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ABSTRACT

Travellers consider extra travel time to be arriving their destination because of uncertainty of travel. So it is important to make predictable
highway by providing information of travel time variability to traveller so as to enhance level of service at highway. In order to make predictable
highway, it is necessary to develope measures of travel time variability that travellers can easily understand. Recently advanced country including
the United States, travel time variability index are actively studied. In earlier study, 95percentile of travel time is considered to be most important
calculation index of travel time variability. In this study, is has focused on the propriety analysis of 95percentile of travel time in domestic
transportation environment. Result of analysis, All of measures(80percentile of travel time, 90percentile of travel time, 95percentile of travel time)

show the tendency to increase when case of weather factor occur compare to normal condition under LOS A~D. Especially 95percentile of travel
time increased sensitively.
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2007-2015d e A4 &= 9ot [3]

SHRP2 L03(2013) 21F|% 74 A} 534
F A5 7o) ARAAE olssla A
a3 37 34 WHES L] 93 dgtoth
SN W5 =4 AHEZA Planning Time,
Buffer index 5= <X 1>3} o] AR oH, 7H
AR aHg7tE M e AETEF A Al
AHAFA A xFke]l 7l == Planning Time©| 713
F83 AxQ AoZ AASA [4]

SHRP2 LOSQ013)E £t AH% 459 =
3 Py e AN o8 WLE A - £F 7)Hol
A 9 Ak 57 DA WA 5 Y= 3

%
= Aas 1¢rataat g Aol thE SHRP2 &
T} VAR BN AR 38 AFEA
Planning Time, Buffer index & #1A13loH, 7
3 2 AF5Y dAYAE Buffer Time 71 &
43 AEZ AASAT [5]

3. F2 AAH

S FHo2 EYAT WEATD B
& A7} ABH T Y. 9] A$ v
o FPAL WE4 BEE
[e]

i

-
il

it O

-

AEse AHolth o714 95thEHAITHS 3

=3

=

Q0ZFY F 1YE == AT AR T F
g

rr
o u
Og‘:",
>
S
(o
1o
=)
_O|L
-
Ne3
=
=
of
Og(:,"
>,
r_}(_‘
[o

FYAL WEA ARY AP BEN] 9

o X=E
(Table 1> Recommended Reliability Metrics at
SHRP2 L03(2013)

Definition Unit
Difference between 95th percentile
TTI and average travel time,
normalized by average travel time.
Difference between 95th percentile
TTI and median travel time
(MTT), normalized by MTT.
Percentage of trips with travel
times <1.1 MTT and <1.25 MTT.
Percentage of trips with space| %
mean speed less than 50, 45, and
30 mph.

Metrics

Buffer Index %

Failure and on-time
measures

Planning Time Index
(PTD)

80th Percentile TTI |Self-explanatory. -

.. (90th percentile TTI - median)/

Skew statistic (median - 10th percentile TTI). )

Average of highest 5% of travel

95th percentile TTIL -

Misery Index . .
(modified) t%mcs divided by free flow travel| -
time.
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(Fig. 1> Definition of Normal Condition

Travel Time Distribution at Normal Condition

Travel Time Distribution at Occurrence Weather Factor

Comparative
Analysis

Travel Time Distribution at Entire Time of Analysis

P
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(Fig. 2) Analysis Between Normal Condition
and Entire Time of Analysis
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1800
1600
1400
1200
1000

Travel Time(Z%)

0 10 20 30 40 50 60 70
Density(veh/km)

Travle Time-Volume and Travle
Time-Density Distribution at Geum-
cheon IC - lljik JC(Seoul Bound)
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(Table 2) Criteria for Level of Volume

Criteria Density(phpkmpl)
LOS A <6
LOS B <10
LOS C <14
LOS D <19
LOS E <28
LOS F >28
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Time of Occurrence
Weather Factor
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Level of Volume
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Occurrence Weather Factor
and Impact Time Zone

Analysis of Normal
Condition

Analysis of Variability
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(Fig. 4) Process for Analysis of Index of Travel
Time Variability
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(Table 3> Result of Analysis of TTI and PTI

