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Comparative Evaluation of Staggered Pedestrian Crossings
and Pedestrian Crossings by Using Risk Analysis

ABSTRACT

This research is the study on the comparative evaluation of SPC (Staggered Pedestrian Crossings) vs PC (Pedestrian Crossings) using
risk analysis. Accident factor was elicited by survey of driver's and pedestrian’s at SPC & PC. I estimated the weight of a risk of violation
and a mental burden by AHP (Analytic Hierarchy Process) and compared degree of risk at SPC AND PC. In conclusion, a new
alternative plan of a pedestrian crossing system, staggered pedestrian crossing which plays an important role in traffic flow, pedestrian’s
crossings which plats an important role in traffic flow, pedestrian's convenience and traffic safer is sager than pedestrian crossings the
degree of risk used this study doesn't imply an measure of the number of accident and the rate of accident, in estimating the degree of
risk of pedestrian crossings, we should analyze more data of accident, behaviors, and road circumstance to include driver's and
pedestrian’s violation behavior in an estimate index.

Key words : Pedestrian accidents, Staggered pedestrian crossings (SPC), Pedestrian crossings (PC), Degree of risk analysis, AHP (Analytic
hierarchy process)

Oll

2 132} P S B3 291 FEIRAL, HaAke] 4]g]
bt Sule] A9 A azs B i Ee] A
5 B8kl A E WFE 3 72E Atk Ryt
2 5 e Al P 2L AA8A S wkgsh] Slete] AR itﬂ(AHP Analytic Hierarchy Process)& 53t 7}%%]
(Weight)E 2Hg38lar, 2AM8-S 53 A stete] 19 2418 Fsi3leh o e QukElvh T o] 93w WobAT, AEA 9
ST = 2L o dis] o] 3w =(0.318) 7] URE T =(0.241)9) v]3] 571] veRg o, Haiz} 9uk ghEo) o3 2 ‘ﬂ'%]%i
£(0.241)7} o SR ER (0. 130) 50k 3] LhERLE R eEA @ 2ol mhE Ad)E $)w ksl ek w(0.482)7) o] ek vk w(0.448) KT}
1.084] =& Ao = F4 ). thik, Begzte] Aeld Faitolghe A4 B/\e 3 LRk T =(0.503)7} o P v =(0.462) 2
”"417‘4 S1FE B} LO9W) &8 2o R fAwo] Baate] ey Bk Eitetrieke AR Tl R Ao A x)d ojd Rt =7 At
T = W} oha QRS R0 2 el

2401 : AL, oY, YRS, HHERA, AZRAY

X2

B A PR R o] o STk R0} AN T 8 ] o 2 She]
1 PEOIoR: 492 28 Lkl 1 (Risk Analysis)§ ]rsfaux
S

R
3}
3

]_
Xz +
A XS, FER (LR, ofh)ellM xpegst Bajate] Hntsel B HEVF HdES

el w5733 A4, A9 (Hyundai Insurance Research Center - traffix@hi.co.kr)
A2} SR E 2 AL Eﬂﬁﬁ:ﬁ%, FA T4
(Corresponding Author - Research Institute, Korea Expressway Corporation - jjpark@ex.co.kr)
xRk (F)AG-o) e, T o)A} (Sung Woo E&Tech - lyhworld@hanmail.net)
whkk okt =AU e, 39 (Graduate School of Urban Studies, Hanyang Univ. - jhtho@hanyang.ac.kr)

Received May 17, 2010/ revised June 19, 2010/ accepted May 28, 2013

= -4
-k R R

Copyright © 2015 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.




LME

11 A9| uig & =X

B2 WAL FAAED] oJshd 2008 Fue] akEALL
AP} 2,0637 71eH] BTk = WEAL APYREE L177THo R
ZA WFARL AFBAL 5 57.1%E AABIAL QLo Bl
22,9927 0 2 A aFARL B 2 47.5%5 AABIAL U=
Zo 2 vept PR w ek AHE AR} wie- 4k
Tl A= & & Sk

