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ABSTRACT

PURPOSES : This paper aims to improve the evaluation method of the Level of Service(LOS) for urban streets presented by the current
Korean Highway Capacity Manual(KHCM) and suggest its utilization plan as a part of the methods to evaluate the sustainability of a
transportation policy.

METHODS : This paper carried out a research in 3 steps to develop a new evaluation method. First of all, this paper reviewed the previous
studies related to the LOS of urban streets and the socially requested items for a sustainable transportation system. Then this paper derived an
index and weight through expert questions to select an evaluation index. Lastly, this paper compared the results according to the existing
evaluation methods with the new evaluation methods through case studies. This paper used an Analytic Hierarchy Process(AHP) for
importance analysis and weight selection between new evaluation items and indices, and applied a Grey System Theory(GST) for a synthetic
and integrated evaluation between the selected evaluation indices.

RESULTS : As a result of evaluating the LOS according to the existing evaluation methods and the integrated evaluation methods using a
GST through case studies, it was analyzed that new methods' results are less than or equal to the existing evaluation methods; and as a result of
applying a weight between evaluation indices according to AHP, it was noticed that the total score seems to rise more when the LOS in the
existing evaluation is calculated lower. It was analyzed that the LOS calculated by reflecting the newly established evaluation items and the
importance between indices in this study has difference from the LOS of the existing urban streets.

CONCLUSIONS : Tt is expected that this evaluation method can diagnose the current conditions when establishing a future sustainable
traffic system and can be used for the measurement of the sustainability effects of the improvement plans and so on.
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Table 1. Urban Streets LOS by Class

Delays’ast'srea?%n(,jee?;ee of Grssruﬁzis’eengéyalr Urban streets class I Il Il
sccnert ameniy. o, | Sposcar) Gy | <% | <75 | S8
Typical FFS(km/h) 80 70 60
v Me|aez Average travel speed (km/h)
A > 67 > 60 > 49
Integrated evalue?tion- of servige folr- urban streets B > 51 > 46 > 39
considering sustainability
C = 37 = 33 > 29
Fig. 1 Background and Purpose of Research b =28 =2 =20
E =21 > 18 =12
F =10 =10 >8
1.2, Ao Hel & FF >6 >6 >5
71E B A2e Brpgae uag 9ia A i <6 | <6 | <5
HAFe G A FREE F A9y dj#], w note : Urban street classes are divided into three types
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Table 2. Summary of Research on Road Evaluation and Sustainability Index

Subject Author(year)

Research

Jung, Hyeonyoung

Analysis on correlation through amenity, aesthetics, safety, and convenience index

(1998)

Son, Banghoon |Road service evaluation considering qualitative factors such as aesthetics,
(2006) maintenance, user behavior, information, and other conditions

Road evaluation - - - - - — —
Kim, Taeho Service quality evaluation through network analysis considering qualitative factors

(2009) such as sidewalk usage pattern, walk view, sidewalk maintenance, level of walk

Aimee Flannery |LOS reevaluation based on individual drivers’ satisfaction while they are watching
(2004) a video showing actual road driving situation

Hong, Gapseon

Evaluation based on 50 indexes including air pollution, noise, water pollution,
waste, energy consumption, land usage, price structure, taxation, transport share

(2002) rate, transportation facilities, number of vehicles, traffic safety
Kim. Dohwan Evaluation of urban sustainability of 34 cities based on 18 indexes of 6 categories
) - 62007) including public transportation, green transportation, environment, energy, traffic
Sustainability safety, and informatization
index
. Establishment and functionalization of economic, social, environmental feasibility
Lee, Shinhae . ) ) . . .
(2009) indexes,Time series and cross—sectional evaluation and understanding
improvements
Lee, Jingak Introduction of link & place to pedestrian areas. Integrated evaluation as
(2010) sustainability indexes considering road function and used land characteristics
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Table 3. Evaluation Indexes Primarily Chosen

