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The Seismic-Proof Planning Models, considering The Transportation of Injured People 

 

* 

Kazuhiro SASAKI 

 

*   

 

This research discusses the importance of a harmonized seismic-proof reinforcement 

planning of both medical facilities and road network, and proposes a mathematical planning 

model to be used as main analytical tool in such harmonized planning. Furthermore, this 

model is expanded by transforming a minmax problem to a Liner Programming Problem, 

for several more complex cases, such as, two and more earthquake types, limited use of 

expressways, and dispatch of doctor teams are considered in. 

Key Words Theory of planning methods, Disaster Planning 

 

1.  

 

 

1 )

flow 

independent

flow 

dependent
2)

3)

4)

5)

 

6)

7)

0-1

  

 

2.  

2.1  

A K

I

Aa∈ aM

aL J

1

Ii∈ iP

Kk∈



2010 2                         

 2

kS

kd kd OD

flow independent

kS 0

Jj∈
jQ  

 

2.2  

2

Kk∈
kc

kS∆
0-1 kZ

Jj∈ je

jQ∆
0-1 jY  

t S

( )tg

 









<

≤≤−⋅

<

≈

)(1

)()(

)(0

)(

2

211

1

tt

tttttg

tt

tg  (1) 

B

 

 

2.3  

t

1

1

f 2

t  

1

Jj∈
f 0=jd

2

( )2tt ≤

Ii∈ f 2tdii =

K  

i iP
Kk∈ ikx

 









= ∑∑

∈∈ Kk

ikk

Ii
ZYx

xdgF
,,

min  (2) 

..ts  

kkk

Ii

ik ZSSx ∆+≤∑
∈

 Kk∈∀  (3) 

jjj

Ii

ij YQQx ∆+≤∑
∈

 Jj∈∀  (4) 

∑∑
∈∈

≤+
Jj

jj

Kk

kk BYeZc   (5) 





=
1

0
kZ  Kk∈∀  (6) 





=
1

0
jY  Jj∈∀  (7) 

∑
∈

≥
iLk

iik Px  Ii∈∀  (8) 

∑
∈

≥
fMk

iik Px  Ii∈∀  (9) 

∑ ∑
∈ ∈

=
a aLk Mk

ikik xx  IiiAa ∈∀−∈∀ },{  (10) 

ikx≤0  KkIi ∈∀∈∀ ,  (11) 

(2)

(1)

 

(3) (4)

(5)

(6) (7)

 

(8)

(9)

2t



2010 2                         

 3

iix

(10)

(11)  

 

 

3.  

3.1  

1

Hh∈ 2.

 

















∑ ∑
∈ ∈Ii Kk

h

ik

h

k
hZYx

xdgmaxmin
,,

 (12) 

Church
7)

(12) (13) (14)

 

F
ZYxW ,,,

min   (13) 

∑ ∑
∈ ∈









≥

Ii Kk

h

ik

h

k xdgFts .. Hh∈∀  (14) 

(14) Hh∈
F

(13) F

 

h (3) (4) (8)

(11)

0-1 2.

3.2 3.3

 

 

3.2  

Rr∈
rD i

iP r

irV r

0Kk∈

irkv i

r

 


























∑
∈

irr

Kk

irkk
v

VDvd ,minmax

0

  (15) 

 

3.3  

i dd Jj ∈

dd Ii ∈
i iP di

dd ij

iW k
dd ij

kiw i

dj di

k
dd ij

kiy
dd ijh

kiy

dj

di i

 





























∑∑
∈∈ Kk

ij
ikk

y
Kk

ij
ikk

w

dddd ydwd min,minmax  (16) 

 

4.  

3.1

GNU

glpk ver4.8  

 

4.1  

a  

1 8 I

3 J

8 9

1 3

8

16 A 55 K

 

b  

2 H

2

I

3 5

3

S I

S S 3  



2010 2                         

 4

2 2 3

 

c  

5

(H-I I-O M-T S-T N-S)

H-I 5 I-O 5 M-T 5 S-T

10 S-T 10 K 10

I 20 S 40

 

 

4.2  

B 0 110 10

1  

0=B

4

N S   

1 B 30

30

 10

B 40

I S IO

NS

K

HI ST

 

 

 

5.  

 

 

1) 

CD-ROM Vol.35 No.215 2007. 
2) GIS 

Vol. 24, No.2, 233-242, 2007  
3) 

No.37 CDROM 2008. 
4) 

vol.18 pp.325-330 2001. 
5) 

Vol.26, 
pp.903-912 2006. 

6) Church,R.L., Scaparra, M.P., and Middleton,R.: The r-interdiction 
Median Problem and the r-interdiction Covering Problem, Annals 
of the Association of American Geographers, 94,pp.491-502, 2004. 

7) Church, R.L. and Scaparra, M.P.: Protecting Critical Assets: The 
r-interdiction Median Problem with Fortification, Geographical 
Analysis, 39, pp.129-146, 2007. 

2010 2 8  

M 

K O T S N 

H I 

30

800 

300 

150

30 30 40

35 55 50

60 60

50 

50 50 50 150 50 

100 150 

45

600 

100 

100

45 40 40

90

45

50 

0 50 50 650 100 

0 0 

30

400 

200 

150

45

75

35

60

55

1  

2 

 

3 

 

1  

 

50 

0 50 650 100 

0 0 
50/200 

100/150 

4 B=0

50 

50 

50 

50 

100 250 

400/400

400 


