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A Study on Priority Decision for Roundabouts Implementation
using Analytic Hierarchy Process
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Abstract

Roundabouts are recently paid a lot of attention, but in the process of implementation, there are insufficient logical grounds
for clear criteria and priority of introduction. As a result, in determining priority of introduction of roundabouts, a local
government often depends on a policy maker’s subjective judgement. Therefore, this study was conducted to suggest
methodology for priority decision of introduction of roundabouts. Assessment elements of six main elements including accident
type at intersections and each one has three subelements. Survey was carried out targeting fifty-three public officials in charge
and experts in order to analyze the significance of each assessment element. The theoretical background of analysis is based on
AHP developed by Saaty, which is one of multiple criteria decision making methods. ‘Expert Choice 2000’ was used as a
software program. Five intersections representing different situations were selected as examples of analysis. It was also paired
with sensibility analysis to grasp how priority might be changed by different weight. Through this result, it can be inferred that
priority might change by manipulating field situation from other areas.

Keywords : Roundabout, Multiple Criteria Decision Making Method, Analytic Hierarchy Process, Weight, Sensitivity

too] = 20295 AYEtn A n AR FATH] A o5t} FaE A
* TR Adugn A FEE Bag

o FAZ G WAAA - At gty EEF5 vl R

T =AY c 20139 109 289

T EEAANY - 20139 11€¥ 03Y

T AAGAEY - 20139 12¥€ Y



AHPZ|H & ol 3%t M uRt2

olo|

2

3 67

229 2o

et

[.A &

1. GiHd & =55

A, sl 33t 3] 1A (Roundabout) <]
Aol gk FAo] FHTo| oA T EolA =Y
S gista Qe FAlolth Mtz e YrkARl
AHE AFH F5 o)1, 258 HE Hojn, ¢
o] HAAE AT AtagFol A Hadte
Aoty E3], HAZHAZA A BEZE B5$

el T
o] FHEZR ZFo A Foof FFAHQ

BAZ AdEe 5o FA7F =, olzs
< WA F Ae 78S AR Aok

20093 5-E A2t nE--dA A Azshet 3¢

A AL Sl AR AL 29 Ao 3]

%

51_:_

el

M

AR5,
Axkep Hajatel Q4o
g, Fduaz A
A BAG ADVIETH =G gt
vt o] oA edtk. whEbA APgAA A ol M= 3]

Aude =Yg 4z

23, 4FH9 S ERsy YA FH 3
=

f
e H

T

1=

=
ox
o
ro
ot
)
El
_);1_:{
fru
bl
fins
(3

Mr Moo
2 1% e
of
ol
N
)
rot

o
AV
rg,
N
N
ki

=

T

o
o
M

el

N

o, o

Process) 7| o]-&3le] A2

Eries

EEEE REE
FALHIL MES 6719 FABHFEL 18]

g2 AAsh 2 5o dist AlF
T2E AAsga, AHPZIYH Folle Az H7pd
Hyp oA Fridge] e, 2 AdMe &
59 7FEX(Weigh) S vl 71 34 H7PH &

283ttt
HAGEES 7SS 4AH57] 918kl AHP Al
STZE Aoz Auug fs 2EAE A4
MR, ZF 717159 A ae Saaty(1980)7F A
Fofstdet. olwj o] Ao At

it

W7 A 2 7§ &H ‘Expert Choice 2000’2 Al&
SHAY] AEE 7SR A8 Saaty7h
S HL3l9d. o71A, Saaty7} A|o+3k
1970t 8] AJFEE o] 409 ds AUte
B Aol ik o] FR
Aok olgt o]f 2 AAIA AEIES
A elME 7}
W Eolth kA

o 1WE AgduA gk
]

v

Mo o & o g

3 A EE YAAIRIS(CR, Consistency Ratio)S AHE-
33tk Saaty= ©] ko] o.1m|wtold ]l A
Zhe Ao® #aEa, Hd) 020Ut =

1o ox

o
JL U e V< U o= ]

Bt

jus)

