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Abstract; According to conditions of landform in mountain area and features of mountainous road network,
a concept of mountainous characteristic I-Shaped road network was presented. By adopting time-cost
analysis method, finite impact ranges of key pathway and its adjoining pathway surrounding road networks
were defined. Using graph theory and fluid network theory, the analysis of pathways to mountainous
characteristic I-Shaped road network was carried out. With the ways of virtual node and virtual branch,
pathway algorithm of mountainous characteristic I-Shaped road network was provided. The calculated
process of the analysis of pathways to mountainous characteristic I-Shaped road network was illustrated
through numerical example, which shows that it provides guidance for determining an optimal route to
evacuation and evacuation management in the calamity events.

Key words: mountainous road network; pathway algorithm; impact range; disaster affairs; emergency

evacuation

UTAR R AL S48 M I F SR A NI AR AT R R IRE A AR A A W 7 4 A T A A [ A
At s R Al BT BRI L AT B XS gk SO B AT, G T B N B AR 2 R A

Y Fs B H:2012-01-06
E&TH . BHE S AV LRI (863 2D % B3 H (2009AA117220) ; 8 P H Z 1 4 W W IH H (KJ120418)
YEE AN RACH(1975-) , 5, 8 PRACIH K+, RN FACH L 25 A5 TRV, (E-mail) songyc69@163. com,



http://gks.cqu.edu.cn

100 TR K FFRK

SR 2B AR T AT K A T A I 3 Y N 5L R
B RAS 28 2 A Al AT S R R 1 5 i
8 R o 31 e IR

20 th2e 70 AEARE AN IF 4G T % 0 0 S B O
W5, Houston $2& 1 F T4l 52 6 1A [1) 1) i 750 %
BRI Voorhess, Sheffi, Hobeika, Cova, Stepanov
SE UL AR AR R TR S g OB AL L Hamzalup 32
BB AR B NS OBOR Y Kalafaras #2732
B A B TR R SR e 5 P A 3 TE BT
B HC A R B, N D BER SR AT O L L A R
B I A AR B AR T AT T Bt
e A TN N A = 2 N < W17 i =2 R = I 1]
WA L RS T T Bl P 0 0 S B
AR,

G L X 3% 1 1) AT R0 3 e @ A L B R
PR FIORIES o Ll X AT 58 L R Gl | 3R 18 55 OC
TE VG RE 5 B L A 1] A5 A L A R T g AL
Y AP L I ] i R A2 R R
ZH UG K P 0B B AR Y 2 R 2 N S Y S
L H D E A B FE I B TR ROCRY Y el A AR 48
Ly DX 3 A7 ) M T8 JE 6 7 07 2 RO L o
B,

AR LD X M IR R R 25 G L DX R A ) R
FEST S AT A F 53 A B ok Bk T S R L X
SR Sy % 1) £ i HECE g% ) A LA OGBS 1 B B
LT ity J] 33 DX 3SR G L DX AE S Ty BF 5 R 42
32 FH PSR M ) 45 RS S L X CRRAE 3
738 B& 43 B o 34 1045 1 9 s 1V 20 180 e 0 3 1% L ol K
BRI I N DB L B 2 ROR B B 1 SN
U R 5

1 WL XHFAE T 5 B % ) B $2

L DX ] A e A e LU e 45 DR 9K B i BR 7 T
Ll DX B I 14 R R L O v IR A2 24k TR T 6 A )
il 5 38 5 i A S A A O O L R R ARG
RS o . 1l DX b Sy o IR R B
6 0 ) o S 5 3 8% it 3 A R A O L A S
o gfe /L 08 3T 114 7 B 3 T R 3 L 6 T X — LTk 5 E 1
Jit T A0 S — i ST T R R L ) £ 1 A
B R RS A TR

1 DX g% 0 TR O AT R BT AT TR A 2 ] 2
AR VU e LA I AR R A B At AT o AR
AT o i I 2 2 BT 1] 1% O B 5 3 8¢ il 3 2

Ja 1 MA

BRgt, BEIH R R H Bt

Yi B

oL vl
R mB

ey A3’

Bl WREETFREWN

& P 5 0 P I 53 38 e R R R A TP S R
A 0 28 22 Atk A N T 2 A R A A S
HORHHE FORE . i SC BE ST T Bt Cn i B L B
T VERIE A KM ) 320 8% I 4L R DX I T e
ZINTEY g ) ) 9 W DI X A BT 2R T R
F4 8% 0+ T L DM 2% 1R BT BR S 2 B TR A Y
ZANILE =3 e ot S0 I i R RO 8 R S VA S 0
FR S T 285 3 A I K 5 T 3l % H T i AH 32 1) )
S 190 iy 4% g T R0, P T A DX R g T AR
B

