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Study on the Enhancement of the Level of Service for the Pedestrian Queuing Area
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ABSTRACT

Pedestrian facilities encompass pedestrian roads, stairs, and queuing areas exclusively designed for
pedestrian use. The Korean Highway Capacity Manual provides guidelines for analyzing the capacity
and level of service of pedestrian facilities. However, there is a lack of analysis methods tailored
Received 22 September 2023 specifically for pedestrian facilities. Therefore, in this study, we introduced a new standard of
Revised 16 October 2023 pedestrian space to account for changes in the Korean body ellipse. Furthermore, based on this newly
Accepted 23 November 2023 defined pedestrian space, we proposed a new standard value for the level of service of queuing areas.

The results of on-site surveys confirmed that the proposed level of service can effectively reflect the
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© i actual walking situation.
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B P2 (Pedestrian facility)> AHs212] F3o] viAlE Aejol A HPAnte] T3S $3k AHEA B
A==, A, 7133t S0l AUTHMLTM, 2013). BPAA ] & F(capacity)> EPA7E o] &3t AlE 9
FRH et 1 EAo] g2n, o]o mE AH|AFF(level of service, LOS)E A|EEE EIH 7} =20
(MLTM, 2013). RARA L Tt MulAeEe H3Es RYUs B A{37t 55 53] RfaAA
o A3 RPAAS AHstes dolth MulaeEs TRALEAH A~FHA 65322 UE F don,
MBI 2FE AT 7P £ AH, AHl2aTE Fe 7P YR FEE et I o ® x| 2¢FE E9
ARl 24 FO| 2= &3] Atk o3 AEE ByA EAN &3 AHlaTEe BY TPAA Y &
o @ AAo Fe3 Q47 Hu, SELFHIHMLTM, 2013)0l4 BAA Mol g g3t AuxeE
EAYHES AASk Qo

ZEFHTMLTM, 2013)L AL EA]A Q]
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T3 BPAA L ik FAMHES A5 AAIZ 2001 Ei%
H Ase 20d < AA) AR} Aot B FOR qdn. & 170 T8 el o7 E kel A
Bazs AH O R 7|8 = olwf Ryt wr)e AHlaFE BYPA7} AA sk 337
AR 71 F3te] AuagES BAE] 98t & Abgro] AR gt AF33te t4aE ddstoiof
<=, ol& 599 ZEAY S ZAR 3 Itk 7|E E2EEFHZIMOCT, 2001; MLTM, 2013)°lA4&
1999 %ﬂﬂ é Holl A A3 F=0lo] FEAYPL 7|Z 02 AASAA T, 2AE =] BRHs i &
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E2§FHZ(MOCT, 2001; MLTM, 2013)lA4 AAISHL = BPAAAE F 7|37t ddrns ¢
Fgtoly Aekd Al o, wiEA, defulolE W T3 Zo] Byt Wyste dir]sta e <
etk Bz} 7| gl A o] Aul e BAte] ol s fldl AHEE 7 e By ARExtd #
do] 97 Wil & AT AFFHm/A)S MulagE 2A S A ARE AMEg o737t A<
A3t A AaiAe &=l Ao tig AFE B8l 3 AR ARF33hs ZAMEoF gtk gkl
ol A RIS IAE BPATE A2 7] 8 dAH R tir)ste FTtelA e AHlagE
< = H3F2]o|tHKim et al., 2002).
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v, 7lEFA, dholFA o HASgHE AAFY HRE FHSYI, v|F Transportation Research
Board(TRB) | 4] #-7F3} Highway Capacity Manual HCM)2] Bz} 1903 37 2 AAErd 28 HRr 7]
= Auburn Engineersol| A 313k Q1A -8 TARQl 7hol=aielo] o B A AW T& THE R 1T
T3 HilskE HAGEts 85t 4hEH 7133 ARlagE T1ERe] AA RYdsS wgske
2 otry] s M9, gy 9@ A Asdarn s o tir] g7t B gs 2788}%11:} B 2
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Fruin(197) el M= BaA7E 249 wje} A Qs o Ho E5HS 183 Ry AAEF (body
ellipse) S 7H¢ A5 EUstACH, 1 o]|F thakdt A & SH o)EE TAR g B2
g o R A eldo] A= THPushkarev and Zupan, 1975).

