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Roadways Highway Bridges Highway Tunnels

Damage State | Mean o Mean T Mean g

(Days) (days) (Days) (days) (Days) (days)

SlightMinor 09 0.05 0.6 06 0.5 0.3
Moderate 22 1.8 25 2.7 24 2.0
Extensive 71 16 750 420 450 30.0
Complete 230.0 110.0 2100 110.0

S slizl sl diwsy siloib @lsi (1-V) Jotz

Roadwavs
Restoration Functional Percentage
Period Slight L Moderate Extensive/Complete
1 day 90 25 10
3 days 100 63 14
7 days 100 100 20
30 days 100 100 70
00 days 100 100 100
Bridges
Restoration Functional Percentage
Period Slight Moderate | Extensive | Complete
1 day 7 30 2 0
3 days 100 G0 5 2
7 days 100 95 6 2
30 days 100 100 15 4
90 days 100 100 65 10
Tunnels
Restoration Functional Percentage
Period Slight Moderate | Extensive | Complete
1 day 90 25 5 0
3 days 100 63 8 3
7 days 100 100 10 3
30 days 100 100 30 3
00 days 100 100 93 15

RS slizl sl phite silojb pls (F-V) Jor
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Peak Ground Acceleration

Classification Damage State Median (g) §
BoredDnlled slight/nnor 0.6 0.6
(HTU1) moderate 0.8 0.6
Cut & Cover slight'minor 0.5 0.6
(HTU2) moderate 0.7 0.6

Permanent Ground Deformation

Classification Damage State Median (in) §
slight/'moderate 6.0 07
All Tunnels extensive 12.0 0.3
complete 60.0 0.3

(G&E 139F) by sl 5 sl pi 155 (F-V) otz
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Percent Functional

= MWinor

Moderate Extensive Complete

s ATC-13 Data

ds | PGA |
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50 |
0
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Time (days)
LS5 Slelisd Sl Sl ily 5o pimia (1-V) JSib
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__'x,..-?( 30 g e
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05000
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Peak Ground Acceleration (g)
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2 0.7500 /D/n-’D"r‘m
-;J: x/x ’_/D/I

Probability | Ds =

Probability | Ds = ds | PGD |

0.3000 ]/E!/_‘
02500 ; //

A

0.0000 =0
0.00 020 0.40 0.60 0.80 1.00 1.20 1.40

Peak Ground Acceleration (g)

o) ol J ST bl o o (519,515 (slelisi s/ JL”:E»C}E..U)J‘S:/)"W(’”—V)J@

e—ym— Slight Minor s hoderate s—Cm— Extensive / Complete
1 — . S R
'/.-’.'J ?"‘" =
075 +
|:|_'\
T

0.23 1 o

0
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Permanent Ground Deformation (inches)
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Classification Damage State | Mean (Davs) o (days)
shght/minor 0.9 0.07
. . moderate 3.3 3.0
Railway Tracks . - -
: extensive [5.0 3.0
complete 650 45.0
shght/minor 0.9 0.06
: _ moderate 2.8 |5
Railway Bridges .
: o extensive 3.0 22.0
complete [ 10.10) 73.0
shght/minor .9 (.05
. o moderate 4.0 3.0
Railway Tunnels . 1_, .
’ exlensIve 37.0 300
complete | 50.0 80,0
shght/minor .9 (.05
, o moderate 1.5 1.5
Railway Facilities . = =
- extensive [5.0 [ 5.0
complete 650 S0.0

T ol (slizl (sl diwny (il @ty (F-Y) oz

Classification Damage State | 1day Jdays | 7 days | 30 days | 90 days
Functional Percentace

slhight/minor o0 100 | 00 100 [ 00
Railway Tracl moderate 22 46 () L0 [ 00
B extensive 4 |5 28 87 [ 00
complete ] 8 1) 22 T
shght/minor B0 100 | (0 100 [ 0
. - moderate |5 55 100 100 00
L e extensive Y ] 14 50 [ ()
complete 7 7 B |4 40
shght/minor N 100 | 00 100 [ 00
Railway Tunnels mmlul'glt 1 = 5] 1.1 | ”_”
: extensive I 3 L6 40 97
complete 3 4 4 . 27
slhight/minor 03 100 100 100 [ 00
e e moderate 37 ) 1 (0) ] | 0
Railway Facilities extensive 15 20 29 83 1 0)
complete | () ] |2 25 70

o S Jo i sl sl phidio 5l il poloi (D-V) Stz
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Fig.1 Location of the damaged underground subway systems with subsurface geological structure
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(a) Plan and contours of the settlement of the ground surface
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