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Abstract

There are two parts in this study. The first part, which was executed last year, 
was to construct the transport evaluation indices for the earthquake disaster area. Part 
of the constructed indices has been used to understand the disaster conditions as quick 
as possible, and the other indices can be used to evaluate the performance of rescue 
and recovery tasks. The second part executed this year was to construct the decision 
model, which can be used to enhance the efficiency and quality of the analysis and 
planning for the rescue and recovery tasks. Three models were developed: relief 
distribution, road repair scheduling, and traffic regulation.  In addition, the 
application (and also experiences) of the relief distribution model was proved feasible 
by case studies in the 921-earthquake disaster area, and the conclusions of case 
studies could be recommended to the related administrations.

Key words: earthquake disaster, relief distribution, road repair scheduling, traffic 
regulation, mathematical programming.
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第一章 緒論

1.1 研究動機與目的

88 921

  89 (89 8 1 90 7 31 )
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1.2 研究對象與範疇
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1.3 研究內容
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第二章 震災物流系統規劃模式

2.1 文獻回顧

1. 

IATSS International association of traffic and safety sciences 1998
1995 1 17

(1) (2)
(3) (4)

(5) (6)

(1) 
§

§
§
§

§
§
§

(2) 
§
§
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§

921
(2000) (1999) 921

(1)

(2)

(3)

72

2. 

(1985) (1994)

Haghani and Oh(1996) (2000)

(2000)
1

-
921 (1)

(2)
(3)
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1 

-

-

-

-

  (2000)

    Fiedrich 2000

(1) search and rescue work
(2) stabilizing work

(3) immediate rehabilitation

3.

    (1999)
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(2000) World Wide Web WWW

4. 

ITS GIS

GIS

921

    

2.2 模式構想

2.2.1 
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區域性轉運中心 地區性配送中心
物資需求點

物資供應點

物資需求點

物資需求點
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區域性轉運中心 地區性配送中心
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物資供應點
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7.

    

2.2.2 震災物流系統之運作
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醫療用品之運送
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1.調查計畫與手冊
2.職權劃分
3.配送計畫

緊急調查

道路狀況調查
(公路局與鄉鎮公

所)

物資需求調查
(鄉鎮公所)旅運需求調查

需求點分布與需
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預估各路段旅行
時間

7
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2.2.3 區位選擇模式構想

    

1.

9

需求點分布

道路交通是否
中斷

是 否

直昇機空運

直昇機空運

是否因道路受
損而使可能運
輸時間過長

是 否

輸入配送模式

最佳配送方式

8
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10

2.

11

                               決策者:縣市政府
                               目標:min運輸至各配送中心時間總和

                         決策者:鄉鎮公所
                         目標:min配送至各需求點時間總和

區域性大型物資集散中
心區位選擇

地區性物資配送中心區
位選擇

9 
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Min Total travel time

10
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2.2.4

VRP
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2000 300
7 2000/300=6.66 7

200 100 300-200=100

200

2.3 模式構建

2.3.1 區位分析模式

13 
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IFsil(inbound flow) s i l

OFijl(outbound flow) i j l

DFjkl(distributional flow) j k l
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2.4 實例研究

2.4.1 研究範圍與資料分析

921
19

921

921

地區性物資配
送中心

物資需求點

物資需求點

物資需求點

1

2

3

4

v=1

18
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921
1999

2
GIS

Lingo 6.0
GIS TransCAD

GIS

2

/ m2/

14(58%) (25%)
(10.8%)

(3.7%)
(0.7%) 100,039 m2

3015 33.18

19 
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20(37.3%) (31.7%)
(13.4%)

(10%) (4.5%)
(2.6%)

(0.5%) 96,176 m2

18435 5.22

17(49.1%) (29.9%)
(9.6%) (9%)

(1.7%) (0.7%)
70,216 m2

23305 3.16

9(76.95%) (11.86%)
(11.19%)

29,500 m2

9040 3.26

60----
295,931 m2

53795 --

/ m2/

101(55.1%) (22.2%)
(17.2%)

(2.7%)
(1.3%) (1%)
(0.5%)

645,261 m2

23991 26.9

3(37.3%) (8.1%)
(0.5%) 3,400 m2

590 12.54

26(54.8%) (22.2%)
(13.1%) (7.6%)

(1.2%)
(1.1%)

34,270 m2
12950 7.91

5(68%) (19.6%)
(12.4%) 11,080 m2

480 23.08

20(63.9%) (21.52%)
(10.2%) (2.3%)

(2.1%)
100,360 m2

5820 25.73

22(79.5%) (7%)
(6.3%)
(4.7%) (1.9%)

(0.5%)

316,200 m2
9365 --

177--
1,110,571 m2

53196 --

237
1,406,502 m2

106991 --

(1999)
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    921

1999
20

921 21

   

    

20
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2.4.2 一階規劃決策模式之區位選擇

1.