] =-2] Highway Capacity Manual(TRB, 2022)0l| A= H.a§zte] QLA EF (body ellipse)oll Thall a7k A Q)
= o gt HAge] IR Aojsta Qlnh. UAERE A oA fFHA AFS 8l THE F
2inch®| o Z& Frlst9 o, HFZH O Z 7} Z 20inch, A2 Z 24inchE AA 3] 2.6t/ 02 A AS}
T gtk o] WEFsle oF 03myee BHA AAEH R Agsla gon o JE SR &HHG
(MLTM, 2013)ellA] AAS F-FHd9 1.589] FFo|h

o] Hlo| & ®HPA o] W3lo] w2 HaPz &2 9o RdHL ) Fruin(1971)2) AAEHY 2d-S A
A (Pauls, 2006), E3A BPA7E 7= Al olfrE wFe AAEd] tig A7 (Templer,
1992) & A&H R A el g A7t T3 ot

Y 2L TFHTA BPAAEE e & 2001d BA NG = 2-2HZHMOCT, 2001914 A A

3 &=0lo] EFEA S <Table 1>3F 2T} <Table 1>9A4 & ARG AF3HE AMEY 715 Z3 o7 Z
S F3 o B FIAY 7S E o7 o & FAE 1YY I FAE GalFo HFHA & A
2 A

f30e AN,
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<Table 1> Standard body shape of Koreans <Table 2> Level of service of queuing area
Type Male Female LOS Pedestrian space Density
Shoulder breadth : 42.4cm | Shoulder breadth : 37.4cm (m/p) (p/m)
95% A > 10 <11
Body depth : 36.2cm Body depth : 38.1cm = = -
ogq | Shoulder breadth : 416en | Shoulder breadth : 37.4cn B = 038 = 16
" | Body depth : 355cn | Body depth : 314cn c > 06 <20
Shoulder breadth : Shoulder breadth : D = 04 =25
Average 39.2+1.9cm 35.3£1.6¢cm E > 02 <50
Body depth : 32.642.1cm | Body depth : 28.8+1.9cm F <02 > 5.0

Source: Korean Highway Capacity ManualMOCT, 2001) Source: Korean Highway Capacity Manual(MOCT, 2001)

AR E AR Ao E FEIYS W 7HE T3 o7 F9] 95 percentile -2 ] A9

F AfrEzteol 0.15m, 439 A 0.14m7F Hok o] F 7HA @ T HUHA 0.15m'E =l & A

Ao 2 ARttt o] gholl AFE-& 7ekste 7k £33 o7 Fol| 4emE F7FsHATE oA+F
otst S w =0l YA FFAFEL 7tE Z 402cem, o7 F 464cn7t Hol I AT HHETNS
0.19m, ¢ 02m 7} Fth oA AAE 02m/AS 7|3kl Aula¢F E9F Fol AARSZE AA
A 7+ FEuTE 02myAH FTIAA 4 MulAeES AAEA T = BYAAIAE AN AAREAA
&7] A& AHlAFE RS AABIAL 3t g HAst EEEQ)mE YERATE o9 Zo]
71E EEEFHFANA AT 7] FTANA S AHl~FELS <Table 2>9} 2t

20019 =ZEFHIMOCT, 2001)914 = <Fig. 1> Zo] H{33F 2ol AAdgn ez 714 Z3
A7l FE ARESIATI L AABIGR o, 7] AAA T ZARE Ol EEet 1999 =@ 7sF2
A RS A4z AA RS AI= <Table 3> ZTHKNITQ, 1997). 2001 =28 HZH(MOCT, 2001)°14]
ANG 7tE 23 dmEEAATF AN AT THEFAY fhol eS¢ ¢ Aok B ARFFES 7t
sto] ks Z3 o7 Zo 7} 4emE FUVSEY HAEE AASHA T AW AAT 4emel] g SAAE
7h FZEatt) wEba] H22kEQ1 2021 A8AF QJUA A G ZAAFA(KATS, 2021)0] WE-S ENE G370
ANFA AtEsta, B8] st {33t 5 Bo FAHeE AES a7}

__O,EroJ

Body depth

Shoulder breadth

Source: Korean Highway Capacity Manual(MOCT, 2001)
<Fig. 1> Pedestrian body ellipse for queuing areas
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<Table 3> Standard body shape of Koreans

Type Male Female Shoulder breadth(37) Body depth(45)
Shoulder breadth : 42.4cm Shoulder breadth : 38.1cm
95%
Body depth : 25.2cm Body depth : 25.4cm
Shoulder breadth : 41.6cm Shoulder breadth : 37.4cm
90%
Body depth : 24.5cm Body depth : 24.4cm
Shoulder breadth : 39.2+1.9cm | Shoulder breadth : 35.3%1.6cm
Average
Body depth : 22.0+1.9cm Body depth: 21.9+1.9cm