”
oo
2

Ao g2 Ve Feedbacksdle] H]
U A EsI, Bgshs 3
FEal A ) Et T2

223 94 23 ehe) AR 197

)
rO
4z
M
tlo

tlo rlf mi N ok fob
L

-

WEARZLWAR F 57 AR i) SR}
2 =99 AE9E 2Asisinh

88 EITSE3| =i

124, 6220139 129)



AHPZ|H & ol 3%t M uRt2

SRR RAsE Bl Huel vzl me) Wgw
o @77} o= AEAbE BHY S A Az
£ Aot & a7 oled 4
o, HAGEe) AHEAE WA BagreRA o)
oz 4T ) BAZY EQ9AE} ol
A WA et 4 itk Expert Choice
2000904 7Fs "

FANYE, BN, 23

uzte 124

7d AFANLE, TFER}
o|RIZE 9] 57kA] W el Ut ToAME T4
917+ = (Dynamic Sensitivity o] 4319t}
olggt W&oz ZaH= FRRGE
ago® Yepld <% 1>3 2k

r

M
1%
(g ok rfT
i)
tlo

£

Purpose and Background of Study |

| Theoretical Consideration |

V)

Hierarchy of Assessment Elements and
Establishment of Assessment Indicators

L

Survey

No(CR>0.1)

Investigation of
Consistency Rate

Yes(CR<0.1)

Computed Weight for each Assessment
Element

S

Priority Decision of Introduction of
Roundabouts
(Five Intersections in Gyeongsan-si)

Sensibility Analysis
(Based on Weight Change of each
Assessment Element)

V)

| Conclusion |

(ag 1) o7 9
(Fig. 1> Methodology of this study

AHP7|HS ©]-83 agitore] d7<= vt 2tk
AHTF0R)E E2ANYY FAEAE 26
g QoM thr|EAEA M Multi Criteria Decision
Making) % AHP7|®HS 83190t} & ©] Aol
A OJAIZEA] ABAG el AgSHAl thRoRd &

A2 2, FUADY AT 5L WIF
FYHIIE AN A3} GRS AEAE A
Hoka 2 428 AR o E2EANATY
bl 7122 vhastenh 8, AHPYINE A
gahe god) AR BAF BRI 2
o HrhtdeAol Be 7

2 o
2
=
= Ho
X =
rr o=
N L
oy
=
o
N
N
i)
=
1o
o,

2

N
=
lo,
ol
o
=]

£ a
SA!
fetl
B
Y
o
2
Ay
Ho
e
i)
o,
]
¥
rr

BN
o
Sk

ol
it
i
o
)
r—o
o,
2
=
&2

Ho 1z

~
[\®)
(=)
=
=
N
rlo
>
=

o ol
2

ol

4z oXx

N
XN
=2

o & ooy
wo 2 ot rlo
F{E 2
x 2
o 1o

S~

>
flo

o,

td

1,

=

e

tlo

>

jn
O
0,
o
N
.l
o
I
o
hu
fr
o

= 1
2
tilo
>
>
_0|L
3R
e
M
1
i)
i)

A T
. AEA o
T = S
2 Jeda, 34F gAogs AxAn]
Het £07 Yeigth o]d Ade
o wFAt AU AE FH- AT
FAE 712AEI 2 F A4l

AR = & B3 AF=
Aed, Y 52008 29 ATto)A
& wFxANAY FHuaE EYEHRE o
T} 2312 WY 47 WRE Ao Z Thek
A@AZ F9H, =29 A, IHn
)y e EAAUEE AAdsEtar, o

el Wt teA) Yeke sdnie

1 o

lo o
LN
3

0

7 A=

_g.ié

i

o
e

El

ol

2

o
v

ol

N

b=}

.
T

2
e 10 ol

X
o
&
o
=

al
o
o
o
=2

]

it
9

A3

<]
al

O

i ofm
o

ofil ofm ot u
=
olN ox Jm

o i

o]

Vol.12 No.6(2013. 12)

