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THESIS ADVISOR: ASST. PROF. CAPT. SUTTHIPONG MEEYAI, Ph.D., 59 PP.

Keyword: Gap acceptance, U-turn median opening, Logit model

The U-tum was built to accommodate a vehicle that needs to reverse
direction on 4-lane roads or greater. The U-turn is often a black spot and likely
causes an accident. The study of the U-turn user’s behavior is generally analyzed
using the concept of gap acceptance. In this study, gap acceptance and waiting time
at U-turn median opening with unsignalized were studied, both on 4-lane and 6-lane
intercity highways. Five models were created to analyze the relationship between
gap acceptance and various characteristics with logit models. The first model and
second model are separate models by the 4-lane and 6-lane traffic. The third to fifth
model are separate models by type of vehicle groups: light, medium and heavy
vehicle, respectively. The results showed that (1) the larger the gaps effect to greater
the chances of accepting gap. (2) The longer waiting lead to less the chances of the
accepting gap. (3) The merging time for heavy vehicles greater than light vehicles and
medium vehicles. (4) The increase of the merging time lead to less the chances of
the accepting gap. (5) Medium vehicles and heavy vehicles tend to accept larger gaps

as compared to light vehicles.
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AASHTO =

HCM =
MLM =
Pin =

Vin =

B -

Xink =
Exp(B) =
Wald-Statistics =

Standard error =

p? -
p? -
LLB) -
LL(0) _

LL(C) _
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Mixed Linear Model
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2018, Washington DC, American Association of State Highway and

Transportation Officials.
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2.1.4 aoanldlunuiag
Udeyanauanlauiviin1sdestenlugviuunieadald nsdmsie

wuud1aesladn (Logit Model) iafnw1ANuduRusse RN UsAsLazAILUsBase
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TuNS NI AU ATELNEIH AL WUUINABINITILATIEILUUINABI AN

aansadeulansannig

exp (Vi)
P, = — : (2.1)
tn exp (Vip)+exp {_an}
I"!f.n: ﬁlxinl + gzxinE + o+ kaf.nk (2.2)

g Py, Aonuunasiduveseiumvug n iiansidenviaden i (wensu

w3aU ueo)

Vin Aooddusznauiidussuu (Systematic Component) U8

p370UsElavI(Utility) 9099UNIRUY N IYINAISIEDANISLEDN |
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TundazAnaN v
AshUamnuung DR

nsuUamumuieen Exp(B) nstimuusdaseiludeyaide3unn
Exp(B) > 1 foaruduiusnisuannaifedeth (Aduuszdns - 1) x 100
mnemnridlesuusdasswasuly 1 vihe lomansfamanisalasudeulunamsedu
Allosivus
Exp(B) < 1 Aoarnuduiusnisaunanifieiot (1 - Avduusyans) x 100
vnemridlesuusdasswasuly 1 vihe lomansfamanisalasudeulunansedu
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nsuUannumnuie Exp(B) nsdifiiudsdasududeyaidenmuninasneiiuwys
siuidandu 0, 1 uazldmdnnsiSoudiou
Exp(B) > 1 19U 1.50 nunganuinguiildsia 1 agileniaiaivgnisal
wnnnguitldsa 0 fis 1.50 i
Exp(B) < 1 191 -2.50 vagAminauilessia 0 azilonaininmnisal
wnninguitlesiia 1 89 2.50 Wi
0Odd Ratio (OR) AednsIn15asuutasvesamtnazdundelenaiiie
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Obaidat and Elayan (2013) 1Juau3defidnwingfinssuniseousutesing
UTUIANAUTONIZNAIUY vuauuluiiies Useinavasuau Tolusunsy SPSS Tunis
Ainsevinisseuiuresinlaefiulsfufederingiviinisseudududuusdaseldun
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Lﬁ'aagﬂuﬁa, 5¥8118150A 08I oL IUAULTN, VUINTDIIN, AINULEIVLOUUAENENLAY
USEANTOE UM IR UL VLU LA 8WEN N153tAs1eaidasemanias1933 Binary Logistic
Regression way Model Development 310N ASIERNUIIIUINGDII19, A58
gIUTNMUT LALLM EVAN uarszoznatsenseioidudunsniifediAyfiasmnudesiy
95% sioanszuzianseneeiieaylumlufifudfyvielidmansznudonsindulundusn

