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Hellinga(2011)
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D =3 o)
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oc=a+b(T/D)
u] = Mahmassani(2011) oA7IA, T0 Y AR
D: 33 o]
a,b: AT
o =a(MD)"
%?ﬂl Geistefeldt et 31(2014) 017] }\1’ MD: géﬂ_ Xﬁﬂ
a,d: AF
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<H 2-8> BFHXE 0|8% MEld 8 £Y
AR AP (EF=HAA/ ) A=A
Linear 0714 0.17TT Hellinga
Model o= ' (2011)
Length-
standardized SHRP2
Linear oc=—0.4140.7877T/L (2014)
Model
Length- Mott
standardized | o=—0.09—0.38(77/L)+1.37(TT/L)*—0.50(TT/L)3 MacDonald
cubic Model (2009)
Relation OV =— 0.050 C3-344, 0-081 Eliasson
B (2006)
etween
Coefficient Geistefeldt
of variation | CV=exp(—2.79+3.21(CI—1)—0.65(CI—1)*) et al
and (2014)
Congestion o ==0.04+1.18MD— 0.03MD* Peer et al.
Index +0.005MD*— 0.003L — 0.00003L> (2012)
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Bhouri, Aron, Lebacque, Haj-Salem(2017)¢] 7oA 7FAX 24 =
(Hard Shoulder Running)®] 235 FIAI7F A Moz Ay Ek

o AEA R Aol disiM =
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<# 2-9> SHAZ dzld X|&=
A & ARt B
n T_’Z;
Average Mpp= E
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Planning Time

—_ p9I%
PTTT_PTT
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My
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Planning Time Index Pl pp=
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90% __ p50%
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50%
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Z}5.: Bhouri, Aron, Lebacque, Haj-Salem(2017)
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<H 2-10> S¥AIZH MEE X2 23E MyAL St

o B A3 .

Bl = 2 FAH2013) Buffer Time V/CE AE Ay A A

= g A 7} V/CE A A9 AA

Sk w5 A T4 (2016)

- ! o, = 0.003: (v/c —0.75)"19
cv=o0201""d" """
8 A7k .
293 2(2017) A7, CV: SRHARBEZAAY TSP
EFHA CI F&EE=gPrRY 7 eS8t
d: &R
R=—10.000003 Q%+ 0.008 Q+1.2392
(A7 A7)
YA 2 R=—0.000009 Q*+0.0241 Q+0.0095
e, A, olez| S F 009¢+0.0241Q
AGE FYA 7+ EAR TR
(2008) o] R =—0.00006Q*+0.08Q+8.8117
EAR A%
A7IA, @ IEEHUAAE)
\war _ 190 — 710
AL o] 9] o
A7 2ol o
Lint, Zuylen, Tu(2008)| ~ . \okew _ 190 = 750
& 750 — 710
A7NA, Tu: 7d%] a%<] S3AIRE
58 A 7k
DfT(2014)2) o CV=0.16 CI""**q %3
F=AA}
F A 7E 1.7 L
FMTDI(2015)3) o SD(x)=0.2x(V/C—0.75)"" %
E=HA LBezug
- o=—0.54+0.48 X MD
o
Kouwenhoven(2016) ° j: +4.54% 166 (MD+1)—0.009 % L
ML ET
s )71 A, MD: A

2) DIT(2014)= 9= WEZ9 TAG XA Fx
3) FMTDI(2015) =% %= (Federal Ministry of Transport and Digital Infrastructure)]
Manual for the Federal Transport Infrastructure # % ZFat
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<H 2-15> S™A|Zt ME|Y HlE HE|: 58X} zt=XH(de Jong, 2015)
AT 5o o] ] 3 =7} RR
Car
MV A(1996) Logit on SP data UK 0.36 - 0.78
Copley et al.(2002) | Logit on SP data UK Pilot survey: 1.3
Hensher (2007) Logit on SP data Australia 03-04
Eliasson (2004) Logit on SP data Sweden 0.30 - 0.95
Mahmassani i NCHRP 431: 0.80 - 1.10
Logit on SP data USA
(2011) SHRP 2 CO4: 0.40 - 0.90
Expert workshop o The
Expert opinion 0.8
of 2004 Netherlands
S Latent class Commuting: 0.4
Significance et al. The )
model on SP Business: 1.1
(2013) Netherlands
data Other: 0.6
Road freight
Logit on Shippers: 0.38
Fowkes (2007) UK
SP data Own-account: 0.19
. Shippers: 1.2
Logit on .
Halse et al. (2010) Norway Carriers: 0
SP data
Overall: 0.11
o . Shippers: 0.9
Significance et al. Logit on The ]
Carriers: 0.28
(2013) SP data Netherlands
Overall: 0.37

Z}5: de Jong, Bliemer(2015)
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FAA A4 A g AAATE FiEe] uw BAL A
A5+ SP A XAE o] &otH, SANHOoRE EARYE S FE &8
Bk eEAe) Menjelel B9 AR mi olg Suolv s M
58S AAAE WERE BAAL, FANE, FANL A0
X5k AAA S &3, EAAY SPAIE HEQ] RRS dlA AL
2 05~15AF019] & HoF+= Ao R yehdrg

<H 2-16> M| XAV M¥AL DA Fot

RR
A Zhg | ek =2y A
Min | Max
=2 T AL
SP |Route| ©]3 24l | time, cost, reliability 052 | 057
ERaEFATU2013)
3
k= 15 A -91(2016)] SP a, MNL time, cost, reliability 0.87 | 0.95
T
2 9 2(2017) RP |Route| ML time, cost, reliabiltiy 1.31 | 2.00
=3 time, cost, A= 5%
z2 2](2008) SP MNL ) 0.77 | 0.94
St A A
FMTDI(2015)4 - - - - 0.7 0.7
DfT(2017) - - - - 04 14
DMT(2005)6) - - - - 0.8 14
de Jong(2015) APATt #4-vn 0.24 15

4) FMTDI(2015)+ 4
Manual for the Federal Transport Infrastructure * % it

5) DIT(2014)= 9= wEF9 TAG X% #x

6) DMT((2005)+= Y@@ = == (Dutch Ministry of Transport)?] The value of reliability in

transport il
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= &3t HEHE HAgFE Folth Peer(2012),  Geistefeldt(2014),
Kowenhoven(2016)2] Aol A F3AZF A A B3P Hyw
%2 MD(Mean Delay)E o] &3}l t}.

