-hua. Analysis of earth deformation caused by shield
tunnel construction and 3D-FEM simulation[J]. Rock and
Soil Mechanics, 2004, 25(8): 1330 - 1334. (in Chinese))
BRARAT. HUBRI L R 2 A SRR AERI T[],
+ TR 2R, 2012, 34(7): 1283 - 1290. (QI Tai-yue.
Settlement characteristics of strata and buildings caused by
of Geotechnical

metro tunneling[J]. Chinese Journal

Engineering, 2012, 34(7): 1283 - 1290. (in Chinese))

(AR3CSE4gm BB



