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Study on the Facility Planning for Relief Logistics Relieving Damage
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ABSTRACT

Recently, the magnitude and frequency of the natural disaster have been increased, the
damage has become severer. The importance of disaster response system to relieve the
damage has arised continuously. This study has tried to develop the algorithm to solve
the facility location and size problem in emergency logistics.

A facility in the emergency logistics has various roles in victim care, casualty treatment,
relief resource management and relief vehicle assistance. Moreover, the location of facility
in emergency logistics has to consider the safety and reliability. To gather these information,
information management system with IoT sensors are suggested.

The location problem in this study also covers various features to response various demands
in disaster. To solve this problem, this study suggested MIP based algorithm. Scenario
based simulation experiments are conducted to verify the performance suggested algorithm.
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(Table 1) Variables and Parameters of MIP model

Decision Variable

Yit Installation size of facility for demand type t on node i(integer)
Myq, Whether demand d with demand type t is allocated to facility on node i(0 or 1)
Parameter
B | Budget limit
Policy D | Maximum distance between a facility and a demand
R | Minimum reliability of facility location and route between a demand and a facility
I | Group of total nodes(i: 1~1I|)
Road - ; .
d;; | Distance between node i and j
Group of demand types(t: 1~|TI)
T |-1: Relief goods demand
-2~|TI: Other types
Demand .| Group of demands with demand type t(dt: 1~IDd)
l;s, | Whether demand d with demand type t is located on node i(0 or 1)
a, | Demand amount of demand d with demand type t
z;, | Size of existing facility on node i for demand type t(integer)
G, | Unit installation cost of facility for demand type t
Facility A, | Unit capacity of facility for demand type t
A," | Unit capacity of existing facility for demand type t
L, | Facility installation limit on node i
o r.; | Reliability of route between node i and ]
Reliabilit .
Y e [ Reliability of node i
W | Big number
BAG5E A ()3} o [sE o B[S S ©)
} N il \te eD,
& a9 ISt [FoAA S A A
s AL PR H g F1e Aastse 2 2ol = By (v 5)
= FEE S A vEE 1S de RiZ(yit+Zit)ZRE(yit_int)(vi) @)
Fglomg MIP 299 Eo] Auh= v =T =T
o 229 0] s Zol=y o Y3 A .;[(lj*tddﬁﬂnm])ﬁ D(Vd,t, i) ®)
J
T Nimi < 1(Vtd) (6)
=y
. ;Td;D;]mﬁdZ 1% ,*fd) E (m“datd)ﬁ AtyipLA',Z”(Vi, t) (7)
Min DE E E D (1) dED,
t
ISIETIED N imy, < Wy, +2,)(Vi, t) ®)
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+ |D)— m;
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(Table 2) List of Vulnerable Structures

Slope

vulnerable slope

Bridge

structures to pass the rivers and
valley

Small | Small dam construction built for
Dam | water supply
lowland | Areas easily flooded during disasters
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(Table 3) List of loT Sensors
Name Installing point Sensor type
Slope Whole slope accelerometer, clinometer, gyro sensor
) Bridge pier displacement sensor, clinometer
Bridge - B
Bridge deck displacement sensor
Ri hydr h
Small Dam i y oamD .
Body displacement sensor, clinometer
Lowland River hydrograph
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(Table 4) Change of Reliability and Demand Occurrence According to the Disaster

Type A
- Amount of Required Reliability of
Disaster Probability resource per population wﬂneratlzle Radius
Relief Refuge Relief Refuge structures
Typhoon 0.7 0.35 0.005 0.001 05 Skm
Earthquake 0.8 05 0.01 0.01 05 10km
Forest fire 05 05 0.005 0.002 0.3 2km
Torrential downpour 0.3 0.2 0.001 0.0005 0.7 3km
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(Table b) Location of Temporary Faci-

lities
Relief Refuge
demand demand
Typhoon 6, 13, 42, 53 6, 42, 53
Earthquake 12, 20, 21, 28 12, 21
Forest fire 33, 41, 42 33, 41
Torrential 1) 1) 03 08 44 | 4, 12, 28
downpour
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(Table 6) Experiment Result According to Disaster Type

RnE A71E 2aE Wiler,
A FantA e 7g 9 AFdAZQA 4k
b ol5l W] &2 A e ARE Bl Ay

. . Number of Avg. Number | Avg amount
Disaster Cor,}lg:l gng Dﬁg:)ce Bgzz(it Unallocated ¢ of ¢ of