AR AR L DX T 350 R A 5 9 I ey 3 43 ) L
DX 0 2% Gt i A A0 el AT N B R ORI ) B K
Xt Ly DR AR T Y g 1) 3 A 3 g 0 A o R
Yo O T 4R ACE SRR A L X R B HORCR
FHILH U B SF- o LLE T8 e 5 7 s A ] 320 1X 38 4 g
R ELAT L DA B9 T 2R 19 S BF 50 0 R 47 T %
3BT O SRR I XN 2B R B 2 5 5 4R it
et .

2 WIRHFEIFEEMATA RS

FEFEAT I8 B 5 BT Z B 60 L XORE AR T A
Do b A g S 0 B O R AT 300 B0 A . s A0 AT T
U [ I 1 38 3 Rt A AH I PR s R 340 B DA 5 e Y
Pl DT A 2 5 0 T 5 A0 Ji )3 8 0 T 1) 2
A IBUR N
2.1 IFBRMHE

L DCAREAE T 5 5 (e Ol 3 10 34 i N HE A 3% T4 Sy



http://gks.cqu.edu.cn

% 6 KAKIA,F

£ @ R A B R W R 4R AR S W 3l 9K o AT 101

(19 Jo) 300 58K DO A i AL 1 BT R LS O LA
G

G* :(}+(}A + G, (D
KGRl 8Bl (2 B RIEH):G=
E}’V:{UO vvl}v :{eo §(JA \(Ili jﬂmﬂ%ﬂ:(mz

(VasEx} v €Vas Gy ={Vy.Eg}svg €Viso BT
RLORMER 28 U5 2B HAL 55 5 e Sl 719 R 2 [H) Y
T AR BB — o KR Y I B B
2.2 BYEIRA S
Ly DX 1l T B A CHNER A% L 2000 9 i (266 1) ¢ 3 3
DA R At A 408 % 2 A 3% o = 11X Ry S8 1 4n &1 2 i
N AT B TR AR R R B 3k 5 — i e
BEAR SO DS A 0 B R R 5 TR AT R B TE) B
z|_< T A 308 0 SR 37 sy S 3 B8 D) 194 55 i 91 6]
HIE M 5 EL N Z R A7 5 Wi A %l

SO E BE AT LATERE M ] A $E N MR A5 21 35 55
— i N TE I BE ORI L 0K 2 b AR 1 e 4% B A
A TA] 9 BAS 2 2

JahH ™A

WHEM
HABALBELRN

S s B

JAh % MB

M) Hs |

B2 ®EREREDREEN

R 1 B i) B AR R 5 9 e TG G , L A R R
Cu=CUy),Cy=CUx), UL O —0,—0; HH, A
O:.0,.0; ZriE ot M 3 ikvim i B 53 N #5k
Ui o5 B ELAT AR TR (4 B ) B AR« Cy (Oy) = Cy (0
Cu(0)=Cx (0,),Cy (O) = Cy (05, I O, —

O, —O; T RPN A B (3 5. 41 B B% 42 Fh
K EERAS RN 23 [A] B O A T 43 B Ak 3L R 23 (R
BB LA Ak b A N B B R BE RS 4, B L = 21 /vi s

Horp o MBS K v, B AH Y
TR,

3 WL XHRAE T o7 BY B ) ) 18 3% 5 A

3.1 BNBEREENA

T A T T i P S YT 38 AR T (P
TED AR B 28 Jmg B % P90 457 0 R 45 719 i =2 () £ A
B B AT K SN R TR A
0o 2 RS R F AT S AR R I A= (ay ), Fom  H
Hoa, h 1EFRRTT S o 5 Ao, S, Bm M 7
B jsa, N— 1B RART A v, 538 o, %, Hiim
Mg B a0 BFRRTT A v 5 v, NI,
Sy 3 B g SN T3 5 SR At ¥ T B ) SR ik N R 4 A2 3
T ) LR B D) 3 — 25 T Ak Sy B AR R 2% B, X T

%ﬁ[’é—] {(VL.LE} . V={v v, ,v,} E={e,
ey ve, ) O B AR H M A ym = [V By 7
%A:(ai]‘)in’/\qja _‘ 61‘& ["Ui’U/]eE}‘o

