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Research on optimization of joint delivery path for emergency
materials in multiple time periods after earthquake

DU Maokang, YANG Dan, LU Cong
(School of Economics and Management, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: In order to solve the problems of casualties and property losses caused by the delay transprotation of emergency
materials after the earthquake disaster, a hybrid algorithm considering time division was proposed. Firstly, according to the
location of the epicenter, the disaster point and its material needs were determined; Secondly, according to the constraints of
road damage in the disaster area, the distribution mode of the demand in the disaster area were determined; Thirdly, according
to the road damage and recovery, the "golden 72 hours" after the earthquake was divided into multiple times and multiple
distribution methods; Finally, the " Luding 9 *5 earthquake in Sichuan Province" was selected as the background for
simulation. The results show that compared with the traditional genetic algorithm. the total distribution cost of hybrid

algorithm is reduced by 9. 53% , and the total distribution time is reduced by 7. 03%. In the multi-time scene, the total delivery
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time of the overall scheme is reduced by 6. 33% and the total delivery cost is reduced by 18. 9% compared with that without
considering the time scene. The method of joint distribution by dividing time periods after the earthquake can effectively solve

the problem of emergency demand in the disaster area and improve the efficiency of emergency materials distribution.

Keywords: integrated transportation economics; earthquake disaster; multiple time periods; road constraints; hybrid algorithm
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"rescue vehicles &. helicopters” during multi periods
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Fig. 3 Flow chart of genetic-simulated annealing algorithm
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Tab. 2 Coordinates of affected areas and required materials

%5 A kR TR/ WHEASE | M5 N TR/ HEEL S
0 102.2394,29. 9113 0 T 10 102. 4578,29. 6541 65 T
1 102. 2340,29. 7929 47 F 11 102. 5462,29. 5507 18 T
2 102.2323,29. 7718 33 F 12 102, 2429,29. 4362 35 T
3 102. 2114,29. 7006 30 T 13 102. 2458,29. 3664 36 T
4 102.2040,29. 7118 50 F 14 102. 2903,29. 2786 47 T
5 102.1857,29. 5897 57 T 15 102.0595,29. 0778 25 T
6 102.1287,29. 6519 35 F 16 101.5619,29. 8491 26 T
7 102.0929,29. 6960 24 F 17 101. 3759,29. 6258 19 T
8 102.2939,29. 7419 20 T 18 101.5513,29. 4765 16 T
9 102. 2665,29. 8137 35 T 19 102, 0442,29. 2332 11 T
K3 BEFEFSE R R BN EAIE S
Tab. 3 Relative distance between the distribution center and each disaster site
km
A S 0 1 2 3 16 17 18 19
0 0 13.1 15. 4 23.5 65. 8 89.3 82.2 77.5
1 13.1 0 2.4 10. 4 65. 3 85.0 74.8 64.7
2 15.4 2.4 0 8.2 65. 4 84.4 73.6 62.4
3 23.5 10. 4 8.2 0 64.9 81.3 68. 6 54.2
16 65. 8 65. 2 65. 3 64.9 0 30. 6 41.3 82.7
17 89.3 85.0 84.4 81.3 30. 6 0 23.7 78.0
18 82.2 74.8 73.6 68. 6 41.3 23.7 0 54.9
19 77.5 64.7 62. 4 54.2 82.7 78.0 54.9 0
R4 BBEEHEHK
Tab.4 Rescue equipment parameters
BORERA /MG A/ km/h  FR/F Be/ L W/ Go/km)
R 5 20~60 150 500 15
HIFHL 2 150 120 8 000 40
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Fig. 10 Comparison of paths in the third period
%5 HEZR
Tab.5 Comparison of algorithm results
Bk mE % 7 WA/IE B /min - SURA/JC KBS E]/min

(car([5, 1, 4, 1, 3], helo([4, 1])-—car([18, 17, 16, 14, 19, 15,
1 36 905 181
12, 10, 6, 9, 1, 4, 11, 13]), helo([8, 2, 7. 5, 3]))

(car([3, 3, 3, 4, 3], helo([3])-—-car([ 3, 11, 19, 18, 17, 16, 9, 1,
GA 2 25 535 188 87 033 541
2,4, 6,12, 14, 15, 13, 10]), helo([7, 5, 8]))

Ccar([4, 4, 3, 3, 3D, helo([2])-—car([ 3, 5, 6, 2, 16, 17, 18, 15,
3 24 593 172
19, 12, 1, 11, 10, 9, 14, 13, 41>, helo([ 8, 7))

(car([4, 4, 1,3, 2], helo([1, 4])-—car([12, 14, 19, 15, 4, 18, 17,
1 32 809 172
16, 9, 13, 11, 10, 1, 6]), helo([2, 7., 5, 3, 8]))

(car([3, 1, 3, 6, 31D, helo([3])-—car([ 2, 4, 3, 9, 11, 13, 10, 16,
GA-SA 2 23 283 171 78 739 503
17,18, 19, 15, 14, 1, 6, 121D, helo([7, 5. 8]))

(car([3, 5, 3, 5, 1], helo([2])-—car([ 9, 2, 1, 3, 19, 15, 14, 13,
3 22 647 160
16, 17, 18, 10, 11, 12, 6, 5, 41, helo([ 7, 81))

k6 F3HBTAARKRETE
Tab. 6 Specific path plan for the third period

BETa GA GA-SA
k41 0-3-5-6-2-0 0-9-2-1-0
K72 0-16-17-18-15-0 0-3-19-15-14-13-0
%3 0-19-12-1-0 0-16-17-18-0
k%44 0-11-10-9-0 0-10-11-12-6-5-0
K75 0-14-13-4-0 0-4-0
HIHL1 0-8-7-0 0-7-8-0
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Tab. 7 Comparison of results from considering or not considering time period scene

5 BB s (& JRAS/TE W) /min BORA /T BB E]/min

(car([6, 3, 1, 1, 3], helo([1, 4])---car([12, 19, 15, 18, 17, 16,

32 361 179
10, 11, 6, 9, 1, 4, 13, 14, helo([2, 8, 3, 7, 5]
ANF R Ccar([6, 3, 1. 1, 3], helo([1, 4])-—-car([12, 19, 15, 18, 17, 16,
32 361 179 97 083 537
g 10, 11, 6, 9, 1, 4, 13, 141, helo([2. 8, 3, 7, 5]))
(car([6, 3, 1, 1, 3]), helo([1, 4])-—car([12, 19, 15, 18, 17, 16,
32 361 179

10, 11, 6, 9, 1, 4, 13, 14, helo([2, 8, 3, 7, 5]

Ccar([4, 4,1, 3, 2], helo([1, 4 D-—car([12, 14, 19, 15, 4, 18, 17,
1 32 809 172
16, 9, 13, 11, 10, 1, 6, helo([2, 7, 5, 3, 8]))

7 (car([3, 1, 3, 6, 3]), helo([3]-—car([ 2, 4, 3, 9, 11, 13, 10, 16,

2 23 283 171 78 739 503
B Bt 17, 18, 19, 15, 14, 1, 6, 12]), helo([7, 5, 8])

(car([3, 5, 3, 5., 1)), helo([2])--car([ 9, 2, 1, 3, 19, 15, 14, 13,
3 22 647 160
16, 17, 18, 10, 11, 12, 6, 5, 41, helo([7. 8]))
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