Line Section Bound TTI PTI
Gyeongbu | Dongtan JC Seoul 125 | 333
expressway | - Osan IC Busan 1.26 2.08
Yeongdong | Icheon IC | Gangneung | 1.04 | 1.16
Expressway | - Yeoju JC Incheon 1.01 2.27
Seohaean |Geumcheon IC|  Seoul 185 | 526
Expressway | - Iljik JC Mokpo 1.22 | 2.08

A
2217 Q1 8,7604]7F
A B 7k ol A

(B 4) SENC-2UIC(M2LE T4l 2y Azt

(Table 4) Analysis of Time frame of Occur-
rence Weather Factor at Dongtan
JC - Osan IC(Seoul Bound)

(unit_: time frame)

Criteria Entire Time frame | Time frame of Occurrence
of Analysis Weather Factor
LOS A 2,593 354(13.7%)
LOS B 1,167 290(24.9%)
LOS C 1,823 462(25.3%)
LOS D 1,908 306(16.0%)
LOS E 512 108(21.1%)
LOS F 757 132(17.4%)
Sum 8,760 1,652(18.9%)
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(Table b) Analysis of Travel Time Variability at
Dongtan JC - Osan IC(Seoul Bound)

(unit : second)

LOS B LOS C

Index
Diff” Nor [Entire| Diff | A4} | 2] | x}o]

80th | 164.8 | 166.7 | 2.0 |155.6|157.3| 1.7 |162.8|166.7| 3.9

90th | 170.8 | 181.9 | 11.1|159.9|166.7| 6.8 |168.7|1729| 42

95th |177.3 | 197.2 | 20.0 | 166.7| 177.3 | 10.6 |170.8 | 184.3 | 13.5

LOS D LOS E LOS F

Index
Nor |Entire | Diff | Nor |Entire| Diff | Nor [Entire| Diff

80th [175.1| 175.1 | 0.0 |245.7|254.6| 89 |560.2|560.2| 0.0

90th | 181.9 | 184.3 | 2.4 |274.6|280.1| 5.5 |[608.9|6089| 0.0

95th | 189.2 | 194.5 | 5.3 |291.8|311.2| 19.5 |636.5|666.9 | 30.3

1) Normal Condition
2) Entire Time of Analysis
3) Entire - Nor

00.0 1800 %00
750 1850
190.0
1700 1800
180.0
1650 1750
1700 1600 1700
1550 1650
1600
500 I 20 I
1500
1450 1550
1400 1400 1500
80th 90th 95th 80th 90th 95th 80th 90th 95th
u Nomal Inc. Weather W Nomal Inc. Weather mNomal Inc. Weather
3300 6800
. 3100 o
2900 6400
1900
2700 6200
850 2500 5000
1800 2300 5800
2100 5600
wso0
I 1500 si00
1700 e
1700 5200
1650 1500 5000
80th 90th 95th 80th 90th 95th 80th 90th 95th
= Nomal Inc. Weather = Nomal Inc. Weather = Nomal Inc. Weather

(38 b) SENC-2MC(M2WE) HEN X|E ZE
(Fig. b) Analysis of Travel Time Variability at
Dongtan JC - Osan IC(Seoul Bound)

oC FAbErel WEA AT 44
3 BE 73ro] 95th
2 74 agel W

(E 6) SENC-2MIC(FaE) |40l gl A7t
(Table 6> Analysis of Time frame of Occur-

rence Weather Factor at Dongtan
JC - Osan IC(Busan Bound)

(unit : time frame)

Criteria Entire Time frame | Time frame of Occurrence
of Analysis Weather Factor
LOS A 2,870 460(16.0%)
LOS B 1,535 374(24.4%)
LOS C 1,811 434(24.0%)
LOS D 1,534 220(14.3%)
LOS E 633 99(15.6%)
LOS F 377 65(17.2%)
Sum 8,760 1,652(18.9%)

