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Seismic Performance Evaluation Procedure and Reinforcement
Direction of Subway Lines 1~4
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Abstract In this paper, the seismic performance evaluation of the subway lines 1~4 conducted from April 2010
to October 2013 for the existing structures that were not seismically designed based on the seismic design
criteria of urban railways was studied. The detailed design of seismic reinforcement for the facilities requiring
seismic reinforcement was summarized through the detailed design of the seismic reinforcement construction
conducted from March to December 2018. As a result of the evaluation, 53.2km (total project cost of 322 billion
won) of 141.5km of Lines 1~4 were considered to require seismic reinforcement, and finally, the company aims
to secure a 100% earthquake-proof rate to withstand earthquake-scale 6.5 by 2020. This paper can be used as
basic research data to evaluate and reinforce seismic performance of urban railways in the future.
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An Experimental Study on Causes Evaluation of Rail Corrugation for Concrete track(STEDEF) in Urban Transit
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Table T?Extznsion and Station Status
division SUb | Line 1 | Line 2 | Line 3 | Lined
extension(km) 1468 99 62.2 414 333
Station 120 10 50 A )
Relative Y 8 40 17 17
Platfor | Island
m type [ expressi| 38 2 10 17 9
on
Platfor | Straight | 55 4 25 14 12
m form| cuve | 6 6 % 20 14
T‘gﬁ?gégnpe 8 - 1 3 4

2 TxE dg ¥ Az
Table 2. Structure Status and Extension
(9] : m)
division b | Line 1 | Line 2 | Line 3 | Lined
sum 146816 | 9891 | 62150 | 41,406 | 33369
sub Total| 6622 | 1213 | 3837 8718 6H
ground | 2927 642 2,285 0 0

ground [ -pype [ 254 571 1,108 52 313
Retaining

wall 1,151 0 4 Rl
sub Total| 115144 | 867 | 43062 | 37665 | 25739

=

Under
] Box 8233 | 8673 | 34900 | 21491 | 1814
Tunnel | 31,911 0 8162 | 16174 | 750
Elevat |sub Total| 25050 0 1521 | 283 6,936
ed
Struct Elevated | 19,137 0 12063 | 1583 5491
ure | Bridge | 5913 0 3,188 1,280 1445
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Figure 1. Seismic Design Status for Subway Lines 174
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Figure 2. Seismic Performance Classification by Seismic
Performance Evaluation Results
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Table 5. Seismic Performance Reinforcement for
Underground Structures of Subway Lines 2 ~ 4

Target facility Earthquak%a;RgerEfomement Snilcs
Reinforcement | Reinf
division extel ext Lt Icl)lrecri
se%tlo ionns sefltlo io(ilnS I?,(f‘k L?Ek Targ
(km) (k) |berding | shear et
|
mance | mance| °
Line 2| 3 33 2% 2.0 21 128 | 606
Line 3| 6 03 2 03 - 24 11000
Final |Line 4| 16 10 7 08 - A | 00
bl s |49 | 34 | 31| 21 | 26 | 633
Line2| 6 12 3 06 21 24 | 500
statio Line 3| 1 02 1 02 2 - 11000
n |Line4| 2 05 - - - - -
Sl o 19 4 |08 | B | |l
Line 2| 3 025 - - - - -
Retai | Line 3| 1 0.10 - - - - -
nng (Lined| 2 | 015 | - - - - -
vl sub 6 050 _ _ _ _ _
Total )
sum 2 | 730 | B 39 44 | 270 | 534
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Table 6. Seismic Performance Reinforcement for
Underground Structures of Subway Lines 2 ~ 4

Target Earthquake Reinforcement
facility Target Seism
Reinforceme | ic
nt point | Reinf
L Lack (el
Lack
division sectio e);g%ns sectio extens of “ ent

ion | hendi | O Tagge

"8 _|perfor| Ratio

®
@

Linel| 14 | 153 - | - | - | - | -

Final
Line 2| 6

stati Linel| 2 413 2 413 - 2 | 1000

on

Line 2| 2 420 - - - - -

sum 24 30| 2 413 - 2 | 134
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Table 7. Seismic Performance Reinforcement for
Underground Structures of Subway Lines 2 ~ 4

Target Earthquake Reinforcement
facility Target Seiem
Reinforceme | ic
nt point | Reinf
. Lack =)
division . | extens . |extens| of |Lack| ent
sefltlo ion Sefluo ion be%di of |Targe
(km) (km) | ng |Shear| t
et perfor R;gtlo
mmanc | ¢ | (%)
o e
Linel| 46 [3632 | 3 |31%6| 112 | - | &9
Final Line 2| 219 [11582] 137 | 8509 | 530 | - | 735
Line3| 94 [5%6 | 39 | 280 | 254 | - | 432
Line 4| 187 [10002| 120 | 6452 | 620 | - | &45
Line 1| 2 415 2 415 4 - | 1000
stati |[Line 2| 19 | 3741 | 8 | 1685 | 17 - | 421
on [Line3| 18 [3690 | 8 | 1640 | 18 - | 44
Lined| 14 [ 280 | 6 | 1230 | 18 - | 429
sum 599 41,887 | 353 | %7 | 1573 - | 619
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Figure 3. Column stiffening range
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Table 10. Calculation Methods for Column Duct
Reinforcement
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Calculation of ductility in the absence of transverse

STEP
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Moment M (kNxm)

T T
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Curvature*0.001 (1/m)
Cracked Moment of Inertia (Icrack) = 0.0016065 m*

£8 9UF Ao wEae 499 94w 4

Calculation of ductility when satisfying required transverse bars

200 | —gc
b
STEP
2 =
Cracked Moment U(‘lacu!lalcl'("}m“ 0.00156019 m*
dad AAx AA
ST:;EP Caleulation of required ductility =
lu‘r eq = Hz - iu‘l
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STEP| Calculation of the amount of reinforcement that
4 secures the required ductility (x,,) or more

according to the type of reinforcement and the
reinforcement method
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