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A restricted crossing U-turn (RCUT) intersection design is widely gaining
acceptance to improve operational and safety efficiency at unsignalized intersections on
high-speed divided multilane highways. RCUT prohibits vehicles from a minor road from
making a direct crossing at the intersection and guides them to turn and make a U-turn
downstream and return to the main intersection. However, for RCUT design, there is no
general rule and consensus among highway engineers about the distance between the
median U-turn opening and the main intersection (called median U-turn offset). Too far
median U-turn offset will increase travel time of minor-road traffic, while too short offset
will result in harsh lane-change conflict for minor-road traffic. For RCUT design, the
distance between the median U-turn opening and the main intersection is the most
important design parameter that impacts the operating efficiency and safety. This paper
develops the analytical processes for determining the optimal offset of median opening
for a restricted crossing U-turn (RCUT) intersection design. It applies traffic simulation
models to evaluate operational and safety performances of intersection design. The
paper reviews the available literature and practices, develops traffic simulation models
for different offsets, examines excess travel time and traffic conflict reduction of each
scenario compared, determines the optimal median U-turn off-sets based on minimum
marginal total costs comprising travel time cost and accident cost savings, and finally
develops a set of tables and charts of the recommended offsets. The proposed median
U-turn offsets is varied based on ftraffic volumes on major and minor roads, vehicle
speed, and the proportion of vehicle types (especially large vehicles and motorcycles) in
a case study. Therefore, it is necessary to implement median U-turn offset consistent

with local conditions.
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2.2  N1DANLULNISUENNILASNINA (Alternative Intersection Design)

A1sBanNLUUNILEnNIaRenlnd (Alternative Intersection Design) LﬂuLLuaﬁ@]ﬁIQﬂﬁ@ﬁu
1ae Federal Highway Administration (FHWA) %é’ﬂmiaaﬂLmumoLmﬂmal,ﬁaﬂlmjazgﬂﬁmsmw
ﬂ?ui%ﬁ@iaLﬁaﬁﬂ%mmﬁmmu?ummaLwﬂqamﬂ 1o yﬁmsﬁ@1@goévrymﬂm"lwvlajmmmmsmﬁ
Tnin13amas e I@]slLLa@mﬂ'smé'uw”ufizwj’mﬂ‘%mmaswma:msﬂ%’uﬂgamqLLsm lasfiny
E]ﬂﬂLL?J]JES’ﬂ‘]:Pm:‘:YI’]Gﬂ’]Elﬂ']W‘]J%L’JmY]’]GLLEIﬂLLazﬁl@]gULL]J?Jﬂ’]iﬁ]‘i’]ﬁ]i ﬁﬂ’n&lﬂi:ﬁdﬁLﬁa‘ﬁlﬁ]Z
ﬂ%vuﬂgaﬂszﬁﬂ%mw@T’mn’m‘i’@mma:mwﬂaa@n"'ﬂu'ﬁ?nmmaLLam ANAAIW ﬂrymmamﬂu
NNIRIN ‘Viﬁ:‘iﬁ]’]ﬂﬁﬂ’]ﬂﬁuﬂuu’la@@yﬂﬂﬁi’]’] ﬁ"l%’]%ﬂ]@x‘m’lx‘]LLUﬂﬁQBﬂLLU‘UI@Ui“ffLLu’Jﬁ@ﬂ’]iﬂaﬂLL‘U‘]J
maLmﬂmaLﬁaﬂlﬁmﬁuﬁuasm‘smﬁ'sﬁ'aﬂimﬂaﬂ%'gam%mmsﬂuﬂ 2015 N1 100 N9UEN
luﬁﬁ]ﬁgﬂumsaamwumuwﬂmaLﬁaﬂlﬁmﬂuﬁuwimwasmmn’l,uﬂszm ATWIZALNINN
Usznauaiae 219138u (Roundabout) NUENLUUTLNIZNAN (Median U-Turn Intersection) 13
LENLUUINNANIITINLESNAUID (Restricted Crossing U-Turn Intersection) N19uanuuUgNeTad
aiwngmm’n (Displace Right Turn Intersection) LLaz“n’ldLLﬂﬂLLUﬂJﬂizLLa‘ﬂﬂﬁJi@iaLﬁad
(Continuous Flow Intersection) W uaw (Hummer et al, 2014) ﬁﬂ%fﬂﬂ’liﬁﬂﬂ’]ﬁﬂ%ﬁmimﬂu 2

%

suuuy A8 NMILUNLUUTINIENANLAZ NI NLLLFINANIITINLASNALID lasinyazifuaait

2.2.1 NMIUPNULUNAUIANNIZNas (Median U-Turn Intersection Design)

£
NIILYABLUUNENIZNRNI L‘flumiaaﬂLLuumaLwﬂgﬂLLUU%uwaamsaamLuumdLwﬂ
A ') 4 {
mMataanlng TINANBLVAINITARAUARIUNIILIALLUTLINIZNAN A0 SIUNIRUILWIULEL
[-% 1 dQ/ a a v dl 53 o < v 1

WAN MRINITDLAIAANIZUFITIAT I AAATITINLND L HInWWR1LTAI LA La8ATI ST UADILEW
NUNILENRANLAESNAW La23InaUInUSII Tt datn1znatena bl Lﬁaﬁauﬁﬁ;jnuummaa L6l
muwmu:ﬁayjuunuummaommin LRAWBATINIUNIILLNRAN W HInuua185098 N9 le Nathana
IN17UTURAINNITITNIIANNAN VLA NI I BULARZRDIWANITDL LG NIILENAINENHIINITOAA
Fuwniiaasdy 1w lWeIeT wazgadauTiatnisuan (Conflict Point) 16 fualéniueni

a =) v o Q J (% H
UIeRNTNINAIBNNTIANMTUAZANNLU RN LINNTY mua@ﬂugﬂ‘ﬁ 2.2-1 (Hummer et al, 2014)

2.2.2 NIUYALUUINNANISDINULALNAUTD (Restricted Crossing U-Turn Intersection:

RCUT)

NILENLULINNANITTINLEENALTE LﬂumumngﬂmeﬁwaamumﬂLmuﬁl,mzﬂma
(Median U=Turn Intersection) Lﬂuﬁjﬁlbﬂﬁuluﬂszmww{gaLaﬁ?miﬁ Superstreet #38 J-Turn
Intersection ﬁé’ﬂﬂmuﬂumaLmﬂﬁm”@ﬁm:%dnnuumwﬁ'ﬂmwL%qaﬁﬁﬁmmammga WAz
AUWRIU8INITN — 9N PNTUTU LN AINEHaEINTaNTITN 80N BINTELFTNDTLD Wb

sevadlagdnna lilvInnaananae3a9a 819 lauaTIuSII NN LaazlRInNaanangy
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asuaailugi 2.241(n) wazBnsluuunitefe Jaluldnuumenanuazaosasdanszuaanasid

dodlnausauSiimnimualdirnim asusaslugii 2.2-1(2) (Hummer et al, 2010)

Major road

JUITTTENeNITRNI

pEO. 10Uy

(N) MILUALULIINAMITIULRENALIONTHRNDOURARNRINITOLALIVIN be

Major road

PEOI 10Ul

(2) MILEALLLIINANIITINLRZNALTONTHNDUUAAN WRII TRV LS

3171 2.2-1 UULVBBINWUBNRUVTINANIITINRAENALTA (RCUT)

w7: @autlaga1n Hummer et al (2010)
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VL@] FABIINNAN B TUSNIINIUNTNDIED mwu‘nﬁﬂmumﬂmLﬂuﬁnmummﬂummzmmumm@