thek MD(Mean Delay)®loll, 71 @@ TR gJadol&
sto] SN AEAY AR EFE FEFAT AT E
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<12l 4-3> MH| XE T pu+ Xo7t KHX|St= H|E
A} &:wikipedia

[e]
g3t p+309 7IEAE ol &t AEER FI &
] g Fa2(2009)9] AFolAME o] FA AA TES
pt30E AL, p+3cE EAFCRE AA AEo 99.7%E e =

Y

<H 4-3> M X8 F p+ Xo7t XpX|St= H|E

9] AA 5= 0 & Mol sHE()eD
ptlo 68.27 1/3
1t 20 95.45 1/22
1t 30 99.73 1/370
1t 4o 99.99 1/15,787
pt50 99.99 1/1,744,278
[t 60 99.99 1/506,842,372
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2T T RR
A5 0.57
CEAEATA(2013)
H] ¢ 0.52
A5 0.95
EAR 53
H] ¢ 5 0.88
Skl F A -1 (2016)
5 0.91
A1k
H] ¢ 0.87
A 1.31
“‘] é%(2017) %%%@ 1.38
HFA|7E 200
A5 0.77
F4=-2-(2008), A A 7F Py -
= B 1% 5(2009) W :

EA 0.94
FMTDI(2015)7 Ad7 B8 583} 07
=82 0.4

DIT(2017)®
s 1.4
=82 08

DMT(2005)9)
HEus 1.4

7) FMTDI(2015)+ =49 %= (Federal Ministry of Transport and Digital Infrastructure)<]
Manual for the Federal Transport Infrastructure *% iz

8) DIT(2017NE 4= as=e TAG A3 1

9) DMT(2005)= vE#= %= (Dutch Ministry of Transport)®] The value of reliability in
transport il
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<E 4-9> A|ZICjY EF EMSC(IEIZEZ MHNXIR)
=

HAi &= A TP&EE

Az A1z
(km/h) (km/h)
0~1A] 99.497 12~134] 96.514
1~24] 98.130 13~144] 96.394
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4~5A] 94.445 16~174] 94.900
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AP AR e, dddTE v
o= %@*]Zl E%ii}% A st W=+ Cl(Congestion Index),
MD(Mean Delay), V/C(Volume Capacity Rario), ® =24 o](Link length),
Z=z}% B] & (Heavy-vehicle Ratio)= A A3t olE Wzt Ardd

AZ dotste], BEPA AHA AF AARFPo 7R pLES 9sl

SD CI MD V/C L HR
SD 1
CI -0.003 1
MD 0.992 0.457 1
V/C 0.029 0.390 0.281 1
L 0.930 -0.083 0.500 0.030 1
HR 0.071 -0.257 -0.099 -0.206 0.053 1
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A7t FFHA92 Cl(Congestion Index), MD(Mean Delay),
V/C(Volume Capacity Rario), #H=ZZo](Link length), ZXx%& H&
(Heavy-vehicle Ratio)e] #AE ¢ Alslste] A¥H iz 2 193-S &
stol Wl AAdAAE gofsiiith. F A EE=RAe}
CI(Congestion Index), MD(Mean Delay), V/C(Volume Capacity Rario),
g 3 do](Link length), 2% #H] & (Heavy-vehicle Ratio)o]l LOGI0<

HAg F At AaASs e AR skt

<HE 5-2> S BEEA 23 A 2O 2
SD CI MD V/C L HR
SD 1
CI 0.073 1
MD 0.714 0.513 1
V/C 0.064 0.239 0.205 1
L 0963 | -0.072 | 0661 0.066 1
HR 0078 | -0.158 | -0.075 | 0191 0.062 1

* 2= AAAGTTE 001 T4 7S

AZE ket Aol =2 W ofds] MD(Mean Delay), 2
Zol(Link length)= Ittt F3AIF FFHALE MD(Mean Delay),
daZdo](Link length)& %49 A3AAAZ =& AT @S Bl
ol&= MD7} 2%, dadort 445 AL 2FdAE =2 %S
Holz Aow yetylth 2W3 $ FPAIZ FEdAe MD, Ja4
o7} =& WA HS HolBR, RARYPE FIHA R HEIY
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pAAe AARA AW, ol A AAGE, Powerdts wAol A Ao
2 seer)
<H 5-3> SYA|ZE BFEHXHSD)2 MD ZHA Al 29k
2y R-Square F g R-Square F
A3 0.350 12507.8 =3t 0.244 7496.8
= 0.262 8250.9 Power 0.508 24004.6
= 0.000 19 S 0.000 6.9
o] x} 0.384 72278 4% 0.244 7496.8
Ak AF 0.391 4962.0 A 0.244 7496.8

MD(E)

HAKSD)2F MD ZtA|A HE



K

o
TR

0l

XHSD)et &3

Q| | |9
SIFIxc|c
F16911
N|R(H |0 |D
0S| | o3|
N|RKR[— N[
)
—
Sloo|oo|on|oo|oo
=] le)RaNRe s iYe]IYe!
=) [felkerliselitelite!
Q,UOOOOO
o
—
Bl | [Roldr
Ml o % Ix
a
©
<=2
— || =0 =
(. o~ =[O
Ro R
RNI=|Q 0o
NN &=
)
—
Slho|m|o|w|rs
Sl |00 |w©
0| | S |0 |0
Q,UOOOOO
o
B0 M | -3¢ |76
—
M| o <R

SD(E)

irmr =
mTIME S
I

L{krm)

)

—~
fite)

[S]

G}

}&<, Power &<

)

_49_



3) AL AAY AR A 71E4

(5 4 e =1 A

S

belet.