FRAE SR I 1) Aokt T e I A7 8 IR
b, T LA A R 2 08 — 0 sk — U5 20 B s . %t T
T 10 R AT B 0 ) 1 B B G o B Y A5
FE 43 3 o I I e 2T B — A T B T A DR AT
W ZE] Ay SR ME— Pk . TR T AR A S )
N A SR St 0 3 0 TR [ TR G B R K T 4
B S AR HT MR 43 S AT B ) LB S 8

MR % G= EYWIE SV (G) 504
VIO ZETEERE Py Py PO S SN
2 (10 4 50 3 I 00 1) 3 I L B R

P = (plj).\‘Xn? 2)
_jl’(ej GP,) (3)
P lo.¢e; @ PO

STFAMREMER G={V,E}, m=|V|,n=
[E| v, 3 v, {45838 55k

§= Zaﬁ = ay +aj + - +aj s (4)
k=1

Horp,al & A s 475 FIMIT R, A=
AARTC I BT AR R A MR B IR, 1B
MHZE A =0,A" G, e BR/RT T i B
B3t kSR B HAR O 5
30T I 2 v i 4 S S I KR DU B A ) 2 R
ST A 22 T 18 4 0 i R RN BRIV % 0 BT A A R
R Ol N o B0 N B N R/ v (1

—1

S = za:;,<ie {ilv eV (G},
k=1

Eljloy eV (D)), (5)



http://gks.cqu.edu.cn

102 T RRFFR % 35 %
AR P AL R S AR A F1 REREMNEHAIXER
XT A R TRFRG., BEBRBEITE e A Sy BRI R A
WA IR AE I ALBIAS BT R ) A, A U=A+1, e " V1o B 1l A
1j~7$h%ﬁf‘¢ XU BATHI AU EIF U/ e " o KL 2% UM a
w W 4y F S BI AT SR A3 oo, Z 8 A BT A IR e oy o R4 3—%8 X5 b
B o L DA AIE Y G B R 1 g3 B 2D SR A X 28 b A4 4,
TR BlE o 30 SR % 1T O Ak 4 5 R AR B 4E Matlab %% oo T R R
bz B 5 B o B AT A5 M A2 2 B I GE 2% 0 BT 1 A >R A,
5 oo T R R
3.2 EH e Us vy A 5> X JH ¢
LLIEL 2 A1) o o) 3 Ly DR AIF T 57 2 i ) 3 % 5 er 05 v AL S IE A
B R . XL 2 #EAT R AL . R i R AR R e s v R a> B
] ¥ A8 A A 30 % ) A— B Ry i 99 75 Ak . o o B aCT i 6) >3 X s a
B 1) I 4% 1L (LT 3) L8 G= (VL E), Hirh V= h Sk a A
{15025 5o} s E={e1sessser ) sm=|V]|=14, €10 b Us X g > SR a
n=|E|=17, en Vg D) L E eI A
e vy V1o S b A
e vy vy, & el B i A
e vy vl 3 T8 vty a5, A— 3 38 i 4 B
ers o1 P 3 U A B> 1
e o v E IS B4 20
e vy vy i T8 Ut 4 B4 3

@3 i]‘_]uu.ﬂ:még@
3.2.1 3&ALX R 5 M7

A5 SCIHE AT R UL 3L 3 2% 08 R H A X AR A L A
) 3 o B o 30 DO 2 ] (UL L 3D BDRT B 1 RS 2,
FHEL 3 B S Hh 30 a5 9 A o
vig TR o A EBRT R TR a SRR D
Z 0] B4 AN BE W8 O 1o Eﬁl%l/\ AN HE TR 2
R S K S B R v s R HE 4 3 B ) 2B 8L
N T Ao M S R TR SR S I 03 D T T
FER) AR B B 5 GE 3 5o B . e A
R B F F R OC RN 1 R

- -
17)‘}—?'\ Ulz\T""f—i

3.2.2 ARBAEMEW S
DAA s Jol i i 19 1 3 B R e g 40 ) 4% 1 D5 A

HEAEE) VT ={v 005,05 ) BRI (B &
S V= {v v ) F I TE 1) BT AR RS A
mr .
UV U1 U3 Uy Us; Vg U7 Vg Vg Uio
00 000000 0 1w
000001000 0|
00000010 0 0|0
0O 0 0 0 0 0 1 0 0 0w
00000000 1 1|v
4= 0 0 0 0 0 0 1 1 0 0w
0 0 0 1 0 0 0 1 0 1|
00 0 0 0 0 0 0 0 1]
000 1 0 0 0 0 0 0 1|,
0 000000 0 0 0lg,

