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Seismic Performance of Metro Station Structures Based on Partial Prefabrication
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Abstract: Given that the internal components such as middle columns, middle plates, and longitudinal
beams are the weak points in the seismic performance of double-layer metro station structures, a new
metro station structure with external cast-in-place and internal prefabricated components, which could
be replaced after an earthquake, was proposed. A three-dimensional refined finite element model con-
sidering component prefabrication and seismic isolation bearings was established to analyze the seismic
performance of the new underground station structure. The results showed that when the input peak
acceleration was less than 0.2g, the inter-story drift angle of the station structure with external cast-in-
place and internal prefabricated components fully complied with the code-prescribed elastoplastic lim-
its. The seismic damage at the longitudinal beams, middle plates, and middle columns of the new sta-
tion structure was significantly reduced compared with fully cast-in-place station structures, and the
seismic damage at the contact part between the middle plate and the middle column base was alleviat-
ed. The bending moment amplitude in the top-bottom plate sections and side walls of the new station

structure slightly increased. On the whole, the new design method with external cast-in-place and in-
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ternal prefabricated components can effectively improve the overall seismic performance of under-

ground metro structures and their rapid post-earthquake repair capabilities.

Keywords: metro station structure; partial prefabrication; seismic isolation bearing; seismic response;

vibration reduction efficiency
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Schematic diagram of dimensions and reinforcement

Fig.1

details of double-layer station structure
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Fig.2 New station structure with external cast-in-place and

internal prefabricated components
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Table 1 Key physical and mechanical parameters of soil layers in double-layer stations in Nanjing

P + P HEF /(kKNem™?) B Y) P E/ (mes ) JEJE /m EZIR(SE VNI M T /kPa  NEEHEf /()
1 i+ 1840 140.0 3.0 0.49 13.5 16
2 it 1900 152.7 6.0 0.49 15.4 26
3 w4 2050 167.1 6.0 0.49 7.0 30
4 i+ 1940 158.5 8.0 0.49 18.8 16
5 b 2090 172.7 7.0 0.49 5.0 28
6 b 2120 205.8 10.7 0.49 5.0 30
7 i E £ 1890 236.3 10.7 0.49 12.3 28
8 W+ 2050 263.2 13.5 0.49 6.2 30
9 E2% 1930 491.6 15.0 0.49 21.0 21
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Fig.4 Finite element model of soil-partially prefabricated

main structure interaction system

PRI i - A R YR R 45 AR 34O A = A\
45 98 B 4 B 9T (C3DSR) |, W #li ok FH = 4 4T B T
(T3D2), A HIE R A T 1~2 m, IR &E + RS R
SR 0.2m, WA ITR AT 0.2 me WAz H“Em-
bedded Region” i A Vi BE £ 45 ¥4 i, Fi il 554 #f 1 ¢
A A Kbl B 9F%E B, BT Merge Geom-
etry " I RE K th MR Y 4B TR G OFE — . Pk
2 R TR] L rh Al S0 35 ) 35 R Tie” 3% 452 305 LA 4L

1215



RGBT BB A A B0 . HeAk,
T 5% 55 45 K 5% 22 18] R Tie” 4 4 R AR AU B A
O % 7 2o 4R AR R 7 S ST L, AR
IR 1P B 2B T P M K A 5 A Gt R S A5 A Y 2
e i 52 A A ]

ARHIF 5% AR iy A Hb 7R W (N4 (PGA) 5 1 (H
HEE(PGV) HEAS 2 AR B33 16 % 1 B e ik (&
A3 b 7 3))) \Kobe 3% (H 35 b 7% 2)) L El-Centro 1 (1
4t 55 2y ) A TS /N AR I (AR 300 1t 5 2y ) O 4 i 75
REVE o S A A Y A RS A ML R Bl A AL
R NI A T ARG TE R R PR R . X BLE LTS
LR 5 (PBA) I £ 1) 1 b 78 3h 19 K/, BT AR
PRI BESK By HL 0 58 — M %y 0.05¢.0.1g.0.2¢.
0.3¢.0.4g.0.5g 7S ZE AR T8 , DT S e b 5 4
TE SIS o7 2R 7 o0 A 3o R v R R A R Y

