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Abstract

To guarantee the safe and reliable delivery of relief supplies to disaster areas, a relief delivery model based on path
connectivity reliability is proposed. In the study, the connectivity reliability of each path under variaysialislevels

and road grades was identified with Delphi method, and the possibiigy Oriented (GOJjnethod was introduced to

identify the connectivity reliability of the delivery network. Based on the connectivity reliability of the network, a/penalt
parameter was introduced. Considering the uncertain influence of disruption on road network reliability, the interval
number and triangular fuzzy number were used to indicate the uncertain delivery time and unit material delivery cost,
respectively. A mul-objective model based on path connectivity reliability was established. Through the case study and
result comparison, the studyOs improved model was proved to be superior. Results show that the delay times of the mode
and traditional model is 0. Moreek, the delivery costs of the new model and traditional model are 17,586 and 17,340,
respectively. Although the delivery cost of the new model is greater, its demand satisfaction rate is much higher than that
of traditional models. Thus, the new model sagnificantly guide relief delivery when the road condition is affected by
disruptions.

Keywords:Connectivity reliability,Relief delivery,Possibility GO methodMulti-objective optimization

1. Introduction guiding the reasonable planning of relief delivery affected
by disruptions.
Disruptions have a serious impact on ChinaOs economic
development and societal stability. In early 2008, 19 Chinese
provinces suffered from snowstorms and persistent lov2. State of the art
temperature, which resulted in ecomic losses of 53.79
billion RMB [1]. The Wenchuan Earthquake in 2008 causedesearchers have conducted extensive studies on relief
approximately 69,000 deaths and over 840 billion RMB indelivery problems and constructed optimizatinadels from
lossed2]. In 2015, the Tianjin explosion caused 165 death®peration research to minimize delivery times and costs and
and 6.86 billion RMB worth of damage8]. In other maximize satisfaction levels. Tzeifi§] constructed a fuzzy
countries,the tsunami in Japan triggered by an earthquakenulti-objective relief delivery model to minimize cost and
resulted in 15,853 deaths and 300 billion dollars of losses itime and maximize satisfaction level, but the model did not
2011. In Ecuador, the 7.8 magnitude earthquake killed moreonsder road condition uncertainties. Shil presented a
than 240 people and injured over 1,500 individuals in 201@ynamic reliefdemand management model for emergency
[4]. logistics operations under imperfect information conditions
Relief supplies deliery is critical to the efficiency and in largescale natural disasters, including data fusion, fuzzy
effectiveness of rescue operations. Hence, scholars hactustering, and mulcriteria decision making, but the
gradually focused on relief delivery problems and havelelivery model was not detailed. Given that relief delivery
achieved some resulfs-8]. The current research is based oncan be affected by damaged infrastructures, Nolz €7hl.
known conditions of road networks. As an ion@ant index  constructed a mukbbjective integer optimization model to
for measuring road network safety, the path connectivityptimize safety, rescue coverage, and enrargetime.
reliability may be considered to immediately improve theVitoriano et al.[8] studied humanitarian logistics through an
satisfaction rate of relief supplies. objective programming approach from two aspects,
On the basis of the above analysis, the study proposepecifically, the assessment of consequences in the early
path connectivity reliability by uspg the Delphi and stage after a disaster and the -4phédse distribution of
possibility Goal Oriented (GOjnethods. Moreover, the study humanitarian aid. @n [9] constructed a relief delivery
constructs an improved mubbjective model based on the model on the basis of relief supplies urgency and introduced
path connectivity reliability with uncertain delivery times a divideandconquer algorithm to determine corresponding
and unit material delivery costs. This model is valuable irsolutions. Berkoung[10] developed an efficient genetic
improving the satisfaction rate of relief supplies and inalgorithm to deal with realistic larggcale transportation
problems in disasters. The algorithm provided kaghlity
transportation plans to emergency managers but did not
"Email addrésiLi0414@163.com consider relief delivery uncertainties. Zhao et El1]
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locates theearliest emergency time and least supply pointsWenchuan earthquake, the delivery quantity, total delay time,
Zhang[12] constructed an optimization model to minimize and optimal total cost are determined. The proposed model
emergency time and cost under material supply shortage proven to be more superior than thettional model. The