Lingo 6.0

3
50 4

22

0

21
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GIS Trans CAD
921

80 40
20

    
1

(2001)
5.4

3
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4

   

500

400

500

600

500

( ) 300

500

300

200

500

( ) 500

300

7000

1100

2000

1000

1000

1000

800

1500

2000

4600

1000

500

500

1000

2500

2000

1000

2000

1200

1800

1500

1000

1200

1600

1200

1000

1200

100

100

500

1200

1000

1300

3000

500

600

500

600
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2.

GIS Lingo 6.0
23

9
6

23

22

可供應
乾糧:5000

礦泉水:50000
衣物:5000

可供應
乾糧:5000

礦泉水:5000
衣物:5000

可供應
乾糧:5000

礦泉水:5000
衣物:5000

可供應
乾糧:50000
礦泉水:5000
衣物:5000

可供應
乾糧:5000

礦泉水:5000
衣物:50000

臺中縣立體育場

大里國中

霧峰水力試驗所

中山公園

南投縣立體育場

竹山前山國中

21個配送中心候選區位
(包括大型轉運中心)

( )

( )

5000 5000 5000 50000 5000 70000
50000 5000 5000 5000 5000 70000
5000 5000 5000 5000 50000 70000

5
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23

可供應
乾糧:5000

礦泉水:50000
衣物:5000

可供應
乾糧:5000

礦泉水:5000
衣物:5000

可供應
乾糧:5000

礦泉水:5000
衣物:5000

可供應
乾糧:50000
礦泉水:5000
衣物:5000

可供應
乾糧:5000

礦泉水:5000
衣物:50000

臺中縣立體育場

大里國中

草屯中山公園

竹山前山國中

台中縣立體育場

東勢河濱公園

大里國中

太平體育場

霧峰水力試驗所

草屯中山公園

南投市棒球場

埔里國中

竹山前山國中

( )

( )

6

   *
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7 8 24
921

80 40
20

8

24
117

24

(km) ( ) (km)
- 22012700 176100 125.001

- 1959056 176100 11.125
- 362940 176100 2.061

- 24334700 176100 138.187

7

( ) ( )
- 1.56 93.75

- 0.28 16.69
- 0.103 6.183

- 1.943 116.623

8



46

2.4.3 配送路線決策模式實例分析

9 25

1.

9

500 500 500 500 1500

350 350 350 350 1050

450 450 450 450 1350

600 600 600 600 1800

500 500 500 500 1500

( ) 300 300 300 300 900

500 500 500 500 1500

300 300 300 300 900

200 200 200 200 600

500 500 500 500 1500

( ) 500 500 500 500 1500

300 300 300 300 900

9 

25 
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300 10

150 150
台中縣立體育場à豐東國中à社皮公園à台中縣立體育場

26

26

27 150
台中縣立體育場à豐東國中à社皮公園

à台中縣立體育場

50 49
1

51
50

10 

1500 5 5 0
1050 4 3 150
1350 5 4 150
1800 6 6 0
1500 5 5 0

( ) 900 3 3 0
1500 5 5 0
900 3 3 0
600 2 2 0

1500 5 5 0
( ) 1500 5 5 0

900 3 3 0
15000 51 49 300
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27 

26 
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2.

    500
11 33

26 7
28 5

31 26+5=31
33

1500 3 3 0

1050 3 2 50

1350 3 2 350

1800 4 3 300

1500 3 3 0

( ) 900 2 1 400

1500 3 3 0

900 2 1 400

600 2 1 100

1500 3 3 0

( ) 1500 3 3 0

900 2 1 400

15000 33 26 2000

11 

28 
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    1
2

3

4

    

2.4.4 區位決策結果比較分析

921

921 921

21 921
21

921 12
5.2

80
40

20 13

    
921
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2.5 小結

GIS 921

921

921
11.5%

12 

- - -

158.61

138.01

138.6912.23

1.82

( )

921 146.23

125.02

124.66

10.56

11.20 1.80

1.80

13 

- - -
921 109.67 15.84 5.46 130.97

93.76 16.79 5.40 115.96

93.49 18.35 5.41 117.25

( )
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1.