(E 7) SENC-2MC(RAYE) WEY XE HE
(Table 7> Analysis of Travel Time Variability at
Dongtan JC - Osan IC(Busan Bound)
(unit_: second)
LOS A LOS B LOS C
Nor |Entire| Diff | Nor [Entire| Diff | Nor |Entire| Diff
80th |159.1{161.0| 1.8 [159.1{161.0| 1.8 [166.7|168.7| 2.0
90th|162.8|175.1| 12.2 [162.8(168.7| 5.9 |170.8|175.1| 4.3
95th|168.7|197.2| 28.5 [166.7|186.7| 20.0 |175.1|184.3| 9.2
LOS D LOS E LOS F
Nor (Entire| Diff | Nor |Entire| Diff | Nor [Entire| Diff
80th[179.5(181.9| 2.3 |233.4|241.4| 8.0 |608.9|636.5| 27.7
90th|186.7|191.8| 5.1 |262.8|280.1| 17.3 |666.9(666.9| 0.0
95th|197.2|1205.9| 8.7 |291.8|321.2| 29.5 |700.2|700.2| 0.0

Index

Index!

2) O|AIC-0{F=JC 2t

OJHIC-9FIC F3HE& 432 Fro g f7hdo
= 8,660mo™, 77+ ol AFFA LI A3}
Atk AFEEE 100kmhE o]E o]&d =
AFEPEEE 31222 JERGTE 20139 WA
PADARE o] g 50"FHAHE BT 2

FEHEE 325%, AXWE 31522 A5
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LOS A LOS B LOS C
1900
1900
w50
1800 1700
co 1650
1600
co
1550
200 1500
00 1450
8th  90th  95th 80th  90th  95th gth  90th  95th
w Nomal Inc. Weather = Nomal Inc. Weather mNomal Inc. Weather
LOS D LOS E LOS F

5800

2050

2000

1950 2700

1900 2500

1850 2300

1800 2100

1750 1900
700 1700
50 1500

80th 90th 95th 80th 90th 95th 80th 90th 95th

= Nomal Inc. Weather ® Nomal Inc. Weather ® Nomal Inc. Weather

(O 6) SELJC-2AHC(Fatalst)
(Fig. 6) Analysis of Travel Time Variability at

Dongtan JC - Osan IC(Busan Bound)

) HEM X ¥ Z4E

2 FAHAT
7142912 2013 AF E4 A7) Q] 8,760 7
I skl AA] BEAA 7 A

(E 8) O|HMIC-0{FJC(ZELE) 7|40l 2t AlZt

(Table 8) Analysis of Time frame of Occur-
rence Weather Factor at Icheon
IC-Yeoju JC(Gangneung Bound)

(unit : time frame)
Criteria Entire Time frame | Time frame of Occurrence
of Analysis Weather Factor

LOS A 2,593 354(13.7%)
LOS B 1,167 290(24.9%)
LOS C 1,823 462(25.3%)
LOS D 1,908 306(16.0%)
LOS E 512 108(21.1%)
LOS F 757 132(17.4%)

Sum 8,760 1,652(18.9%)

(£ 9) OIFIC-0{FJC(ZEYS) BT X|E ZHE

(Table 9) Analysis of Travel Time Variability at
Icheon 1C-Yeoju JC(Gangneung Bound)

(unit : second)
LOS A LOS B LOS C

Nor [Entire| Diff | Nor [Entire| Diff | Nor [Entire| Diff
80th |342.6|342.6| 0.0 |321.4|321.4| 0.0 |335.2|335.2| 0.0
90th|346.4|350.3| 3.9 |324.8|328.2| 3.4 |342.6|344.1| 1.5
95th|354.3|358.3| 4.1 |328.2|335.2| 7.1 |350.3|358.3| 8.1
LOS D LOS E LOS F
Nor [Entire| Diff | Nor [Entire| Diff | Nor [Entire| Diff
80th |358.3|362.5| 4.2 |577.3(599.5| 22.2 1075.01075.0, 0.0
90th|380.2|384.9| 4.7 |611.3|617.4| 6.1 |1172.4/1199.1] 26.6
95th|394.6|405.9| 11.3 |668.3|696.7| 28.4 |1199.1|1247.0 48.0

Index

Index

LOS A LOS B LOS C
3700 335.0 360.0
355.0
3600 330.0 350.0
350.0 345.0
3250 3100
3400 3350
3200 3300
3300 3250
3150 3200
3200
3100 3100 3100
st 90th  95th sth %t  95th sth  th  95th
mNomal  ® Inc. Weather mNomal Inc. Weather mNomal  ® Inc. Weather
LOS D LOS E LOS F