Ingesidudnnugnsinveinisninn1salannndt 85%
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Harder's Method a1nuadwsils 919s5ze211a150A08d MU IUNIMUEAiviin1snduTa
52919 21-30 3t azeeudutesindiflvunadnningasszenatsonsd s U UN AL
FN15NEUTATENIN 11-20 Fundl Aigrsarnandesiu 95% @ msusasus luvasiisalaeans
PUIALENLANSHAGNETIN AN as UG USEIN 20% daunnssausutesindasiadesening
439 1-10 az 11-20 U9 Tauuane s udmiveunnue 2 Ussian dounasineings

whitu 3.75 Jundl, Lanlunisndusawiniu 1.1 3uii wagauunniian 3273 pcu/hr
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Janad wWhtley (2011) Wusuidend

% Y a

MYUITAIANANLN 0ABINITIATIZVIN

A1T991193ng 9 Tun1ssindulasausuresinunelaeIfinnTsuas T1959 R TV UN MU Tiia

Y

O v

g 9 Fawvseandu 2 Usuanlng 4 ud sodnsenusuduazsoeudisdds vamaen
Tuitufnnauiauassedun wshmslinssinnszaeieerieiiduiusiusam
N15LMaUBINTERAITNINTOUUAIENEN IelTeuNeungun15n3zaN8fIkuy Negative
Exponential AUN1915¥9189A298910 3119 UAIUNITAINTI 21NAITUATIERNUINAI1TOITNY
‘3ﬂqmﬁm%’umﬂgmﬁummﬂauumwé’ﬂasﬂuﬁdaq 6-9 Junfl FesIBingRdmEuNsIEL
FgANUUAIETRI8E Y 4-10 FUW dagAariingadmTunsnduIauUaULAeVIEN

faneglut9 5-9 UM ANANULUSUSIUYDIYD9I19ana s 9T USUIUN1S b aYe99519S
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Khan, Chalumuri, and Senapathi (2015) finw1nsgauuYeinauuganeuy
sofifmenansuuudavans 4 snAderiduduiousgsinnsune anuiifuteyaoguuouy
National Highway Number 8 (NH8) 1unuu 4 9a3951358iin1znanseglnaainyiauentadl
Foadmiusendusa 14 Dartfish Software dm3unandeyaniale Jsazlidoyauium
N1595195 T uuAaz AL, N15UQW@59897979, N1580NTUTRIIMAETEEELIANTEAREEINTUNS
ndusa seunagld 7 wuudasdunisiinssinissensudesieiildfusgrsunsnanslaun
Raff, Greenshield, MLM, Harder, Ashworth wag Ning wu a1ntuiiunUss SiulSeutiion
fusts 7 wuusiaes arnnaanslunisiUieuiisunuinisnig Greenshield uaz Ashworth
mmzam"m%’uL’ﬁaulmﬂwEﬂ,(ﬁamwrwﬁﬁ]imiufuumauﬁu%mmamﬁﬁwﬁ TaunsUszLIuA
Fosidingaadunisazatenaiiauasiiog 4.5 3und uaranunsmilulddmiuns

