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Evaluation and analysis of resilience and frangibility for
transportation networks
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Abstract: Resilience is the ability of a system to return to the normal state after a strong perturbation from failure,

disaster or attack. Resilience Engineering is a hot topic attracting many researchers. A reliable independent path-based

resilience evaluation approach for transportation networks is designed and recommended. The concept and evaluation

approach of frangibility are introduced to represent the importance of edge or node failure to the whole network. To study

the properties of independent paths, resilience and frangibility, we also prove several theorems. The evaluation approaches

are applied to evaluate the resilience and frangibility of the railway network in China mainland. The location rules of the

nodes and edges with highest resilience or frangibility are discussed. Some interesting conclusions are presented.
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2 (Resilience evalua-

tion approach for transportation networks)
2.1 (Concept of in-

dependent paths and searching method)
G = {V, E},

V ( ) , |V | = n, E (

) , |E| = m.

.

.

1 G ,

(i, j)
, (independent path).

(i, j) k Lk(i, j).

1 , 5 8 2 ,

6, 5, 10 9, 11, 12, . ,

Ck .

1

Fig. 1 Illustrations of independent path of transportation

networks

1 G , i j

2

.

N(i, j) = min{di, dj, nc(i, j)}. (1)

: N(I, j) , di dj

i j , nc(i, j)
, nc(i, j) = min{|Ck||, Ck

i j}.

(i, j) N(i, j) + 1
.

1 N(i, j) = di dj : N(i, j) + 1
, N(i, j) + 1

i j, di dj N(i, j) .

2 N(i, j) = nc(i, j): Ck i j

, |Ck| = nc(i, j) = N(i, j).

N(i, j) + 1 ,

Ck , Ck N(i, j) + 1 .

|Ck| = nc(i, j) = N(i, j) .

1 , C5 5 8, |C5| = 2,

d5 d8 2, 5 8

2 .

Dijstra [18].

PS:
Step 1 i, j = 1, 2 · · · , n, j �= i,

(i, j), 1.

Step 2 (1) (i, j)
, k = 1.

Step 3 Dijstra i j ,

Lk(i, j).

Step 4 Lk(i, j) .

Step 5 k = N(i, j) i j ,

, Step 2; Step 3.

Step 6 , .

2.2
(Resilience evaluation approach for node and

transportation networks)
i j

NP (i, j),

NP (i, j) =
∑

∀k link(i,j)

pk(i, j) =
∑

∀k link(i,j)

∏
l∈Lk(i,j)

ql. (2)

: Pk(i, j) i j k

, ql l .

ui(i = 1, 2, · · · , n) i ,

i wi vi :

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

wi = ui/
n∑

j=1
uj ,

vi = ui/(
n∑

j=1
uj − ui),

i = 1, 2, · · · , n.

(3)

2
–

,

ri =
n∑

j=1,j �=i

vjNP (i, j) =
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n∑
j=1,j �=i

vj

∑
∀k link(i,j)

∏
i∈Lk(i,j)

qi,

i = 1, 2, · · · , n. (4)

3 G , R(G),

,

R(G) =
n∑

i=1

wiri =

n∑
i=1

wi

n∑
j=1,j �=i

vj

∑
∀k link(i,j)

∏
i∈Lk(i,j)

qi, (5)

2 H = V, EH G = V, E

G , H G

. , EH ⊂ E, , R(H) � R(G).

H G,

G ,

NP H(i, j) � NP (i, j), (i, j),

R(H) =
n∑

i=1

wir
H
i =

n∑
i=1

wiNP H(i, j) �

n∑
i=1

wiNP (i, j) = R(G).

:

RE:
Step 1 (3)

wi vi, i = 1, 2, · · · , n.

Step 2 PS

, (2)

NP (i, j), (i, j).

Step 3 (4) ,

ri, i = 1, 2, · · · , n.

Step 4 (5)

R(G), , .

2.3 (Computational example)
1 ,

10 , : wi = 0.1, vi =
0.1111, i = 1, 2, · · · , n. qk = 0.99,

k = 1, 2, · · · ,m, 1.

1

Table 1 Experimental results of city nodes in transportation network

i 1 2 3 4 5 6 7 8 9 10

ri 0.9725 2.2761 2.4983 2.4950 2.2750 2.4960 2.0583 2.0648 2.0561 1.8329

: R(G) = 2.1025.

, 10 11

,

2,

. 3 6,

.

1 10, ,

.

3 (Concept

and evaluation of frangibility in transporta-

tion network)
,

,

. ,

(friability) .

4
–

. ek ∈ E,

ek G\ek, fk

fk = RG − R(G\ek), k = 1, 2, · · · ,m. (6)

i, i i

. i :

Hi = {ek|ek i}, i Fi

Fi = RG − R(G\Hi). (7)

1 ,

,

R(G\Hi) .

F (G) ,

:

F (G) =
n∑

l=1

wlFl. (8)

,

fmax =max{fk|k ∈ E} Fmax =max{Fi|i ∈ V }.
(9)
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3 ,

, :

Fmax � fmax.

fmax > Fmax, fmax k fk.

i k , i G\Hi

k G\ek , G\Hi ⊆ G\ek.

2, R(G\Hi) � R(G\ek), , i

Fi = R(G) − R(G\Hi) � R(G) − RG\ek =

fk = fmax > Fmax,

Fmax Fi . 3

,

.

4
(Evaluation and analysis of resilience

and frangibility of the railway network in

China mainland)

.

2, [20],

71 109 .

, 12

, 32 , 44 .

( ) , : {35} , {31, 43,

53, 65, 80, 86, 97, 101} . 71

: : 2007

( )[21].

2

Fig. 2 Trunk railway network in China mainland
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,

0.99, :

: R(G) = 2.03039.

,

2.03039

.

2 10

Table 2 Ten cities with better resilience in China mainland

1 2 3 4 5 6 7 8 9 10

i 18 40 41 47 33 45 31 32 57 42

ri 2.6545 2.5759 2.5723 2.5696 2.5690 2.5674 2.5590 2.5576 2.5543 2.5514

4.1 (Resilience of railway

nodes)

10 2.

2 ,

,

, .

,

4 ;

, ,

.

4.2 (Resilience of edges)
10 3.

3 10

Table 3 Ten edges with higher frangibility in

China mainland

1 60 – 0.22328

2 69 – 0.22119

3 109 – 0.20867

4 108 – 0.20730

5 14 – 0.16316

6 13 – 0.16276

7 44 – 0.07959

8 33 – 0.07932

9 101 – 0.06421

10 107 – 0.06278

,

,

2 60 69, 2

109 108, 4 .

,

. 13 14

,

5 6 .

. , 2008

101,

9 . 2008 4

35 11 , 5

50 27 ,

.

4.3 (Friability of nodes)

10 4.

4 ,

.

, . ,

,

. , ,

, , ,

.

,

,

.

4 10

Table 4 Ten edges with higher frangibility in China mainland

1 2 3 4 5 6 7 8 9 10

i 12 44 70 71 43 50 9 13 67 11

ri 0.73184 0.42792 0.41373 0.37637 0.31383 0.28552 0.26539 0.22511 0.22418 0.22418



854 27

,

.

, 7,

.

5 (Conclusions)
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