Classfication Evaluation index Unit Evaluation items
) Average travel speed km/h Car travel speed
Economic - - ; . : .
Traffic Congestion Price KRW/km Traffic Congestion Price
Greenhouse gas emission ton Greenhouse gas(CO,) emission
) Air pollution emission ppm CO, SO,, 03, NO,, PM;g
Environmental - : — —
Energy consumption 1000L/person Energy consumption based on gu and gun
Car composition ratio percentage(%) Car dependence
No. of traffic accidents cases/year car—car, car—person
Social No. of illegally parked cars percentage(%) No. of illegally parked cars
Satisfaction level for green traffic scale of 8 Walk, bike—related facilities and environment

Note : After a survey with experts, traffic congestion costs were excluded. Environment section was recomposed with air pollution
costs (KRW/km) based on CO, and traffic noise. ‘Equivalent property damage only’ was applied to the number of traffic
accidents to reflect the severity of the accidents,

Table 4. Final Selecttion Evaluation Index and Grey Category composition

o o Grey Category
Classfication Evaluation index Standard
A B © D E = FF FFF

Average Travel speed | =670 | =51.0 | =237.0 | =228.0 | =21.0 | =210.0 | =6.0 | <6.0 | Note 1

Economic Average Travel speed |l >60.0 | =46.0 | =33.0 | =25.0 | =18.0 | =10.0 | =6.0 | <6.0 | Note 1
Average Travel speed Il >49.0 | 239.0 | 229.0 | =220.0 | 2120 | =8.0 | =5.0 | <5.0 Note 1

Air pollution costs <523 | <523 | <564 | <6.15 | <6.82 | <7.74 | <9.10 | <11.42| Note 2

Traffic noise <50.0 | £50.0 | <542 | <583 | <625 | <66.7 | <70.8 | <75.0 | Note 3

Environmental - -

Energy consumption per capita| <0.10 | <0.10 | <0.25 | <0.40 | <0.55 | <0.70 | <0.85 | <1.00 | Note 4

Car composition ratio <10.0 | =10.0 | <20.0 | =30.0 | =40.0 | <50.0 | =60.0 | =70.0 | Note 5

Traffic accident severity <01 <01 | <04 | <06 | <09 | =12 | =14 | <17 | Note 6

Social lllegally parked cars ratio <30 | <30 | £80 | =120 | £17.0 | £21.0 | £26.0 | £30.0 | Note 5
Green traffic satisfaction =280 | 270 | 260 | =250 | =240 | =230 | =220 | <20 | Note 5

Note 1: Service level standard for urban and suburb main roads from Highway Capacity Manual applied. Average travel speed was
classified into three types depending on the function, design level, and conditions of the roads

Note 2 : Based on the revised and supplementary study on pre—feasibility of road and railway projects (the 5th edition)
Note 3 : Roadside standards from Environmental Policy Act (annexed list 1) applied

Note 4 : Based on energy consumption statistics of 74 gun and gu roads in the 7 major cities

Note 5 : Categories made based on field research and literature

Note 6 : Improvement plans and effect analysis standards for 2010 traffic accident—prone areas

78  International Journal of Highway Engineering - Vol.14 No.é



s A7t RS Fote] HF B RE 2A53
o % 3149 Awrt & 5 289(90. 3%) ] A
W7k w9 e 2R 11]74]7} A Asleial -§Eato]
WA RE HE dAsAT ARE B A EE
Table 49} ZFo] Grey Category©l wet & 87&
A~FFF7HA] 4498kl ct
3.2, gdacie H xiEeHE

AT TS AHFAA W FRER F A vjA], aF
9 A B Este] AR, AUR, AFE 3
EA(Fig. 2 A2 =

Ho5~atte]5, 1.17km
S+ 704, 1.53km

Fig. 2 Case Study

3.3. 7|=4tHo] ofst "It

S Y A5 AEE 9 SRR B4 W
It ® Ao whet @ H-F A](08:00~09:00)
o] Mu|lAeEs A% 21} HRIEE= D~E, Fd=Es
E, JFE& D~F =222 YelYt} Table 6%-H
Table 87H]= A7t =M e) A7 BAA9E
[okst Ao|t},