Demands demand points demand

Typhoon 3.09 0.53 5.88 hillion 0.62 15.32 37.32/7.40
Earthquake 0.17 0.33 4.14 billion 0.37 6.69 72.19/74.28
Forest fire 0.21 0.19 2.19 hillion 0.17 5.31 37.71/14.82

gggggﬁ 97.03 045 | 482 billion 121 401 740/378
Summary 25.13 0.39 4.26 billion 059 16.86 38.85/24.98
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o, S A 7R e] Azt ), ] A} A A A= St Al s 2 st
7F AL Abse] A9 AL o] A RS of frdgh it S A4S a7t s A
daw o, v Asfel HishA o A2 Hl& o7 AztEd
o WG ¢85 WA= A9E ATk

Ao g nde oo A Fo0] F
b g Qe Aol AAe A e 7.2 &

T Ao FjHow g2 ndd F2 5
=R = 2 AT = At EFE AT A A4

A2 Al we A3 Ayks the <Table of gk £AE A A ZA= A
>3 2} AlE e shgho] gobA e A4k 4 A oldol g AR A R RS v
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th o] AR oAb el el E AT A AR fR G} FRE A8k Aol

(Table 7) Experiment Result According to Reliability
Reliability Computing Distance Used Number of Unallocated
Limit Time Ratio Budget Demands
0.3 21.04 0.165 4.25 billion 0.34
05 22.04 0.301 4.27 billion 0.69
0.7 22.29 0.497 4.26 billion 0.75

(Table 8) Experiment Result According to Budget Policy

Budget Computing Distance Used Number of Unallocated
Limit Time Ratio Budget Demands

5 hillion 1873 0.51 3.8 hillion 0.66

7 billion 17.00 0.29 47 hillion 0.54




62 TmHAAYES A A23H A3

g 249l S SAste] $4 MP RIS
e on, g MP 2ee] BAwst vio}
wE AZE chol Eolrk bsd 1E 27,
S wEe v BN Mo Fo
she g AT B Aol AA S

S-S TRt oAt Aok B Al A A8

&L, 1o wE wiste] A E dobr ok
Ao Ayt mde o A4is Bk

2 rde v AFE Fahe] 7124 A
3 a0l et Aol TR B 54 wt
gt MEste 728 aydo 74ge 4 gl
= A ARE F7HE AAske B S A8
stk mebA g Axe] MAde oW
Aol gk A4 gl = ARt Fasit
o] eloll = Aket MIP Zdle] At Ajzbo]
Aol 2717t ARE A5, Db oA
gt 1% dasi.

2 Rde 3A 9 A&l 715 wek o E
TRl 2 A, o] & ukdste] A 9
A5 et mdolt), wpebd B mds 34
at7] S1siA = 718 d3 2 75 Fad
gt 7155 #eshy] g Alade] gkl
298 o= nelt},

FT AFoAE dado AtS o vkdst
i, AR A E v BAS Y AR
MAE o golrt, Fgk oA AFe mElo
SHAE W7 91 A E e o £

References

[1] Balcik, B. and Beamon, B. M., “Facility

location in humanitarian relief,” Interna-
tional Journal of Logistics, Vol. 11, No. 2,
pp. 101-121, 2008.

[2] Barzinpour, F. and Esmaeili, V., “A multi-
objective relief chain location distribution
model for urban disaster management,”
The International Journal of Advanced
Manufacturing Technology, Vol. 70, No.
5-8, pp. 1291-1302, 2014.

[3] Baskaya, S., Ertem, M. A., and Duran, S.,
“Pre—positioning of relief items in humani-
tarian logistics considering lateral tran-
shipment opportunities,” Socio-Economic
Planning Sciences, Vol. 57, pp. 50-60, 2017.

[4] Chen, A. Y. and Yu, T.-Y., “Network based
temporary facility location for the Emer—
gency Medical Services considering the
disaster induced demand and the trans-
portation infrastructure in disaster re—
sponse,” Transportation Research Part B :
Methodological, Vol. 91, pp. 408-423, 2016.

[5] Cheng, W. and L, J,, “Operational analysis
on emergency logistics system and emer—
gency response model,” Service Opera-
tions and Logistics, and Informatics, 2008,
IEEE/SOLI 2008, IEEE International Con-—
ference on., Vol. 1, pp. 1323-1328, 2008.