TE A" a0 @iy Qoo Qsg s @310~ Asoi s
as o HRNEAEFRIC I A7 VAP LAY B A =008
A" A R R OC R SRS S=11, B A i W 2% 3

EA 1L 4, S adsm T A RS ST ALY



http://gks.cqu.edu.cn

%64

KA, F @6 & A D XA AR5 W 38 5 5 AT 103

I TG R Y AR AT A T IR R B N T 3 A
B, 3 BE RN T LAS B
3.2.3 BRRMABLERLRE

ST SRR A XN A U=A, + 1,1
Sk B AR L 6 U BT AR U

0000 0 0 0 0 0 0 e
0000 0 0 e 0 0 0 0
0000 0 0 0 ¢ 0 0 0
0000 00 0 0 0 0 0

o000 00 0 0 & e

A= 1000 0 0 o0 es e 0 0
0O 0 0 e O O 0 ey, O e
000 0 0 0 0 0 0 e
000 0 e 0 0 0 0 0 e
0o 00 0 0 0 0 0 0 0]

1 00 0 0 0 0 0 0 e
01 0 0 0 e 0 0 0 0
001 0 0 0 e 0 0 0
0001 00 0 0 0 0
000 0 1 0 0 0 e e
| U | =
0000 0 0 1 ¢ e 0 0
0 0 0 e 0 0 1 ey 0 e
000 0 0 0 0 1 0 e
00 0 e 0 0 0 0 1 ey
000 000 0 0 0 1

PAITHEL vy 00 22 18] (938 8% R ] e TFAT 5 (U |
H g0, RERE AR F 2o BRI wi =esesernen +
eresen, tesesers o R vy ,0 Z Y58 B Z H] A 3 %
WG, KA R IEAT T es 5 oy WA IR ik 0]
P& 2 BN % G SR BB AT S0 B AR A A
vy s v 22 1) R I S R R R R 2 &L B esegens
il eyen o

T o T F R A S i AR 5 T a H
AR &8 3% £2 B3k B i o HAL R B 25 s T F
. TR A S T A RS (R
W A Ui vy) Z [ AR 2 s,

F2 IFRENAWRBEER

HEA R HEA i B
U V1o €
Uz V1o €2€3€12 5€2€1]
U3 V1o €3€10€11 5€3€12
v V1o €7 5€6€13

5 R B 08 4% Dijkstra 50357 80 HiAlh
SCH A EC AL K S B S S R P
PAT R R A A A A 13l B T L B A% T O Y
45 56 I FE FAE TR 1l DCORFAE 52 A B ) e A
LTS

4 4 iF

AR 10 DX FE 45 o B 1 DX I 4R AL L 25 R 1
DX 7 8 5 B 5 1 U i CHn i 5% L BB O L R OE 5D K
W s ] 30 DX SR 3 T A J S L B A SR P
I 38 P A I B T DXORR AR T A % R Y B
TS B IV - 0 g W L g R DA
B L1 DR R T Y R ) 6 A L PR R T I X
R AR T Y % 0 3 g O BT 5 0k ol SR P R Ta) i
AR I3 AT 7 1 W T 2 G I B 9 )= ORI
BRI iz e B i T 10 2% B3 L 1A R Y A A
ME 73 SR AT 108 0% R B 3 A o A IR L DR AR T
TR 0 ) i AT . T S R A R W L A
7 5 REAR G M 3 3 L DX AR T 5 2R g% 1Y fige ke R
PR L1 DX A T 2 8% ) 4 0 R g 1) L S L I
PO %7 25 6 R 14 S £ 15 B I i A PR AR AR A

B2k

C1IBRES, Eaxm, £2R, F. WAaWRL] #HRKY

AR ASRERERT . 2004, 27(3): 164-167.
OU ZHONG-WEN, WANG HUIYUN JIANG DA-
LI, et al. Emergency logistics [ J]. Journal of
Chongqing University: Natural Science Edition, 2004,
27(3): 164-167.

L2 ] BRED], TR, (% N 2 i i Tl R A 85 R JHC g ) 1y
PERELI]. BheEdEAR 5 TR, 2008, 8(17): 4945-4950.
CHEN YUE-MING, XIAO DE-YUN. Review of
evacuation modeling in emergency and its application
[J]. Science Technology and Engineering, 2008, 8
(17): 4945-4950.

[ 3 ] HOUSTON W. An evacuation model[ R]. Washington
DC. IS&EP Branch Working Paper, U. S. Nuclear
regulatory Commission, 1975,

[ 4] VOORHEES A M. Evacuation times assessment for
the diablo canyon nuclear power plant [ M ]. San
Francisco, USA: Associates, Pacific Gas &. Electric
Company, 1980.

