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ABSTRACT

The Two-fluid Model, proposed by Herman and Prigogine in 1979, is a macroscopic model for describing network operability in urban
networks. Since the Two-fluid Model parameters change according to the traffic flow characteristics, it is necessary to identify the cause
of flow change when analyzing the operability using the parameters. This study compared the crash risk according to rainfall using the
Two-fluid Model parameters, and explained that the driving behavior affects the operability of the urban network. The results of the
parameters estimation showed poor network operation under rainfall condition. The factors of drivers’ crash risk perception model
were calculated, and driving behavior was analyzed due to crash risk according to rainfall. In both the morning and evening, drivers
tended to slow down their speeds to reduce the crash risk, because the risk on rainy days could be high when the speed was the same
as on a sunny days. However, the crash risk was still higher on rainy days than sunny. In the future, it is necessary to analyze the
relationship between the network operation and the crash risk in various networks and to improve both.

Key words : Two-fluid Model, Crash risk, Rainfall, Traffic flow characteristics

x 2
1979 Herman3} Prigogineol] ¢J3) A28 Two-fluid Model-& EA15- Y| E ¢ =9 £ 3AS AHsh= 7“]/\]31‘{1 EEo R EYI WA
A2 v W TS o] BAl] 7128kaL vk o] 2]gk Two-fluid Modele] stejn|El= 157 573 uet mslete 2 sejn|e & &
Sk &9 B4 A e 4 WskE e EHe @AV ks ofof gtk o] ¢l £ ¢IHE Two-fluid Model/] e & &85k 9ol ut
AEE B3} AL, o] 2 13 Wef7} EAR VIES] =0] R F /3¢ FS W 3& E<18k3ATh ¥4 Two-fluid Model 232}
o o] B]7E 2 Ee] UIEY A 9 d0] A8k Ao 2 vERdt o] F 2Re] alFARL Y1FRIA] BE AlFE AbEstaL
735 ool M AEARIL Y e} Lol whE 3 ) HILE B TE 2 oF AR BF A B g 5Ue S8 fX8)
A& W ¥7F 2 o] mEARL $% 4-7} =5 T 917] “H—r°ﬂ E% 37 93 FREEE e AYE Bk ey e E R Y
B AAA QT AL AP E 1Fe] FAE B} tiksh U E

* A3 - Agista 743 F sk Aukibsgy (Seoul National University - jachyeon@snu.ac.kr)
**odgistal 34k AubaHE9lel (Seoul National University - mohdan@snu.ac.kr)

w3 - Akl PAESAFERE s (Seoul National University - ohnus@snu.ac.kr)

wdk P AR A A& oietnl A8 19 (Corresponding Author - Seoul National University - chungwon@snu.ac.kr)

Received December 31, 2019/ revised January 31, 2020/ accepted February 5, 2020

Copyright © 2020 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




Two-fluid Model T}2}u|gl &

LME

Herman3} Prigogine©] 19791d9]] A<kt Two-fluid Model-2
SAPR UES TS wERE A8ehs AXR] BP0, 2
FEEEE IR E PR R T PRI EEE S SEEE
20 BaIok Wk 25170 APl uhe Two-fluid Model
o] siee] Ws}, 7V et sepE el mlaks R IEH=e]
7181 5733 afeprleiete] v T sepn|E o Biste)] S
H) 2= ofe] a]lel daixe A7 ATk

Two-fluid Model& YEY S W] AR 83 Ha=3)<:
o] Pl 7128k glo] YEYE SER 54 aje} sfefe)
7} wislslAl Hck webk Two-fluid Modele] shep|e]d]] w)xj=
FF A oll= w57 AH H3kE 8sks DAZF Rk ook
Ak WER A sk gAAe) T Pejzre sls,
=) e exAe] mEALL SRlwe] wel depdrka 2

T3 Z91 Rl SFme] 3 A AEF o2 K18 E]e]
stk FANE T2 AEARE B3l 212 QAsRE $13el
B3 FXo] P Qlon), HZoll= T3 e tlo]ElE o] 83}e]
LA} AR TS B YT AT Al
7Id) &85 Hdislsle A9lS stk BAIER] SolA St
242 71 &8 mEo] AIRKOMeill, 1977)8 o] -2, #3124}
Ha88 Faslhs 4= JERES o83 = B4 I
| }31(Tarko, 2009), $1= A2 ¥ 3} Two-fluid Modele] )2}
HEE Agste] 12t QAIBRE Akl A3 BES 74
3 AR de FYE AT Dixit, 2013). o] e-3z}e] 1
Al 1= 4 EE 1S A WSkl s Awshe
dlo §-&3 &&= 5 Urk