;}L

A 7]

2 AF(FHAIRE

S YA

AT

5

N

)

e ERR

AT Fol A
bl Al 2t

S

A

Ay

JAIZE EF

.
=

3

Hellinga(2011)2] AFAA F3PAIHS

T
-

Al

ToR

(5-1)

oc=a+BMD+~L

o171A,

N
<
e
1o
W
Ar
NE
~ B
LW
Moo
vA
N
o M
EN%H
LN
oA
T T T B
N b e
S
[w]

MD(Mean Delay)$} #@adol()E =gHT=R

MD(Mean Delay)$t %=

T
T

o]

W
e
=

™

o
ToR

(5-2)

o =a+BMD+~MD*+5L+nL*

o] 7] A,

il

ﬁo

MD

& 37 o] (km)

i)
B

B

sebul g

a,3,7,9,m

_50_



}+= Power
MD(Mean Delay) %}

°©

L

T

R
teich. ol

=
==

=

=

MD(Mean Delay)¢t & =4 ](L)

o] YA

w
o
ToR
T

o BAZ AFBAT ohd AFBAY

e
!
=

[}

(5-3)
=
(5-4)

MD(Mean Delay) %}
}3d, Powerdts, =1

-
-

. °]

a+ BLOG(MD)+~LOG(L)

MD(Mean Delay)¢t "Ha4dol(L)&

o171 A,

o=a-MD"L"
ska) Qo 7]E

Logo

o)

p—

e}

a}]

A= TAGY

S kasy

A4 AN E

S

=

[}

BAYNTL

CI(Congestion Index)%}

Ton

=

_5’]_



oc=aCI’L'TT (5-5)
o] 7] A,

O : BHAEE BEYAN/INE2EE EHA 7
L EERIN
TT Pt AT
- 23 E2A7F TEAA}
a, B,y a2} v

=9  FMTDI(Federal Ministry of Transport and Digital
Infrastructure)ol Al A A etE RE AL v/cE o]l &3te] EPIA T A
5 bt 2o 7| E el = PowerstaolH, v/c7F 0.70]35F¢ ¥

ar BRAZ BEARE 002 STt

7= al/em0n) (5-6)
o1 71A,
v/e AEH-gF n S
o da BN RFAA
a,f 1 SEEEH

Kouwenhoven(2016)e| Al A Alsl= &2 7B = 1248 ko)
t}. Kouwenhoven(2016)¢] #| A &S MD(Mean Delay)9} =

olE EaM FIAT FE=AAE AAGE WHolth thwt MD(Mean

Delay) Wt EE 27|12 F&35te], dg@AA T LOGHE #AAHo=Z &
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o714,
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Fe= v Z2ow, 72t MEEe] gvEHE FAS Ave <A
5-10>¢ A Al = o] 9]t}
Zdrgae Fud Fe =2 EFEE WNYstE ARE V/CE 9
g3t FAFgohe A, V/Co wets dA Tl olstelA e TR
RFHAE AFESHA @ the Aotk 1¥]al 5 FMTDI(2015) ¢ A
= V/C71#e] 075014, 2 AFollA = 052 stttk 1 o)fE 593
sdHA 0758 AHE&3ste] BAs oY, REFAH HA FRow
V/C71S 0054 staA71m ByS EA81a, 1FoA 7Y F4 0]

ZH V/C7]1E0] 0.5t

o=alv/c— 0.5)’5 (5-13)
o] 714,
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o ¢ P2 BN mEAA
o, b R
<H 5-10> 5LZYA A= FFZ0 A Z28AF
5 A% wE oA t PEEE
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o] 7] A,
MD HiEE BIPA-7 5= FPAITH
L R
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2. A} BE SYAI AP AT 44 7Y AE

B Aol AE ARl mebd BN AN ARCFANG EF
A7t dFe WA Awmgt $4 ARgel wE MD(Mean
Delay, #), 25 BA7 EFARER), 2ol (km), FAF v&L 4
Augt), Bad EF5ES A9y

Gol WA AERE w4
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<H 518> X240 U2 7|XE7 £

T MD FeAA | Aol | TAEHE
Bt 0.055 0.188 1.140 0.295
FAA 0.133 0.314 1.713 0.087
22 = (A &) o gk 2.745 3.865 17.596 0.475
Hagk 0.000 0.001 0.012 0.002
< 9%k 0.015 0.074 0.478 0.303
B i 0.085 0.231 1.355 0.291
FFHAk 0.171 0.356 1.846 0.073
AR (AE) 2 of %k 3.037 3.117 13.956 0.480
Hagk 0.000 0.001 0.011 0.002
CRiki 0.026 0.096 0.675 0.296
Bt 0.112 0.154 0.994 0.240
) E=A 0.194 0.192 1.135 0.051
4X}§:} = ozt 2.942 1.573 10.088 0.415
Hagk 0.000 0.001 0.007 0.027
9%k 0.042 0.086 0.583 0.244
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 ste] 2R IFEN FARFS e T8 okst
Wrjolth ol & 5o A ECAHA o], o] )2 v A= v F)
B 2 & o deA, B A 83 Aol sdd v 3
HE HoFex] 408 & JHChow(1960)).

Chow test: y=a-+br+e9} 2 o] Aqupa 7pATS A§- o=
SHY 2FH=E BEYEE FAHSH y=a,+bate, y=a,tbhr+ez T
4 At} Chow test?] AF7HALE a, =a,, b, =b,7F ZhE= Aol Chow
test A7zte Fvalued |2 =&% 1 F-valued F9&&ES 54 A
T el 717 AgloFEE s 4= Qth. Chow teste] 7122 t}

7 2t

(SSR, — SSR, — SSR,)/k

(SSR, + SSR,)/ (N, + N, — 2k) (5-16)

o 714,
SSR  FTAAFE(w AA, 1, 20 S 1E)
N L
N : RESF

Az gl mepA 3ARYES ge] FAMOF sh=Al Chow tests: A A
3 A o <3 5-20>7 2t Chow testZ ¥ F3AIZE AlZ A

X

P2

_?":
q By i}ET@x}i 32 4xk= o] Ah)ol| wlabA 2 =AsE= A

A48 Ao el
<H 5-20> Chow test Z1}Group AH: XI2%)
o st9l 1w
- 222 -3x} & o] 4 AR 422 o]

F-value 144.877 281.984

ol & 0.00 0.00
757 A e 7] 2} 7]z}
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) Az5E Hudsz gy

A ARFEFE guEsR A6t
o] RS FE3Ych wE 232 2= (, 332 oS 1= A s}
of stetrgE FAS A A2 Agse -00122 FHHJG. o=
b= 7Y 3AR o)) =RV FAAIZE REAHAE 23R Hohe WY

w ol o]} e Ayt EEH Aow duH

o= a+ BMD+~yMD*+§L+nL*+ CHR+ xNL (5-17)
o] 7] A,
MD : HBuEE BYPAN-7EEE YA
L gaze]
HR @ TA% ¥9&
NL : ZAZFQAE=0, 332 o]4=1)
o ¢ H3A BN FE=AR}