Source: The 4th anthropometric survey report(KNITQ, 1997)

2. MEeiqt nE

S2EFHTMLTM, 2013)2 Lim and Oh(2002)2] HAYAEZ L4 Ao AE ulgoZ Bz}
T2 Au2agE 24728 AAE 9tk Lim and OhQ002)E AR W $52, £99 Y S5 g
o F9 BE, £U T BRoA ST $2-53E BHOE s BYPAE dFeE I 2AAA
o] R4 =l HYPUTE A&t AR S 53 BLE9 i) A3t dab A4 =3}
A, EFH G A4S B3 HnF g BLEe B FAHA S T 24 2AAHY S 4
STk A7) Ade EEE4FUTY RYAERE AR|Aa5E B47|202 AME I o) o F Haekd F
A2 BYeA AL 28 RPA=Ro thdt e A7 A&F oz o] Fojx|a Qlh

Im et al.2009)E BHFAERS] 75, FH EA o], ByYPH], B AT o mek F3e A 7}
AR PRI Y FF 5L gopste] 7 f3o s By AuasE JrpES At F
AXGolY dFA Gl M oy TS Bxoz Byste Fde 7 EAd ue MulagE
TR 712 Wl AYstA, 4% doly A o7t T3 Agols AR 6719 S5
TR Aol AfetA e AR yehy EYAEE {3 net BrPEE AEsd 2a0t
ANE =E39

and Choi(2007)& =AIF 7h2E o2 niri il Fdshks BixEc] 435 A ddse A4 +
Zoll 719k B8 MulaaEE BrFE-S Aofstal Bkt ol §EANEE 2AE 1Y FYSHH
AABEA =A Ho] A DA oA Z87beT AnarE HIES AT EXolE 54% B
o 715l weh A BP2AE AASL, A~FO] 69AIR FEIY AHIAFES 43, B, 1§ Al
THoE A FRet B AA AHasEe At Ry zre] A7 5 Frhr)Ee] te B 7
AA ol Al o] BaFe AFstarh

Lee(2012)= M&A A9 10,000748] AH & thd o2 HEo] AuagEs st 7€ =283
o] TAYH R e BEY| Mu|2aEe AT A3, AA) tdAHe] 0% olde] HRl2FE AR ¥
AEo] AUAA ¥5 AHAZ Yepth B AuasE BT dA S AT A FERES
AoA gk skl AASEL 1 A AR 25E o DollA B WIS Hole 2102 YEkth BE
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F A4 BAEEY RHE 54 2L AHA

l:E__
Kim et al.(2015)= 2009\ ZAME ‘A2A] §591F%

= RYPA T2 9] § I} 5 (measures of effectiveness, MOE)S & &35} AR A4E 7152 AAAY EAHS
geobsly AAE M Ag5E 7]ES AR Y RYPAT=Z Y "‘1‘3 25FEE Hrksl] A aEER A
T3 MEE HE3td NMZE 7125 AASIE Y, O 2 ABadE AZ £45Y 2H9 v &o]

04-98% 4] 80% FEOR 7ka HATH HaAA o 37k WE Rae] AH FEE HFFO2H 7]
2 7)ol e A RAAER AN 25ES BAY 5 3lE AR ey,

3. AlAHY

71E E2EFHUHMOCT, 2001; MLTM, 2013)% APATF 12g T3 ZAHS £4%
Z Al 2E Bkl ool b EAAEE AET Bavt As
B QU 252e AN Dart Yok 7E J|EogE A
& FA7F doa AdEgth B AFoAE 712 2282 HHMOCT, 2001; MLTM, 2013)¢] §HA1% 0] )
H JAAS SHYEE PRt o HFGol i oF33HE st HAsE H{rEde =Esa
b @k 2094 e 7K =)l Agustel disl @Asyl vgE dart ok =3, AAF AR
JEZG] N A3t 5 FHAY AEE T IAAEE FusA & AT AAE nges
EREgHTe Bt s &8 ¢ A ZoE JdEnh

=
=
Z7h%

l

M. dole] 24 3 Au|&pE A A

Bzt & AT A3 A ARG, o FE2Hgol thEk o a3k, AA F2A Yl e o
Zh A3 A ezkgel tigh R3S 13t AA3Y, EE3F Y A U 7HA 84 F AA
AA T o) 52Hgo et o F37he Aelste HAgo R A= Ao HAdsith