A1) Two-fluid Model] Zf2pa|g] o) gaFg nixl= 821
Bl gk a7+ T2 el 821 1ke] HAIE WA,
Qelo] YEY =) mA= 938S Two-fluid Modele] ml2r|ES
B3l Al Zlol 23e Foke B 1 A1 AR KSiirk
olo]] B 7= 7ol wE EY =] £934 W3lE Two-fluid
Model¢] deprElE 53l Felska, o]gfdt UIES A 2-94del
FEE A wEH dE Hske] lo] k] AEALAL
AP= ApoleA] 7RIS A8k} BF4itk

2.1 Two-fluid Model &7
HES T Bt HAFTPAREE dvlek= 7,7, 28 571 Al
UESZ 94 At A=E ovsks ne] F ZEE7) 4

168 Journal of the Korean Society of Civil Engineers

AT o] TE =AR WEa 294 @ SE W

S|
S

Shs

A2 AEE= Two-fluid Model e 2 A3 W32 502
Il MESZ W ]l 3 SAehs BAN- UEY=A
F4 Al EEATHWu et al., 2011). 3], Two-fluid Model
epEe] BlulE S8l EAR: VIEYS] BEAS ddiFos
Hagk = QIeh= Zlo] Bi7l o]$(Herman and Ardekani, 1984)
M2 As &g A=Hle] 28 d-Fo & 5dE 4%
$¥7{(Jayakrishnan et al., 2001; Wu et al,, 2011), X8 E2rgo]
£8/4S vagk A7(Vo et al, 2007) Fo] It

3hH, Two-fluid Model®] sFef|Efol] FEES mx|= o] <]
o thelixlm= 77} XIP = SArk Herman et al.(1988)2 7122
FTAH|AY BA]] 31 gejrt sEhrlEef] nixle 9%
FI51900m, Ayadh(1986)S WEX = EAJ7} Two-fluid Model
o] e} Atole] PAIE 3|7 A4S 2835t ATeirk
Lee and Kwon(2003)-& =8| 2 213} LA wEwke] oJgks
Two-fluid Model THehiele] Wsle o) Amalast shald.
g A7 TS A%(Test of Structural Change)S E3
92 2w HIPE 2 2] slepE o] A7t e EkIskal,
285 TSk SEMEE APk Zlo] ddeithe 28
EE3Gck ey F4 A5 SR Qe B o3t Fike]
nnjgk FEQE Bglom, A5 T3l BXshs E5 AXg
7o) oJe]& Frk

2.2 STXe| mEAD Sl 2 A
P} AISh= 2L A (Drivers” Crash Risk Perception)
= 3HA o R wEely] 4] @olDixit, 2013), T2 A S
PPt T3 3 Al s Bk e ArERl
Kim et al. 2014y =2 A 59| 7lshrs, 59 2] &3
o] wieh sk $19 T} wstinke e due
A1 59 BB Taylor(1964) 3 218 olg3te]
A FeYshe ) ddRte] 217191 Rkg(Galvanic Skin Response)
= Sste] Erle] SI=E Fslien, Charlton et al(2014)
2 2 ARElelEiet Al F271E olgste] ofe] T3 Aol

o gAY JRE AR 4L BHBAc
FALES o 8e LAY TEAT A% BA
e 1Y E 21T Mohring(1965)2 -2} F3eh=
3 ARY} 2 8ol dEErhs 7ol 71eksk
AQrskdt Oneill(1977)2 &8 Zth3} Ad€e]
At TidS 283l 2xAte] 7 58 RS Akt
1, Tarko(2009):= &%= HeEo] 589 /dS 283}
A= FE8-S HosRite &% AYRES ARkt
Dixit(2013)2 L#o] 7t Bl 13 Fopollx] -8+ State-
dependent Utility2] 7ld(Parkin and Wu, 1972; Dréze and

o

|

e =

t,

=

ro ol

e
offt

Mt
2

r
F

By
)