2 HESERSW

2.1 FHEWBEXNEELLB A

Pl 6y At 5 7 VR B e 45 44 5 A1 505 30 08 T 8 2
e 149 3 7R 2 3l 45 ¥ 1) J2 TR 52 R 5 SR % L, LR
JrEME S s . 6 g AT A, TR
2B P v A T 20 2 T R N R S DR AR
e FIT P T B C 1 A 45 4 1 2 TR RS A A B R
Tl B 3 Kk # . LA Kobe 3 8 6], 24 #5% 3h 4b T
0.05g K 0.1g Hb 52 A HI B, 195 B 2= 3k 45 44 )22 9] 057 %%
FAAH 25 N K, M B A 3 K B 0.3 b 7= Bh 1 I, B
P2 B S Y B 32 W R A AE R L A R 5 A A ) Y
A B ZE AR RIS, DTN R T 465 A4 ] 355 1 137 A% )L
o T BN TE0.4g.0.5g MRS R, P AR 42
il 245 K (10 J2 1) AE A% AR 1 BT B B /N o 3k R 5 K
R AR LR AR T A OC, FE T B b 7R e 4 4

Hs.)/d,.1x1000%

KIS BRI AL B A 57 &
Fig.5 Calculation of maximum relative inter-story drift an-

gles

1216

—
=

[ e LR
o LEGH AN )

TFRE(feg k)
w0 TR NTREE)

oo
T

X R BRSSO
-

0.0 0.1 0.2 0.3 04 0.5
AR [/ g
(a) Kobei

107 —= RE(EGERR)

o LR (SMBBLBE NI
= gb —— FRULSEBHEAR)
2| -o- FRONEABNHER) L
Ry 6 BTy
8 of
FE]
=
T |
=
£ 2t
O L 1 1 1 J
0.0 0.1 0.2 0.3 0.4 0.5
AR EE / g
(b) El-Centroi
10 —* LR(fe5ssika)
o _bR(MEBG P HER)
= 8l TR (&)
ol g FIR(SMBBDEHR)
& |
8
&
I 4T
=
£ 2t :
0 F

0.0 0.1 0.2 0.3 0.4 0.5
AN /g
(c) BEp A
10 —= FR(E5EENE)
o~ P IR(AMFBTATER)
sl TR (LS R

L8 FROMEmEAER)
" 6L
#
:L:_l
=
S 4
=
£ 2t
0 1 1 ' L 1
0.0 0.1 0.2 0.3 0.4 0.5
AN EEE(E /g
(d) ik f i

Pl 6 b g )22 1] 30 7
Fig.6 Inter-story drift angles of station structure
SR N AR A BN R R S e W S G AT TR N
T12EVEAS NI B T KRB 72 + 2, 0 %23 45
FAF A0 1] AR T AL B 1 — 22 B AR AR
7R 30K FH 0 R Mk 2 TR T T R R B L AR
TN B R 0.1g. 454 (b 5P BT hr i)™
N1 6.9.2 25 TR, 75 VU 4% b 7R I G (R0 B /N T4 T
0.2 IF, o % AU (B I 2 B2 4 0.2 /9 Kobe i T4 ,



SR B R DA 0 2 TE 1Y A ol 235 R 1Y ) T 2 AR A 4
AN T SB AR BRAEL 1/250 , TE B A0 78 30 58 R 78 2 T
4 4w S5 4 58 AT A ML ML AE 19 )2 8] 62 3% 2K
T S IF R 1 Z AN YR B BRI

22 FHiEGEMMBELRG

& 745 1 T 0.3g 1) Kobe P AE FH T 1% 45 4 (K B
D825 K6 55 A5 B 5 R P T T 1 B B A 25 K A2
Fr 05 2 B X e (DAMAGET 8 % 18 8 1 b R 32
P s 7, 4 F 430 T 1 R R TR B+ MR
T8 Z PR

O &3

(a) e HeFBUERas M (IERRR)  (b) fegeRe Bty ()

| £

(c) MG RelhBITREE I (FETH)  (d) SMREELYE AR MO SS # (IR R )

DAMAGET
+1.000e+00

+9.000e—01
+8.000e—01
+7.000e—01
" +6.000:—01
+5.000e—01
+4.000e—01
+3.000e—01
+2.000e—01
+1.000e—01

(o) SMIELEE P ERR LS 1 (REIS) +0.000e+-00
7 el R IRGE Z Bt i = K (PBA=0.3g)

Fig.7 Tensile damage contour maps of station main struc-

ture (PBA=0.3g)
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Fig.10 Time-history curves of dynamic stress response at key sections of station structure (PBA=0.5g)
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