2.

3.

4.

5.

6.

7.
cross docking
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第三章 震災道路搶修任務排程規劃

3.1 文獻回顧

921

1.

921
921 

921

29

29 

災 情
回 報

災害搶救與
交通維持

公路與鐵路路段之
搶險與搶修

橋梁之搶險與搶修

協助救災人員、物
資快速運送至災區

電信管線等維生設施之搶修
與維持交通資訊之傳輸

替代路線簡圖之製作

受區聯外道路、橋梁、隧道
之安全鑑定與資料建檔

交通資訊

搶險：
緊急強固受損交通設施

搶修：
趕建便橋，便道

管制：
受損嚴重橋樑、限制車輛
載重

災害復建工作
●復建方針
●復建計畫與期程
●財源籌措與分配
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2.

14

14 

3. 

(1) 72

(2) 2 3
Capacity Volume

(3) (Assignment)
(Sequence) 30
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30  

4.

921

5.

31

1
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2

31 

72
15

15  
       

72

1.
2.
1.

(road open)
2.

72

72
1.
2.
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6.

0-1

Fisher Jaikumar (Heuristic)

3.2 模式構想

1. 

(Node) (Link
Arc)

l

l

32 11 1 11
Link1-10 Link10-9 7 11

Link7-11

l Source 32 1 2 3

x,y x 8
x=0 Y

8 y=4 4

Link1-11 1 11 30
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2. 

§ 72

§ 72

§

§
§
§
§
§

32 
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3.3 模式構建

Max Z1= ij
Mk Vv Nj

kv
ij dX

k

∑ ∑ ∑
∈ ∈ ∈

    ( 1 )

Max Z2= ∑ ∑∑
∈ ∈ ∈Mk Vv Nj

kv
jj

k

YP          ( 2 )

s.t. 

k
i

kv
ij

kv
j vvMkNjXY ∈∈∈∀≤ ∑ 　，　，　，　     ( 3 )

k
Nj

kv
jj

Li Lj

kv
ijij vvMkYTWXTT ∈∈∀≤+ ∑∑∑

∈∈ ∈

，　，　72)(     ( 4 )

k
jiLi

kv

jiLi

kv
ij vvMkNiNjLiXX

ji
∈∈∈∈∈∀≥ ∑∑

≠∈≠∈

　　　　，　
，　，　

'

''
'

    ( 5 )

k
ijLj

kv
ij vvMiX ∈∈∀≤∑

≠∈

，　　，　
，　

1     ( 6 )

NjY
k v

kv
j ∈∀≤∑∑ ，　1     ( 7 )

kv
jY ={0,1}      ( 8 )

}1,0{=kv
ijX     ( 9 )

1

vkjYkv
j

kv
jY =









vkj1
j0

jivkkv
ijX









=
jivk

jivk
X kv

ij 1
0
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2

i’ i j

dij i j

k

Pj j

v

TTij=I j

TWj j

3

N={ }nmmmmm +++++ ,....,4,3,2,1

M={ }m,....,3,2,1

vk k

L=M N

01

02

03 機具之搶通情形工務段被第代表災點 vkjYkv
j j

i 04
05

06

1

32 1 8 1 9 8
9 8 9 9

2

1 8 1 9 8 9

8 69 72
9

9
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07 1. 2.
08 09

0-1

3.4 小結

1.

§

§
(Assignment) (Sequence)

§

2.

§ 0-1

NP-Hard GA

§

第四章 災區交通管制規劃

4.1 地震災區交通管制課題探討

4.1.1 921 地震災區

1.

921 
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1

2

3

4

5

6

2.

921

1

2

3

4

5
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6

7

8

9

10

    

1

2

3

4

5

6

7

8

9

10

4.1.2 日本阪神、淡路大地震

1995 1 17 7.2

33 300
1 500

4 2,000 180
300 1,000 186
177
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1.

2. 2

3.

4.