@, B3:7,6,m,Ck 1 FFET]E

<E 5-23> SYAIZH MEY BY A4 2NAD U AAS KRS HS

TR 7%k et t ol E
a -0.045 0.003 -16.877 0.000
I 0.415 0.008 49.627 0.000
v -0.065 0.006 -11.728 0.000
5 0.134 0.001 148.054 0.000
n 0.002 0.000 25.130 0.000
¢ 0.163 0.008 19.538 0.000
K -0.012 0.001 -9.365 0.000
R?: 0.892
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2) Fzso] HE AWEY P

AR5E wgste] FAARE A4 AX AHRY THS g4 A
250 mebd seeE g AuE o

29 342 ol nHERY LA NHH AX AR s
FAANE vzal 2AEAG T FAF BT Aol 7k v o
3xE oo =R} 237 B2 7
shepl o,

D 2x2 ¢ 3x=E oo =2 FH

o =a+ BMD+~MD*+§L+nL*+ CHR (5-18)
o 7],
MD : BoEE BPANT-7EEE EYAT
L ®HAH]
HR @ A% H&
o 93 BYANZ mE=AR

a,B,7.0,m,¢ + FetHH

<HE 5-24> SYAIZH ME[E 29 A+ 24450 8 A8 A2 2L
w _ 22} & _ 322 oAk
73 %k rolgts 78 %k olgE
o -0.043 0.000 -0.064 0.000
3 0.439 0.000 0.434 0.000
v -0.069 0.000 -0.058 0.000
) 0.145 0.000 0.111 0.000
n 0.001 0.000 0.005 0.000
¢ 0.131 0.000 0.239 0.000
R? 0.884 0.909
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D 2x =29 332, 442 F&

ARFE g Ete] BN AHAY AR AR TS &M A
248 247, 347, 448 oow TEA sengE fEdow
Ak whbek 2xbR 3R, 4R nEwERe] EHAIE A A
ARG vy FAAAE ARl wel Zpelrh male] whEhA
AH ez Fon g 2folE Hol= A Ao H gkt

ot FH
r‘\“

o= a+ BMD+~MD*+5L+nL*+ CHR (5-19)
o] 7] A,
MD : BiHEE BYPAN-7EEE BPAL
L ®ade]
HR @ TA%F ¥&
o ¥3 YA mFEAA

a,B,7.0,m,¢ ¢+ FEpHH

<E 5-25> SYAIZH MY BY A4 BHFD L YA A2 1L

o 22} 2 3= 4x}2 o)Ak
FAR | FdgE | FAG | FURE | FAEAG | FASE
o -0.043 0.000 -0.083 0.000 -0.043 0.000
Ié] 0.439 0.000 0.480 0.000 0.421 0.000
~ -0.069 0.000 -0.100 0.000 -0.021 0.000
0 0.145 0.000 0.135 0.000 0.109 0.000
n 0.001 0.000 0.004 0.000 0.001 0.000
¢ 0.131 0.000 0.256 0.000 0.167 0.000
R’ 0.834 0.923 0.903
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A2 R, AR, 4xFo]d)ol wEkA E2 FSFAIE AEAd A E

F& FF3t e E F43 A= AZuirh 9FzE Aol vt

o= fFoueA Amrr] 9314 Chow

ar, B BSol tHdh 5% A # g ge Ay E gk
A

O
=
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=
3
M
o m -
X
2
il
N
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=
)
X
Sl
o
o
iu’
ich
o
o
Q‘L
rlr
P
o,
2
2

<H 526> SHAIZH M2 XE FY 2 A4 242D UL ME4E

B A%

o B gl 0 n ¢
ZEEAzk | -0.043 | 0439 | -0.069 | 0.145 | 0.001 | 0.131
22} = 23k -0.036 | 0471 | -0.049 | 0.148 | 0.001 | 0.153
&} gt -0.050 | 0407 | -0.089 | 0.142 | 0.001 | 0.108
B4FA3k | -0.083 | 048 -0.1 | 0.135 | 0.004 | 0.256
3= s -0.071 | 0513 | -0.079 | 0.139 | 0.004 | 0.295
o} gt -0.095 | 0.446 | -0.121 | 0.131 | 0.003 | 0.218
] meFAgk | -0.043 | 0421 | -0.021 | 0.109 | 0.001 | 0.167
4;}5 et -0.036 | 0438 | -0.009 | 0.113 | 0.002 | 0.196
CiReis -0.050 | 0405 | -0.033 | 0.106 | 0.001 | 0.138
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OFAY = 24

g4 o]7F 3km~14km¢Ql -3tell Wi M= HolHAlS 7538}
SN AHAY AR FARGAA FvHE A F4 sdn o=
o Aol AARE 2y G Ak ek A4 valshy] fjgelth w

) A=k

ol M= 22k

o=aCI’L'TT (5-20)
<H 5-27> =AM Al ZZEA0 S Z™AS
TE I ot t G5 E
«a 0.193 0.010 21.444 0.000
I} 0.281 0.075 3.7%4 0.000
v 0.136 0.025 5.506 0.000
R?: 0652
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AR &Y AEFE gt duEP Ao Favy s AFA
sttt Atz o] wE sebr g gho] 7P A Aolue Was A
o] THEE whgdstE= Cl(Congestion Index)o]t}. o]&= 232 =29 3
A2 o] EEO E{wTE @Wol 2] ujoln, 3xkE o] 4o E=E
EFEVE H FASER olE st Febuy gho] ¥ AA EEH
S Ao FuE
c=aCI’L"HR*TT (5-21)

o] 71 A1,

cr HiEHE FYPANN/7EEE ST
L e
HR A Hl&
T @ BEFYPARE
o g SPA x=HA
o, 3,7,¢ =

<E 5-28> 24 A FFEu A BYA+

" 27 = 3Ak= o]

TE Tag zan | some | w4 24w | fo9w
« 0.278 0.000 0.240 0.000
I} 0.255 0.000 0.377 0.000
~ 0.027 0.000 0.049 0.000
C 0.120 0.000 0.166 0.000

R? 0.883 0.908
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TFAR ° CI V/C B A 7

, (%) (km) (km/h) .