context. Chen[13] established an emergency materiallast section on the summary of results concludes the study.
dispatching optimization model within themergency
limitation period to obtain the shortest total delivery time
under limited transportation capacity. The studies3. Methodology
concentrated on relief delivery under certain conditions but
did not discuss relief distribution uncertainties, such as roadthe Delphi method is used to forecast path connectivity
conditiors, demand and supply, and delivery time, amongeliability with different disruption levels and road grades.
others. Then, the road network is transferredat GO graph, and the
Gu [14] argued that optimization objective should be setpath connectivity reliability is obtained according to the
as the minimum disaster loss parameter when relief suppligmossibility GO method calculation rule. From the
are urgently demanded. Emergency material dispatchingalculations, the path with maximum reliability is
models considered certain cdtmhs and fuzzy situations, established, and penalty coefficients are determined
and delivery time uncertainties were resolved by selectingccording to the concévity reliability. The relief delivery
reliable paths in fuzzy networks. However, the study did nomodel, the aim of which is to obtain minimum delay time
discuss the effect of disruptions on transportation conditionand minimum cost, is constructed. This model can improve
Yang et al.[15] constructed a relief delery model and the satisfaction rate of relief supplies. Finally, the main
described uncertain transportation time and demand bgbjective method is introduced to convéré multiobjective
setting numerical intervals for the initial rescue stage, but theodel into a singk®bjective model with the shortest delay
model did not relate uncertain transportation time withtime. LINGO is used to find the optimal solution of the
disruption conditions. In terms of material shortage in thenodel.
initial stage of emergency material dispatch, Najafi efl8l]
proposed a stochastic model to manage emergency materi8ld Problem Description
and developed a robust optimization method to ensure thagh A_ 111 A  are supply points whereaB,,B,,!'!,B, are
the d.ispatching scheme was applicable to'all earthqua@saster points. The road network is shown in Figure 1.
situations. Wang et a[17] constructed a nonlinear integer KX TX Y. 1Y h q ¢ th h
programming model by considering emergency time,” vt 2 T wr T te ta i Ty al're the no. es of the pgt
emergency cost, and batch transportation reliability. Th@etween the supply and disaster points. The maximum
model adopted a nedominanisorted genetic algorithm and supply point ofA(i =1,2,!!,m) is & whereas the demand
nondominant sorting of differential evolution algonith
Wang [18] studied the relief delivery problem under
uncertain supply and demand conditions and constructed afi _ ., I" b ) ) .
optimization model that can determine minimum delivery- & + - The amount of relief supplies shipped from
time and maximum demand satisfaction levels. [Y9] = 7
constructed an emergency materiepétching model based supply points to the disaster poist¥; . Delivery timetij ,a
on the dynamic change of demand that can pinpoint the ) I
earliest emergency time at the minimum cost. Chen g2@jl. triangular fuzzy number, is expressed tﬁg"tijl’tijrtusﬁ
constructed a model by considering penalty and emergengy o et
cost parameters in the context of demand uncertainties.
Although the studies identified uncertainties related tdormal value of a fuzzy number, aid is an optimistic
demand and supply, those uncertainties related to roaghlue of a fuzzy number. The emergency deadline of disaster
transport conditipns caqsed by .disruptions were noboints B, is t;, and thus, unit delay time iﬁ-t,-. Unit
considered. Previous studies also did not analyze the effect
of disruption levels and road gragden road reliability. transportation cost,j, an interval number, is expressed as
Zhang et al.[21] constructed an emergency material D oL o .
dispatching model based on network reliability to minimize & =[C;:Cj1, where ¢ is the lower limit andc is the
total shortage and emergency cost. The result of thﬁpper
modeling showed that muitibjective optimization was
more economicaind applicable than traditional models. He betweenA; and B; is obtained by using the possibility GO

[22] evaluated a road network structure using improvegnethod. The penalty parameter correspondingtds ¥ .

genetic algorithm and designed an improved Dijkstr . . . . .
algorithm to find the best modeling solution. a;;?g:nt:i]r?;g expressions, the optimal relief dejscheme is

.In summary, existing research malnly.f.ocused'qn relie The model assumptions are as follows:
delivery problems associated with specific conditions or
uncertain factors. Although some researchers analyzed the
reliability of road networks, these scholars did not discuss
the relationship among network reliability, disruption
character, and road grade.