1. 43

2. 2
10

3. JR

4.JR

1970
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JR

    Park  Ride
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4.2 模式構建

4.2.1 交通管制區域劃設

zone 
or area-block

33

34
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33 

Traffic Management System Against Major Earthquakes

34 

事先決定
管制

區域單位

分區單位
A

事先決定
管制

區域單位

分區單位 B

主要幹道

地區道路

次要幹道

X

o

o X X

X

O

X X O

    O : 
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4.2.2 兩階段區域管制模式

    

Upper Problem

( )∑ ∑∑ ∑∑ ∑
∈ ∈∈ ∈∈ ∈

−−++=
Ni Nj

ijijij
Ni Nj

ijij
Ni Nj

ijij QrrQrQrMaxQ 212211 1θθ

subject to

   ll CV ⋅≤ µ

    1,0 21 ≤≤ θθ

Lower Problem

    ( )∑∫
l

V

l
l dxxTMin

0

subject to

( ) NN ∈∈−−++=∑
∈

jiallforQrrQrQrq ijijijijijijij
Kk

k
ij

ij
,1 212211 θθ

    
L∈⋅= ∑ ∑ ∑

∈ ∈ ∈

lallforqrV
Ni Nj Kk

kijkijll
ij

NjNiKkallforq ijk ∈∈∈≥ ,,0

1θ :

2θ

1ijr ij 1 0

2ijr ij 1 0

kijlr ij k l 1 0

ijQ ij

N

L
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ijK ij

lV l

lC l

µ

( )xTl l

kq ij k

1. 

    

nµ

1θ 2θ

(1) 

§

§ ijQ l lV l lC

§ ( )xTl

§

    

ITS

2. 
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1 nstµ Yasunori IIDA 1999

s = 1 : 0 3

s = 2 : 3 7

s = 3 : 1 3

2 nstµ 2000

      t = 1 06:00 18:00

t = 2       00:00 06:00

t = 3 18:00 24:00 06:00 24:00

3 nstµ

    A. n = 1 area

    89 7 19

    B. n = 2 sub-area

    

4

A.

B.

5

6 1999

A. 
15
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B. 
12

9km

C.

3. 

                     input

                   

           input

                    output

                    input

         input

          

             output                 output

lijijijij CKLNrrQ ,,,,,,, 21 µ

Upper  Level Problem

21 , θθ

Lower Level 

Problem

( ) kijll rxt ,

lkij tq , lV
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1

          1θ

          2θ

2

          N

          L

          ijK

          lC l

          µ

          kq k

          lV l

3

   ijQ

( )xTl l

4. 

A.

(1) (t = 1, t = 2)

(2) (t = 3)

B.

(1)

(2)

(3)

(4)

(5)



73

4.2.3 模式之擴展

    

1. 

(1) Conceptual Modal
A. Problem Analysis

  

1. ijMaxQ

2.








∀







l

t
t

MaxMin
o

l

l
,

1.

2.

1.

( )∑ ∑∑ ∑∑ ∑
∈ ∈∈ ∈∈ ∈

−−++

=

Ni Nj
ijijij

Ni Nj
ijij

Ni Nj
ijij QrrQrQr

MaxQ

212211 1θθ

   








∀







l

t
t

MaxMin
o

l

l
,

2. 21 , θθ lt

3. l
l

l C
t
t

V ⋅≤
0

             1,0 21 ≤≤ θθ

link
1. ( )∑∫

l

V

l
l dxxtMin

0

2.

(1)
( )

NN ∈∈

−−++=∑
∈

jiallfor

QrrQrQrq ijijijijijijij
Kk

k
ij

ij

,

1 212211 θθ

(2) NNK ij ∈∈∈≥ jikallforq
ijk ,,0

(3) L∈⋅= ∑∑ ∑
∈ ∈ ∈

lallforqrV
Ni Nj Kk

kijkijll
ij
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B. ---Basic Structure

                     input

                   

           input

                    output

                    input

         input

          

             output                 output

(2) Model structure

A. 

(1)

(2) Qij l lV l lC

(3) ( )xTl

(4)
0t

tl

021 ,,,,,,,, tCKLNrrQ lijijijij µ

Upper  Level Problem

21 , θθ

Lower Level 

Problem

( ) kijll rxt ,

kijq ll tV ,
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B. 
Upper Problem

     ( )∑∑ ∑∑ ∑∑
∈ ∈ ∈ ∈ ∈ ∈

−−++
Ni Nj Ni Nj Ni Nj

ijijijijijijij QrrQrQrMax 212211 1θθ

     








∀







l

t
t

MaxMin
o

l

l
,

subject to
        0 21 ,θθ 1

        LlallforC
t
t

V l
l

l ∈⋅≤
0

Lower Problem

     ( )∑∫
l

V

l
l dxxtMin

0

subject to

     ( ) NjNiallforQrrQrQrq ijijijijijijij
Kk

kij
ij

∈∈−−++=∑
∈

,1 212211 θθ   

     LlallforqrV
Ni Nj Kk

kijkijll
ij

∈= ∑∑ ∑
∈ ∈ ∈

  

   NjNiKkallforq ijkij ∈∈∈≥ ,,0

1θ :

2θ

1ijr ij 1 0

2ijr ij 1 0

kijlr ij k l 1 0

ijQ ij

N nodes
L links
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ijK ij ( )xTl

lV l

lC l
( )xTl l

kq ij k ijK

0t ij

lt ij

2. O-D

  

(1) Conceptual Modal

A. Problem Analysis 
      

1. ijMaxQ

2.