[ 5] SHEFFI Y, MAHAMASSANI H, POWELL W B.
Evacuation studies for nuclear power plant sites: a new
challenge for transportation engineering [ J]. ITE

Journal, 1981, 35(6): 2528-2535.



http://gks.cqu.edu.cn

104 TR X F FHR % 35 %

[ 6] HOBEIKA A G, KIM C K. Comparison of traffic
assignments in evacuation modeling [ J ]. IEEE
Transactions on Engineering Management, 1998, 45
(2): 192-198.

[7]1COVA T]J, JOHNSON J P. A network flow model for
lane-based evacuation routing [ J J.
Research Part A: Policy and Practice, 2003, 37 (7):
579 - 604.

[ 8 ] STEPANOV A,

Transportation

SMITH ] M. Multi-objective
evacuation routing in transportation networks [ J].
European Journal of Operational Research, 2009, 198
(2): 435-446.

[ 9] HAMZA-LUP G L, HUA K A, PENG R. Leveraging
e-transportation in  real-time traffic  evacuation
management|[ ] ]. Electronic Commerce Research and
Applications, 2007, 6(4): 413-424,

[10] KALAFARAS G, PEETA S. Planning for evacuation:
insights from an efficient network design model [ J].
Journal of Infrastructure Systems, 2009, 15 (1).
21-30.

C11] g, . OF Y B m 52w T By b 206 i 42

WP [T ] & G5 B i, 2008, 20 (6):
1563-1566.
YUAN YUAN, WANG DING-WEIL Route selection
model in emergency evacuation under real time effect of
disaster extension[ J]. Journal of System Simulation,
2008, 20(6):1563-1566.

[12] sk¥rar, BRES . AIEM. A SO SOB i T 3h 46w Y

PRAT R ] RALR %M. ARFIER, 2005, 26
(2): 179-182.
ZHAGN PEIFHONG, CHEN BAO-ZHI, LU ZHAO-
MING. Personal decision behavior before emergency
evacuation [ J ]. Journal of Northeastern University:
Natural Science, 2005, 26(2): 179-182.

(3] EWAR. T AREETREWMNEZ BT
WK BARRFERIR, 2004, 27(12): 68-72.
WANG LING-DONG. Analysis of safe evacuation
based on engineering theory of the safety of fire disaster
[J]. Journal of Chongqing University: Natural Science
Edition, 2004, 27(12) . 68-72.

[14] R, TR E L M 5238 W 2 oz i f e R 2 B i i

[J]. s @RE . 2008, 25(9): 154-158.

XIE SU-HUA. Study on emergency response and
transport organization system between China and
developed countries [ J]. Journal of Highway and
Transportation Research and Development, 2008, 25
(9): 154-158.

(157 ARokwh, WA, BRI, S5, TH [0 B 20mn #lny 1 X2

WA R WA L] P E A B AF i, 2010, 23
(4). 102-106, 126.
SONG YONG-CHAO, PAN XIAO-DONG, CHEN
CONG, et al. Study of connectivity of traffic nodes on
mountainous highway for emergency evacuation [ ] ].
China Journal of Highway and Transport, 2010,
23(4); 102-106.

C16] XU/NBT, B0, Niascime s ar s R S R )]. z

i A5 i TR 4R, 2008, 8(3) . 108-115.
LIU XIAO-MING, HU HONG. Research status and
prospect of emergency transportation evacuation[ ] .
Journal of Traffic and Transportation Engineering.
2008, 8(3): 108-115.

[17] =X . BME. %k, SMMEWIMIL et AR
A28 Uk . 2004,

L18] yA R, ARl g MH M LM, Jbat. AR
HipR A, 1995,

[19] X018, BEHEe, AP, WARMSIBIM]. dbat. Bk
Tolk At 2002,

[20] BEZE, JAR ZRAF T 20 6 R 3 58 B il I 38 8 &8 A X
KOFSE[D]. L. WP K%, 2006.

[21] DIJKSTRA E W. A note on two problems in connexion
with graphs[J]. Numerische Mathematic, 1959, 1(1):
269-271.

[22] RAkwl, WA, i, 5. KERET RN 2
GRS oy BB [T ], 23 B A B, 2010, 27(5)
88-92.

SONG YONG-CHAO, PAN XIAO-DONG, YANG
ZHEN, et al. Traffic assignment model of emergency
evacuation in local network against disaster affairs[J].
Journal of Highway and Transportation Research and

Development, 2010, 27(5) . 88-92.

(m# K%