DONLUUNSUANIZAANUUAUY Inter-Urban Tuduife

Mazaheri, Akbarzadeh, Rahimi, and Akbarzadeh (2022) USeu 184 AN

093193090 laeld 4 38n1578eg Ao MLM, Ashworth's, Raff kag Acceptance Curve
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Datta and Issn (2014) 138 UBUN15UTENIUAITDITININGATT NI
HARDERS iU INAFOGA u3naganausanignatasuuilauunuuluiisslsemadune vin
nsdTITRInUY 4 uaz 6 T8193193 Taedsnnsluafitionanvesnuumendnegi 500 Au
Aofu, ALEI9R 70-80 Alawunsdedalus warulse univusivinnisndusadu a
Useianlédiun 50 2 &8, 50 3 &0, 30 4 40 Warsn SUV wadwsiildfedasiningn vasitnis
INAFOGA 111103138115 HARDERS o 28-41% Fsa3Ul#31 INAFOGA 1TuiTn157dl
ﬂi%?ﬁn%ﬂ’]WJJ’]ﬂﬂﬁ’]ﬁﬁM%JUﬁmﬂé}‘UiﬂLﬂ’]%ﬂa’NLLUUL“TJG]ﬂ’lEJSLG’]JL?E]uVL“Uﬂ’]if\]'i’l‘«]'ﬁLLUUNﬂll

1999135015 INAGOFA Tatinseesnatd1siunsehaasnasun o un1sAsIEiene

Kumar and Sasikumar (2020) #n®19833193n09UTIUIANTUIANIENANS
wuualufdyaadnasasaelfideulvaninnisasasuuunanlu Ussmedude vnis
419999 6 AUTIAINAWAUNN, 19879, N191AT kazauleasaeglnaangandusa Tu
AIUVIFILUIFD I U su'aﬂdwss‘mfwqmuwmuzﬁagﬂuasﬁﬂm, ANSYRUSUYBIINY, ANS
Uas9a9979 LagIregIand139un I8 Lads195L935n75 Traditional, Modified Raff way
Merging Behavior Approach Tun153As1E 90373193090 Nud1N1sUTELIUAYR$I19INgH
Tneld Merging Behavior Approach WiangdmSuanInnsas1asuuuLieienu wasisnsi

agiugIuvasszezaldlunisdisiunssuaanasvetsumruzivimsnaduse Snviadu

(% ¥
0 [y

N15A1ANTTRIYRININAdMTUNNEIUNINUE INNTIATIENTRITNINgRTUILTUBL AU

N1589US VYD ATTLHLLIAN b IUNNTUNTIUNTLLADTIDT

Dash, Mohapatra, and Dey (2019) Ainw1n15U3su1uA833193n5#3 NS
< v g.JI 15} a a a 12 aa
NUTIUTINTBYavIvEn 7 ganadusainiznatsiuudalulsemaduse tagld 4 35nslunis
Uszu1uAIt993193ngalann Modified Raff, MLM, Macrosocpic Probability Equilibrium

wag Merging Behavior Approach Wu31A1Us#110Y89%893193N AU THUAINUTEN VD
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Pannela and Bhuyan (2017) Us1184AN1899149nAUUIANTUTALNIZNANS
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3.4 3FIATIINIEDA

MNMFIATIZETeYANGAnTTuANITUTIUA1INEUSAUSIIMYANEUTALNNENATILUY
Taldfidygralnesas wuindivatedadefienadmasengfinssunindusn TR
yhnsanwtladefidmarenginssunstudlunsndusauinugandu Tnglieszsiluguiuy
nadfrelduuusiandladn (Losit Model) iilo@nwannuduiudseninsiuusnnuwass
wU59as

3.4.1 daudsmu (Y)

FUsana (Dependent Variable) vunefefudsfiimsdsuutaaiosann

FauUsi (Fam1s1edt 3.1)

A3 3.1 Lanss U s

AU SHd

W AnTIUNITUGLEsvasinglunsnduse 0

W ANTIUNIT8OUSUTIIUNITNEUTA 1
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3.4.2 AuUs9dse (X)
fauU5AU (Independent Variable) nutsfedinusniinansenuviliiinnis
WasukUasrasmulsaule (famns1en 3.2)

AN519% 3.2 LAAIAIWUITAY

L a U a o U U
AU 5085y dnwsisenunu|  sualulusunsu FEAUNITIN

YUIAVDITDIINTENINTOUUOUU GAP fLay Ratio Scale
aenan, X, ey

FU9)

szazanseneslun1Indusn, X, WAT T | é3a Ratio Scale
(Mt

AUN)

szeznanidlunisndua, X, MERGE T | ftaa Ratio Scale
(Mt

AUN)