NIZURITIVIVDIDUWEUNAN
1) ANBULANIZVBINWULALUUINNANITIINUAENALID
o @ o o ~ & A A o
nIsanuUUNILEnLuUIInan1siNuaznausa daudssasdiNe ezl oy

Uz ANT AW IUAIULIAINITLAWNIS ANRITIWAITLAUNI Aa0AIBAANNLRLILWNITLAS

wa A2 [ ' Ao o 9/ . . @ '
EJ‘IJ@IWWJ ‘HO‘YI’]\‘]LLEIﬂEl]LLUU@]Gﬂ&’]’Jﬁﬁ%W%’]%ﬁ;@m@LLElxﬁﬂ’]‘i’i]‘i’]’ﬂi (Conflict Point) #a8nN3IN19LLeN
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LLUUﬁiS&I@]’]‘Nﬁ 32 ﬁ]‘@ I@]ULQW’]%;@]‘IJ@]LLEJ\‘iﬂ’]ﬁﬁ]ﬁﬂ"ﬂiﬁLﬂ@‘lﬁ]’]ﬂﬂ’]i“ﬁ%lglm’m (Crossing Point) a4
LL&@GI%;SSIJ‘?I 2.2-2 (Zhang and Kronprasert: 2013)

O

® Diverging =8
@ Merging =8
O Crossing =16

= —— :
ST f-———=24 === —-——=——=—== I I IIIIYIT Y I LTI T I T ITI T I YT LI O
\ ~ ~
=N R\ —)
S i
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(7) NUWIUATAUEINTITIITVRIN WU NUUUINAAMNITIWUALARLTD

31l 2.2-2 5’1%’;%@@12‘]’@1l,l,é'fan'ﬁm'ﬁlswmw\atmnﬁ'ﬂﬂua:mamemmi"lﬁ'mn'ﬁﬁ’wuaz

navusa

‘ﬁ:m: Zhang and Kronprasert (2013)
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2) %ﬂﬂﬂﬂ%ﬂﬁ’lﬂiﬂﬂ']iaﬂﬁdﬂ']ﬂ u.smmnmn'ﬁfl"lm!,axnamn

frIunTeanuuunLenuuuinanmstaukaznautndduwazdasdieiaswanwnie
wan e anuuULIwRISIWIAMNURZAINEIRTUNLABILAZANTY §IUTNDRLDEADY 9 U

Noazldsq a9t (Hummer et al, 2014)
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17').;1!’) : Hummer et al (2014)
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Zhang and Kronprasert (2014) le@nwiaganuys:lomiidasduuasnisesnuuunisnen
LUUIAANITINLALNALTD MaUANNUaeaAE lasnIa LU UINaaInHaifnAIaNITaE WL
qﬂ'ﬁm@l‘ﬁ'lﬁ@LLa:ﬁhmuqﬂ'@m@p:@”ugmm (Crash Prediction Model) ndaiUsinmeas
MNUIUARDATVINNRILABNUASFILTOY LAZIZBLAIITERININLenranuastaddainiznais
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With acceleration lane

H [ [ 6 1 o [>- 1 1 %)
31U 2.2-3 ANAFNNHS TTU IV IHD U ALAAUALILIZH I TTRIWNWULNRANUAY
Fastarniznansg

7’7.;&/7 : Zhang and Kronprasert (2014)

Without acceleration lane

With acceleration lane
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?;1]“ 2.2-4 ﬂ’nNauwuﬁizﬂ’ndﬁ)’mﬁuataﬂﬁﬁGlLl,azinmﬁmLL&:S:H:W%S:WJ’IG%’NLLHﬂ

wanuazzadllatniznans
ﬁi/'l : Zhang and Kronprasert (2014)
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W udw §19IUA19UTLNa AN IR BT HIITERININ LI NAANLALT AT ALNIZNANIN
=1 s s 1 g
WAANZEY UTHaziaua adda Lt
Leisch and Leisch (1984) lafinruadsn1ismiszazinsssninamsuannanuazsadidainiy
814 LasNNTINNNYTUNUAITNINAARAL (Weaving) Fbriisvad PCU INRUaNLEL T ﬁ;@ﬁ
WNNURATINUTUIHATIVINAARAU NNAANULRWLAINLEAINIAIULSIVDILIUNINIE LRID
ANLFWLWIAIAINIAALNBLUIWEY 92 ATZUENWRIRITUNIIAARALNLNEING @”um@ﬂugﬂﬁ

2.2-5

3000

2000

TOTAL WEAVING VOLUME

1000

1+ W,

Equivalent Passenger Cars Per Hour - PCPH

NOTE:

Lane-Balanced Weaving Sections
— — — Lane-Imbalanced Weaving Sections
* Average Running Speed, Weaving Traffic
: | I I NN AN [N SN N |

1000 2000 3000 4000 5000 6000 7000 8000

300 m L =Length of Weaving Section - Feet 2 100 2 400
600 900 1,200 1,500 1,800

{ a 3 v [ . . {
311 2.2-5 3 IATIzEENIAREAL (Weaving Section) NNz aal
7’7:1/’1: Leisch and Leisch (1984)

Koupke and Levinson (1992) mﬂéwﬁfﬂmmmanmﬂuﬂszmﬂa%%’gaL&J%m (Federal
Highway Administration) l&fmua Tz ezRsfmans auTenIgnIsLenuanuasto s dainiznans
g suRuAiTuosaisiiszozasud 100 was A9 800 a3 I@]Uﬁ;@Lﬂmmuvlaiﬁé’mvfywmvlwqmai
ﬂ’JUQ&lﬂ’)iﬁiZﬂZﬁ’NvMﬁaﬂﬂ’h 113 LAY FWTUANNST 48 N/, uas likasndn 278 was
FINTLAULT? 88 N./TA.

Maze et al (2010) lana1ain PILENUULNAUTATNE a9 T2 829#N9359I9NILgNASN
wasgaadainznanfiszes 200 Lwas ﬁmmmm:auﬁq@ e wIUnIdifimaLenasnaning
a@@%é?muzym"tw@ms msﬁiwzﬁﬁﬁwdwmaLmﬂﬂé"ﬂLLa:"ﬁaaLﬁmm:ﬂmaaglj'sl,wﬁ'aa 120 —

180 Lua3
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2.2.3 @ wUsTNaURANEIRIUNITBDNMULNHLNLULNALIANENIZNANS

a ' o

MIDONULLNIUENLUUILNZNa19UT2Na LA 8 RIS AT AN 6 o

[

=2

1) AMANIVBILNENAWEIAILNIINAUID

Land et al (2011) "L@Tﬁmu@mmg’mmsaamwummﬂfmLﬂ’]:ﬂmaﬁ@‘i'}q@ém%“umiﬂﬁu
00819080 aNY AILRAILLAITIN 2.2-2

A13791 2.2-2 AMANINVDILNIZNAWDRAIAIRI VLRI wN1INa LI

AANIITHENVBILMEN A DUBEIRTLEN IR D DALY
ANBHSVDINITNALIA (Lua9)
P WB-12 SU-9 BUS SU-12 WB-19 WB-20
NTRIT19T2 Ml 9 18 19 19 23 21 21
NTaITITVN Mdhe 5 15 15 16 19 17 17
NNTaT1T M a lnans 2 12 12 12 16 14 14
EHIVL R P= myuw"’u”'omuyﬂﬂa, WB-12 = mmmnﬁ'ama, WB-19 = 'mmﬂgnﬁlmmﬁﬁmwm?