Table 6. Analysis Result of Gyeongin Road

Section Length| Time lrae\;eo: Section | Total
(km) | (sec) | °P LOS | LOS
(kph)
Swimteo Park4
. Seokbawia | 083 |10407| 287 | D
Seokbawi4 — 307
Juan KB—banks | 980 | 101.60 | 283 D >
Juan KB-bank5 056 | 5148 | 392 c
— Juwonchogyo4
Juwonchogyod—
Juan KB-banks | 96 | 7833 | 257 | D
Juan KB—bank5 186
. Seokbawid | 080 | 12226 | 236 | E :
Seokbawid—
Swimteo Park4 0.83 | 22438 | 133 F

Table 7. Analysis Result of Gyeongwon Road

Table 5. Collection and Observation Data Based on Sect Lengln| e Travedl Section | Total
Evaluation Item of Subject Sections Seioin km) | (sec) S(ief]) Los | Los
p
Gyeongin |Gyeongwon| Injung
Classfi L Bupyeong Park4
Road Road Road 0.60 | 124.72 17.3 F
cation Evaluation index — Bupyeong Stn.5 18.5
EB | WB | EB | WB | EB | WB BubvVEOnd Stn.5 E
Econ| Average travel E-yGu|§ari5. 0.57 |102.46 | 20.0 E
! ok 30.70[18.60(18.50|21.40(29.50(13.20
omic|  speed Guldari5 —
) ) 0.57 77.75 26.4 D
Alr pollution 1 314519 12.24|11.10| 9.22 | 15.14 Bupyeong Stn.5 21.4
costs E
Bupyeong SIS | & | 11933 | 181 E
nviron .
mental E”ergeyrcc(;’;tua’l‘f“on 0.37/0.37/0.33/0.33|0.49|0.49
c " Table 8. Analysis Result of Injung Road
ar compostion a9 00/65.00/57.00/59.00/54.00/42.00
ratio Travel
Trafi ident Section Length| Time E— Section | Total
retie ancte™ 1149 149 | 158 | 158 | 1.31| 131 (km) | (sec) Hes | e
severity (kph)
Hwasud —
Social| Megally parked g ;| 4 341508 |385(033|0.33 wasu 100 | 8751 | 411 C
cars ratio Songhyeon4 205
i Songhyeon4 — D
Green raflic | 5 951392 14.00|4.00|3.44 | 3.44 gny 053 | 9951 | 192 | E
satisfaction Hwanggeum gogye4
Note 1: * Se\ec ed based on field observation, survey, data Hwanggeum gogye4 053 | 357.38 5.3 FFF
* literature and statistics, *** observation data — Songhyeon4 13.2
3,600 xinterval length — F
Note 2 @ Average travel speed= Smerval fenst Songhyeon4 1.00 59.19 60.8 A
travel time per km X interval length+approach delay Hwasu4
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Step 1

Unit standardization for each Grey category

Step 2

Max and unit standardization of observation matrix

Step 3

Calculation of standardization for each Grey category

Step 4

Weight calculation and total grading among evaluation indexes

Step 5

Selection of the highest score among Grey category

Fig. 3 GST Evaluation Steps

3.4.1.1. 14 : Grey Category H¥E &3}

2% AAH H7HA E(Table 4 F2)2 43 87)
o] Grey Category©ll tfsto] &9 AdigtE 7k
HEE 7208 77 g Uiro] &) 2235

yotct, EEshe FHoighe 10] o zb sy

i

M5 2o dgslt 715 oz Wster, 1
AE A1 ERE 2H5HHE ths Eq. (3) E Eq. (4)
oF 7t
Nl)l ’ Nl)z ..'k(l)p
L
7\’Onl ’7\’(::12 7\’(:1;;
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[1.000 0.767 0.550 0.417 0.300 0.167 0.100 0.100 ]
0.458 0.458 0.494 0.539 0.597 0.678 0.797 1.000
0.667 0.667 0.723 0.777 0.833 0.889 0.944 1.000
3 =| 0.100 0.100 0.250 0.400 0.550 0.700 0.850 1.000
0.143 0.143 0.286 0.429 0.571 0.714 0.867 1.000
0.059 0.059 0.218 0.371 0.529 0.688 0.841 1.000
0.100 0.100 0.267 0.400 0.567 0.700 0.867 1.000
L 1.000 0.875 0.750 0.625 0.500 0.375 0.250 0.250 ]
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Table 9. Unit Standardization of Observation Data