FIUIUBDIVITIVTUUOUURIYNGEN, Xy NUM L 0 0UU 4 99393957395 | Nominal Scale

1 aUY 6 PDIVIDT

USZLANVDIYIUNINUL, X MV 08U 9 Ordinal Scale
1 gIUN U

YUINNAN

USZLANVDIYIUNINUL, X HV 08U 9 Ordinal Scale
1 9NN

YAl

3.4.3  A1IATIHBUANUUNYDNBVBILUUTIABY
Hensher et al. (2005) Wag Ortuzar et al. (2011) S¥YIMNNIATIVABUAY
QNABILAEATIAARUUTEANTAINNTVDIUUUTIADIUTENOUMIETURDUANG 9 Aail

1. NNSATIVADULATDINUY AL VU AVDIANELU AN

Y]

LATDINNIBYDIANENUTZANTIZLANIDNENAVDIA Ul 9 NTlkasDnIT

[
% v A=

Andularestulginduyseansninsemune duuinuansinnisanaulassgeaiunuiiuys

Y

1%
=

v a A < Y 1 U a Y a1
mndlipsesnuaduauianslmiiiuggi ﬂ’]i@]ﬂﬁﬁ[ﬁ]ﬁ]ga@aﬂﬂ’]ﬂmﬁLLUiﬂJﬂ%ﬂQ‘UU
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2. NINAFRUANNAF UYL UUTIARAYTI
FIdEnAdUANNAT LYWL UTIALAgTINIINNTATLIUMAT Likelihood
Ratio ud1tianfildlusuifisusuadngalaauaisfidiosedasela 9 d1A7 Likelihood
Ratio #A1u1nnIwmseinAuA1IngalaalaIsuansdn L31a10150ULasauufgiuinuas
youfvavugiusesldedralidodidyniada nueauidedefioglunuuiasad
Ansrfiweslivingy gud 3nauuuiaesiiiamuituanisnssuisaunziduvesin

wUsaUlaR

[ Y

3. N1395IFRUANUATIUAINUAT B Ay VoLl SBaTTIsaE A7

<

Juneuiliunisnsiageuindwlsdasyniidaniasudaudifyvsed
dvdnaneuuuasmseli lnen1snsadeuaInA1 Wald-statistics MUunadnsainnisasns
Wuud1 aeadlianuunndInauesg1lided1Agveadavsell Faduiuteayaniundiun

AAT1ENARALAEATINDNITHENINANI9ED A (Wald-statistics) N@13ABNI1TUSLUIUAN

a 5%

duuszAnsaedsnisinasnnzuiazilugsan (The Simulated Maximum Likelihood: LL)

v

dndoyamhunIinggiiidnuiuninme (Ortuzar & Willumsen, 2011) M3nza18iIgilng
a
il

A19515219AUSULU U N1 UAdINaliA Wald-statistics AU LANAI99INAUE DENS

Y Y

'
aaa U

Hod1Agyn1eadfviszau 0.05 (Hensher et al,, 2005) F3U19ATIAT Wald-statistics 819924l

6 1 =

AULANAI9INAUSDE AT d1AYNI9EaDANTZAY 0.10 N1snadoulad1Agy 03

U

AN MeSaElTANEDR Wald-statistics auaunIsaalull

Wald — statistics = By (3.1)

standard error;

4. ANINTIREUAMUYNNZEN (Goodness-of-Fit)

mwsmaauszé’fummmmzauL'flumsmaaaaummmmmﬁm

s
a

wuudIaee esulgngAnTsuvedduTainteyaunliussanauadulseansdeanunsainla

neAfvinNaennaes P? (Rho-Square Index 38 Likelihood Ratio Index) Aawandlu
aunseialull

nsdifuuUsaetkifidnas (Non-Alternative Specific Constant: Non-ASC)

(3.2)
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1599719 [ WARIRAILEBAAADINLASUNSUSURN AL ILIUNIT T LRD5 N9 BaUs e
A1k A
—2 LL{BJ-k