The remainder of thistudy is organized as follows:
Section 3 introduces the detailed steps of determining the
path connectivity reliability with the possibility GO method.
Then, the multiobjective model based on path connectivity
reliability is establishé. Section 4 discusses a case study
and analyzes the results. Combined with actual data on the

of disaster points represented By(j=1,2,!'!,n) is b; . Thus,

i1 IS a pessimistic value of a fuzzy numbgg, is a

limit. The maximum connectivity reliabilityd;

(1) Relief supplies in the supply points are adequate.

(2) Disaster areas need a certain kind of relief.

(3) All rescue activities occur at the period t=1.

(4) Connectivity reliability doesat change during a unit
period.

(5) Road capacity meets transportation requirements.

(6) Delay time is 0 when transportation time is less than
emergency deadline.

45



Hui Hu, Xing Fu, Yang Cheng and Yunna Zhargournal of Engineering Science andd&chnology Review 10 (6) (2012351

Second Class 0.47 0.53 0.57 0.62
Third Class 0.33 0.40 0.44 0.49
Forth Class 0.16 0.23 0.27 0.32

3.2.2 Path connectivity reliability deermined by
possibility GO method

The actual relief delivery network is transformed into a
possibility GO diagram. On the basis of connectivity
reliability of routes, the connectivity reliability of all paths is
obtained according to the possibility GO hed calculation
rule. The path with the maximum connectivity reliability is
then obtained.

3.2.3 Penalty parameter determination
The penalty parameters of relief supplies on various paths
3.2 Model formulation are given by experts on the basis of maximum connectivity
reliability, relief supplies reserves, and vehicle quantity. The
3.2.1 Determination of path reliability penalty' parameters correspondjng to different path
Path connectivity reliability is usually evaluated from four CONnectivity reliabilities are shown in Table 4.
aspects[23,24,2%, namely, connectivity reliability, travel
time reliability, capacity related reliability, and unblocking
reliability. Relief supplies are at usually delivered to
disaster points on time because road networks are not alwa%
connected. Thus, the state of road network is discussed in

Fig. 1. Road network between supply points and disaster points

Table 4. Penalty Parameters for Different Path Connectivity
Reliabilities
nnectivity
eliability 0<p! 025 | 0I25<p! 05 | 0.5<p! 075 | 0.75<p! 1

this study. !
Path connectivity reliability is influenced by several Ppe”a'ty
factors, such as types of disruption, highwgrade, and ~ Farameter 1 0.90 0.80 0.70

climatic conditions. Hence, the Delphi method is applied to i

predict the connectivity reliability of each route at different

periods. Table 1 shows the result of path connectivity3.2.4 Model construction

reliability with different disruption levels at peridd=1. To minimize delay timeand cost and to maximize
satisfaction level of disaster points, the model is established

Table 1. Path Connectivity Reliability with Different by the following:

Disruption Levels

Disruption Level | 1l 11l \ nom
Path Connectivity minT(x) =minl | x "(t #t) 2
Reliability P 0.1815 | 0.4065 | 0.5380 0.7005 i U
Subsequently, the path connectivity relialiliwith nom
different road levels is predicted. minC(x)=minl | & "x, (3)
==l

Table 2. Path Connectivity Reliability with Different Road
Grades

n
R : n .
cons e [ swer | E1, | oot | Do, | ST x!aEmL2 @
Connectivity
Reliability | 0.7940| 0.6690 | 0.5875 | 0.4005 | 0.1500 m ]
i #Hrlx "B Ej=12! n (5)
i=1