4300 760.0 13100
7100 12100
11100

4100
660.0
1010.0
390.0 610.0
910.0
560.0
370.0 810.0
5100
710.0
350.0 460.0 100
4100
1300 510.0
3600 4100
3100 3100 3100

80th 90th 95th 90th 95th 90th 95th

u Nomal Inc. Weather = Nomal Inc. Weather = Nomal Inc. Weather

(3l 7) olHIC-{FJC(LEHE)
(Fig. 7> Analysis of Travel Time Variability at
Icheon IC-Yeoju JC(Gangneung Bound)
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(Z 10) O|HIC-0{FJC(QIAEE) T|A20l LM AJZH LOS A LOS B LOS C
(Table 10) Analysis of Time frame of Occur- 700 350 3600
rence Weather Factor at Icheon %00
IC-Yeoju JC(Incheon Bound) e
(unit ; time frame) " 200 .
.. . | Entire Time frame | Time frame of Occurrence e 250
Criteria . o 3150 200
of Analysis Weather Factor I s150
LOS A 4,294 689(16.0%) A
LOS B 2,278 533(234%) mNomal  ® Inc. Weather mNomal M Inc. Weather = Nomal Inc. Weather
LOS C 1,165 220(18.9%) LOS D LOS E LOS F
LOS D 350 53(15.1%) w00 7600 15100
LOS E 182 39(21.4%) o - s
LOS F 491 94(19.1) s
Sum 8,760 1,628(18.6%) . I o I
(F 11) O|HIC-0{FJC(I LS HEN X E HE s I o oo
(Table 11) Analysis of Travel Time Variability P P IRV
at Icheon IC-Yeoju JC(Incheon Bound)
(3% 8) O|HIC-{FJC(LEWE) HEM X7 ZE

(unit_:_second)
LOS C

Entire
331.7
342.6
354.3
LOS F
Entire
1075.0
1154.7
1247.0

LOS A
Entire
335.2

LOS B
Entire
318.1
324.8
331.7
LOS E
Entire
588.2
636.2
692.8

Index =
Diff

32
33
6.9

Diff
0.0
37
7.9

Diff
0.0
0.0
4.1

Nor
331.7
3389
346.4

Nor
3352
346.4|346.4
354.31358.3
LOS D
Entire
380.2
415.7
4724

Nor
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(Fig. 8) Analysis of Travel Time Variability at
Icheon IC-Yeoju JC(Incheon Bound)
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(Table 12> Analysis of Time frame of Occur-
rence Weather Factor at Geumcheon
IC - lljik JC(Seoul Bound)

(unit : time frame)

Criteria Entire Time frame | Time frame of Occurrence
of Analysis Weather Factor
LOS A 2,178 239(11.0%)
LOS B 712 162(22.8%)
LOS C 861 187(21.7%)
LOS D 472 94(19.9%)
LOS E 454 82(18.1%)
LOS F 4,083 824(20.2%)
Sum 8,760 1,588(18.1%)
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(Table 13) Analysis of Travel Time Variability
at Geumcheon IC - lljik JC(Seoul
Bound)

(unit : second)
LOS A LOS B LOS C

Nor [Entire| Diff | Nor [Entire| Diff | Nor |Entire| Diff
80th|159.2|1159.2| 0.0 |164.3{166.2| 1.8 |182.2|184.4| 2.2
90th |160.9/164.3| 3.5 |168.0{171.8| 3.8 |186.7|191.4| 4.7
95th|164.3/169.9| 5.5 |171.8177.9] 6.1 {193.8/198.9| 5.1
LOS D LOS E LOS F
Nor |Entire| Diff | Nor |Entire| Diff | Nor [Entire| Diff
80th |236.3/1240.0| 3.8 |343.6(343.6| 0.0 |720.0|720.0| 0.0
90th |252.0|1252.0| 0.0 |360.0{360.0| 0.0 |795.8|795.8| 0.0
95th [260.7]262.7| 2.1 |378.0{378.0| 0.0 |889.4/889.4| 0.0