P “=1— T1L0) (3.3)

nsdiLuUT1aeaiianAs (Alternative Specific Constant: ASC) il P2

(Rho-Square Index) agmlaain

LL(B)
2 . § o
=1———— 34
P LL(C) (3.4)
_ LL(B)—
2 7
—1———— 35
P LL(C) (3.5)
ngil P2 o 1 Rho-Square Badldrsening 0 fa 1
p? Ao AUSuN (Adjusted Rho-Square)

A1aNT3NuY e AT uALUNA U A a1nnIg

t"'
t-q
~
=
St
o))
)

Uszunaumduusea@ns

LL(0) Ao # Log Likelihood Function Wewnilnesyndaiean
wifiugug
LL(C) e 1 Log Likelihood Function iefidnmsfiianiz

(Alternative Specific Constant: ASC)

[ [y

sullinAd1uaenAa o Rho-Square: P? HA10E58n319 0 9 1 Avvdinaiy

aonndes (P?) Tdnuvazadiaiumdulszansuaninisdnaula (R?) fdeudunldinauasnsa

Tunisesuneamduiugsewinefud saunisanase (Regression Equation) uazfisaesasde
AmIneTiuanaaiy AduUszansuansnisiadulansd sedadunuiunys (Varation) 7895
wusu Turuefidaifnanuaenndes (p?) avuansienrwaimnsnvesuudtaesunisesune
woRnssuintuass drded (p?) fiewinfu 1 uansiuuusiaesanunsnesuienginssunisdud

Yot ulagndouiug 1T LNd1539339 lumeanduiumdaviiiu 0 wansdmgAnssun1sdud
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3.4.4 N1SNAFRUANYNABIVRILLLAA
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adq K] % a v Q’lj I ¥ . . I 4 Aa [
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Saa ) YY) N
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Y99I 1uarU JLasyeeinefe 1,550 wag 24,299 AUaAULALYINEEASTUNIMULYUIAITQT

UM LNt wazUfiasvesingde 214 uay 3,816 AuaRy
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[
=1

4.2 N19859LUUINARINHANTTUNTVUAUT I UgAnaUsan il Foy euraulod

3199
& v o Y a & . ° av v

nn1sinudeyanaziidriesgilulusunsy Nlogit 5 laguuudnaesinlaannnis
WATILAUTENBUMIEY 5 WUUTIaIFe

wuudnaen 1 Anwidadendwmadengfinssunisndusa Weiansunguuuunia
NEANYRIAUY 4 YBI9IITT

wuudnaesi 2 Anvidadefidwmadanginssunisndusa Weiarsansuuuumis
NNUANVBIOUY 6 FBITTI

WUUTIRRIN 3 AnwUadendmasangfinssun1snausn WoNaITuNe UNINUSTUIN

ian

wuuaesil 4 Anwndadeidmadonginssumsndusn defansanenunmuguunn
na

wuu1aesi 5 AnundadefidmadengAnssunsndusn Weinrsaneunmugaue
gy

wuuaes 1 Anwiladefidwwasenginssuniinduse Lﬁal,wﬂmmgmwumq
MenMYBIaULAMTUOUY 4 19997193 (MTNT 4.2)

LuuTiaead 2 Anvidadeidmadonginisunisndusa Wensnmuguiuunig
NN MYBIOULAMTUIUY 6 19995193 (M399 4.3)

FuuU1aew 1 uavuuusiaesi 2 ihfeyaiilfannnisnenteya wWu vurnves
¥99919,58MI1YIUNINUL VUAUUAIENTN, T88LLI8158ABENITNAUTA, UTELANVBS

YIUNTRULLAL AT UAUIYDITNDTVD I TUNIN UL UL OULAIERANTIASINIDT WIRRTLUNANT

A519UuUTa09 logit lanasadl

AN 4.1 WUUIIABIEINSUDUUNIINAMTEN I DY 4 ¥DI95195

standard 95% Confidence
coefficient error z significant interval
GAP 0.84027%** 0.03689 22.78 0.0000 0.76796 091257
WAIT T -0.10559*** 0.00457 -23.13 0.0000 -0.11454  -0.09664
MERGE T -0.43294*** 0.04340 -9.98 0.0000 -0.51800 -0.34788
MV -2.42906*** 0.19156 -12.68 0.0000 -2.80451 -2.05361