∀







l

t
t

MaxMin
o

l

l
,

2.

( )∑ ∑∑ ∑∑ ∑
∈ ∈∈ ∈∈ ∈

−−++

=

Ni Nj
ijijij

Ni Nj
ijij

Ni Nj
ijij QrrQrQr

MaxQ

212211 1θθ

  








∀







l

t
t

MaxMin
o

l

l
,

2. l
l

l C
t
t

V ⋅≤
0

            1,0 21 ≤≤ θθ
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1.
link

2.O-D

1. ( )∑∫
l

V

l
l dxxtMin

0
+ ( )∑∑

∈ ∈

−
Ni Nj

ijijij QQQ
r

ln
1

2.

(1)
( )

NN ∈∈

−−++=∑
∈

jiallfor

QrrQrQrq ijijijijijijij
Kk

k
ij

ij

,

1 212211 θθ

(2) NNK ij ∈∈∈≥ jikallforq
ijk ,,0

(3) L∈⋅= ∑∑ ∑
∈ ∈ ∈

lallforqrV
Ni Nj Kk

kijkijll
ij

(4)∑ ∀=
j

iij iOQ ,

(5)∑ ∀=
i

jij jDQ ,

B. ---Basic Structure

                     input

                   

           input

                    output

                    input

         input

          

             output                 output

021 ,,,,,,, tCKLNrr lijijij µ

Upper  Level Problem

21 , θθ

Lower Level 

Problem

( ) kijll rxt ,

kijij qQ , ll tV ,
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(2) Model structure
A. 
(1)
(2) l lC
(3) ( )xTl

(4)
0t

tl

B. 
Upper Problem

     ( )∑∑ ∑∑ ∑∑
∈ ∈ ∈ ∈ ∈ ∈

−−++
Ni Nj Ni Nj Ni Nj

ijijijijijijij QrrQrQrMax 212211 1θθ

     








∀







l

t
t

MaxMin
o

l

l
,

subject to
      0 21 ,θθ 1
      LlallforCV ll ∈⋅≤ µ

Lower Problem

     ( )∑∫
l

V

l
l dxxtMin

0
+ ( )∑∑

∈ ∈

−
Ni Nj

ijijij QQQ
r

ln
1

subject to

     ( ) NjNiallforQrrQrQrq ijijijijijijij
Kk

kij
ij

∈∈−−++=∑
∈

,1 212211 θθ   

     LlallforqrV
Ni Nj Kk

kijkijll
ij

∈= ∑∑ ∑
∈ ∈ ∈

  

     ∑ ∀=
j

iij iOQ ,

     ∑ ∀=
i

jij jDQ ,

   NjNiKkallforq ijkij ∈∈∈≥ ,,0

1θ

2θ

1ijr ij 1 0

2ijr ij 1 0
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kijlr ij k l 1 0

ijQ ij

N nodes
L links

ijK ij ( )xTl

lV l

lC l

0t ij

lt ij
( )xTl l

kq ij k ijK

iO i

jD j

五、結論

921

1.  (1999)
89-114

2.  (1999)
115-130
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3.  (1999)
57-87

4.  (1999)

5.  (2001)
30 4 733-762

6.  (1999)

7. 1998 a

8. 1998 b

9. (1999) 921

10. (2000) 921

11. (1999)

12. (2000)

13. (1999) 921
125-130

14. (2000)

15. (1998)

16. (1999)

17. (1994) 23 3
305-326

18. (1999) 921
131-137

19. (2000a)
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13-1~13-25

20. (2000)

21. (1986)
  

22. (1999)

23. (2000)

24. (1985)
14 1 117~128

25. (2000)

26. (1987)

27.  (1997)

28.  (1999)

29.  (1999)

30.  (1999)

31.  (1999)

32.  (1999)

33.  (2000)

34.  (2000)
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