14.63 a3, WB-20 = 7871/557;7nﬁ;77\i?\7ﬁ;\7ﬂ371/ﬂ7? 16.15 1us3, SU-9 = 5377_/557;]77 6 ﬂwa, SU-12 =
30U3INN 10 88, BUS = solagarsywmalng
#ix: Land et al (2011)

2) aaNIeBaIEINT1ElRANIILSIIMIANAYTA (Loon)

Lﬁaé'}mzlmmazmﬂéw%’umuwmu:mmalmy’ﬁﬁaamsﬂé’mn WIDVWIAAINNIIVD
WNENANINING %ammﬁ’mﬂuﬁmﬁmﬂﬂ'mvl,%dmw%nmag'@na‘"mnLﬁalﬁmuwmu:mm@lmy'
sunsansutn ldnsosaanaziiunnulaaasie @”@;;ﬂ‘ﬁ 2.2-6 lasfinaaiuuziinanuninees
mummuvlvxa’mau’%nmmq@ﬂé"mmﬁmmmm%m%’ummmo 4 TRIATVINITDULNISNA DU A

M1519N 2.2-3
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311 2.2-6 danfivenalnanisuSiimganausa (Loons)

#%7: Land et al (2011)

@131911 2.2-3 ANANIWBBIEIKVE1L RANVLIIMIANAUIA (Loons) AMITUAKY 4 Fa9

3193
mwn'?f'mmznma gIvNIincaanttuy

('V!@l) P-19 ft SU-30 ft, BUS—40 ft WB-55 ft, WB — 65 ft
0 16.4 49.21 59.06

16.4 0 32.81 42.65

32.81 0 16.4 26.25

49.21 0 0 9.84

65.62 0 0 0

WAELAG: P = myu@fu"'m'myﬂm, SU = saysann, BUS = mzﬂﬂmﬂuwﬂmy, WB - 50 = mu*m;mﬁwha

#ix: Land et al (2011)

o [ 1 [
3) FTYLNNEINIULIIANLTY (Acceleration Length)

Land et al (2011) 3282139020151 2 JUuDY Usenauely WUUKE Taper WAZLULIW%

o = ¥ o . = A 4 @ a4 & . = .
@]0;51]71 2.2-7 I@mvlmmﬂum:mmmwwaLwamﬂ%nuummaamam ﬁ’lN’]iﬂL‘NﬂT]NLT)lﬂﬁ

90333 (Merge point) UWDUUENLWAN FILAAILLAITIIN 2.2-4
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1y Taper [SENIRIARRLY)

4 1 [ .
zﬂ‘ﬁ 2.2-7 3¢9¢139ANLID (Acceleration Length)
7%7: Land et al (2011)

{ 1 & <& 4 { [ [
(ﬂ']i']ﬂﬁ 2.2-4 532]3!5\1@]')']3\]Li?ﬂ%ﬂqlﬁalfﬁqgﬂ%%ﬁqﬂwaﬂ

1 @ o v 1 1
FTUZLIIANNLIIFINRID Lil"] QQQ?’JN (L@a7)

AMALSIVUNIIBA 0 20 30 40 50 60 70 80
ANNL52 c - AT MAINILTIANNLT
aNasdnG
2anuUL
(NN/BN) 0 20 28 35 42 51 63 70
(Na/531)
50 37 60 50 30 - - - - -
60 45 95 80 65 45 - - - -
70 53 150 130 110 90 65 - - -
80 60 200 180 165 145 115 65 - -
90 67 260 245 225 205 175 125 35 -
100 74 345 325 305 285 255 205 110 40
110 81 430 410 390 370 340 290 200 125
120 88 545 530 515 490 460 410 325 245

WA V', = ANWTILUNG, V, = A1FININITIAING

#i1: Land et al (2011)

4) 328ENNEIRSUTEAAINLS) (Deceleration Length)

v o . A
Land et al (2011) lad1nuaszusrraan1uL5y (Deceleration Length) 44 3 szae
Usznauene szazdwinisuTeaandnui? (Begin deceleration) 3282 T8RANLTIAUNILTINEA

(Deceleration) Uaz3zZENILIBITULIUNINUE (Storage) AI3UN 2.2-8 UATUFAITTHENITUGN

o o & @ P>
FIRIUITLETERDAINNULIIAIANITIN 2.2-5
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Radius

’7Ful | Width Length Taper

Deceleration

Completed . N
___Begin Deceleration

& Lateral Movement

e e e m |

Storage Deceleration —_—]

Total Length

4 1 ®
;sﬂﬁ 2.2-8 @l IzNaUVDIITYSBEADAINNLID
#%7: Land et al (2011)

{ <
Gl']i']\‘l“(dl 2.2-5 @199 NLUUITYSTEADAINLI (Deceleration Length)

AN u.s.
anang, Alawasisalas ITULNI,LNAT anands, las/salas E R (9
30 20 20 70
50 45 30 160
65 85 40 275
80 130 50 425
95 185 60 605
110 245 70 820

#ix1: Land et al (2011)

5) ANNENNVaITTETAREaL (Weaving Length)

luszineanigaiuin Highway Capacity Manual (2010) lafauaunianisnisiasnziun
[ o . ' { & o o o
JUTAAFAU (Weaving Length) U 1N@IMNANTZUEITITAINNWNIUAIAANUNIZURATIDIAAN
! { x> ' ! A o
lagazinsafewn luinuweIn17InaT0INTZUEITIIT 2 NITURRIBNINNTILUNIIAIH TI0N
a & A & A o & 4 A @ A A A Y \
el nilanniduazNunaan (On-ramp uaz Off-ramp) agAanunIaiinasaud8Ta491123
winzfiadaitoiatinszunanisanas a13uN 2.2-9 laaf L, = Base Length uaz L, = Short

Length; Lg =0.77 Lg
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ettt T T —

311 2.2-9 zuzAAAAL (Weaving Length)
ﬁil’]: Highway Capacity Manual (2010)

I AIANNINFIFAVOITLUZAATAL (Lyyae) WHFAIAIFUNTIN 2.1

L. =[5728(1+VR)"] - [1,556 N,,] (ft.)

Toodt L. = ANNENFIFAVDITLUZAATAL

VR = Volume ratio

_Vu Vi +Vy

v (v vy )+ v, vy )

v = P nasmmae
v, = USnannnenudngnanan
v, = YSunmanmenanan legimnaia
v, = USinomTefiaaasy
v, = YTk TINNNW
Vy = JFunaTaInenan

Ny = IWuTImasnegnwimiaassy
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2.3 sl ansnINN1399199
1 A

nsUszlindsz@ntaiwnisanas ladnwiangdeunasgiu Highway Capacity Manual

%

U
Cé = @ A o a a v g
(HCM: 2010) G9anansadszifinanasiiadsfninnlaasi
2.3.1 AMNAIT INIILARNIY (Delay Time)

aua T st aun s dwn i U s A ntse ANT A WU 9N INUFITUAINAIT
LARAUAITDILIUNINKE LAUAINNEITIFINITOLLIaN LaRA1UUTELAN 1T ANAITIINNAT
A2UAN (Control Delay) Aardunaad lun1sUseidnszaunisLAuInns (Level of Service) UadnNJ