(%) (%)

ot 0.288 0.124 1.524 1.134 0.284 88.638 1.055

;z 0.394 0.289 1.813 0.200 0.208 11.175 1.237

min 0.007 0.000 0.051 1.000 0.012 44.079 0.032

max 2.600 3.125 11.019 2.230 0.907 98.281 7.702
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1A 0.077 0.010 0.440 1.021 0.088 &85.704 0.309
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o 714,
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VDF & dei= 2 (4-3)3 2ow, o8 sty g3 Ja 75
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4

FAS Fotd = Utk 2 B THA ] SAAITIAE 8t

YA = SR AT A(2013)0] AE FarskH, 20134 7]E
o2 AANE #e F=2d =7HAFE ol&ste] 20189 V|Eo® B

Stgth 2 AFoA] AL3 EPA7IH] = <FE 6-2>9 AAH

o

- 116 -



<H 6-2> SYAUIHR|(=EF, 2018H)

&2k EEs 32}
T
A7 | Al o B e A
AAFQT2(]1) 0.22 1.02 1.23 1326 | 1.00 -
. 17,260(11)
AZE7EA (D) 22,775 | 9,748 5011 | 16,374 -
22,775(02391)
AZEZRA (/) - AT | 5011 | 9,943 22498 | 66,446 | 16,374 -

2013 71+

14,954 14 16374
it AZPHR (/) ’ 58,9 6,37
20184 71 15930 01750 s
Bt AR (/) ’ ’ :

A= S ATA013) A

20139 719 AZH7EAIE 20139 2018 9] E7FHA5 Hl& <l 1.0653
& olg3te] 20189 /1F AT E RATHA

<H 6-3> C.PI Index

RS 2013 2014 2015 2016 2017 2018
7145
98.048 99.298 100 100.97 102.93 104.45
(2015=100)

Ag: S8 7 AT A A 2~Elecos.bok.or.kr)
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& 244 FYLE 0kmh FAR ANE AW gL olE3el 3%
FA Fez £xsgch ATATATFAQIDAA AN 07199
-8 5o 2=+ 522 CO, NOx, VOC, PM25, COzo|t},

YL EE SPUFE, $84 /1o dn e SHUFE S 3%

1=
0 Peje mHgA e vt gk

Y,=ayta V+ta, 2+ as V? (6-8)
o 7] A,
Y, @ ti7je4d H &
Vo & SE(km/h)
GQpy Q15 Q9,03 : E]"ﬂ'u] E1

=3

Brledn g FAAAM S sereE BAE ddE g <

6-6>3 2t}

<E 6-6> Cf7|Q@H| FHA| Dfetolg =HAD}

9 73 %k EEe A t-value frelgts
ag 45.03 2.073 21.72 0.00
a, -1.35 0.155 -8.70 0.00
ay 0.019 0.003 5.78 0.00
as -0.00009 0.00 -4.49 0.00

R*=10.946, adj R*= 0.926
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AL AL 0.46 72,230 3.326 3.470
325 42.28 1,905 8.054 8.413
2} 2= 3 48.82 163 0.796 0.831
&3]3 49.16 172 0.846 0.883

SHA| 13.018 13.598

L.,(67V 285 (dB)) = PWL+ 10log( )+ AL+ a;+ ad (6-9)

4XdXs
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PWL : 73.4+[20log(V)+ 10log(a+ 3.8b)]
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gR e AEAGY FANE BAAR AAGTHES 351489
AR

/km=E FAE AL, AL gHA ]8> 569.149/km= W EFSE
A

o g BAAS NGRS 332629/kmE FAE AL, A

. I
i e IEE:
EFPCUA) 15,896 15,896
5% S PCUA) 11,127 7,948
v/c 0.70 0.50
NEEE SN hm 0.61 0.61
5 9% L (a/h) 74,36 83.45
A% AL m) 0.80 0.72
W] 5/ | 9180) | 918 (/0 km) | 91800
A9l BFH 5 (A) 35148 | 1000 | 33262 | 100.0
Bt 2B NS 203.76 530 18188 547
At A EA v & 36.52 10.4 28.11 85
A7 cANE 68.90 196 76.15 2.9
B A 12.30 12.0 46.49 140
EREEEN) 569.14 | 1000 | 40515 | 100.0
A BANE N E 37417 65.7 257,68 63.6
ERECIE 95.02 16.7 56.37 139
RS LE 63.49 12.0 62.19 153
A H71ed e 14.40 25 118 2.9
AL, 28 17.06 3.0 17.06 42
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/kmZ FAE QA AL AN S-S 444599 /km =z YEFSETE B FA]7E
o FaH g FAAY NAF TR &2 325.62¢Y/km=E FAEHAIL, A3
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M Egu|gZor AurE A o E EPAL H&
7 H|go], Al SHAH] Lo A= FPAIZL v L FAATE AlFA

Al &S AA ST
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<E 6-12> S¥H|Z AN HIp 22zt
N S
T 4% NEL:
| 2(PCU/A) 15,896 15,896
= Z(PCU/A 8,902 5,723
v/c 0.56 0.36
NEEE F A7 km) 061 061
234 % (km/h) 80.89 89.17
H 15 A ZHE/km) 0.74 0.67
WIS (R0 k) | W18 | WIS 0 k) | W)
el B E(A) 337.01 100.0 325.62 100.0
P FYPA| 7 v & 187.63 55.7 171.15 52.6
Yt AlFA v & 30.33 9.0 23.91 7.3
B $-3d 8 73.89 21.9 81.14 24.9
G F7FA 45.16 13.4 4942 15.2
A3 @AM & (B) 44459 100.0 34159 100.0
SHA F A ZF v & 286.50 64.4 207.29 60.7
SHA AlFA H]& 66.47 15.0 37.85 11.1
SHA 3n] & 62.27 14.0 68.04 19.9
A e d v & 12.29 2.8 11.35 3.3
ALl S 17.06 3.8 17.06 5.0
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A5 dE+t V/C= 0.70, ¥ 3+
slow oo mebA il FtH]E(A),

1+ H] &2 419.36%
oA H] 62 653.88¢ /kmE LFEFRETE B H F A7)

i

""A

|2 396.749/km=E FAHHAIL, AL

dEolA 7HE =2 HlES AASE
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=
ofo
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<HE 6-15> S¥H|E AE Ak HEEFLZHCHAES)
RS

T = gl e
FPCU/A) 15,396 15,396
Eok(PCU//\] 11,127 7,948

Ve 070 050

NEEs E A k) 061 061
% (/) 7456 %345
5% A 2HCE k) 0.80 0.72

H&(/d-km) | Bl &(%) | H-&(/t-km)