The Journal of The Korea Institute of Intelligent Transport Systems 89



2

229 2o

3 67

et

43k 1 A #EE

Bl g

[¢]
Jetiet. Al ZYas o] 5,000t/

2

o et > 2
2
ofp
M
ot
N
oty
=
oo
o
N
N,
rlr
poy
o
fru

o i T 2oty o Mo P Rl AT
4 Fu
B[l
2 >,
o fol
D El
ro —HE
i) o
i) 2
il R
N o
X Ho
Kl 2
E (
2 ﬂttg g
LaCl
J o
[ 4y o
o =
o2 —
_ﬂ

~
=
5
rr
=
ofo
ol
B>
K

ox o o>

M Lo % o S ¥ K

il

o & g £

2 ox | m
o,
:
L
tlo
2
olo Mt
ofr
ol
2
b
to,
=
of
2

£ore &
ofj
e Mo

o
=

I

K
4 =
s
T

1. 8ot ASTY ¥ FIKE 43
AHP7IM ] 7P} 2 54L& #AS 7%k o
I HteAES Fake ARALER U
of AZgsta, A5E 2450 dF Aduns
oo a5 diH FLEE EEshe H Ao
& A7dME @IFALAE, O
ey, OFHHENAE, QFHEAE, ©AF
54, OuAzARe] o/ Fe9dES 74 5
d e shelErtdEE st ASTEE
PG 1 v FEER VA Foldte
IHuAR =9de] $AeE Adsin

(1) gte=

(Table 1) Assessment elements

Element Subelement

- Accident involving single vehicle

Accident type at - Vehicle to vehicle crashes

intersections . .
- Vehicle to pedestrian crashes
Expected
P - Safety
effectiveness of .
improvin - Reducing delay
'mproving - Low speed
intersections
. . - Signalized intersection
Circumjacent gnanzec . .
. . - Non-signalized intersection
intersection

- Roundabout

- Commercial area
- Residential area
- Industrial area

Circumjacent land
use

- Resident preference
- Link to circumjacent road
- Economic effect on circumjacent region

Regional
characteristics

The current |- Traffic volume
situation at - Street trees around access road
intersection |- Type of passing vehicles
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(Table 2) Survey outline

Contents of survey

Subject

1. Priority of introduction of roundabouts using AHP
(Computed weight for each assessment element)

2. Evaluation of introduction of roundabouts using
AHP(Assessment of each intersection)

21 public
officials
in charge,
32 traffic
experts

(£ 3) 51982 Y 25 B %

=
SR

(Table 3) Significance of consistency rate of
subelement before and after validation

Global Priority
Assessment elements
Before | After
Accident involving single vehicle | 0.008 | 0.011
AC.CIdem l?fpe Vehicle to vehicle crashes 0.037 | 0.070
at intersections
Vehicle to pedestrian crashes 0.108 | 0.111
Expected Safety 0.138 | 0.140
effectiveness of Reducing delay 0.016 | 0.013
improving
intersections Low speed 0.033 | 0.031
Signalized intersection 0.029 | 0.046
Cireumjacent |0 Gonalized interscction | 0,054 | 0.073
intersection
Roundabout 0.013 | 0.029
Commercial area 0.030 | 0.021
Circumjacent Residential area 0.102 | 0,076
land use
Industrial area 0.011 | 0.007
Resident preference 0.023 | 0.010
Regional Link to circumjacent road 0.068 | 0.031
characteristics Economic effect on circumjacent
. Y 0.016 | 0.006
region
Traffic volume 0.127 | 0.127
The current
situation at Street trees around access road | 0.151 | 0.146
Intersection Type of passing vehicles 0.036 | 0.056
Total 1.000 | 1.000
Overall Inconsistency 0.24 | 0.06
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(E 4) stelg7ieds S8 22 fM=9
(Table 4) Priority of comprehensive significance
of assessment subelements