>

= 1l o
muendaygislWamasuazmousnldddygrmliansaiugs

o

mmmiﬁﬁnﬂmsmuquﬁm’mLﬁmﬁaoﬁumsmﬁauﬁaﬁasmmﬁaﬁ@‘huazqumn
UWNIIHEN LﬁamLﬂﬁauéﬁLﬁﬂgjumﬂasJ;ﬁ"uﬁaza@mmL%auﬁaﬂ'&mﬁumﬂaslagjuummﬁﬁj
mausnlufianisiu 9 aua1tnnInILguEIIaiandaNusIafsiiduaTid T

nn 9 Aeneuunaghgniouen
2.3.2 anaausmnesenididy gl

ﬂ?i’?Lﬂ?’]zﬁﬁ’]ﬂ’J’mﬂﬂl adﬂ’ldLLﬂﬂ%Zﬁ'ﬂ’lim’]ﬁ]’mﬂéNﬂ aﬁiaoﬁmﬁ]sﬁLﬁa"l,@ﬁ’ué'mmwmvlw

v v

v 4 { v U s A U 1 1
den udraansnadeaud il ldnsaunudaiiondt Lane Group lasanagaadudazngutasasas

(lane group) RNNINFIWIHAIFNNTN 2.5

Ci = Si(&j (2.5)

oo C = ANNYVDINGNTEIITAT i
S, = é’mﬁmﬂm'ﬁm"’waaﬂ@jm"ﬁaamws i
g = i:ummvl,wLﬁﬂﬁl‘fﬂiﬂﬂ"ﬁﬂﬁ%aamjm"ﬁaamms i
C = d139U2891I8T (INWN)

é’mwmmwdnﬂ%mmmwmammgﬁ]ﬂﬂumiﬂauanﬁnm‘”vmmﬁwé’a (Degree of

' o = o 'Y {
Saturation) mauma:ngmaaaﬁﬁ "]‘J\‘iﬁ?&l'ﬁﬂﬂﬂ%’]tﬂ(ﬂdﬁ&lﬂ?iﬁ 2.6

X = (V_J _ (vic J (2.6)
C, S.G,

lagd X, = AUANNBUAIVBINGNTBIITNIT |
V,

1

= ﬂ%uwmﬁwsmaamjw‘*ﬁmaﬂﬁ i

ﬂﬁjuﬁaaﬁmﬁ]iﬁ]:gm‘imumﬂu 2 anume laguyain é’ﬂwmzﬁag;@hﬂdﬁm”uﬁmﬁ

(Under Saturated) @1 X; 6191 1.0 uazanumeagginineauduaa (Oversaturated) t1 X; §9
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N1 1.0 32AUAMUANAIVBINNINWUINIZNINTHINNITZAVANNANAITNGA X TI92RNTANAN
mjuﬁaaﬁmﬁﬁﬁﬁmé’mwmuﬂ%mmﬁwmaé’mwm‘svl,mSué’agaﬁqﬂluu@iazW\Ia lunsdivains
Aa o o ) a P a v A A o v & va o \ o .
wondl 2 F9MEFUYIIN 1T ArniauazialaiafouNwsaunun NI TINEATIEIHAINET
' ) A e & \ A o o = A \ Aa o
vaIngutasInIMgIniainuluudazivanisdsmizdygrainfazindudesananizey
AN BNAITINOARINILITALANNDNAIINGAVBININNILEN FINITOFWII IAAIFNATN 2.7

X, =Y.V, /Si)X{CC_:J (2.7)
Tooft X, = SATIEINITALANFAIVBINIIUEN
(V/S) = 8amainszninySumanasuazsanis madudivetesanas i
L = AMgYLEs (3w
C = 1390289187 (A1)

f132AUAMNINAITINOAVDINIIUENHOININ 1.0 BUUFAIIN NIILLNFINITNTOITL
YSunmnsanasidasmadiwnsuen laauarsauaadnaNimuue 11 f1szauanuduaiinga
28INIUBNFINTT 1.0 Bunu1pawdimsuenagluan1nn13asnaTuuugIninauen

(Oversaturated)

2.3.3 anagusmnaueni biddypiowld

@

a [ a A 1A J [ a a A
ﬂ’]i’)tﬂi’]z%ﬂ’ﬂu?ﬂil{]mw'}dLLEIﬂ‘Y]VLN&Iﬁﬂ.IﬂﬂvaW "D?.:“U‘Uaa%ﬂﬂﬂi&l"lm‘ﬂiﬁ?ﬁ"ﬂ’]ﬂﬂﬂﬂﬁdau

[ Y]

{ o o . ' ’ A { o o A& ° @ H
NUALEILAETDITNITER IR W L U A ANIINVALLET Gﬁammmmmmmm’gmawmiﬁ 2.8
e’(vcxtcx /3,600)

e 2.8

Cox 1_ @ Uoln /3.600) (2.8)
Iﬂl 5 Q.;
lagfl C,, = A2u3V84 movement x :AW/TI L9
v = FIWIUNITAANUVAINIZURITIITFINTL movement X :F1UIW/T2 L

cx

t PaI9I19TERINIA KDY movement x IUN

(¢

L’Jﬂ’]l%ﬂ’ﬁ‘llﬂd movement x: 247

£

X

2.3.4 unAag (Queuing)

=

LLﬂ’JﬂﬂEILﬁ@’l"ﬂ']ﬂﬂ%w’]m?ﬂ?‘l’ﬂill%‘ﬂ']dLLEIﬂ‘Ylﬁ

%

zymuﬁmvl,wq]iﬁﬁ)iﬁdﬂmﬂﬂdmawqmaonuu
Feenwnuzluusawlisusodwnanenlutssugmldidoatauntiidlaninue woinawes
a 13/ 1 nl Qs a { v 1
AT UNTRINIWANTITIATULUFININANGT (Oversaturated) WuN8f9 UTuswinusndngnie

wundA1NINNI18aINNTILIANT D unsdlaAIWN1IITIITULLEINIIBNG D (Under -
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Saturated) #1811 USinasnuwinusiidingnisnsnazie BNi18a31NNIIALUINNT I3 9H1UN14

wenlaausaumsyymiv lifiounines diguUh 2.3-1

Arrivals

Service rate (veh/h)
<
Cumulative vehices

"~ Departures

Red Green Red Green Red Green Red Green Red Green Red Green

(a) Arrival and Service Rates (b) Queue Lengths

Q

Eﬂ‘ﬁ 2.3-1 1@azunwwaai:‘uuumﬂaﬂé"m%’a.lmaLmnﬁatymﬂmvlﬂas'mimuqu
ﬁ,‘m: Highway Capacity Manual (2010)

.

511 2.341 (;sﬂ%"m) %mmﬁaﬂ%mmaswsﬁﬁ’lgmaLLsm (V) lunshoaudadilug uazd

u

]
=) [}

80TNAINARBATIIIAINANE 8ATINTIAUIAT (s) 3eUIzneualy 2 gane launanie s

1 [ 6 d' 1 1 o A o A 1 o A' [ di 1
m’muglumuaaﬂumanmafgzyﬁmvlﬂum LLazua@mmi"L'ﬁamauLma@mmivlmaummaaQ

2

o

Tugrnasuawnde) Na1IARATINITIMLSNINIISWNNWALEAIINT MaduadLdaduninay

v

LT

= A a A A o \ A v
51U 2.3-1 (;a"ﬂ‘ll']']) AMULTILDINDEY AD iZUzLL%’J@IGTGGEﬂﬁ’WLﬁﬂUN NALRIILINAT

u

' v 1 ] s - J { 1
peItRFY I inuaInuEILaIneIzldwviniuaud uaziWaduiias 9 auiid1a1ue17

LnIAEgIgaNInFugaTaItFy g IMinues aNeIunIAanTInasaIRAguLidaLEw

D.