[6] Choe, S.-Y., Park, J.-H,, Han, S.-M,, Park,
J. W, Jang, T-W., and Yun, H-], “loT-
Based Module Development for Manage-
ment and Real-time Activity Recognition
of Disaster Recovery Resources,” Journal
of Society for e-Business Studies, Vol.
22, No. 4, pp. 103-115, 2017.



A A= A del S AR 72 =7 AR AL A A+ 63

[7] Dai, W,, Yan, H, and Liu, X,, “Supply chain
system for emergency rescue of natural
disasters,” Information Science and Ma-
nagement Engineering(ISME), 2010 Inter—
national Conference of., Vol. 1, pp. 218~
221, 2010.

[8] Han, J.-T. and Lee, J.-Y., “Construction of
Seismic Landslide Hazard Map in Korea,”
Journal of the Earthquake Engineering
Society of Korea, Val. 17, No. 2, pp. 3748 2013,

[9] http://cred.be/sites/default/files/2015 Disas
tersInNumbers.pdf (Accessed on 2018/
06/08).

[10] https://www.unisdr.org/archive/17613
(Accessed on 2018/06/08).

[11] Kim, M.-K,, Hahm, D.-G., and Choi, L-K,,
“Seismic Fragility Evaluation for Railway
Bridge Structures using Results of a Sa—-
fety Factor,” Journal of the Earthquake
Engineering Society of Korea, Vol. 13, No.
4, pp. 57-65, 2009.

[12] Kwon, S.-H. and Oh, H.-S., “Forecasting
Model for Flood Risk at Bo Region,”
Journal of Society of Korea Industrial and
Systems Engineering, Vol. 37, No. 1, pp.
91-95, 2014.

[13] Li, B. et al., “Integrating uncertain user-
generated demand data when locating fa—
cilities for disaster response commodity
distribution,” Socio—Economic Planning
Sciences, 2017.

[14] Lin, Y.-H. et al., “Location of temporary
depots to facilitate relief operations after

an earthquake,” Socio-Economic Planning

Sciences, Vol. 46, No. 2, pp. 112-123, 2012.

[15] Ren, Z. and Zhang, Y., “Emergency Logi-
stics Design in Disasters,” Logistics En-
gineering and Intelligent Transportation
Systems(LEITS), 2010 International Con-
ference on., pp. 1-4, 2010.

[16] Roh, S., Jang, H., and Han, C., “Warehouse
location decision factors in humanitarian
relief logistics,” The Asian Journal of Ship-
ping and Logistics, Vol. 29, No. 1, pp. 103-
120, 2013.

[17] Salman, F. S. and Yiicel, E., “Emergency
facility location under random network
damage: Insights from the Istanbul case,”
Computers and Operations Research, Vol.
62, pp. 266-281, 2015.

[18] Verma, A. and Gaukler, G. M., “Pre—posi-—
tioning disaster response facilities at safe
locations: An evaluation of deterministic
and stochastic modeling approaches,” Com-
puters and Operations Research, Vol. 62,
pp. 197-209, 2015.

[19] Yun, H.-J., Lee, K.-T., Kim, J.-S., and
Jang, T.-W., “Design and Implementation
of Web—Based Support System for Disa—
ster Damage Recovery of SOC Facility,”
Journal of Society for e-Business Studies,
Vol. 20, No. 4, pp. 227-239, 2015.

[20] Zhang, J., Dong, M., and Chen, F. F., “A
bottleneck Steiner tree based multi-ob-
jective location model and intelligent opti-
mization of emergency logistics systems,”
Robotics and Computer-Integrated Manu-
facturing, Vol. 29, No. 3, pp. 48-55, 2013.



64 FZAAAYEHA A237A A%

Z 2 &

)
2010
2010 ~ A A

SRER:

ek
19894
19914
19961
19973 ~ & A

2o}

ne

[e)
pEiEd

19744

19763

19859

1985\ ~2018+
20158 ~ & A

SRER:

(E-mail: hans8501@snu.ac.kr)
Agdigtal 2k Eetat (3RA})
Agogta 23t (HAkA)
A oS, 2rtEE, AFERIE Y

(E-mail: autofact@snu.ac.kr)

At 2k FE (Ah

Agdign gig
o) 5}

N g et

N d
“~

(E-mail: autofact@snu.ac.kr)
At Ab e ekt (SHA})

sk elred AdE e (A4
1= U.C. Berkeley AFd8t3} (2hA})

et Al gets a1
A4 WPE 2vETY 20w
ol

2ntEFA ERP/SCM, ~AE9 2 A& o

d

1]

b

Al &g o)A

A

puld