Assessment elements Local | Global Priorit
Priority | Priority Y

Accident involving single 0057 | 0011 15

vehicle - - =
Accident type (E b) dA7OiA WXz E2
at Vehicle to vehicle crashes| 0.364 | 0.070 7 (Table 5 Characteristics of intersections selected
intersections as case study
Vehicle to }Fedestnan 0578 | 0111 4
crashes M A|B|C|D]|E
Safet 0.761 | 0.140 2 i i i
Expected ey ACC.I deln ! 1n;f)l;/mg 0 1 0 1 0
effectiveness ed dol 0073 | 0013 simg'e vehcle
. . Reducing dela .07 .01 14 ;
of improving ¢ Y Accident Vehicle to vehicle
intersections type at crashes 6 1205176
Low speed 0.166 | 0.031 10 intersections” "
Vehicle to pedestrian
Signalized intersection | 0311 | 0.046 | 9 crashes 9 |3 |10} 810
. . e . " o ol o o
G| Nt g oo |6 e
Circumjacent Residential area O O X x )
land use
Roundabout 0196 | 0029 | 12 Industrial area | x | < | x | x | x
Commercial area 0.199 | 0.021 13 .Signaliz.ed “ o « o N
Circumiacent intersection
Y Residential area 0733 | 0076 | 5 o
land use Circumjacent | Nonsignalized | | | o | . | o
Industrial area | 0.068 | 0.007 | 17 intersection | intersection
Resident preference | 0.208 | 0.010 16 Roundabout O I O R
Regional  |Link to circumjacent road| 0.661 | 0.031 10 The current
characteristics situation at Lane(Two-way) 2 6 2 4 1
; intersection
Economic effect on 0131 | 0006 18

circumjacent region

Traffic volume 0387 | 0.127 3
The current
situation at [0t “"esrj;g““d access) 0443 | 0146 | 1
intersection

Type of passing vehicles| 0.169 | 0.056 8

Total - 1.000 -

1) Accident type at intersection is based on accidents from 2009 to
2011
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(Table 6) Results of priority decision based

234

on weight
Intersection
Elements A B ¢ b E
Accident involving single | 446 | 0429 | 0,048 | 0.420 | 0.048
vehicle
Vehicle to vehicle crashes | 0.082 | 0.655 | 0.053 | 0.128 | 0.082
Vehicle to pedestrian | 195 | 0,028 | 0327 | 0.124 | 0327
crashes
Accident type at | 161 | 191 | 0250 | 0.142 | 0.256
intersections
Safety 0.402 | 0.040 | 0.220 | 0.220 | 0.118
Reducing delay 0.126 | 0.444 | 0.098 | 0.254 | 0.078
Low speed 0.383 | 0.092 | 0.115 | 0.229 | 0.182
Expected effectiveness of | 30y | 975 | 0,194 | 0.224 | 0.126
improving intersections
Signalized intersection | 0.048 | 0.429 | 0.048 | 0.429 | 0.048
Non-signalized intersection | 0.310 | 0.034 | 0.310 | 0.034 | 0.310
Roundabout 0.200 | 0.200 | 0.200 | 0.200 | 0.200
Circumjacent intersection | 0.220 | 0.170 | 0.220 | 0.170 | 0.220
Commercial area 0.048 | 0.048 | 0.429 | 0.429 | 0.048
Residential area 0.310 | 0.310 | 0.034 | 0.034 | 0.310
Industrial area 0.200 | 0.200 | 0.200 | 0.200 | 0.200
Circumjacent land use 0.260 | 0.260 | 0.110 | 0.110 | 0.260
Resident preference 0.148 | 0.097 | 0.246 | 0.158 | 0.351
Link to circumjacent road | 0.101 | 0.355 | 0.251 | 0.101 | 0.192
Economic effect on 1 179 | 0202 | 0.154 | 0384 | 0.181
circumjacent region
Regional characteristics | 0.108 | 0.281 | 0.238 | 0.148 | 0.225
Traffic volume 0.306 | 0.054 | 0.154 | 0.104 | 0.382
Street trees around access 0316 | 0,060 | 0247 | 0.135 | 0.242
road
Type of passing vehicles | 0.296 | 0.076 | 0.210 | 0.104 | 0.313
The current situation at | 309 | 0,061 | 0209 | 0.119 | 0.303
ntersection

A. Intersection of the east side of Kyongbuk Development Corporation
B. Youngdae Ogeori, C. Intersection in front of Hwangje Mansion
D. Kyongsanyeok Intersection E. Dachak-ro Ogeori
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19.4% Accident type at intersections