Arrival ANa@NLLEW Departure lasgdmumasuudazylusaifaseuayyinld 1 sauuazausm
o a ) a = o a v ) o

A nzdmitisnamsiiannines G95298aINa L INAUINNTIUINVDIS Y I8 b LA
aunszvisunlInepnaa il Atisnamafiaunineszudsiuegizninsznadygiminues

UszinSuauasszoznasausyan ol sansndwislaanaunin 2.9

2.3.5 S2AUNITMAUINITUSLIOANIUEN

6 a

AMNNINIFINNIINAIY Highway Capacity Manual (2010) N133LA3zHIzAUNITIADINS
a . . a 1 ] %2 { A ,3’ Aa
UIWNILEN (Intersection Level-of-Service) a2WaNIWINAIANNEITINLAATBUTLIAN9ULEN
. ) A o [ A 2 a
(Intersection Delay) tJuinausilunstsziduszaunslausns Seanuatusiiansusnaana

uivaan latdunatssin laun

W laAANNEITIvINIIUEN (d) B1XNTARITZALMITIALININARNIN ANV D

%

Highway Capacity Manual (HCM :2010) IuaAIlwaNI19N 2.3-1
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AN 2.3-1 TLAUNIIIRLIMIUS I NaLen

STAU ANAIT

n13 NIGLLEN NISLLEN A5y

TWusms | ddganmlveses | Lidduarmlnesies

o

A ladifin 10 A laiuAin 10 S LaRaun baatnsdae
a a a a 1 A a ' L2 = v
B 10-20 w7l 10-15 w1l nizugaTRTaglwnueia (Hanudtuinen)
C 20-35 Al 15-25 w11l nazusaTTaglwnueia (danuarthaglu
6 Qs U,
wnasioaniyle)
a a a a 1 6 ¥ A ' v
D 35-55 AWl 25-35 Au7 nazusaTTaglwnuinalt (Hanuth
AN TOUF YN IN)
E 55-80 AU 35-50 A NIEUEITNIAATA (IAuaTrann)
F 1NN 80 T NN 50 TN NIZURITIAIUDAG

177:1/’1: Highway Capacity Manual (HCM : 2010)

2.3.6 5@Sﬁdauszwiﬁ05ﬂmuqﬂamquazmwifﬂu,z’famsaﬁrms

0AMNEIWNIUIUNEUIININIATALEINTITIITUAEIIWINY T AL Wuwrndieesi
faglumiiinnzianulssantiaiionass T(ﬂUmsLﬁmJLﬁﬁﬁmug@%LLﬂT@ﬁmﬁlLﬁm‘fﬂmm
ammwmiﬁ]s’mﬂmmazamumstﬁﬁ’uﬁwmuqﬂ'ﬁLﬁ@lﬁLﬁ@ifuﬁo Lﬁiam@mirﬁmmgtytﬁﬂﬁaz
Aadu Migletz et al (1985) le@nmnanuFuRHETzHINIANNTaLEINITITIIsUaz8 AN TL AN
auidng lasldnsdmateyamasun Uznauiudoysgdifmglutisna 3 U dullunislas
1455130 9nd093ala 1B IWINANUTALTINITITIITRAATUUSIIN9LeN Tasunn
aantduwlIzianely g Puinnudasdinsnasiiiannnndisutesanas luaa 1 5%
NNNIANBINLT daTEIUITRININIRRgURMgda I uInANNTALEINTITI9T HArAY
1/10,220 a39/3]

2.4 NIIAIITINNTUBNITULDIINY (Gap Analysis)
2.4.1 NMIYBNIUBDIIN (Gap Acceptance)

m‘sm"‘uﬁmuwmuzﬁnmmaLwﬂﬁvl,&iﬁa%'tymﬂmvlmsws JDImaadwlalun1Inausn

U mwTadie ;ﬂij’m"’u%xﬁaﬁmsmwﬂsznauﬁ'umﬁ?@‘i'@§u1a1ummaw%’uﬁaadwﬁﬂaa@ﬁ'ﬂlu
o { A ° o @ A o ' { o
NIZURITIVIRANLN AN TR R ILHIUNISLEN LRZNITAANITELRIIIDT mmmamummwﬁg
AUPALADININTIN ADTAITIITERTLIWNIRE 2 At LA 8T TEUTWIITZ IV ILTWNIR T AT
=< ) o A a ' = a A o ~ A oo A
LINDIARUIVDILIBNIN WA WNTDI lasdnibratdw Tuln muamlugﬂﬂ 2.4-1 LNV UY

U
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muwmu:ﬁﬁaaﬂ’]sa:ﬁ@m%amm%;jmzumsws ;&””u%zﬁaaﬁmsmﬁﬁwm”aﬂa'nﬁmw

a

A o oA @ A oA o A
L%N']:a&lﬂﬁ]z@@]%iaLmqﬁjﬂs:LLﬁ'ﬂi"]'ﬂiﬂiavLN LNQE& ki

TAFWLD IUNITE ®IDTINNUNITLLRDIIIDT

= 1 et 1 1 v e A WQJEI 1 v Q/ 1 1
L3N NITLBNILDBIINN (Gap Acceptance) ‘Vﬂﬂa U‘IJ?GI‘HE as’[umumwanmﬂﬂnau

U

a ! '

s da X daa A Lo “ A _
maa'naﬂm@mulummzﬂEmum%qmamammﬂaa@ HEPHIN ﬂ’]iﬂgLﬁ'ﬁ%ad’J’N (Reject Gap)
(Johan and Simon, 2010)

NSzUAI VT UUIUUTIIHAN

NIZUFIT VI VUDIUUAYTON

31N 2.4-1 291NNV NINBRE 2 AT
‘ﬁ.'il’l : Johan and Simon (2010)

2.4.2 %297199n7 A (Critical Gap)

o ot ot [} 1 a [} 1 = a [} 1 o 1
ﬁ’]ﬁiUﬂ"l‘Jﬁﬂ‘]ﬂqﬂﬂ‘Sﬂi’J&Ii‘LI“ITi’JG’J’N ﬂ%ﬂﬂﬁiﬂgLﬁﬁ"lja\‘]’ﬂﬂ HINITININITUITBIINIAINATD

= a A 0 & Ve ve A & ' ' ' Ao A A ve A o
ung@nssun laiuiuau Inagnufaind m"l,wmmms:q‘*ﬁaaﬁmuawq@ﬂamummmmuamu
(% A 1 ] dl a >3 u?: XK A a 6 1 a a dlu 1 a a =3
le wIazsasinenarsdias aenudsdnisiezdtesi1singd lasNtes3193nnd vuneds
ﬁaadwﬁﬁamﬁq@ﬁﬁm”uﬁmmmUamf'mm:mmm@Tmﬁaﬁwn"’ummmiwat"lﬁ PINTAIININAN

wosniigeasineingfazgnufias laonslianedtesivingd daznaudieitasdalui
e  DT097199nAV84 Raff (Raff's Critical Gap Method)

MIANATNZRTaII193n A lasFTre93193nn A28 Raff FruaINTe93199n06 fa Waan
a Qs U Rt a [} 1 Qs l:l A
MINIWIIAAAUULFUNTINWVBINITLONIY UATULAETaI9 asusadlu g 2.4-2 T9angy

A v o o

abunalddn 09919Inn@ Aeszuziimfiddudsansutesinddnriiuszsznafgiuilfias

U

TFOIIN
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03319Uf a5 PDIIN9YDUSU

o

PUIULDIN

499319967

b381

51fi 2.4-2 35 Raff's Critical Gap

7 : sauilada1n Noel et al (2006)

12
o v '

o ABWUNNUTaULYiNN® (Equal Overlapping Area Method)

MR TBII19Tn A LA I FAUNNUTDUYINAY 2TABINTNNNNTINAMUFTNNUT
szniamspaNsuuaz U iasta9379 lagRansandiwiuinudaunuszninagunswnisas laad
1 dq’ dl L U Q?: v a 1 Q = l:l A Y a v dl =