T

o
o

rr
onl

&
3

32
o

2



Stem, 1987)7} &%= He|RES Aglele], e F9) F 7]
B8-S WAL Y A9} wBARL nEA) A2 RS FeET
g FPARHE] WE 2AR] wEAL SRR BEE AQt
ShATh =-APE QIAISHE IEAL WA ShEst algARaL WAl
Ale] FE8-2 FAARMEN PoTad&we 242t nlEgithe
71gel 71Hketgl o, M4=e] x)8he 53 Two-fluid Model<]
TEElE o83l s o] AlrE AT 5 as et
ok 2 AT Dixit(2013)0] Aokt 287 Two-fluid Model
seplElE 43l] ESA] 994 2 $8ws sk}

AT

3. QEE

3.1 Two-fluid Model

Two-fluid Model-2 78 H=7} ofd WESA Te)e] AXA
o WEFE BARBLL EA UEY A9 94 H7ksk=t)
85 &e-E= B¥o|tf(Herman and Prigogine, 1979). 7]
A Two-fluide UESIS W} AFgs 3 S0 2Bt FA £
Ao ks Ze onlehH, Bk mARE alE-Fol thel
T} AR PR Tds A8ste] UEH Y] 5848
ANHe g 4 Thssiths A3e] vk

B RYe ot 2 7 7Y 7P Tk
A, e W) AFee] FaFddes 738 39 23
Hl&ol vjEishy, Eq. (1)3} 2] 3 & vk oldf vV, &
M oM VIEQSE S8 o] Bl A 5
£ omjsh, £, fii= Aol o8l f+f, =1 WSk
Vo=V £, (= V(1= 7)) 0
(V,: vESA Bt F&55%, 1, VEY A B A<
5, fo VeSS BAAAERE, £, Ve FYARE,
n: UE]S AJA)

T WA 7P U[ESIT0M QlelR Aduist xlske] 4] U[ES]
& Yol w7lA] e 2ks FEaP g Z2H 2]
B3 ARE o] ARG AREe] HEE, VESA Wlefl FA] F<
2}efe] v &7} 2o, Eq. (2)9} o] Taldt 4= ) o]t
‘Ergodic’3t 540 7ukst 71ge 7E il siiizo s S
51990 (Ardekani and Herman, 1987), o]22l0 2 JES]= &4
< 3 dle] Z2H Ao 2% AR Ao) 7Fsehe Jv]gict

@

(T=T,+1)
(T 99IAe] F EYARE 7,0 BeiAe) & AAARY 7
aslAe = FHARD

st Aol ofsf Eq. 3)3} 2] 3
Egs. (1) and (3)22XE Eq. (HE

V=V.}+V.f, = V. ], 3)
(' V,=0)
V=V, /" @)

= ¥A) 7142 Egs. (2) and ()EHE Eq. 5)& 4L 5
o, Aulsh HEHo 2 Eq. (6)7 2¢] Two-fluid Model<]
1

Lg2o] =

1 1 (Zvr)n+l
T T,\T

1 n

T,=1,"" T (©)

®)

VI T2 QPR Ha FAARES ol ne w38
7h 37Kl W UIESIE A olsh i=s ofnfsin, 7 e
9 #kel Zhers vES A £940] FERe omEt F
sfepelE 3481 Sfeirs 228 AR 758 veleE
DT 72] = ARME Vo R B F SRR AAARE
& AEZ HlERE FEfeloR Tk o B3 7RES A WelEh
i e, o UlESA9] 7] s 71ekrzel weh Ak
Ao 2 Agsto] B4 e ek 24 w9l wet ka3t
AR AR 283te] T9} 7,4 ARKeL, Eq. (00
2N SRRl 7,9 n& $HE 5 vk o’k 7,7
no] Two-fluid Model®] sfeprjEfe]] 7 sfzpilele} ghs 283}
of VES=e] +94& ANAeR W7 o Sl

3.2 2%iXle| MEAID SRBRIX| B

A o] AlARe A 58 Aieshe Mo
PEITR= de Qo] Fslo] F8H1 ek Parkin and
Wu, 1972). ONEeill(1977)& o]&gl 7dS 21x2] se]dl] 28
slo] T4 3 LA 2 4B WEAT WA} v
F 7P o TR, SV} AL BES ) B
R Abgetel] eaAkel Al BEe wEA Wy Ao ¥