H] (%)
Q1 BEH & (A) 419.36 100.0 396.74 100.0
B FPAZ AR 223.51 53.3 199.50 50.3
B A=AG HE 40.06 9.6 30.83 7.8
A FH & 91.92 21.9 98.75 24.9
Bt Al 63.87 152 67.66 171
AL3] A ¥ 8 (B) 653.88 100.0 475.36 100.0
A T AR AR 410.43 62.8 282.65 59.5
A A=A HE 104.23 15.9 61.83 13.0
A =M § 93.47 14.3 89.71 189
A dirjed v & 28.69 44 24.11 5.1
ARl A 17.06 2.6 17.06 3.6
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BRpre] AEA FAN G BAAR AAFTHES 408759

/km= FAE AL, AL AR 82 523.089/km=E UEFR T B F AT
A

o SeRE EAA I EH &S 392309 /km=E FAE AL, ALS

<E 616> SHHS A4 AT FRRUHCHD)

" F3n] &
i s IEE:
& =(PCU/A)) 15,896 15,896
WL EZ(PCU/A) 8,902 5,723
v/c 0.56 0.36
NEEHE B HAIZHE/km) 0.61 0.61
=84 % (km/h) 80.89 89.17
7% 3 A ZH(E/km) 0.74 0.67
H&(Y/d-km) | B&(%) | H]8(&A/H-km) | 1] &(%)
N HAFH L (A) 408.75 100.0 392.30 100.0
Hat SPA T v & 206.09 50.4 188.00 47.9
Hat A=A v§ 33.32 8.2 26.26 6.7
Hy 3P| & 99.85 24.4 105.65 26.9
Hat A 69.49 17.0 72.39 18.5
AL3] A W) £ (B) 523.08 100.0 410.5 100.0
shA FaA|7F v & 314.69 60.2 227.69 55.5
SHA A=A v 73.01 14.0 4158 10.1
shAl &eiv] & 91.30 17.5 99.15 24.2
A 7] W& 27.02 5.2 25.02 6.1
AbaL, S 17.06 3.3 17.06 4.2
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T 3% | fa%E | 4% | w98 | 24937 | fogE
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6] 0.439 0.000 0.480 0.000 0.421 0.000
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n 0.001 0.000 0.004 0.000 0.001 0.000
¢ 0.131 0.000 0.256 0.000 0.167 0.000
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SYAIZ Bd FP&HT A&

Al k] o MD V/C
¥HAE (km/h) (%)
0~14] 0.19 0.00 97.23 0.11 29.73
1~2A] 0.20 0.01 96.18 0.08 29.75
2~3 0.21 0.03 94.17 0.06 29.74
3~4A] 0.21 0.05 92.62 0.06 29.71
4~5A] 0.20 0.05 92.32 0.08 29.66
5~64] 0.20 0.02 94.75 0.14 29.86
6~74] 0.20 0.02 94.17 0.26 30.26
7~84] 0.19 0.02 93.24 0.35 30.30
8~9A] 0.20 0.02 93.60 0.37 30.15
9~104] 0.20 0.03 91.96 0.39 30.05
10~114] 0.20 0.06 89.97 0.42 29.97
11~124] 0.21 0.06 89.69 0.42 29.93
12~134] 0.20 0.04 90.98 0.39 29.90
13~14A4] 0.20 0.05 90.64 0.40 29.96
14~154] 0.21 0.06 89.52 0.42 29.95
15~164] 0.21 0.06 89.43 0.43 29.94
16~174] 0.21 0.06 89.44 0.44 29.90
17~184] 0.20 0.06 89.12 0.44 29.95
18~194] 0.20 0.06 89.07 0.41 29.90
19~204] 0.20 0.05 89.91 0.35 29.85
20~214 0.19 0.04 90.43 0.30 29.76
21 ~224 0.19 0.03 92.19 0.27 29.75
22~234] 0.19 0.02 93.13 0.22 29.69
23~247 0.19 0.00 95.67 0.17 29.69

