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(d) Schematic diagram of pipeline measuring point layout
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Fig.1 Schematic graph of test site and layout
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Tab.1 Results of strain monitoring of underground pipe-

lines during blasting demolition
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Fig.2 Schematic diagram of the calculation model
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Tab.2 Soil and concrete parameters
HOMERL B/ WA R R
#/MPa (kg-m®) b J1/kPa £/(°)
WEEE L1 404745 1917 040  25.00  10.80
BEF L2 41584 2000  0.40  61.00  15.80
ﬁﬁiéztf”\ 445194 2030  0.35  56.00 15.20
i T 36000 2500 0.25
IR#E+ 30000 2500 0.30
L3S 120000 7340  0.25

T 50 v AT T Ay 9 45 AL 0 T EE B9 45 AL i R 1
m. B LR T EEN L m ALY E, 5
(ELASE 400 HP BR80T B R 1 m, R 5 SR A O 4R R
TR A — 3K, % B A A 4R 3000 kg/m’
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2, EL A Al 39 B A A 3R A Sy T T A T e AR
Sk TS HEAT 1 B 5 [ B S kRN K 8 4 1B 5 A AR )R
FH“te™ Bz, B 006047 s i B2 B =X, 4 5 4 4
St Py A PR TR Sk 1T, A T AMEEAE A A TRT A TR
Y T 2 R ) far 2, 30 R A R 2 TR 4 4 i
AT 18 ) [l R SR I T 3 A L
Xof - R 15 i A BELJE AR i A S 4 A A5 3 1 By
2B 4R f=4.12 Hz, ,=4.13 Hz, B 1AL JE
£=0.08, H Fti A BHLJE 28 X 45 2P JE R 8 : 2=0.330,
$=0.0194.
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(a) Soil vertical displacement distribution before ground stress balance
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(b) Soil vertical displacement distribution after ground stress balance
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Fig.3 Vertical displacement of the whole model before and

after the balance of soil stress
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(b) Relative position of bridge deck and soil at 0.5 s
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Fig.4 Process of bridge deck collapse and contact with the

ground
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Fig.5 Location of the measuring points of cast iron and ce-

ment pipes
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(a) Maximum circumferential strain distribution of cast iron
and cement pipes
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(b) Maximum axial strain distribution of cast iron and cement pipes
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Fig. 6 Circumferential and axial maximum strain of the pipe-

line
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(a) Comparison of measured and calculated time history curves of
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(c) Comparison of experimental and calculated values of pipeline strain
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Fig. 7 Comparison of tested and calculated pipe dynamic re-
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Fig. 8 Ground vibration velocity decay curve with distance

0
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Tab.3 Surface vibration velocity and relative error

ZBmnX/  BUHITR/

BB /m * T bR/ v
(cm-s ) (cm-s )
2 8.54 7.33 14.20
4 2.70 1.78 34.15
6 1.38 1.00 27.49
8 0.86 0.79 7.65
10 0.59 0.48 18.73
12 0.44 0.35 19.80
14 0.34 0.25 26.01
16 0.27 0.18 33.50
18 0.22 0.09 59.57
20 0.19 0.05 73.25

3 FHBMMRERINER TSk E LS
) 710 Bz 53 #r

3.1 itE&ER

BARBIR B R HBR s KIRE AR . +
PR R SF R 120 m X 120 m X 30 m, 2536 K ~F =k 55
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TS L JEC A RN 9 32 00 358 JEE B 359 24 900 mm, Al JBE B
4 400 mm , H AR 8 R SFE 800 mm X 600 mm .
BRIEY M ARF L m’ (TR E B TR EE B iR £
RN 3 m, BB AL AN 9 Bt o B A BELJE K EE
HT R 00 5°H «=0.330, f=0.0194,

TR A Y b 40 Y KT R S 5 S L
2.1,
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HI T AR YT 30 BT B0 B A PP 4 i A M Y 2
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Fig.9 Calculation model and station measuring points layout

S 10 iR . BB 10 A%

@ B i) e sl B B R T K PPk 8h | ik B
DL R ok 3

@ ToUHR i 2l 0 3 1 o o7 B S K F IR 5

@ KV ) i 2 1) A% 2 EAE R 7E 4-6 Hz /2
B AR 2y, 55 5 far 2R A 1 o 8 AN T

b AR 7 s B A 1) (X)) RN ) (Y 1)) i K AR
WE 11T . 1L ] U B R e | 7 A8 1 R
A543 R 1.107 X 10 “H13.924 <10 “, W ARIE[11]
RIS < TR BE A 0 W R B AR 29 Sk 1.0 X 107, A B &
IE AR 28 Sy 33X 10 FH I T L b R 4 3 4 R 1) iz
AFFE RS AR T IR BE A A A% BR P AR, S B A e A
SLBE 5 0454 1Y H 1 28 ) 38 /)N T H AR PR 7 A%

0.0001

_ —F
N | T E
5 0.0000
<
‘g -0.0001f
2
0.0002 -
0 2 3 4 5
Time /s
(a) ACTHRBH I LI 7 1 2k