After extensive investigation, path connectivity
reliability is affected more by disruption level than roadt, =[t,,,t,t.] (6)
grade. Thus, the weight d® is set to 0.7 whereas the
weight of P, is set to 0.3. Rh connectivity reliability is ¢ =[c ,¢'] 7
ij ij?
expressed as

| ‘.: | '.:
P=0.7R+0.3 @ %! OEi= 1,2/ m;j= 12, n (8)

Equations (2) and (3) are objective functions for
minimum total delay time and minimum cost.Uatjons(4)
to (8) are constraint functions. &ation (4) suggests that the

Table 3. Path Connectivity Reliability by Disruption Level total amount of relief supplied to disaster poftcannot

The values of path connectivity reliability with different
disruption levels and road grades is shown in Table 3.

and Road Grade - exceed the maximum supply of supply pot, whereas
Eoad Gradie | Disruption L?I‘I’e' v Equation (5) suggests that the expected quantity of relief
Super 0.61 0.68 0.72 0.77 supples for delivery should meet the requirements of
First Class 0.52 0.59 0.63 0.68
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disaster pointB;. In Equation (6), the triangular fuzzy The disaster  points are  represented by
B,!B,,B.B,B;B:B,B:B BB, and supply points are

numbertij is delivery time. In Egation (7), the interval
represented byA,!A,!A ;. Transportation timéij and unit

number&; is the unit material delivery cost. LINGO is used

to find the optimal solution of the model. transportation costt; are the original pat attributes

between supply points and disaster points (Table 5). The

) . ) variable fij (a triangular fuzzy number) is expressed as

4 Result Analysis and Discussion
,tij =[t;, . 5] while € (interval numbers) is expressed by

4.1Case study PR :
An 8.0-magnitude earthquake occurred in Sichuan Provincet'i =[c;.¢;]. The path grades of each path betwdisaster
(China) on May 12, 2008, and the disaster resulted in huggoint A, and supply pointB; are shown in Table 6.
losses. Wenchuan, Mianzhu, Beichuan, Qingchuan, Maoxian . ) ) !
Dujiangyan, Pingwu, Pengzhou, Jiangyou, and Deyang iMoreover, the expected delivery time to disaster pBints
the Sichuan Province were seriously damaged. Reliet=3, t,=6, t,=4, t,=3, t.=4, t,=3, t,=3, {;=6, t,=3,
supplies from Chengdu, Mianyang, and Guangyuan need

1o be delivered to the disaster areas eeO:B, andt;;=4. The maximum acceptable transportation

cost is 20000 and permissible error! is 0.01

Table 5. Original Path Attribute Values between and B;

Bl Bz Bx B4 Bs Bo
ly Ciy lix Cin lis Cis lig Cia lis Cis Lis Cis
A [345] | [24] 1.23] | [1.3] [234] | [35] 678 | [68] | [123] | [1.3] [1.2,3] | [13]
A, 1.23] | [1.3] 1.23] | [1.3] [345] | [24] [345] | [35] | [234] | [24] [234] | [359]
A, [6.7.8] | [6.8] [6.7.8] | [6.8] [456] | [57] [234] | [13] | [6,7.8] | [68] [7.89] | [7.9
Demandb, 1,153 1,216 323 515 273 146
B, B, B, B B, Maximum Supply
ti7 Q7 tii( QB ti9 QQ tilO CIlO till Clll a1
[1,2,3] [3,5] [7,8,9] (6,8] [1,2,3] [1,3] [3,4,5] [3,5] [1,2,3] [1,3] 3,000
[1,2,3] [1,3] [6,7,8] [6,8] [1,2,3] [1,3] [1,2,3] [1,3] [1,2,3] [2,4] 3,000
[4,5,6] [7.9] [5,6,7] [4.6] [7,8,9] [7.9] [4,5,6] [4.6] [6,7.,8] [6.8] 2,000
449 1,072 192 334 1,066
Table 6. Path Grade
Path Path Grade Path Path Grade Path Path Grade Path Path Grade
Second Class Third Class Second Class Super
| | ] ]
At Bs Highway B! By Highway B.! B Highway Al By ighway
Second Class Third Class Third Class Third Class
| ] | |
Al By Highway B! B, Highway B! B, Highway Azt Buo Highway
. Second Class Second Class Third Class
| | | ]
Al By Super Highway Bo! By Highway B! B, Highway Azl B Highway
Second Class Second Class . Super
| | | I
B! B Highway Ba! By Highway B! By Super Highway At B Highway
Super Third Class Third Class Super
] ] | |
Bs! Be Highway B! Bs Highway B! By Highway Ast Bu Highway
Third Class Super Super Second Class
| I | I
Bs! Bs Highway Al Bs Highway Azt By Highway At Bs Highway
Super Super Super
] | ]
Bs! B, Highway Al By Highway Azl B, Highway