16) AHA 7ESER o] FA AAsA 2 dAAR
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& WA B FYPSE T A&
Al _ MD V/C
Bl (km/h) (%)
0~14| 0.13 0.00 0.23 97.67 21.76
1~2A 0.13 0.00 0.15 99.16 22.46
2~34 0.14 0.00 0.11 98.80 22.99
3~44] 0.14 0.00 0.10 97.63 23.31
4~54] 0.15 0.01 0.12 96.47 22.85
5~64] 0.12 0.02 0.29 95.49 21.73
6~74 0.14 0.09 0.51 87.80 20.79
7~8A 0.17 0.20 0.64 79.87 20.95
8~94] 0.20 0.21 0.59 77.80 20.52
9~10A] 0.17 0.18 0.58 80.81 20.62
10~11A] 0.17 0.18 0.58 80.43 20.63
11~124] 0.16 0.15 0.56 82.14 20.58
12~134] 0.13 0.11 0.53 85.35 20.67
13~144 0.13 0.13 0.56 83.25 20.72
14~154] 0.15 0.17 0.59 80.29 20.67
15~164] 0.17 0.18 0.58 79.67 20.69
16~17A] 0.17 0.18 0.60 79.65 20.74
17~184 0.19 0.25 0.63 TATT 20.83
18~194] 0.22 0.31 0.62 70.39 20.67
19~204] 0.20 0.18 0.95 78.05 20.64
20~ 214 0.12 0.10 0.49 85.31 20.73
21~224] 0.11 0.08 0.47 87.91 20.88
22~ 234 0.12 0.05 0.39 90.86 21.02
23~ 244 0.12 0.02 0.31 94.53 21.25
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3) At E =g
<E 22-3> MADNEEE J|XXE E4ZD
EERE A EAEE A g &
Al ZH _ } MD V/C
wEus (km/h) (%)
0~14] 0.21 0.00 106.00 0.06 29.66
1~24] 0.21 0.00 104.48 0.04 29.95
2~3A] 0.22 0.00 102.36 0.03 30.45
3~4A] 0.22 0.00 101.21 0.04 30.41
4~5A] 0.22 0.00 101.15 0.05 29.96
5~6A] 0.22 0.00 103.02 0.09 29.18
6~7A| 0.21 0.00 105.12 0.15 28.55
7~84] 0.21 0.00 106.29 0.20 28.14
8~9A] 0.21 0.00 106.52 0.22 27.98
9~104] 0.21 0.00 104.62 0.25 27.78
10~114] 0.21 0.00 103.00 0.28 27.63
11~12A] 0.21 0.00 102.76 0.28 27.63
12~134] 0.21 0.00 103.45 0.27 27.72
13~144] 0.21 0.00 103.44 0.27 27.70
14~15A] 0.21 0.00 102.80 0.29 27.59
15~164A] 0.21 0.00 102.73 0.30 27.53
16~17A 0.22 0.00 102.89 0.30 2753
17~18A] 0.22 0.00 102.97 0.29 2757
18 ~194] 0.22 0.00 103.02 0.26 27.71
19~204] 0.22 0.00 103.34 0.21 27.96
20~214] 0.21 0.00 103.01 0.18 28.20
21 ~22A] 0.22 0.00 103.59 0.15 28.42
22~ 23A] 0.21 0.00 104.62 0.12 28.73
23~ 24A] 0.20 0.00 106.15 0.09 29.11
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& WA B FYPSE T A&
Al L MD V/C
Bl (km/h) (%)
0~14| 0.18 0.00 99.31 0.09 22.73
1~2A 0.18 0.01 97.77 0.06 22.44
2~34 0.19 0.03 95.27 0.05 22.28
3~44] 0.19 0.04 94.06 0.05 22.26
4~54] 0.19 0.03 95.04 0.07 22.44
5~64] 0.18 0.01 96.99 0.16 23.34
6~74 0.18 0.02 96.35 0.27 24.00
7~8A 0.18 0.03 95.39 0.33 24.27
8~94] 0.19 0.04 95.17 0.37 24.27
9~10A] 0.18 0.05 93.63 0.40 24.27
10~11A] 0.19 0.06 91.42 0.43 24.29
11~124] 0.19 0.06 91.51 0.43 24.22
12~134] 0.18 0.04 93.66 0.40 24.15
13~144 0.18 0.04 94.05 0.41 24.20
14~154] 0.19 0.06 91.93 0.44 24.32
15~164] 0.20 0.07 91.16 0.45 24.34
16~17A] 0.19 0.07 91.53 0.45 24.31
17~184 0.19 0.07 91.22 0.44 24.35
18~194] 0.19 0.07 91.47 0.40 24.28
19~204] 0.18 0.05 92.78 0.34 24.10
20~ 214 0.18 0.04 93.68 0.30 23.90
21~224] 0.17 0.03 95.17 0.25 23.70
22~ 234 0.17 0.01 97.40 0.19 23.40
23~ 244 0.16 0.00 99.33 0.14 23.04
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< BE-5> SRIAKEE J|EXNE 421
e ?53 j] MD Fo Y& v/e T A&
Rl (km/h) (%
0~14| 0.16 0.00 101.46 0.1 29.71
1~2A 0.17 0.00 98.53 0.07 30.22
2~34 0.17 0.03 95.12 0.06 30.48
3~44] 0.17 0.05 92.92 0.06 30.45
4~54] 0.17 0.04 93.22 0.08 30.14
5~64] 0.16 0.00 98.79 0.16 29.34
6~74 0.14 0.00 99.29 0.29 28.97
7~8A 0.13 0.00 98.16 0.44 217.83
8~94] 0.13 0.00 98.61 0.48 27.65
9~10A] 0.13 0.02 95.93 0.5 21.52
10~11A] 0.15 0.04 92.61 0.54 21.37
11~124] 0.14 0.04 93.31 0.53 27.42
12~134] 0.14 0.02 95.52 0.48 27154
13~144 0.14 0.02 96.01 0.49 27.50
14~154] 0.15 0.04 93.71 0.52 27.43
15~164] 0.15 0.04 92.66 0.54 27.39
16~17A] 0.16 0.05 91.77 0.55 27.35
17~184 0.17 0.07 90.09 0.56 27.32
18~194] 0.18 0.07 89.31 0.51 27.48
19~204] 0.18 0.05 91.83 0.42 27.81
20~ 214 0.16 0.03 94.79 0.35 28.08
21~224] 0.14 0.00 97.72 0.29 28.33
22~ 234 0.14 0.00 100.86 0.22 28.72
23~ 244 0.15 0.00 102.51 0.16 29.16
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<E 226> SRUSIHER J|XXE 242D
EERE A EAEE A g &
Al ZH o MD V/C
wEus (km/h) (%
0~14] 0.13 0.01 96.67 0.09 32.06
1~24] 0.14 0.01 95.85 0.06 32.17
2~3A] 0.14 0.03 93.98 0.05 32.28
3~4A] 0.14 0.03 92.68 0.05 32.26
4~5A] 0.13 0.03 93.05 0.07 32.15
5~6A] 0.13 0.01 96.34 0.10 32.19
6~7A| 0.13 0.00 100.76 0.14 32.31
7~84] 0.12 0.00 104.71 0.18 32.47
8~9A] 0.12 0.00 105.66 0.20 32.54
9~104] 0.12 0.00 104.15 0.23 32.47
10~114] 0.12 0.00 102.21 0.26 32.46
11~12A] 0.12 0.00 101.39 0.27 32.44
12~134] 0.12 0.00 100.95 0.26 32.38
13~144] 0.12 0.00 100.74 0.27 32.35
14~15A] 0.13 0.00 100.57 0.28 32.34
15~164A] 0.13 0.00 100.85 0.29 32.40
16~17A 0.12 0.00 100.94 0.30 32.41
17~18A] 0.12 0.00 100.75 0.30 32.47
18 ~194] 0.12 0.01 99.55 0.28 32.53
19~204] 0.11 0.01 98.59 0.25 32.35
20~214] 0.12 0.02 97.14 0.23 32.16
21 ~22A] 0.12 0.02 97.01 0.20 32.02
22~ 23A] 0.12 0.01 97.30 0.16 31.95
23~ 24A] 0.12 0.01 97.65 0.12 31.96