R 3ok A BeiRfe] WEAIALE AT $18)
A 28 Z9do] S0m (FFUHR) oI A== A A
of ok 7hade] Easitt & 5 vk Feapd e izl
AR HZ o|e8ekR w(SPC : Staggered Pedestrian Crossings)
7} =49k o eR e 9] 21RE] XRkAE, HaTe]
g ek SHEAC] 7o) tigh RHEA]) 55 FHe R
T2 A3 gk =ge] A&l glow, XjEaE S| G
A P E|aL Qv e, AEALES] BagaAtar)el dek
A = ZIRRAo] wHlate] AEAR] KEAE 24
sl7lelle= ofetee] Urkal ATk

weh B Gl AE ofeldlvhi wo s IRERe] Uuk
THEE Hlwt o 2 slo] 2 W BaiRle] Seiiits 4ol
S 24 o]t wo] Alal WA QRS &AL, A 2 B3
Zto] SRkl e]ol] Haixje] Aluja Feztolgl=
Egel AlFTZ(Analytic Structure)E 75l
(oIt &bl gk P =(Risk Analysis)Z2]
gt

tlo o% o
r
i
%

1.2 g71o] el A LHE
1.2.1 S720| HHQ|

b o) AApdac} wapwe] Jejel] wet vt P
O T B F glork B AFAe S0m opde) FUg
7R PRl AR ofdeluti o} dnkleE =2 Al
oz el

1.2.2 ¢919| L2

B OTE % S W BAEe T WA Ao
Al ARRe thest 2k

R, Fu)0] BRIt 450 PYATE s,
AP F4L Sl PepgolE s B, olaTnEs)

1) Road Traffic Authority, TAAS(Traffic Accident Analysis System
Center, 2009), Traffic Accident Analysis Sourcebook Vol.9
(Pedestrian traffic accident Characterization), p.7, p.16.

1288 Journal of the Korean Society of Civil Engineers

wE APAT 2SSl 7] RS HEskar, AR
g ARtk APALRRS ARG A, e (A
g, ojeho] Apgdst Haate] Siukele) AL 9 HErF A
Fot] = WS 9 7xE AT UA, Byt
2 Qe SE) 9 Alefd st 28 AR Rk
< whdsly] flEke] AISEAR(AHP @ Analytic Hierarchy
Process)S 53+ H71-2(Structure) 2 7}5-X|(Weight) S 2H4
ek oA, ASEAHAHP)S o83 S18E A0S
wjeko = SThIE(, oleh7le] SIRES W R ek AR}

e AN
2. WEH JO H A HARY A

2.1 Xnt B3KI0| e X AE Ho|»

Al B AR T B4 2 glong nade)
Ao B A 3 IR Tl Helslolo} Htk AE
As), nae} A% %o vEAQ W 1372 72E 5
SIth B Qi) %23} RYeks 0Q5S FAow A
thest Bk

oF 5= ek FTHE U A% G R TSk B AUEs
oA Hemse] BEHS AR f-830 olgd 5
911, Bl ThE b AFEA HHES] BEAL ekl

212 NS HA M=

2P} Ay} QAU Az nxpRo) gyt o] A
Z2 Beapt Als g Wl el off wAlelal B3z} ebds)
Al Feks vpx]7] Aol|, AE7t Ao 2 v AL, 2ol
BYo|aE gAY 8 e TS It YA FA4T

u) gk

2) [1] Brian L. Bowman, John J. Fruin and Charles V. Zegeer, Planning
Design and Maintenance of Pedestrian Facilities, FHWA, 1989,
pp-49~50.

[2] Michael J. Cyneck, Development of a Conflicts Analysis
Technique for Pedestrian Crossings, TRR743, 1980

[3] Rumar, K. The R ole of Perceptual Cognitive Filters in Observed
Behavior, Human Behavior and Traffic Safety, New York,
1985, pp.151~165.



213 H¥x} ool o5t M5

WEAEE PISFE B SJs] Lol B} Sk
SEAEE SRR Avs R m w57} A8
(Don't Walk) A1) w) U] Ashe 398 dekek

2.2 O[EtElCiHE 2HA

ojckslvhd wol 2 Pe M3t s AuRy v
2}

Kim (2000)2] 9= G2 oPdol] SIx3H e es Filo=
2 &G, W 23 55 TRk HsATIE e R
AAE Ak AAFEE 9= TRANSYT-7F & o]&
sl AfEEo)AdE Sl ARSI At AlAE SHCA
2A)2] g -9.7~-79.8% 2 B IAFI) e AL &
AATE: B} ARSI E g gl 2o g JERIT

Kim (2001)8] ¢37= o8l = =] A3} Fof 3l ahE
25 Aze] A7) FARBH AT 242, 2RkaE
HAH] SHAA HEEGOMW, AT (EBARho| B
32% (10~49%)7} T= o] Afgas S = whe-
IWAEIY Y= Zo 2 FAEHATE 9, BIRF]) SRl
Hazje] Ea2IJehAlo] ST 36% (29~51%) 710 Bajaj|
AE i BES F5 S99 3oz EAE:

Oh (2004)¢] 3= FUg FAES viRe 2 F539Ao
g Alglole). ¥4}, =22 oF 60.0me] HH=(HHEd
4A2))e] SRR TP ARE TR #48 stk
VXA, AR} 74.4%7F Faste] ks
7} JE Ao g BEAHk

Lee et al. (2004)2] S o[eTR T =9l whe ezl
2SI FEA, Re&re] Badsletehel JdE
(34, S Ve R aIRS asiei) skt A,
ot dR =7} Hajzte] ofs Y AHAQ FASH = &
7} Qo) MASHe| G3h= wH|Sk Ao 2 VERITE BAEAYE
BRSO 2 A mEARAL 7] 7|93 5 Qls Flojehs AdE
A&k

A ATt F ot mo] ek e}l FAA YIS
et BAeE S IEst 2o wjelEglon, - X13)
TN = 2 Berte] AESHE tPdo = HIskaL o]

i,

B} 2jepe] FAl 2FEW Brhe A2 Feiat,
BPE SR PS4 @7t deshtkn waEr

3. YEHEA0] R % XIZA

T TPNERSS
Ao A5 Pehie(o]e, AuhelN 1w
B WYARS FES] SN R} 2ol

S AP AP FEHRERIEA $Hok Fthu
o= skt

ek AES

25,

S SjoHEE
Ax|mM HHOITIE" @ YeongdongIC /
ASIC,

Excuy

AIEZO0IOHIE.

o
HYRALEY

CHRle-BIEN 2%} SRR

CHEOHIHE

=3 e

=] I0HRIZ A
Cheongdam  puffx
Sub.

FX|YOTE
Y

2HOIH A 1R
SKs

Gananam-gu
2 Office

Gangnamgucheong E TR S
Sub B81sk

D AEa
si2i0] 5

waddd

OIAOIAIA 1
e
MotE

Fig. 1. Location of Investigation Spots
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Table 1. Investigation of Pedestrian and Vehicle Behavior

Table 3. Items for Risk Assessment of Crosswalk

. L
Type of | Width of| Length of | Number 2?(:}11;56
Division | Cross- | Road |Crosswalk| of lane Remarks
walk | (m) m) | (ane) | SUTOU
ding
Yeong- Commer-
dong Two 64 50 14 cial 2
daero business
Ganenam Commer-
AN General | 52 37 11 cial 2
daero .
business

Table 2. Vehicle/Pedestrian Behavior Related Crosswalk Accident

Classification Detailed definitions of behavior

Where a vehicle passes ignoring the green light

Where a vehicle passes the crosswalk on yellow light

Where a vehicle, at the access area, makes an abrupt stop

Vehicle type past the stop line (tried to pass but could not)

) Where a vehicle stops after infringing upon the
crosswalk

‘Where a vehicle slowly passes the crosswalk when green
light is on or flickers

Where a pedestrian, when crossing the road on green
light, enters the crosswalk from the outside (including
crossing from the outside to the outside)

Where a pedestrian begins crossing when the green light

Target |Hierarchy 1 Hierarchy 2

eWhere a vehicle passes ignoring the green light

Vehicle

traffic (Al-1) .

signal 'Where a vehicle passes the crosswalk on yellow
violation light (A1-2)

(A1) eWhere a vehicle slowly passes the crosswalk

when green light is on or flickers (A1-3)

Vehicle eWhere a vehicle, at the access area, makes an
stop line abrupt stop past the stop line (tried to pass but
violation could not) (A2-1))

(A2) eWhere a vehicle stops after infringing upon the

crosswalk (A2-2)

Cross | Pedestrian

®Where a pedestrian fails to complete crossin
walk traffic P P &

until the green light is off (P1-1)

risk signal f . .
. o . eWhere a pedestrian begins crossing when the
evalua- | violation een light flickers (P1-2)
tion | (P1) | S
. |*Where a pedestrian, when crossing the road on
Pedestrian . .
green light, enters the crosswalk from the outside
crosswalk | * . . .
(including crossing from the outside to the
usage .
L outside: P2-1)
violation . .
P2) ®Where a pedestrian crosses running at or near the

crosswalk (P2-2)

ePsychological anxiety of a pedestrian waiting at
Psychologi | the pedestrian refuge island due to vehicles
cal burden | running on both directions (P3-1)

(P3) ePsychological anxiety of crossing a wide driveway
(width: about 45 m) at one time (P3-2)