The delivery network between supply poiis! AlA
and disaster point8,,B,B,B,B.B;B;B;B,B B, is
shown in Figure 2.
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Pingwu
°
Jiangysii
JMaoxian . . . . .
Beichuans Fig. 3. GO diagram between Supply PoiAt and different disaster
Wencl o Il points
B Anxiangyrianyang

Chengdu s

[ Go3 53 |

w PR

Fig. 2. Delivery Network

o

The connectivity reliability of each path, which can beFig. 4. GO diagram between Supply PoiAt, and different disaster

obtained from Tables 3 and 6, is shown in Table 7. points

Table 7. Path Connectivity ReliabilityfaEach Pat

Path Path

Path Connectivity Path Connectivity
Reliability Reliability
A,! B, 0.30 B,! B, 0.30
A,! B, 0.30 B! B, 0.25
Al By, 0.37 B,! Bg 0.30
B,! B 0.30 B,! By 0.37
B;! B 0.37 B,! By 0.25
B,! B, 0.25 A! By 0.37
B! B, 0.37 A!'B, 0.37
B,! B, 0.25 A,!B, 037 Fig. 5. GO diagram between SupplyiRt A, and different disaster
oints
B,! B, 0.25 A,! B, 0.25 P
By! By 0.30 A!'B, 0.25 The maximum path connectivity reliability in the
B,! B, 0.30 A, B, 0.37 network can be obtained by the possibility GO method
. calculation rule. Results are shown in TableTBe penalty
B,! Bg 0.25 Al By 0.37 . . o
parameters corresponding to ximaum path connectivity

As! B, 0.37 As! By 0.30 reliability values are shown in Table 9.
As! By 0.37 During calculation, the triangular fuzzy numbleris

transformed into a definite real number. In addition,
Figures 3 to 5 are GO diagramswerted from Figure 2. assuming the decision makers are a neutral type, theahter
In the figures, the input nodek,! A,!A ; are denoted by the number &, can be transformed into a deterministic real

type 5 operator; the Ological ORO relation of signals areimber. Accordingly, the path optimization attribute values
denoted by the type 2 operator; each path is denoted by tban be obtained, and the numerical results are shown in
type 1 operator; and each node is\ated by the type 13 Table 10.

operator. The dashdihe arrow in the figure suggests that

signal flow can only move in one direction and cannot formrlable 8. Maximum Path Connectivity Reliab#itin the

a loop. The first number on the GO operator represents tHeelivery Network

operator type whereas the second number represents thah Path Path
operator number. Connectivity Path Connectivity
Reliability Reliability