Al EZETFHEMLTM, 2013)o A= <Fig. 1>3 Zo] A3zt Ao AAIgAHH o= o7 Z3 7}
& & ARt AAE o, 7] AR = E’\P‘%}%ﬂ B3y ZAAEI RESEE 2021
W A8Af AR 2AAE S &S Tl Af3ite AEA 4 g

2 AFolAe AAFEHAL AR (body breadth)e} Al 7‘ﬂ'r”ﬂ(body depth)g} #AA" AA A
s, SAWHS <Fig. 2> Atk 94 AAUrE vn] #d JAA S FEE F P 2 =
= Pollf]ﬂ](bldeltmd breadth)a AR A 95 percentile 51.7cmZ AAIIHTE AAFAE FA &
d AR G5 7AEFA, AIrEFA, ST, MiFTEs el T, dholTA T M F AT
F o] FAl(hip depth)yS AF&3Fd QA4 95 percentile 31.2cmE A % 8} THKATS, 2021).

A A HE A *&goﬂ 20~69A4] A 1A 95 percentile #h< A&t ¢ EIUE ABRAJTS] 97.5%(A 4
100%<F B4 95%)= sk ZAolm, AAZE A Bt ol AN A 07 gt AEshe Zlol B
2 et 4+ %iﬂ]% 83 JoegE E & Q.

ook :10
oo
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Source: The 8th anthropometric survey report(KATS, 2021)

<Fig. 2> Human body dimensions
2. O|20|| CHEt K{FIZH MA
QA 2N SHE 27 | A A 2] WP UL 2
e o] 83 o= oBS gty ormz 9oi 2Ae At
aH vt Aok 7€ EESFHAEAAE A Y ARlaaE AEA oA F 9 Ve
£oT GfE S KUY WASE YAFHE HRAN, of W fF o g AF AT AN
A Pt}
o Bof g o fF-Ft #AA3Y T TAARE HES A, vF Auburn Engineers®| Ergonomic
Design Guidelines(Auburn Engineers, 1997)°l W2™ o8 8o o3t of F-37to thall <Table 4>9} o] A
AEFATE.
<Table 4> Clothing allowances
Clothing Type Allowance (inch) Most Important Body Dimensions Affected
0.50 Body depth
Men’s suit

0.75-1.0 Body breadth
Women’s suit 0.25-.50 Body depth

or dress 0.20-0.70 Body breadth

) 20 Body depth

Winter outerwear 3040 Body breadth
over basic suit or dress
1.75-2.0 Thigh clearance
Source: Ergonomic Design Guidelines(Auburn Engineers, 1997)
AukA o A BT %ol W o HFTHS 12X 25om) 2 TEsHE Aol FelHolA, =
2 349 A AL A9 IHE 1Eso AAYH|(body breadth)oll= 3AX(F 7.5em), A1AFH (body
depth)oll = 29121 (SF 5em)E AF37t o2 HAs= Zlo] AAT Z 02 HAdstth
Vol.23 No.1(2024. 2) The Journal of The Korea Institute of Intelligent Transport Systems 7



Bz g ARG ARats AHs] 8 AAIGHH ) o] B8 i o f3ke =EE 9
A AAUEE AAEA 95 percentiled] S FEHE $ZA|AH] 51.7cmoll & B {F7E 7

59.2cmE AHETIP AL, AAFAIE AAEA 95 percentiledl] 31F S Y@ o] FA 31.2cmol| B {37t Sem

= falFo] 362cmE A3 T

Bideltoid breadth

Hip depth
Hip depth including space for clothes

<

51.7cm

Bideltoid breadth including space for clothes

<Fig. 3> Proposed pedestrian body ellipse for standing areas

A

AADGRA L A" AA Y] 0.6met AAFA 04mE Fote] BPA 3 ARG AFFS 024 =
=

EE3th ol 7€ =EEFH A AAG HaEt 02mQ] el 20% S7kske] IAAsRS7) gk
dd Hoz 2 5 vk wehd sty AALTAAT G HES 1D I AT HHBHES 024wy
olv], ol th71FRIeIMe] Mul2xE Esh Fel AAIR, & S0 V1%l HE o] vt
<Table 5> Proposed level of service of queuing area

LOS The original criteria Proposed criteria

Pedesrtan space (m’/p) Density (p/m’) Pedesrtan space (m’/p) Density (p/m’)