Pedestrian flickers
type Where a pedestrian fails tc.) cor.nplete crossing until the Table 4. Distribution and Recovery
P) green light is off
Where a pedestrian crosses running at or near the Division Distribution | Recovery Recovery
crosswalk (Number) (Number) ratio(%)
Where a pedestrian waiting for the green light steps SDI 10 8 80
. . . Researcher
down on the driveway and waits for the green light KOTI 10 8 30
City hall 10 6 60
3.2 M2} MEXAL IR Staff | City police 5 5 100
AFEAHAHP)S olg3te] TR wel o] A8 Authority | 10 9 %
ok o} uksluin o] oHALE FylEly| 93] AR} Industry Eng. 20 16 80
dhie) deale sl R B 9 delde Hojd Toul ® 2 50

3] fjsto] ekelr] AT ASHE WP ieel thele] et
& Wdom ARdEAL B AReS wekon, of IPgellx] vehd
ARG EAS Hdidh Rekste] HTHEAE 2,
olg B HdERARE AL

AR R (ERaE s T AR aTd,
WEATY, A, MEAE R 9 asdd AR ol
Aol FAkh= ke des Akl

AR U A Al 7= TR A Ak oldsltt
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Table 5. Years of Working for Respondents

Division Personnel(persons) | Composition ratio(%)
5 years or less 23 44
6~10 years 19 37
over 11 years 10 19
Average number of 66
years worked(yrs)
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¥ Where a vehicle, at the access area, makes an
abrupt stop past the stop line

v Where a pedestrian, when crossing the road on
green light, enters the crosswalk from the outside

v Where a pedestrian crosses running at or near the
crosswalk

¥ Where a vehicle passes ignoring the green light
¥ Where a vehicle passes the crosswalk on yellow light

v Where a vehicle slowly passes the crosswalk when
green light is on or flickers

Staggered
(Crosswalkj

+ Where a vehicle stops after infringing upon the
crosswalk

v Where a pedestrian fails to complete crossing until
the green light is off

v Where a pedestrian begins crossing when the green
light flickers

v Psychological anxiety of a pedestrian waiting at the
pedestrian refuge island due to vehicles running on
both directions

¥ Psychological anxiety of crossing a wide driveway

(width: about 45 m) at one time

Fig. 3. Conceptual Diagram of Evaluation Hierarchy (Analytic Hierarchy Process : AHP)
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Table 8. Weights Calculated Results by Evaluation Criteria (A2)

Division A2-1 A2-2 Weight
A2-1 0.189 0.189 0.189
A2-2 0.811 0.811 0.811
Total 1.000 1.000 1.000

Process of two evaluation items omitted (Consistency indes=0.00)

Table 6. Calculation The Weights of Hierarchies 1

Division| Al A2 P1 P2 P3 Weight
Al 0450 | 0.508 | 0.471 | 0.424 | 0.343 0.439
A2 0.095 | 0.108 | 0.117 | 0.109 | 0.172 0.120
Pl 0.230 | 0.221 | 0.241 | 0.295 | 0.245 0.246
P2 0.125 | 0.117 | 0.097 | 0.118 | 0.165 0.124
P3 0.099 | 0.047 | 0.074 | 0.054 | 0.075 0.070

Total | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000

4.2.2.3 B3A] Az IR 2R A4

TVEA] A Ak, waAe] As9kE “waEst HEd
) kS Alteke WaYR} el gk SR 7R 07122
¥ VeRdek

Table 9. Weights Calculated Results by Evaluation Criteria(P1)

Eigen value () =25.637/5=5.073
=(5.073-5)/(5-1)=0.0018
CR=0.018/1.12=0.016 < 0.1, consistency is secured

422 AIE 29| 7IEX| AH

4.2.2.1 AFe] 59t Fr1JE] 7153] 1KY

2] Al sl dist Wl 71ER] ARy 2 e
Wk ot 2k 71 2 Aa, <railse] S3ls FAR
A Bl 2R g 9% 717 0.617= 71
A VeRgth

Division P1-1 P1-2 Weight
P1-1 0.288 0.288 0.288
P1-2 0.712 0.712 0.712
Total 1.000 1.000 1.000

¢ Process of two evaluation items omitted(consistency index=0.00)

4.2.2.4 RYPA] FAPR T EP9ul FRIE 7123 4

7¥eA] A A, Bagzle] FuR e LN 5 <Rl
Frlelx] FHolA Ydeh= B} Peprel] tigh % 77t
05912 Z= =4 Jeidth

Table 10. Weights Calculated Results by Evaluation Criteria (P2)

Table 7. Weights Calculated Results by Evaluation Criteria (A1)