A !B, 0.30 A,! B, 0.37
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A,-B, 0.25 A,! B, 0.25 273 [ 146 [ 449 [ 1072
A, !B, 0.25 A,! By 0.30 B B Maximum
A, B, 0.25 A,! By 0.25 B 0 o Supply
A, ! B, 0.30 As! B, 0.30 0 2 0 2 0 3 3,000
_ A 025 Al By 037 : 192 : ° 334 : : 1,066 ! 2000
A, ! B, 0.25 Al B, 0.25 '
A;! By 0.30 A;! B, 0.37 Based on the above parameters, the optimization model
Al B, 0.25 A,! B, 0.30 of the case is as follows:
AlBy, 0.37 Al Bg 0.30 m|nT()§: )£+ §+ )z{+ )7(+ §+ KJ+
Al B, 0.25 Al B, 0.30 Va+tYe+ Yotz +2+2+2 (9)
A,!B, 0.37 A,! B, 0.25 +z,+2+3+ 3+ Z
A,!B, 0.25 Al B, 0.30
A, B, 0.25 Al By 0.37 MiNC(X =3x+2%+3 x+7 %+ 2X
A,! B 0.30 A,! B, 0.37 +2X5 + 2%, + 6%+ 2% +4 X,
A2! Be 0.30 +2X, + 2y, 2y, t 4y Y,
353y, + 2y, + Ty + 2y, + (10
Table 9. Maximum Path Connectivity Reliability in the
+ + 7z, + + 62 +
Delivery Network 2ot 2yt 72,* 72, % 63
Path Penalty path Penalty 2z,+77,+82,+8z+5z2+8 7
Parameter Parameter
+52, +73,
A,!B, 0.9 A,!B, 0.9 |
Al ) N ) #0.9% +y,+0.9z, ! 1153
v 2 e 0.9 +y,+09z,1 1216
A,!B, 1 A,!B, 0.9 % ° 223
Xty tg:
! A,!'B
At B ' L ' X, +y,+0.9z,! 515
Al B 09 Azt B 09 0.9 +0.9y, + 0.9, | 273
Al B, 0.9 Al B, 0.9 $ DA |
AL 1 ALIB, 0.0 $0.9x, +0.9y, + 0.9, ! 146
1 7 . .
X, +0.9y.+0.9%, ! 449
A,! B, 1 A,! B, 1 st.$/07 ¥ ' 7 (11
AR 0.9 AR 0.9 $ Vst 2! 1072
. ' ot ' $0.9x, +0.9y, + 09z, ! 192
A,! By, 1 A,! B 0.9 $ Yo | '
AIB, L Al B, 0.9 $x10+y10+0.92m. 334
|
A,1B, ) AlB, 00 0.9, +0.9y,,+ 0.9, ! 1066
A,! B, 0.9 A, B, 1 RARRL AR AR AR AR AR A A A
ALE, . AlB, 0.9 S+ tYatVatYst Yo Yt Vet oY oty 1" 3000
A1, ) LB, 05 Btz 342, 3+ g+ g+ g+ g+ g+ .2 2000
Azt Bs 0.9 As! By 0.9 To facilitate calculation, the main objective method is
A, ! Bg 0.9 introducedwhen transforming the multiple objective model
g p ]
into a singleobjective model. The singlebjective model is
Table 10. Path Optimization Attribute Values solvedby LINGO.
Bl Bz B3 B4
C Te 1ol lolalale 10 1216 0 0 22163 0 0 214 0 118
i i i i i3 i3 i4 i4 _#
A, 3 5 1 1 - x=4153 0 323 0 8 0 49 0 0 34 (g (12
A, ol 2lol 210l sli1] 4 #0 0 0 53 0 0 0 2072 0 0 0
A, 7 1 7 1 0 2 . - :
The optimal objective value:is
Demand
b, 1,153 1,216 323 515 .
T(x):OE C(x):17586 (13
B, B, B, B, 4.2 Comparative Analysis
Ls Cis L Cig t; Gy Ly Ce 4.2.1 Comparison with traditional model
0 2 0 2 1 4 1 7 The traditional model does not consider connectivity
2 3 i g 2 g é g reliability. With the sme parameters, the results of
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modeling proposed in this study are shown in&ipns(14)  proposed model can offer additional advantages in tefms o

and (15). generated supply points, disaster points, and paths. The
delivery of relief supplies on the basis of path connectivity
MiNT(X = X+ X+ X+ X+ X+ ¥ + reliability not only improves the proper identification of
Vit Vet Yotz + 2+ 2+ 2 (14) disaster points, but also avoids substantial increase in

transport costs.
tz,+z+z+ 4+ 7
4.2.2 Comparison with other results from literature
minC(XY =3x+2%+3 x+7 x+ 2 x+ The proposed model is compared with the results from
literature (26), and the differences are shown in Table 11.