Vol.40 No.2 April 2020 169
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Fig. 1. Example of P, and tc.sn Graph
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Fig. 2. Spatial Scope (Gangnam-gu, Seoul)

Table 1. Summary of Two-fluid Model Parameters

4.2 2 Za}

A1&A] BIA] DTG dlefe] F 4] vES|Zs) 23i=h= J3E
I3 HloJEnks gato] o AR} @5 AR 27t
Two-fluid Model TfE]E 2A815t) 24 Tl gt vE
=e] =71E arefete] 2.0 km A7) 7Keo R AL, El
DTG dlo]gd]] 7|28 o] HAgeksrs= 0 kphs 28315
t} &gk EA] DTG dlolels E831e] vES|=e] B gais=e}
BEFPEEE Este] T4 SEsidick

o2 AR slepE 3983 Table ler %EE} e o
Bt T, 1072, 7} & e 103302 B|53t 4520 2 VERt
o}, Bt no] A B o] 0.900, H)7k % %01 1.042=2
oF 15.7 %7t 718l T, 00 vlal iAo g & AolE Bt
o= B & o] v7h & o] UIES|T o] A=,
E3] A} 2 E2 s S A VEYE 294 ot At
w27 AP AL on|Fick T-test AT F-2]5 0.059)
A T,& frofahA] AT ne fFoJgh o2 vEsith

2F AN A9 vk 2o FHuA 7,2 1.139, ne
0.938% vjEpto ™, H7} & Fo] ARl 7,2 1.144, nd
0.98002 91 AR éﬂrit} JAoZ 2R 2Jo)E B
o} ol o AR Hlsl o5 ARM= B o] Hl7}
2 o] UES A 2G40 X%s}%_ Arrt BiHe s 25
omjslEr), BRe & o ARKY o] 0% ARIR= %‘f‘éé@i}ﬂ
o] Aol S T vk v 5o glo= Qs
ZHAR] U[ES A /o] 1 ARIHETY on] 4J3s] A3k
o] 7,3 no] 37 FEUL, o= lafe] -2 gk 4
At FElo] VR ] ek Zo R & ¢ 9l

ol#fgt A¥= Fig. 33} o] Tz & S = IRIE &
AUk 0 ARKRS] 74%- R & giF] vP7E 2 2o no| es
s & F o, 7t & o] SAFA(A)0] B 2ol
BAZAHA) Bt FH o2 gl YR8kt glof sk
2ol Helth Jev o5 AR 7B ¥ g3 H7F 2
o] sjFz)de] o AR o] FriF o R ke AjolE Kol
ol MEH A &9/ Ast Awrt FelehA] a2 & < Stk

i

7', (min/km) n
Period Whether Number of days
Avg. T}, t P value Avg.n t P value
Morning Sunny 70 1.072 0.97 033 0.900 5 56 0.01*
(06:00-10:00) Rainy 16 1.053 ' ‘ 1.042 ‘ '
Evening Sunny 74 1.139 015 0.88 0.938 0.49 0.62
(17:00-21:00) Rainy 13 1.144 ' ‘ 0.980 ‘ ’

*P value < Significant level 0.05
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Two-fluid Model's Parameters
(06:00-10:00, 1point=1day)
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Shs

w) v7} & o] WA} wAEE SEe VAL alEARL WA
Ae) AL Az ol Ao ' B = glorm e A= alEA
IR Qg RFgo] 7IURkS AT S13 3 elE WEE

Ao R o 4 Stk
o AR Bk Pt vt 2 o] wE 5 =S
2b8t A= Table 39} 3Eow, APt B ge] FPARMIE:
9 B FYEEE v} 2 o= S FRstaL 7S
o] WEALL $J¥%(Crash Risk)®= —3.57930 2 ke drt)
3] =7 2590k E=3) Table 33 Fig. 52 %3 ke
i) v7E & de] o ARKY VES A HiE S of
o

8.1 % At om, HaTPEEE 9 6.7 % SIS

-
o=

-

1_4

Two-fluid Model's Parameters
(17:00-21:00, 1point=1day)

o Sunny
@ Rainy

0.7

0.5

03
08 10 12 14
Tm{min/km)