- 151 -



& WA B FYPSE T A&
Al L MD V/C
Bl (km/h) (%)
0~14| 0.15 0.00 99.50 0.06 29.22
1~2A 0.16 0.01 97.11 0.05 30.14
2~34 0.17 0.04 93.90 0.04 30.72
3~44] 0.17 0.05 92.07 0.04 30.80
4~54] 0.17 0.05 92.41 0.05 30.09
5~64] 0.16 0.02 95.37 0.08 28.90
6~74 0.15 0.00 99.86 0.14 27.49
7~8A 0.14 0.00 101.47 0.25 26.39
8~94] 0.14 0.00 101.27 0.29 26.04
9~10A] 0.13 0.00 100.07 0.31 25.81
10~11A] 0.14 0.00 99.02 0.34 25.61
11~124] 0.14 0.00 99.40 0.33 25.64
12~134] 0.13 0.00 100.11 0.29 25.84
13~144 0.13 0.00 99.70 0.30 25.70
14~154] 0.14 0.00 98.77 0.32 25.56
15~164] 0.14 0.00 98.86 0.34 25.45
16~17A] 0.14 0.00 99.47 0.35 25.40
17~184 0.13 0.00 99.31 0.36 25.28
18~194] 0.13 0.00 98.84 0.33 25.46
19~204] 0.13 0.00 99.34 0.26 20.97
20~ 214 0.13 0.00 99.27 0.20 26.48
21~224] 0.13 0.00 99.80 0.17 26.89
22~ 234 0.14 0.00 100.13 0.13 2047
23~ 244 0.14 0.00 100.75 0.09 28.25
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EERE A EAEE A g &
Al ZH o MD V/C
wEus (km/h) (%)
0~14] 0.11 0.00 98.95 0.14 26.94
1~24] 0.11 0.00 98.70 0.09 28.03
2~3A] 0.12 0.00 96.74 0.06 28.84
3~4A] 0.12 0.02 94.75 0.06 28.69
4~5A] 0.12 0.02 93.62 0.11 26.84
5~6A] 0.11 0.02 94.26 0.27 24.72
6~7A| 0.13 0.07 88.03 0.54 23.76
7~84] 0.15 0.16 80.82 0.66 23.60
8~9A] 0.16 0.18 79.58 0.66 23.51
9~104] 0.16 0.15 80.63 0.64 23.59
10~114] 0.16 0.15 79.91 0.62 23.72
11~12A] 0.15 0.13 82.23 0.59 23.86
12~134] 0.13 0.08 86.23 0.56 23.80
13~144] 0.12 0.08 86.12 0.57 23.81
14~15A] 0.13 0.11 83.60 0.63 23.60
15~164A] 0.14 0.13 81.89 0.65 2351
16~17A 0.15 0.15 80.34 0.68 23.40
17~18A] 0.17 0.20 76.11 0.70 23.42
18 ~194] 0.18 0.24 73.24 0.65 23.58
19~204] 0.18 0.18 77.04 0.57 23.88
20~214] 0.14 0.09 85.15 0.48 24.19
21 ~22A] 0.12 0.05 89.91 0.41 24.52
22~ 23A] 0.11 0.03 92.42 0.32 25.06
23~ 24A] 0.11 0.01 96.31 0.22 25.85
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4) olx}g, =y Congestion Index
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Abstract

Development of Travel Time Reliability Index
Estimation Model for Uninterrupted Roads

Park, Chan-woon

Transportation Studies

Department of Environmental Planning

The Graduate School of Environmental Studies

Seoul National University

Travel Time Reliability(TTR) signifies the difference between the expected
and the actual travel time. In other words, TTR 1is the conception that
shows how a traveler can reach the destination on time, which also implies
the variability and the uncertainty. TTR index is the significant numerical
value that indicates the figure by quantifying the travel time reliability.

TTR index shows the variability of travel time to the destination in a
certain transport environment. To analyze TTR, it is necessary to have
individual traveler’s behavior data. However the data has not been sufficient
enough, so that the study has not been fully undertaken. Recently, the big
data has provided various data that can lead to diverse studies including
traveler’s behavior data. This study used individual travel behavior data to
establish the TTR index estimation model. It has not been long in studying
the standard deviation through TTR index. In this study stream, it has built
standard deviation model to estimate TTR. Also, it developed TTR index
estimation model with South Korean drivers travel behavior data.

To build TTR index estimation model, it examined TTR index and the
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independent variables. It comprehended significant variables by examining
the relation of TTR index and independent variables. After a formation of
an optimum estimation formula of TTR index independent variables and
travel time standard deviation, it has formed the TTR index estimation
model. It also provided an ideal model through the verification of TTR
index estimation model. The data that has used in TTR index estimation
model is not aggregated and it is possible to recognize individual vehicle
speed.

Utilizing individual vehicle traffic speed, it estimated links average travel
time and travel time standard deviation. This helped to establish TTR index
estimation model. And also, by supplementing it, it examined the newly
added independent variables. Independent variables are essential, which can
affect TTR, but had not been studied in the literature. Therefore this study
built TTR index estimation model reflecting the newly added independent
variables.

This study suggests an adequate model that includes independent variables
such as MD(Mean Delay), link length, heavy vehicle ratio, number of lanes.
It examined various forms of TTR index estimation model, and also
provided ideal formula in a quadric equation. It used View-T 1.0 individual
travel behavior data and analyzed 8 representative motorways(uninterrupted
road) in South Korea.

It has estimated individual parameter in a number of lanes after developing
a quadric equation of TTR index estimation model. It was productive to use
lanes as an independent variable in TTR index estimation model. However,
it was the core problem how to apply in the model. It has concluded that it
was adequate to build a model separately by dividing roads in 4 lanes, 6
lanes, and more than 8 lanes. It is plausible because of different features in

each road.
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This study also measured TTR cost. The values of TTR were computed
using Reliability Ratio(RR) of 0.8 which is recommended by Ministry of
Land, Transport and Maritime Affairs. TTR cost estimation analyzation has
concluded that the more the road is congested, the higher the ratio of
personal average cost. In addition, when the road gets congested, travel time
cost and TTR cost goes higher than the other costs. In the aspect of cost
analyzing, the social cost is higher than personal cost in TTR cost.

This study has showed the most accurate TTR through TTR index
estimation model. The model, propopsed in this article, has promising
potentialities for the estimation of travel time reliability for uninterrupted
road sections (e.g., urban and regional motorway, regional roadways). In
addition, the model provided in the study could be possible in applying road

management evaluation index and road TTR benefits.

Keywords : Travel Time Reliability, Travel Time Standard
Deviation, Mean Delay, Quadric Equation Model,
Travel Time Reliability Index

Student Number : 2015-31309
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