Funuinutaunisasdasdanriinu diuaaslugdn 2.4-3 lunsfifaTsenadduaenaiinng
w A =Y a 09’/ 1 i b l& 1 1 1 a a 1 U Io 1 1 {
GAFBIARANANA AIBBRINNTANED LABNHENTHIIN Ta9319INgAAe TadinsnaINwIusasinem
Ujiemagsfanaiainnuitwingesineneaysuegvianaa anmadeuisunsite s
TIININYANINDII DTN INIDT09I19INAVeY Raff WaLADTANBWANULTOULYINAK WUd1 ADNY
A0eAT099199N G289 Raff aztranzgununImndnisuansy wislUjiastesinindanaia
A a a A . o ) ) A a ) ! Aa a & a
WgINIThaNItinisninnin &wmiun1swenst nIalfisstesinenlanudanaianiaasnst

MINATITATBIT93NY A LasATAUANUTaUYNAY SanunInzauIInnIn

A

984INUA5 P84I988UTU

VOULUANUAN
109919IN

ATUIUYDIING

o

38

] k7 ]
317 2.4-3 S5NMNNLL DTN
737 - aautlas97n Noel et al (2006)

o Abnmiadidulnsvastesinslfjias (Reject Gap Percentile Curve Method)
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aﬁmnm'm:';miw:vﬂ@wagamsﬂgmwaomwaagynm W @bt oSt ue Inan 50
c§ a a [ 1 1 1 £ [ 1 { a N
FININTUINNIIUPLRTTIT1IMAY ) T8993 wazuaandusunWweItaIiendJiss a4
LLa@alugﬂﬁ 2.4-4 mﬂgﬂuamlﬁﬁu'jw nmﬁa\nfwﬁagjmosﬁmmam%mmLﬂaisﬁumﬂlm&ﬁ 50
' Y A . ' A ° ' € & & & v A
I@UaauI%tyLLaaﬁlzgﬂﬂgLaﬁ Lm:nﬂmmwmgmwawam’ummLﬂawﬁu@vl,m“n 50 Kaudas
JaNITUTIINg

A

0, 1 1 a
oo NTMY09I9U] 6

~

50% k= === ===

Wosidulng

Wosdulnan 50

N

b381

0%

>

511 2.4-4 Adnsulesiiulndvasdasinelias

u

31 - aautas9n Noel et al (2006)

25  NIIATZRNAAIANNFULRINLATHIAITAT

yadIANgYIRanIsaTHgiadant @ Ian ldna1s3s 13w Human Capital
Approach (HCA), Willingness-to-Pay (WTP), Net Output Approach, Life Insurance Approach,
W& Court Award Approach 4a¢ Lwﬁ%ﬁﬁwlﬁmﬂﬁqmzlﬂuaaﬁﬁmﬂ las3% HCA azfiawlslu
ﬂi:mﬂ"lmmﬂﬁq@ miﬁﬂmlmwmmaﬂuﬁazﬂma@hmmg@Lﬁﬂmdmmgﬁaﬁnﬂqﬂam@;
mﬂﬁ]imamﬁlﬁm‘fﬂuﬂi:mﬂ"l,"nzluﬂ‘*ﬁ’lumﬁmﬂ:ﬁmm;mmwaaqﬂ'@m@; AILEAIL A9

i 2.4-1
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@13197 2.5-1 yaaranagaidanisasegne ludszindlnaonnuidalueda

9WIVY NAAIANNF UL (U17N) 25
Imamsﬁﬂmga@hqiﬁm@y,l,mﬂizlmﬂvl,ml Haﬁwm?xaﬁ%=5,315,55€ HCA
(2007) Yaen9#Win19=6,167,061
YaFNYNALTUANWR=147,023
YafngNAIULANTaL=34,761
YRAMNTWIRULFIWND=45,898
mmqtyl,ﬁmﬁaamﬂqﬁ'ﬁm@;amaﬁmaun Yafn9LFuTI0=3,149,784 HCA
ludszinalne (2005) Uaf9An13=3,496,235
yafngNAIULANTaL=8,990
Determination of Economic Losses due to Haﬁ’l%ﬁ&l’ﬁ?@=3,050,1 12 HCA

Road Crashes in Thailand (2005)

Haﬁwmmﬁumﬁ’aﬂ 93,648

Haﬁwmmﬁmﬁﬂﬁaﬁ:%,mo

Haﬁm%’wm‘ﬁmﬁﬂms:m,ws

= & an v A L% = a o = 1 A 1
ﬂ’]iﬂﬂi&l’]ﬂiduvl,@Lﬂaﬂlﬂjwaﬂ’]iﬂﬂmﬁ’ﬂﬂﬂd’]u’mElIﬂiGﬂ’]iﬂﬂH’]ﬂﬂﬂ’]@‘U@]m@‘}Lmdﬂizmﬂ

Ing (2007) vasnIunenas inaltlunsiienziidugadianugyiioiasangdame inaidu

Lﬂmﬁﬁﬂizﬂaﬂluﬂﬁi‘ﬁ’%’ﬁmqaﬂﬂLLUU%LﬂS’RﬁY}’NLLUﬂEﬂ WULNAUTOTLNNZNAS
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3 Suigun5IY
Lﬁammﬂluuwﬁﬂuauafmaumsﬁ'}Lﬁuom%‘vﬂLﬁams&g@nu’?@qﬂs:mﬁmaamsﬁﬂ‘m
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a [ a @ v @ ' dy
NIIAINCH I@]m’mauamuammmmamavlﬂu

3.1 BHWAIIANBBINWIRY

ANIANEILNEILATIZRUTERNTNIWAITOANLULNIILENLLULNAUIANLANZNAN UBNIIRA

ALY 121 39IaiTuslnd Sduneuatuzaslugln 3.1-1 Usznaudiniatontit

o I NRUATa LI AN AN H

® MIENTIUAZTIUTINTBYAINAATUIY

o NMINAIWILLLINADY

® MT3LATIZHNTE D NULLLNILSNUULNELSANNENST

® M3ILATIHF UL AN MWNIIRENUUUNS IR NENS
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(Microscopic Model) 9349 (Surrogate Safety Assessment Model)
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3.2 ARAIWNITIANWWITNIDY

3.2.1 MIMABAVDULANWNANLN

maumﬁuﬁﬁnmaguummmamnmml 121 nuwsautiaaBaslund unww 2 1ad

27133/1a1n79 lasfiaaasratsemurinninniduiniznais (Median) LL4fian19n13937195 &

& AR a o \ v 1a =
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Simulation Analysis for Optimal Median U-Turn
Offset of Restricted Crossing U-Turn Intersection

Nopadon Kronprasert, Ph.D.
EXCITE Research Center
Dept. of Civil Engineering, Chiang Mai
University
Chiang Mai, THAILAND
nopkron@eng.cmu.ac.th

Abstract—A restricted crossing U-turn (RCUT) is an
alternative intersection design that is widely gaining acceptance
to improve mobility and safety at unsignalized intersections along
high-speed divided highways. RCUT restricts vehicles from
making a direct crossing at the main intersection and guides
them to make a U-turn at the downstream median U-turn
opening and return to the main intersection. For RCUT design,
the distance between the median U-turn opening and the main
intersection (called median U-turn offset) is the most important
design parameter that influences the operating and safety
efficiency. Too far median U-turn offset will increase vehicle
travel time, while too short offset will result in harsh lane-change
conflict for minor-road traffic. This paper develops traffic
simulation models to determine the optimal median U-turn offset
of RCUT intersection. The study presents simulation models for
different offsets, examines excess travel time and traffic conflict
reduction, recommends the suitable set of median U-turn offsets
based on minimum user costs, and applies to the real-world
highway improvement project. The optimal designs are varied
with respect to traffic volumes on major and minor roads, vehicle
speed, and vehicle composition.