Econo

) Environmental Social
mic

Energy|
Air . |consu &0 Traffic llegally Gregn
parked| traffic

. |Traffic| " ."~|compo| .
pollution| . “|mption| .~ " laccident )
speed noise sition . | cars |satisfa

costs per . |severity . )
[l ratio ratio | ction

capita
Gyeon| 0,51 | 0.79 | 0.93 | 0.37 | 0.99 | 0.87 | 0.17 | 0.49
gin
Road | 0.31 | 1.07 | 0.93 | 0.37 | 0.93 | 0.87 | 0.14 | 0.49

Classfi|average
cation | Trael

Gyeon| 0.31 | 1.07 | 0.86 | 0.33 | 0.81 | 0.93 | 0.20 | 0.50
gwon
Road | 0.36 | 0.97 | 0.86 | 0.33 | 0.84 | 0.93 | 0.13 | 0.50

. 0.49 ] 0.81]0.94 049 | 0.77 | 0.77 | 0.01 | 0.43
Injung

Road

0.22 | 1.33 1 0.94 | 0.49 | 0.60 | 0.77 | 0.01 | 0.43

3.4.1.3. 394 :
1, 22AIE AA 223 G2 Grey Category'd
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Table 10. Functional Formula of Different Grey Categories

FACH When smaller than the minimum value
- 1 dy€l0, 2]
DA, —d,
'(d’): 7/416[7&,’ ]
‘ 1= g, M
4 ®&  dy L0 dy £[0, @)1
When within each category range
S
v d,-® ), d,e[ @)1,
1.0 ku - }"i/
fd)=1 b g ey )
®4, 4y @4 dy ®hy— A,
0 dy el @2, @)
A4 When larger than the maximum value
1 € [Ay, ]
. d, — @\, _
d)=1 0 de [@hy, Ay
| @)= el hy
7 dy 0 d gl @Ayl

Wi  —4—B  —d—C =D  =—E F FF FFE
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Table 11. Weight Calculation among Evaluation

Indexes (example)

Evaluation Grey Category
index A|lB|C FF | FFF
Average Travell ,o110 24210.156(0.10510.067/0.0340.018|0.016
speed |l
Air pollution 13616 145/0.140(0.136 0.138/0.1450.157
costs
Traffic noise |0.189]0.210(0.204/0.196 0.181/0.171|0.157
Energy
consumption {0.028|0.032|0.071|0.101 0.143]0.154|0.157
per capita
Car C‘:;f;os'"o” 0.041(0.045/0.0810.108|0.128|0.1450.156| 0,157
Traffic accident | 1716 01910,062/0.094/0.119(0.140| 0153 0.157
severity
llegally parked|, 14/, 530/0.075/0.101 0.143/0.1570.157
cars ratio
Green traffic |, 6,10 276/0.212/0.158 0.076(0.045(0,039
satisfaction
Total 1011 1] 1

Table 12. Total Evaluation of Grey Category

Classfi » | 5 | ¢ | b FF | FFF

cation

Gyeon| 00162 0.0181 | 0.1492  0.1067 0.3728| 0.1674
gin

Road | 0.0211]0.0235|0.0350 | 0.0916 0.3219] 0.2739

Gyeon| 00116 | 0.0129 | 0.0789 | 0.0622 0.1779| 0.2491
gwon

Road |0.0236]0.0263|0,0459|0.1053 0227702247

Injung | 0:0288 00035 0.0887 | 0.0878 1|0.4597/0.0080
Road |0,0317|0.0039| 0,000 | 0.0452 110.2834 | 0.1761
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Fig. 59 Zo] 2AREAES™, Consistency
Index(CD$} Consistency Ratio(CR) #3523 A3t
do] A& A= UeEytt

oo 0.427 0.387 Social 0.186
index index

0.293 0.272 ‘ 0.280 0.155 0.481 0.
[ T I |
Energy
consumption
per capita
0.108

13 0.326

Traffic Tlegally-
accident parked car
severity ratio

0.086 0.040

Green
traffic
satisfaction

0.061

Traffic
Noise

Average
travel speed

Air pollution .