(a) Horizontal vibration velocity time history curve

1.0

Amplitude/ (m” * s7)
=)
~

02}
0 R e . . .
0 2 4 6 8 10
Frequency / Hz
(b) KR T ST i 2%
(b) Horizontal vibration velocity spectrum curve
0.101 5
» 0.061
g 0.041
= o002t
£ 000 bv
§ -0.02} \l
-0.04
B e B B
Time /s
(c) "B T 4R 3l FE e 72 1 2%

(c) Vertical vibration velocity time history curve
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Vibration velocity time histories and Fourier spec-
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Fig. 10

trums at the top and bottom plates of the metro station
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(a) Transverse (X direction) maximum strain graph
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(b) Longitudinal (Y direction) maximum strain graph
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Horizontal (X-direction) and longitudinal (Y-direc-
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Fig. 11

tion) maximum strain diagrams of the metro station

ANEEE 23700

(1) b 3 o X6 Hb T 2485 440 174 52 ) 32 222 i 45 4
AR BRI LI S, T = A 245 | 5 B 45 46 1E & fff
HF % 4

()R R 2% 8 T s — el i) w2400, 0k
i 25 4 1 P 1 AR R H B BIR 7 0 AR, X6 K T
) o B ol T AT A A Ak i il SRS TR L b 3R b s AR
7 Xt Ml 485 A 2 4 5 R S 25 B A0

4 PIEfL R IR T E T kv
EWRESETEN
4.1 1EMrARERIEE

FI G B2 A7 5 T 1l 3 5 v o i 2800 R B2t

(R | b Ak 75 3 55 ) 52 0 DF- ¢ 19 A DG RS L B R A 1
M — e Ot i 22 2 FLRE ) (GB6722-2014) ™2k H
P Bl Ve (B oK VR i RN R AR (ML 4,1 k) o (H X
FR 12T 2 B X a8 1 A 268 1717 R 7 A R0, B8 9% flk b 4%
s 4 @ T AR MR 4R 30, DY L A e i e e LR 1 S
Mt — 58 %, B A, o E B ATk bR OB T
1B 22 g5 0 R e R ECRE ) (CII/T 202-
2013) "2k B My o o O i 2N 52 3 R A 45 AR
FARBIEY(DBI/T 15-120-2017)" s fk L < 3
T 303 A2 308 445 ) s 1 A 37 DX A %) 485 ¥ 4 B3k oz 2R R oo
i IR NI T 5 . IR 25 G SCk[ 12] 45 1
7T LT B 5 R T Ry AR B 4 o A o B3R T
T S 45 Y A SRR PR N O 2.5 em/s, SEBR
it B 2 5 81 30k T e £ I %) B A R PR
oY %G 2 4, — BRI 2.0 em /s BUE A .

x4 BHIRHRERIFRAE(TIR)
Tab.4 Blasting vibration safety allowable standards

(excerpt)

A VTSRS B V/ (em-s?)

LR X 52 53 10 H 10 ;ZEZK 550 Hz
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TAL ALY 2.53.5 3.54.5 4.2°5.0
— AR S WS 0.10.2 0.2-0.3 0.3-0.5
K T % 3 7-8 8-10 10-15
22 3 % 18 10-12 12-15 15-20
e S 15-18 18-25 20-30

2 1R A ST G o T b Ak, SR S R
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Tab.5 Calculation cases and safety evaluation

%% 1 AT R i/
(cm-s")
b T 00 1.18
2m’ 1.29
WKW R ,
3m’ 2.61
o 5m 1.51
WVEY
7m 1.59
24, W —% 3 m 2.07
VKRR
. T o RWEE R 214
BB 4ulp A 6 m 0.25
Y0V W) I 4l
nin ’ B B 3 5 6 m 0.01
W2 . 5 1.33
3 25 H T 2 -
W2 WL 5 1.27
N 5m 0.54
iflﬁﬂif;ﬁ
7m 0.38
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Safety evaluation and dynamic response analysis of subway stations
under touchdown impact

WANG Guo-bo', YIN Yao', XIE Wei-ping®, JI Shan®, QIE Jia-lin’
(1. College of Civil Engineering and Architecture, Wenzhou University, Wenzhou 325035, China;
2. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China;
3. China Construction Third Engineering Bureau Group South China Co., Ltd., Guangzhou 510600, China)

Abstract: With the continuous development of urbanization in China, many buildings are faced with demolition, and the impact of
the collapse will inevitably affect the underground structures around buildings. In this paper, a combination of field test and numeri-
cal simulation is used to investigate the impact of collapse on the adjacent metro station. Based on the results of a test for a full-scale
single-span viaduct, the dynamic response of the underground pipeline under the overall collapse of the bridge deck is analyzed.
The rationality of the numerical analysis method is verified based on the experimental data and empirical formula. The parameter
analysis of the key influencing factors is performed by the validated numerical method, and the evaluation index and threshold are
proposed based on the calculation results. Considering the key influencing factors such as the volume, height and quantity of the col-
lapse, the vibration response law and safety of the station structure under various factors are evaluated. The results of this paper
show that: (1) the vibration caused by the collapse is dominated by vertical vibration; (2) the numerical analysis method used in
this paper is reasonable and feasible; (3) the influence of the vibration caused by the collapse on the adjacent metro station cannot
be ignored, especially when the mass of the collapse is large or there are many collapse, which are more common in actual situa-

tions. The research results are of some significance for the protection of underground structures.
Key words: subway station; touchdown impact; dynamic response; safety evaluation
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