Division Al-1 Al-2 Al-3 Weight
Al-1 0.620 0.601 0.631 0.617
Al-2 0.151 0.146 0.135 0.144
Al-3 0.229 0.253 0.234 0.239
Total 1.000 1.000 1.000 1.000

Eigen value () =9.006/3 =3.002

Division P2-1 P2-2 Weight
P2-1 0.409 0.409 0.409
p2-2 0.591 0.591 0.591
Total 1.000 1.000 1.000

3% Process of two evaluation items omitted(consistency index=0.00)

4.2.2.5 ®3yA} JEH 27 FRIES] /15H Y

PhEA] 27 Az, “gee) sl ofa

3} /gaﬂ 1:11:1-71-”01]

CI=(3.002-3)/(3-1) = 0.001
CR=0.001/0.58 = 0.002 < 0.1, consistency is secured
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Table 11. Calculation The Weights of P3 O PelzAl AkRS] EFSHE Sfete] AW 7IRE 517 olF
Division P3-1 P3-2 Weight & kg B WS 2Abete] SNBSS vhre] M2
P3-1 0.396 0.396 0.396 E3fete] HA.
P3-2 0.604 0.604 0.604 (FAL : Fig. 39 A5 24 et FHAF2AL A45)
Total 1.000 1.000 1.000 @ Fshd PeAl A4S SH]Eol ASEAH(AHP)]
3 Process of two evaluation items omitted (consistency index=0.00) 7FEX(Weight) & 2-83to] A=A, Ad4 g2l oish
A= TS =t
43 HEEMAHP) 7I5%| Zot 3 (AL« 7+ AF(Leve)d FA= 12 B73H)
A 13} AlF 29] 2 3 TAE ekl A AE
AEASE Ayl 3lchE wojae] BaiaA Y] 7R B 938 U= Table 13. Risk Assessment of Crosswalk (Staggered, General)
Sl o= S Alo] H=alse] S3lE AR Al Etst Staggered Crosswalk General Crosswalk
© AR FF VA 02712 vepster, te 35 JAls item Violati | AHP | . | Violati| AHP | .
=] AFg A= Table 129} Zth on type | weight on type| weight
Al-1 | 0.607 | 0.271 | 0.164| 0.393 | 0.271 | 0.107
Table 12. Comprehensive Comparison of AHP Weights According . Al-2 | 0.623 | 0.063 | 0.039) 0.399 | 0.063 | 0.024
to The Hierarchy Vehicle | 2> 1 [ 0.808 | 0.105 [ 0.805] 0.192 | 0.105 | 0.020
type
Evaluation Critorta Evaluation Trems il (a) | Al-3 | 0288 | 0097 [0.028] 0.712 | 0.097 | 0.069
Level 1 (Weight) Level2 Weight Weight A2-2 | 0.071 | 0.023 |0.002| 0.929 | 0.023 | 0.021
Signal violation of the Al 0.144 0.063 P1-1 | 0.079 | 0.071 |0.006 | 0.921 | 0.071 | 0.065
vehicle (A1 : 0439) AL 0239 0.105 P12 | 0277 | 0175 |0.049 | 0.723 | 0.175 | 0.127
Pedestrian _
Stop-line violation ofthe| A2 0.189 0.023 o P2-1 | 0.973 | 0.051 |0.049 | 0.027 | 0.051 | 0.001
i . P2-2 | 0.354 | 0.074 [ 0.026 | 0.646 | 0.074 | 0.048
vehicle (A2 : 0.120) A2-2 0.811 0.097 (psycholo
Signal violation of P1-1 0.288 0.071 gical) Towal®)) - - 0.130| - - 0.241
Passage violation of 1 0,409 0.051 P32 | - - | - |o0s500| 0042 |0.021
crosswalk (P2 : 0.124) P2-2 0.591 0.074 Total - 1.000 | 0.462 - 1.000 | 0.503
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Table 14. Comprehensive Evaluation of Risks of Crosswalk
(Staggered, General)

AHP Risk Relative risk
Classification
Staggered | General | Staggered | General
Violationby 1 310 | 0241 | 1320 | 1.000
Quanti- vehicle
tative | Violationby |~ 1351 541 | 1000 | 1385
element|  pedestrian
Total 0.448 0.482 1.000 1.076
Pedestrian
Psychological 0.014 - 1.000 -
Quali- anxiety
tative | Psychological
element i
anxicty of - 0.021 - 1.500
crossing a wide
driveway
Total 0.462 0.503 1.000 1.089
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