0.427 0.113 0.105 0.060

Fig. 5 Relative Weighting Between Evaluation
ltems and Index

A

T;

e

(a) East Bound (b) West Bound

s als|as|nls Bz
f e |

(a) East Bound (b) West Bound

Fig. 8 Comparison of Before and After Applying
Sustainability Weight to Injung Road
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Grey CategoryE 872 EF5}¢
2 EB9} Q152 EBY Au|AasES =
g 23t LOSE= DeEol oy A47HsA4S
23t Frlo| A FRY WE2 F7hE

E3H AETRsA 7HEAIY] A8 Al At
g HFE o] glovy AYRe] A
NHE Z2FHSLET ZolRH T L
0.26520014 0.38322 44.5%, WBE 18.2% %715+
CHTable 14 F=

Z).

Table 14. Overall Comparison of LOS of Each
Evaluation Index

LOS based on LOS based on new evaluation

ot method
Fig. 6 Comparison of Before and After Applying Classfication| € TX'St_“”g
Sustainability Weight to Gyeongin Road eva ltf |(<j)n Before applying| After applying
e weight weight
* o Measure of |Average travel| Total score of each category
~ e Effectiveness| speed(km/h) (points)
) o Gyeon| gg | D (30.7) F (0.3728) | FF (0.3097)
gin
- I 1 | I Road |WB| E (18.6) F (0.3219) | E (0.3040)
HEEIEY 3|z ulxnlzuls]ula|nlz|n]e|ul]a2]
| SRR Y Gyeon| gg | E (18.5) E (0.2652) | E (0.3832)
gwon
(a) East Bound (b) West Bound Road WB E (21.4) E (0.2347) E (0.2774)
Fig. 7 Comparison of Before and After Applying Injung | EB D (29.5) F (0.4597) F (0.3698)
Sustainability Weight to Gyeongwon Road Road | wB F (13.2) E (0.2834) E (0.2970)
Table 13. Comparison of Before and After Applying Sustainability Weight
A B c D E F FF FFF
Classfication
Before| After |Before| After |Before| After |Before| After (Before| After |Before| After |Before| After |Before| After
Gygon EB 10.0162]0.0196|0.0181|0.0205|0.1492|0.2408|0.1067{0.1552|0.0993|0.0771]0.0703|0.0578|0.3728|0.3097|0.1674 | 0.1192
gin
Road | WB |0.0211/0.0247|0.0235|0.0259(0.0350|0.0331|0.0916|0.1060| 0.1682|0.30400.0647/0.0506| 0.3219|0.2416 10.2739| 0.2139
Gyeon| g 0.0116{0.0137(0.0129|0.0143|0.0789(0.0759|0.0622|0.0747|0.2652/0.3832/0.1423|0.1073|0.1779|0.12730.2491|0.2035
gwon
Road | WB 0.0236/0.0278|0.0263|0.0291/0.0459/0.0508|0.1053|0.18240.2347|0.2774| 0.1118 |0.0857|0.2277|0.16470.2247| 0.1822
Injung EB ]0.0288|0.0342|0.0035/|0.0039/0.0887|0.1646|0.0878|0.1591|0.1254|0.1082| 0.1981|0.1533|0.4597|0.3698/0.0080|0.0068
Road | wB |0.0317/0.0358/0.0039|0.0041/0.0000|0.0000(0.0452|0.0441|0.2834]0.2970) 0.1761|0.2631/0.2834| 0.2131 | 0.1761 | 0.1427
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