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Research on Quantitative Assessment of DisasterPrevention Benefit for Urban

Underground Space Development

Wang Yang' *
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2. Department of Geotechnical Engineering Tongji University Shanghai 200092 China)

Abstract: Since the benefit from urban underground space development has not been known clearly enough
currently many researches are at qualitative level with poor operability. The benefit from urban underground space
development includes direct and indirect ones. The indirect benefit consists of three parts: social benefit
environmental benefit and disaster-prevention benefit. In this paper the disaster prevention benefit of urban
subsurface space is chosen as research object. From the aspects of earthquake warfare and meteorology disasters
through the comparison of “ground facility with underground one” method a model for calculating benefit of urban
underground space is presented which serves as a good reference for decision-making and development of urban
underground space.
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Fig. 1 Losses from natural disaster and their proportions in GDP from 1990 to 2007 in China
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Fig.2 Benefit from urban underground space development
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Table 1 Damage levels for building °

2 Vi (%) °

Table 2 Statistics for damage ratio of buildings in VI-degree areas Yunnan province ( %) °

0.00 0.00 0.02 0.01
0.00 0.17 0.41 0. 65
1.32 3.36 4.88 6.95
18.68 21.46 22.51 25.84
80. 04 74.96 72.17 66. 56
3 VI (%) °

Table 3 Statistics for damage ratio of buildings in V[-degree areas Yunnan province ( %) °

0.00 0.16 0.08
1.58 5.23 3.22
7.65 14.13 21.33
30.07 30.17 33.82
60.70 50.30 41.54

0.30
5.97
19.71
35.30
38.71
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4 VI (%)’

Table 4 Statistics for damage ratio of buildings in Vl[-degree areas Yunnan province ( %) °

0.00 0.85 1.21 4.17
1.88 11.76 17.89 19.92
9.73 38.35 36.50 37.84
77.17 32.92 36.25 31.17
11.21 19.45 13.92 7.02
5 IX (%)’

Table 5 Statistics for damage ratio of buildings in [X -degree areas Yunnan province ( %)

0.00 11.00 13.00 15.00
12.00 38.10 40.00 44.15
33.00 14.50 28.00 26.30
34.00 18.05 19.00 14. 60
21.00 18.30 0.00 0.00
6 (%) °
Table 6 Loss proportion for non-simple building damage ( %) °
81 ~100 46 ~ 80 16 ~45 6 ~15 0~5
81 ~100 46 ~ 80 16 ~45 6 ~15 0~5
( » 33
GB/T 18208.4 4 1993—2003
»
1.0 1.0,
: 7
. 9
L, = 2 S,*R,*D, P, (3) « (19932003 )
Table 7 Statistics of ratio of lifeline project loss to total
a
B, =B*L,"* | - (4) earthquake loss in Yunnan area ( 1993—2003) °
: de ( ) ; Lh a %)
( ):s,
(m’); R, 5.0<M<5.4 3.5 0~18.3
(%) Dy 5.5<M<5.9 8.9 1.0~31.1
( %) ; Ph
6.0<M<6.4 8.0 1.4 ~18.8
6.5<M=<6.9 4.8 3.5~11.0
( /m);a
7.0<sM<7.4 7.3 7.3
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(1) .(2) (4) .
B, : / =1.7 1.7
B, =v-(B, + B, +de) (5) ~2.5 0.8 ~1.7,
‘B,
( )iy B,
1.0~1.3. B, =vy*B, (6)
2.2 iy 1.8
8 1976 ~ 2000 N N 1.0~2.0 1.5~2.5,
8 1976 ~2000 N .
Table 8 Statistics for direct and indirect losses of previous earthquakes from 1976 to 2000
/ / /
1976 9.24 20.83 2.25
1976 31.72 26.07 0.86
1996 22.73 18.80 0.83
1996 2.15 2.36 1.09
1996 1.94 1.61 0.83
- 1996 0.18 0.16 0.89
1993 0.69 0.19 0.27
1998 0.50 1.29 0.26
1999 0.66 0.62 0.95
2000 1.05 0.44 0.41
1999 0.59 1.06 1.80
1999 0.60 2.06 3.41
1996 0.95 0.22 0.23
1998 0.54 1.28 2.36
1.74
2.3 2.4
( N \
) 4.7 : N o (
B, =¢-B, (7) M IGJ 125—99)
B, ( )ie 4 ra )b )\
(%) 9 . c ) d o ( ) o 2008
9 8 {
Table 9 Percentage of post-earthquake rescue expenses >>( 2008) 4
to total direct economic loss * 10.
10 "
(%) Table 10 Post-earthquake restoration cost per unit area '
<6.0 1.5 ( /m?)
6.0~7.0 3.5 200
b 300 ~400
>7.0 6.0 . 400 ~ 500

d 500 ~ 600
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o Table 11 Statistical data for economic loss due
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