(b) Evening

Fig. 3. Two-fluid Model Parameters Graph (Morning and Evening)

Table 2. Results of Drivers’ Crash Risk Perception Model’s Factors (Morning, 06:00-10:00)

I w k
Sunny 0.00083 0.00042 211122
Rainy 0.00698 0.00374 1.95961

P_crash(06:00-10:00)

o 0.2 04 06 08 1

fraction of time spentrunning

Rainy

U_crash{06:00-10:00)

U_crash

-35
o 20 40 60 80 100
average running speed(km/h)

Rainy

Fig. 4. Results of P51 and Uerasn (Morning, 06:00-10:00)
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Table 3. Results of Traffic Flow Characteristics and Crash Risk (Morning, 06:00-10:00)

Travel Speed (1) Running Speed (V) Fraction of Time )
Spent Running Crash Risk
Avg. Avg. P .
¢ Pval t P val (Bash ™ Yerasn)
Travel Speed vale Running Speed vale () " "
19.69 33.25
Sunny (kmvh) (km/h) 0.5903 -0.6853 v
18.09 2.35 0.02* 3103 2.89 0.01*
Rai ) ) 5811 -3.1254
any (ka/h) (km/h) 0.58 3.1254«
Rainy, 91.9% 93.3 % 98.4 %
Sunny

*P value < Significant level 0.05

35

30

25 © 90

kmfh

20

15

10

2019-0601

Average Travel Speed
(06:00-10:00, 1point=1day)

2019-07-01

(a) Average Travel Speed

2019-07-31
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Average Running Speed
(06:00-10:00, 1point=1day)

20

= =
= s
& 5
s 3
a a
8 =

2019-07-31
2019-08-30

(b) Average Running Speed

Fig. 5. Results of Average Travel Speed and Running Speed (Morning, 06:00-10:00)

Table 4. Results of Drivers’ Crash Risk Perception Model’s Factors (Evening, 17:00-21:00)

6] w k
Sunny 0.00100 0.00056 2.06611
Rainy 0.00158 0.00090 2.02088

Sleh Ao w 9= Slak aEAL §)
7 S PR, ol 8 aERe) &
Egie] £940] AatE Ao 3

At

23 A7) Two-fluid Model }ejne] 42872 g3}
o 6, w, kB AFES ZA¥= Table 49} Zth 8, wi
o] vk o) oF 16 Al k= 0F2 % 2l AEEIRlem,
HwE el 1) 283 A= Fig. 6} 2tk P, S U
B BRe o] W7} 2 o] ofjel] SIXsAI, o ARTTHe]

ko,
pa

AfolHet o R I Hwrt Ads] 2 A & & Stk
R U vyt & ] 0% AR aeF 5499
AF=E 1HESE A3h= Table 59F 2o, $3AP} B e
FHARWE 2 it FHREEE B7E 2 ol FUsH FR19)
tal 7Hgels W] aEARL S EE 0.8542a 2 BR JHT)
S SR gL 9% AR 7S Al UESE i sdlEs
= F 3.0 %, FEFPSEE oF 3.1 % 3hasie] o2 AR
tiE] 20 ofd Eofe S-S B, Fig 79 iz o B
< FAME 2 2Pt s & & Utk T-test AvfoM =
BEEEe} BrTwe] o7t fofal] e Zlo R v
ERgrt ofe B E o3 AR oiF] o5 AR EHTgAe)
2o] Sk FeES T 99l R 3| e}l Pt
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Table 5. Results of Traffic Flow Characteristics and Crash Risk (Evening, 17:00-21:00)

Travel Speed (1) Running Speed ( V) Fraction of Crash Risk
Avg. Avg. Time Spent P u )
t t 3 cras crash
Travel Speed Pvalue Running Speed Pvalue | Running (f,) ! !
17.14 29.70
Sunny ( ) (kmvh) 0.5747 -0.613%9«
l6s1 0.66 0.51 8.5 0.86 0.39
Rainy ( ) (kmvh) 0.5734 -0.8046
Rainy 97.0 % 96.9 % 99.8%
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Fig. 7. Results of Average Travel Speed and Running Speed (Evening, 17:00-21:00)
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