A > 1.0 <11 > 1.20 < 08

B > 08 < 16 > 0.96 < 10

C > 0.6 < 20 > 0.72 < 14

D > 04 <25 > 048 <21

E > 02 < 50 > 0.24 < 42

F <02 > 50 < 0.24 > 42

8 YU=RITSAR=ETY 237, M12(2024H 28)
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4. HME MHIATE BN J|E 25 U HE

E2EFHLMLTM, 2013)004 AA AF-33F o8] 20% S71sE Mul2gF 7)Eak0] AA Bdds
3 #A3ta, <Table 5>9 20| FALCE TE3 A Hlé#% —Er*d 71%:—91 2445 Hdastazt
gt o] 93 B FEES BSst A3 dEE
2 AT e Byt BT SARE 7|F0E ZAHRA S YT 1 l A

HHo] B HH&#?— TS ET & s AR ARtk old ZE T AR BEFko] B Zo
2 Uehd ALY, AGE, Adde AsgRE & U737 BAUGAE A3t HY oA 7ARE
IA|7HA], % 64 F-H SAWVH BYFS SHAT AaF7E SAPAATE A7) AR t)7]F 3k
AT dUE #SSH Ho #SALES FHSIA, W1 FE vHol| e Bz 109 HA HFIHE
2hEat T

AMEdo] A A 2TUASAE 4 SN M2 akat & A9 Bgo R Fsty] g8 Al
S5 r)shs woE AASIYETE ) E7t WAL JEE 55m, AlE 12mZ 6.6m HolA AEF7]H 149
35 B2 A9, FHo #F2JAYL 18H o2 19079 ARHFE 037mYel, BEE 2.73Um o2 YERth F
R Fo s S 4 A HA AT Au) 2 XA Bl et ASAAZE g ]33t WA
o] HlmA zZh2 A Ho B o] 75 A A= A= —Er*dﬂfﬁ AR 2ol Ao BHAl s HrkeE
Ao wodETh

l

<Table 6> Survey results for Seoul station

The scene with the most pedestrian traffic Measures of effectiveness
No. of pedestrians |Pedestrian space| Density
- , : LOS
®) ('/p) (p/m’)
18 0.37 273 E
17 0.39 258 E
16 041 242 E
15 0.44 227 E
14 047 2.12 E
13 0.51 1.97 D
A o] A deBAA G PE FPHAIRZAN W2 S F AT W FTYFOE §Y
?‘5}71 %‘H *Ji% st ke . 102m, A2 2.4mZ 24.5m* Ul A

et amy_r‘sg% 247 9 A WA A7 AuasE BN A2 AN asE
o} De| Z7tol] RBRAT, AR Aul ahE

o) AN 2gE F1ERET BAAT} 7E A
Mol Ane vy,

Vol.23 No.1(2024. 2) The Journal of The Korea Institute of Intelligent Transport Systems 9
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<Table 7> Results of a survey Sadang Station

The scene with the most pedestrian traffic Measures of effectiveness
' No.of pedestrians | Pedestrian space Density LOS

® (m'/p) (p/m)

51 0.48 2.08 D
48 0.51 1.96 D
48 0.51 1.96 D
47 0.52 1.92 D
46 0.53 1.88 D
46 0.53 1.88 D

A=Y B SR e s Yasty] 9l As5E

40mE 340m HelA 2EF7]4 8835
7 2 053myYQ), UEE 1.88¢m o2 YEltth A
R ZAE 49 A AR A BE 244 7)1E A H]}\T"‘ NFEFHOZE Coll FEAIT, A4k
g AR|aFE 7R 2 E DY sldehe 2 oE UERTh 71E ] 20% $71e =l AAXFE 1
A uf, FHJOE AAG MBAFE 72w A4 B3ddS ddFoE WY 5 ok dgH

<Table 8> Results of a survey Gangnam Station

The scene with the most pedestrian traffic Measures of effectiveness
; L ' No.of pedestrians | Pedestrian space Density LOS

®) (m'/p) (p/m’)

64 0.53 1.88 D
61 0.56 1.79 D
59 0.58 1.74 D
57 0.60 1.68 D
56 0.61 1.65 D
54 0.63 1.59 D

71E B2l ANSs RN BATES A8t ARlagEs A2 A5 oo
HYAA L] ArlagFo] A FEOE AEFHo] AU BYAALL] BI7E ofg & @AV ISt #
ATolA AN HFEH DT DEQRYM)Z BIIRTE 7129 MulagE 7| EEy BAt 2]
B AlaeEs vad dUH0R 2 mAR £ 38 0% Jltdn

YA FAo] ERE W] dsiMe B ke A7 HA7E BY@A o] AFE ook dhH, o]
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