24.3% Eapected effectiveness of improving inti
12.6% Circumjacent intersection

113.0% Circumjacent land use

5.3% Resident preference

25.4% The curent situation at intersection

(E 7) dz=4 2
0

(Table 7) Results

(Unit: %)
Rate| A B C D E
Intersection ©268) | (143) | @0.1) | (15.3) | (234

Accident type at| *20% | 263 | 146 | 204 | 153 | 235
intersections | 0, | 273 | 141 | 199 | 154 | 233

Expected | 1209 | 276 | 136 | 201 | 158 | 227
effectiveness of

improving
intersections

20% | 26.1 14.8 202 149 24.1

0 1 2 3 4 5 6 .7 8 9 1 0 A .2 3 A
@ Accident type at intersections(+20%)

23.2% Accident type at intersections

23.1% Expected effectiveness of improving int
12.0% Circumjacent intersection

12.4% Circumjacent land use

5.1% Resident preference

24.2% The curent situation at intersection

Circumjacent | *20% | 267 | 144 | 202 | 154 | 234
intersection | 0% | 270 | 142 | 201 | 153 | 235

Circumjacent | *20% | 268 | 147 | 198 | 152 | 235
land use | 20% | 268 | 140 | 204 | 154 | 233

Regional +20% | 267 14.5 202 153 234
characteristics | 209, | 27.0 14.2 20.1 15.3 234

(a8 2) SHIYT 24 of

(Fig. 2> Examples of dynamic sensitivity analysis

ofe 4 wAZ AT Qe dAd M 54
F BHYRE AAAADEA, WHAD 55 37
WA =99 $ALNH g FE 9eg o
W3 glek Ee, old e BANES B hE A
QolAE $HNE BYHE ALE I BE
@ 4 gk

I 1

< 7> AYEE S £20% HIAAHS W, 4
grol oGA ®slsl=AE 4%
ZAsfo|ty, AWAE 26.1~273%, BuAE 13.6~
149%, CA}2 19.8~204%, DILAE 14.9~15.8%,
EXAE 227~24.1% Alolol A Z+z Wglsiic) 7t
wapR e oA o] Ztol= UJARE, 7|7t o
AZ B=g FEoA 2ol WsleldonE =Yy
Al tigk wiske fISleh B8 £20% A E
MNe THSAE SASHE e F s TE
A HststA] es o T Atk

AE T ) FES JoE At 7|
e £20%4 FTHAATPAA A9l wist
wAs AT o7 s T wAR/fdE ¢

o%
1=
1B
N
ofN
©

N

9
N 7R BRI e, <E 8>dlA Hee
AAE 40% o)A $-Awsd i sk of

A

The current | +20% | 27.1 13.8 20.2 15.1 239
situation at
intersection | 20% | 26.5 14.9 20.1 15.6 229

Priority 1 5 3 4 2

# Parentheses is the percentage of total assessment based on current
data base

(£ 8) &=utE TAEez B7IAZ] 4ot
(Table 8) The result of increasing the value of

elements
(Unit: %)

) Rael o ' B | ¢ | b | E
Intersection

0% |268 (1)|14.3 (5)[20.1 (3)|15.3 @)|234 ()
+20% |27.6 (1)|13.6 (5)|20.1 (3)|15.8 @)[22.7 )
20% |26.1 (1)]14.8 (5)[202 (3)|14.9 @)|24.1 2)

Expected | +40% (283 (1)|13.4 (5)/20.0 (3)[162 4)[22.0 )
gfﬁ;ﬁi‘:ﬁ; 40% |25.4 (1)|152 4)[202 (3)|14.4 (5)[22.0 2)
intersections | +60% [29.0 (1)[13.0 (5)[20.0 (3)|16.7 @)|21.3 (2)
60% |24.7 (2)|15.6 4)[203 (3)|14.0 (5)|25.5 (1)
+80% (29.7 (1)|12.6 (5)[19.9 (3)|17.1 4)[20.7 2)
80% |239 (2)|16.1 @)|203 (3)|13.5 (5)|262 (1)

% Parentheses is priority of assessment
[ is intersection where priorities change
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