2% T2+ O+ 26+ Ax, Several studies on minimum cost and minimum delay
2%, + 2y, + 2y, + 4y, Hy,+ time have been conducted. However, the afesn
3y +3Y, +2y, + Ty, + 2y, + (15  satisfaction rates of disaster areas are often ignored. By

contrast, the proposed model in this study not only considers

+ + 72+ 72, + 627 + = . ;
Yo 2Y* 12,4 72, + 63 minimum cost and delay time, but also introduces a penalty

27,+72,+82+8z +5 2 + parameter. With the penalty parameter, an appropriate
8z,+52,+72 number ofrelief suppliesis delivered, and accordingly, the
ov.+2 11153 demand satisfaction rate of the disaster points is increased.
oty g As shown in Table 11, the transportation cost and maximum
gty +2! 1216 delivery time in this study are superior to the results from
$x, +y, +2,! 323 literature[26].
%XA tY,+z,1515 Table 11. Comparison with other results
$X5+y5 +z1273 Propgs:ed Scenari | Scenari | Scenari
S tYst 2! 146 (iis stucy) | °° 02 03
Sty 440 (16 ~ ensomaton | 176g6 | 18683 | 18242 | 9.3
+y,+2, 11072 i
%: +§a +2 1o Dg’l'isz'rfﬁ?‘me 5 76 19.9 15,215
A
|
%XN +Yitz,! 334 5. Conclusions
$X11+ y11+ Zn! 1066
B+ + Xt Xt G X+ X+ gt x+ X+ " 3000 To improve the satisfaction rate of relief supplies in desast

" areas, and to establish the impact of disruption levels and
Y5 Tt Yo Yo HY i+, " 3000 road grades on relief delivery, the path connectivity
Rt 2+ 342, 74 g+ 7+ 2+ 2+ 2+ 2 2000 reliability was introduced in the present study. Path

connectivity reliability was identified by using the Delphi
Similarly, LINGO is used to find the optimal solution. ~ method and the possibilit GO method, and a multi
objective model was established after introducing the
10 1216 0 0 273 146 0 0 192 0 10¢ penalty parameter. Consequently, the proposed model
xzﬁllSB 0 33 0 0 0 449 0 0 334 @(17) minimized dela}y time and costhe following conclusions
couldbe drawn:

%0 0 0 55 0 0 0 12072 0 0 0§ (1) Disruption level and road grade affect reliefiey
in varying degrees. A relatively higher disruption level and a
The optimal objective value:is lower road grade can cause great impact to relief delivery.
(2) From the path connectivity reliability calculations,
T(x):OE C(x) =1734C (19 the path with relatively higher reliability may be chosen as

an option for relief delivery, assuming the appropriate
amount ofrelief suppliesis allowed. Moreover, the relief
Ratisfaction rate of the proposed model is higher than that of
e traditional model.

(3) The transportation cost and maximum delivery time

A comparison of Equations (13) and (18) shows that th
delay times are both 0 and the transportation costs
17,586 and 17,340. In other words, @&lief supplies can be

'c\i/le(llr\‘/;r\?gr tnt)rac:]lzastttert.pmnts at an eTr?rgdnn;t {)ek:;od. eneratd by this study are both superior compared with

' portation costs are within acceptable rangg, g s from literatur26]. Findings imply that the proposed
However, when the path between supply poftand model can provide optimal solutions in terms of cost and
disaster pointB; is interrupted, the demand satisfactiontime, and the model can generate high satisfaction rate of

levels of disaster points of the two models differ. Therelief supplies

demand satisfaction levels of the traditional model and the The path conectivity reliability is capable of solving
relief delivery problems due to uncertain transportation time

proposed model are expressedBy and Ry , resctively. 04" | ivlevel transportation costs. This study can

0 significantly enhance the satisfaction raterelief supplies

The functions are expressed &R, T 573 0 and  4hq provide a reference for sciéintrelief delivery planning.
. 82 However, dynamic changes in road conditions are not
R;. =——=0.2. The proposed model obtained a higherconsidered in the proposed model. In future studies, GPS
T 2713 and GIS will be introduced to provide reahe information

satisfaction rate than the traditional model. Moreover, the
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on road networks to help determine the dynamic optimalhis is an Open Access article distributed under the terms of the

solution to relief delivery.
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