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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
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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
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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 sy (il @by (F-V) Joaiz

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
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LIKE STATION
' STRUCTURE BOX
TYPIGAL OVERALL WITH W, FEEY 35 TR
CRITICAL WAVE LENGTH, L *BW,FEET 210 420
BENSE | SOFT | DENSE | SOFT
SOIL TYPE SAND | CLAY | SAND | CLAY
AMPLITUDE = INGHES 00044 |0.025 | 0.017 |0.090
- FEET 0.00037| 0.0021 | 0.0014 | 0.0075
LY 1
RADIUS OF GURVATURE, R* mre 2  MILES 580 | 191 | &0 | (4
5280
UKIT STRAIN INDUCED AY QBLIQUE wﬁ;ﬁh
™ W
FOR Y327, €528 MILLIONTHS WOHL 1 o 52 17 | e3
UNIT STRESS INDUGED, PSi s | 208 | 8 | 372
FOR £+ 4,000,000 P51
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/I5 /
P’ >
80
|
ot X £ i |
H | .
&50 - !_ St
|5 | a=horizontal accelergtion f
O acceleration of gravity
S + indicates acceleration toword cut
I
Zao0 - ¢
o |
b For use only for design of unbraced
contilever wolls supporting earth
on one side
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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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