Keywords—traffic simulation, safety, traffic management

. INTRODUCTION

Managing traffic mobility and safety at intersections is one
of the most challenging tasks for highway engineers. At major
intersections, road users often experience travel delay during
peak periods and suffer serious accident risks. To solve the
problems, various alternative intersection designs have recently
been proposed among highway authorities, such as
roundabouts, median U-turn intersections, and interchanges.
The basic premise of such designs is to separate different
traffic movements, provide more uninterrupted flow, and
minimize severe traffic conflicts.

A Restricted Crossing U-turn (RCUT) intersection is an
alternative intersection design that helps improve mobility and
safety at an intersection where a minor road intersects a high-
speed multilane road. RCUT design has two elements: the
main intersection and the downstream median U-turn openings.
This design prohibits vehicles from a minor road to directly
cross the main intersection, but lead them to make a U-turn at
the downstream median U-turn opening and return to the
intersection. [1-2] Conceptually, RCUT design has two forms;
the RCUT with and without direct turns for vehicles from a
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major road. The design features of RCUT intersection without
direct turns and conventional intersection are illustrated in

Fig.1.
M
___________________ D —
W
(a) Conventional unsignalized intersection
,J_[h Offset L |
— — D]

BIH'

(b) RCUT intersection without direct turn

Offset L

Fig. 1. RCUT intersection configuration

For RCUT design, the distance between the median U-turn
opening and the main intersection, called median U-turn offset
or L in Fig.1 is the most important design parameter that
influences the operating and safety efficiency. Too far median
U-turn offset will increase vehicle travel time, while too short
offset will result in harsh lane-change conflict for minor-road
traffic.

The goal of this study is to propose the methodological
framework that can rationally recommend the optimal median
U-turn offset of RCUT intersections. In other words, the new
approach to determine the optimal locations of downstream
median U-turn openings of RCUT intersections is presented.
The specific objectives of the study are as follows. First, the
study develops the simulation models that recommend a set of
median U-turn offsets for RCUT intersection design under
different circumstances. Second, the study applies the models
to suggest the locations of median U-turn openings for the real-
world highway improvement projects.

Il. LITERATURE REVIEW

A. Restricted Crossing U-Turn Intersection

A restricted crossing U-turn (RCUT) intersection design is
one of the alternative intersection designs, which has been



widely implemented. Typically, there are two major forms of
RCUT intersection design. First, an unsignalized RCUT
intersections also called J-turn is suitable for alleviating severe
crashes at rural two-way stop-controlled intersections. Second,
a signalized RCUT intersections also called superstreet is
suitable for improving efficiency and safety at intersections
along urban corridors. [3] Highway engineers have been aware
of its operational and safety effects.

Past studies on this subject mainly focused on analyzing the
operational and safety performance of RCUT intersection
design. For the operational analysis, microscopic traffic
simulation models were used [4-5]. They found that the RCUT
design performs better than the conventional intersection
design in terms of average delay, average queue length, and
total throughputs. Drivers on a minor road seek for a shorter
gap in one direction at a time. For the safety analysis, RCUT
design theoretically reduces the number of conflicts by half. It
eliminates the crossing conflicts, which are the most severe
conflict types at the main intersection. The before-and-after
studies showed that the numbers of crashes significantly
decrease. [5-7]

By its geometric design, there are various factors affecting
the safety and efficiency of RCUT intersections, such as
number of traveled lanes, the presence of acceleration lane, the
U-turn opening configuration, and the location of median U-
turn openings.

In practice, the location of median U-turn openings varies
among different forms of RCUT. For unsignalized RCUT
intersections, the median U-turn offsets range from 100 to 900
m. [2, 9] For signalized RCUT, the median U-turn openings are
relatively short. Minor-road traffic can enter the U-turn without
conflict due to the signal control at the main intersection. The
openings are located closer to the main intersection, typically
100 to 180 m based signal timing [8]

B. Microscopic Traffic Simulation

A microscopic traffic simulation (or a microsimulation) is a
powerful tool that can analyze the complex traffic flow and
represent traffic movement under various scenarios. It is used
to simulate and replicate several driving behaviors. In highway
and traffic engineering, a microscopic traffic simulation is
widely accepted and used as a reliable decision tool.

In general, the development of microscopic traffic
simulation model involves the following steps: network
coding, model calibration, and model calibration. The first step
is to construct geometric features and input traffic data into the
model. The second step is to adjust and fine-tune the model
parameters as realistic and reasonable as possible. The last step
is to compare the model results and the observed outcomes. [9]

C. Surrogate Safety Assessment Model

The surrogate safety assessment model is to identify
conflict events by assessing surrogate safety measures, such as
time to collision, post encroachment time, deceleration rate,
maximum speed, and speed difference. The model analyzes the
frequency of conflict events (or traffic crash avoidance) in a
traffic network using wvehicle trajectories recorded in

microscopic traffic simulation. There are three categories of
conflict events being recorded based on accident types: rear-
end conflict events, lane-change conflict events, and path-
crossing conflict events. [10]

1. METHODOLOGY

A. Methodological Framework

To analyze the optimal RCUT design, the study proposes
the framework as shown in Fig. 2. The details are as follows.

PROBLEM DEFINITION

}

DaTaA COLLECTION

}

MoDEL DEVELOPMENT

SURROGATE SAFETY
ASSESSMENT MODEL

TRAFFIC SIMULATION
MoODEL

MODEL ANALYSIS

OPERATIONAL SAFETY
PERFORMANCE PERFORMANCE

1
OpTIMAL RCUT DESIGN

Fig. 2. Methodological framework

B. Data Collection

This study focuses on recommending the optimal median
U-turn offsets of RCUT intersections located on a 4-lane
divided major road intersecting with a 2-lane minor road (or
driveway). Although the scope of the study is limited to this
intersection configuration, the proposed method can be applied
to other intersection configurations.

Next, the parameters required to develop traffic simulation
models were identified. These parameters include road network
geometry, input traffic on major and minor road, turning
movement on all intersection approaches, traffic composition,
desired vehicle speed, and gap acceptance for all types of
vehicle and movement. Model development

All necessary data were collected from the intersections on
a high-speed corridor. The relevant data are road geometry (i.e.
the configuration of intersections and U-turn openings), traffic
data (i.e. traffic volume, speed, traffic composition, gap
acceptance), and socio-economic data (i.e. value of time, unit
cost of accident)

C. Model Development

The study developed traffic simulation models using
microscopic traffic simulation (PTV Vissim) and surrogate
safety assessment model (SSAM) for evaluating operational
and safety performances, respectively. [11, 12] The models
were built for various sets of input variables including traffic



volume ranges from 200 to 600 vehicles per hour per lane; the
median U-turn offset ranges from 100 to 800 m.

D. Model Analysis

The optimal median U-Turn offsets were determined by
minimizing the total cost of the road users at an intersection.
Road user costs represent the operational and safety effects of
traffic flows at an intersection. Travel Time Costs (TC) and
Excess Accident Costs (AC). Evaluation of EAC and ETC will
be described as follows.