Index

Index

LOS A LOS B LOS C
1720 1800 2050
2000
168.0 1750
166.0 1850
164.0 1700 o060
1620
1600 1650 10
1580 1500
56.0 1600
1750
1540
1520 1550 1700
80th 90th 95th 80th 90th 95th 50th 80th 90th
= Nomal Inc. Weather m Nomal Inc. Weather = Nomal Inc. Weather
LOS D LOS E LOS F

2650 3900
2600

3800

3700
2500
2050 3600
2400 3500
2350

3400
2300

3300
250
2200 3200

00
80th 90th 95th 80th 90th 95th 80th 90th 95th

m Nomal Inc. Weather = Nomal Inc. Weather m Nomal Inc. Weather

(Og 9) FHEIC-LAIJC(M2WE) HEN X7 BE
(Fig. 9> Analysis of Travel Time Variability at
Geumcheon IC - lljik JC(Seoul Bound)

(E 14) SHIC-LRJC(ZZLE) 7|a0l il A7t
(Table 14) Analysis of Time frame of Occur-

rence Weather Factor at Geumcheon
IC - lljik JC(Mokpo Bound)

(unit_: time frame)

Criteria Entire Time frame | Time frame of Occurrence
of Analysis Weather Factor
LOS A 1,783 207(11.6%)
LOS B 756 184(24.3%)
LOS C 1,959 400(20.4%)
LOS D 2,078 352(16.9%)
LOS E 1,619 345(21.3%)
LOS F 565 100(17.7%)
Sum 8,760 1,588(18.1%)

(E 15) SHIC-LAJC(5=L) vz x| 4=
(Table 15) Analysis of Travel Time Variability
at Geumcheon IC - lljik JC(Mokpo

Bound)

(unit_: second)

LOS A

LOS B LOS C

Ind
X Nor

Entire| Diff | Nor

Entire| Diff | Nor [Entire| Diff

80th |157.5

159.2| 1.7 |169.9

173.8| 3.9 |184.4|186.7| 2.3

90th |[160.9

162.6| 1.7 |173.8

1779| 4.1 |186.7|191.4| 4.7

95th|162.6

169.9| 7.3 |177.9

184.4| 6.5 |191.4/196.4| 5.0

LOS D

LOS E LOS F

Inde
X Nor

Entire| Diff | Nor

Entire| Diff | Nor [Entire| Diff

80th |196.4

198.9| 2.6 |290.8

302.4| 11.6 |328.7|1336.0| 7.3

90th |204.3

207.1] 2.8 |302.4

321.7| 19.3 |343.6/365.3| 21.6

95th|210.0

216.0| 6.0 |315.0

336.0| 21.0 |376.2|1397.9| 21.7

H1Cc-9 3

LOS F77tel] thale

JCHEHIHS
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LOS A LOS B LOS C (E 16) SHC-L2UCMSLE) EHRIZE EM(LOS A
- o (Table 16> Analysis of Travel Time Distribution
e at Geumcheon IC - lljik JC(Seoul
s - Bound)(LOS A)

e (unit : second)
o I I I 50" TT | 80" TT | 80" TT | 95" TT
s - 152.7 159.2 164.3 169.8
ST S I T Histogram of Travel Time
LOS D LOS E LOS F Entire | o]
::: s N 200.07] )
oo *:Z . 100.0 150.0 ZD::,vemme(s::“ 300.0 350.0
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(Fig. 10) Analysis of Travel Time Variability at E‘ij
Geumcheon IC - lljik JC(Mokpo Bound) 1000
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(Table 17> Analysis of Travel Time Distribution
at Geumcheon IC - lljik JC(Seoul
Bound)(LOS F)

(unit_: second)

50" TT | 80" TT | 80" TT | 95" TT
610.9 7200 795.8 889.4
Histogram of Travel Time
Entire | ,*® \
£ /‘d\
0 500.0 va;l:::,l:z(sec] 1500.0 2000.0
50" TT | 80™ TT | 80" TT | 95" TT
604.8 720.0 795.8 889.4
Histogram of Travel Time
Normal | "]
Condition| £ ., [/V
g 200.0 ~¥
0 250.0 500.0 750. \?rmv:IDTOIGm:(SBJ,ZSD 0 1500.0 1750.0 2000.0
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Histogram of Travel Time
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