1) Operational Performance is measured by the travel
time cost. Travel time that all vehicles used to maneuver
through the intersection for both conventional intersection and
RCUT intersection was recorded. The travel time cost of
RCUT intersection can be expressed as:

TC = i(AT)i xV xVOT )

i=1

where TC = Travel time cost )per year(, Ti = travel time
difference between the case of RCUT intersection at offset i
and the case of intersection, V = traffic volume (veh/hr), and
VOT = value of time )$/hour(

2) Safety Performance is calculated by determining the
reduction in number of conflicts that vehicles encountered
when making a U-turn (compared with the direct turn at the
intersection) The accident cost is then calculated by the
accident to onflict ratio and the unit cost of accident. The
accident cost of RCUT intersection at different offsets can be
expressed as:

AC =N, x(A/C)xUC 2)

where AC = accident cost (per year), Nc = number of lane-
change conflict (times/hour), A/C = accident-to-conflict ratio,
and UC = unit cost of accident

E. Optimal Median U-Turn Offset

The optimal median U-turn offsets are then determined
based on minimum total (marginal) cost concept as shown in
Fig. 3. In this study, the optimal median U-turn offsets for
RCUT designs are recommended for various traffic conditions.

Marginal Cost

Excess Travel
Time Cost

Minimum

Marginal Costs

Excess

I
1
1
I
I
1
I
| Accident Cost

Y
* Optimal Offset

Median U-Turn Offset

Fig. 3. Concept of minimum total cost

IV. APPLICATION TO INTERSECTION DESIGN

The proposed framework is applied to a real-world
highway improvement project in Chiang Mai, Thailand. The
existing corridor is a 12-kilometer 4-lane divided high-speed
highway in a suburban area. There are many intersections and
U-turn openings along this corridor as shown in Fig.4; and as a
result, there are many road crashes at these locations. The goal
of the improvement project is to relocate the median U-turn
openings by introducing RCUT intersection design concept
along this corridor. This study applies the simulation analysis
to determine the locations of median U-turn openings.

-

Route ——
Intersection (conventional) P
U-turn opening (=)

|

0 275550 1,100

Fig. 4. Existing corridor

Fig. 4 illustrates the snapshot of traffic simulation model
developed for evaluating the operational performance of this
study. Fig. 5 shows the conflict points associated with the T-
intersection in the case study. Different colors are used to
represent different conflict types: red is for crossing conflict,
green is for lane-change conflict, and yellow is for rear-end
conflict.



Fig. 5. Snapshot of simulation model

Fig. 6. Conflict points by surrogate safety assessment

A. Operational Analysis

Fig. 7 illustrates the increase in travel time cost accrued
when replacing the conventional intersection with the RCUT
intersection design at different median U-turn offsets. The
figure plots for high, medium, and low traffic volume on both
major- and minor roads. The results show that the travel time
costs increase significantly when the median U-turn offset
increase greater than 500 m.
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Fig. 7. Travel time costs with respect to different median U-turn offsets
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B. Safety Analysis

Fig. 8 illustrates the decrease in accident cost when
replacing the conventional intersection with the RCUT

intersection design at different median U-turn offsets. The
figure also plots for high, medium, and low traffic volume on
both major- and minor roads. The results show that the longer
median U-turn offsets of RCUT intersection can reduce the
loss of accident.
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g. 8. Accident costs with respect to different median U-turn offsets

C. Optimal Median U-Turn Offset

The optimal median U-turn offsets can be determined by
the minimum total cost (including travel time costs and
accident costs) Fig. 9 illustrates the relationship of total user
costs and median U-turn offsets. The results show that for a
given traffic volume, there is an optimal value of RCUT
median U-turn offset. Too short offset may cause low travel
time cost with very high accident cost, while too long offset
may cause very high travel time cost with low accident cost.
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===: “Low" major- and minor-road volumes
140,000
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Fig. 9. Optimal median U-turn offsets based on minimum costs

D. Recommended Median U-Turn Offsets of RCUT
Intersection

Table | presents the recommended median U-turn offsets in
meter for different sets of the traffic volumes on major and
minor roads (100 to 600 vehicles per hour per lane). The
offsets are based on the minimum total costs including travel
time costs and accident costs.



Fig. 10 plots the recommended offsets for different
combination of major-road and minor-road traffic volumes.
The higher traffic volumes, the longer median U-turn offsets
are. Table I and Fig. 10 are complementary; the former shows
in specific values, while the latter is a look-up chart for
practitioners. The recommended offsets can be determined if
traffic volume on a major- and a minor road are given.

TABLE I. OPTIMAL MEDIAN U-TURN OFFSETS FOR DIFFERENT TRAFFIC
VOLUMES
Traffic Volumes Traffic Volume on a minor road (veh/hr)
on a major road
(veh/hr/In) 100 200 300 400 500 600
100 270 295 310 330 340 345
200 310 330 347 360 370 380
300 345 370 390 410 430 445
400 390 420 435 470 495 520
500 445 475 495 520 550 570
600 535 550 565 580 595 630
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Fig. 10. Look-up chart on optimal median U-turn offsets for different sets of
major-road and minor-road traffic volumes

E. Sensitivity Analysis

The study conducts the sensitivity analyses to determine
which parameters are significant and should be taken into
account to the proposed model. The parameters used as input
of the proposed model were tested including vehicular speed,
and heavy vehicle, accident to conflict ratio, accident unit cost,
and value of time. The effects of other parameters on the
median U-turn offsets are discussed below.

o Effect of percentage of heavy vehicles. The heavy
vehicles require longer gap to merge the traffic and
change lanes than other vehicles. The proposed model
suggests the need to consider the percentage of heavy
vehicles. The median U-turn offset should be longer
than what is proposed in Fig. 10 by 15-20% for every
5% increase of heavy vehicles as shown in Fig.11.

o Effect of vehicle operating speed. The operating speed
on a major road significantly affect the optimal distance
between median U-turn opening and the main
intersection. The higher operating speed on a major
road creates difficulties for vehicles to enter the major
road, and at the same time force them to the risky
situation.

e Effect of socio-economic factors. The economic factors
that used to convert operational and safety performance
to single comparable performance have insignificant
effect on the optimal median U-turn offsets. For
example, the value of time and unit of accident cost will
proportionally shift the total costs.
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Fig. 11. Sensitivity analysis of vehicle operating speed on a major road
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Fig. 12. Sensitivity analysis of vehicle operating speed on a major road

F. Proposed Median U-turn Offsets

To apply the simulation analysis to search for the optimal
median U-turn offsets in the real-world situations, the
recommended offsets from Table I and Fig. 10 can be used. It
is however noted that the recommended offsets are proposed
based on typical simulation models. When multiple
intersections are considered or the intersections are varied from
the typical one, the simulation model of the entire corridor may
be necessary. Fig. 13 presents the locations of the median U-
turn offsets proposed for the improvement project.
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V. CONCLUSIONS

A restricted crossing U-turn (RCUT) intersection is an
innovative design that helps improve safety at major
unsignalized intersections by eliminating conflicts at the main
intersection and converting severe crossing conflicts into
merging and weaving. For RCUT design, the distance between
the main intersection and the downstream U-turn opening (or
median U-turn offset) is the critical design parameter
influencing efficiency and safety of the intersection.

This paper develops a methodological framework for
determining the optimal median U-turn offsets of RCUT
intersection design using simulation analysis. The analysis
considers the trade-off between the increase of travel time

required to make a U-turn downstream and the reduction of
potential accident costs due to fewer number of conflicts. The
study recommends the median U-turn offset which minimizes
the cost of road users including the travel time cost and
accident cost. The results also show that the median U-turn
offsets are sensitive to the major-road and minor-road traffic
volumes, vehicle composition, and vehicle operating speed.

The proposed models and the exhibits allow the engineers
to examine the proper locations of median U-turns for RCUT
intersection design. Therefore, traffic simulation models are
useful for both practitioners and researchers in real-world
highway improvement projects.
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