HV -2.32106™** 0.38439 -6.04 0.0000 -3.07446  -1.56766
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wuudiaesdt 1 Anwiladesing q fdwadengAnssunsndusausnmusuuuuveauudisl 4 Yes
9suuUhassiléfe
Y = 0.84027(GAP) - 0.10559(WAIT T) - 0.43294(MERGE _T) - 2.42906(MV) - 2.32106(HV)

a5uelan

Hadusing 9 fdsasongfinssunisveniurerindmsuouy 4 99399193

GAP : Wui1 coefficient = 0.84027 dsfanduvinuasiitod fyulanaldin evesing
sywhseumnmuzu LU endnun i lilenalunissesudesiniiatu

WAIT T: wuin coefficient = -0.10559 Fefianluavuazddedrdgyulanaladn e

Y 1 1

PIUNIMUZAULY o) ToABUIWTWYI lanalunsyausuresinfefulitoas

a1

MERGE_T : wun coefficient = -0.43294 gefidnduaunariifoddyulanaldin e

gunmuzAutu o Tdnatlunisnausaunduvi llenialunisueusurerinafeifiuiuseas

v o

MV : wu1n coefficient = -2.42906 FsiianduauuaziidvdrAyuianalain Wosmumiviug

AUl 9 Jewnamuauinlilemaluniseausuresnefeinuiluseas

SIS ]

HV : WU coefficient = -2.32106 Failaduavnazidoddaudanalain iogiuninue

4

AUl 9 Jewnaiuauinlnlemaluniseensurenisfenuiluseas

AN 4.2 WUUIIADIEINSUDUUNNIINATENINNLBY 6 YBI95195

standard 95% Confidence
coefficient error z significant interval
GAP 1.441471%% 0.03604 40.00 0.0000 1.37079  1.51204
WAIT T -0.02984*** 0.00141 -21.14 0.0000 -0.03260 -0.02707
MERGE T -0.99897*** 0.05756 -17.35 0.0000 -1.11179  -0.88615
MV -3.93459*** 0.19435 -20.25 0.0000 -4.31550 -3.55368
HV -3.62430%** 0.42549 -8.52 0.0000 -4.45824  -2.79035

wuudiaesdt 2 Anwilladesng 9 dwasiengnssumsndusalauenauguuuuvesnuudil 6 Jes
9suuuhassiiléfe
Y = 1.44141(GAP) - 0.02984(WAIT T) - 0.99897(MERGE_T) - 3.93459(MV) - 3.62430(HV)

asuwlain

Uadesing q Nidanasongfinssun1seausuteadNdmsuauu 6 49993193
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GAP : WU3" coefficient = 1.44141 FaflanJuvinuasiitoddyudanaldin devesing
sy UuauUE endnunswiiflemalunssensudesiniuiu

WAIT T : wui1 coefficient = -0.02984 dafidnduavuasrddoddyuvanalain dle
Aty 9 serssunutuilflenalunissensuteshainfuiltosa

MERGE_T : wui1 coefficient = -0.99897 Feflanduauuasddodfyudanaldin e
prunmuzduiy 1 Wnatlumsndusanniwhlflenalunseensuternafeatuiiosas

LY

MV : wu11 coefficient = -3.93459 Fsfianduauuasiidvdrrguianalain Wosmumiviug
ALl 9 Juuaiuduvinlilomaluniseensuresinesiuiitoas
HV : nuin coefficient = -3.62430 @afinnfuauuaziitedduanalain ieseumvug

[

AUl ¢ Jvwnamuaduililemaluniseausureniufeinuilisea

WUUTNa039 3 AnwUadeiid wasangAnIsunNIsNaUINLLOWENAMUUIZLANYDILTUNINUE
] o <3 PN
ANSULTUNIRUSTUIALAN (115797 4.9)

WUUT18097 4 AnwrUadendmanangingsunITNaUIALLoLENAINUTELANUBITUNINUE
NS UL TUNIRULTUINNGN (IIFNT 4.5)

WUUTNa039 5 AnwUadeiid wananginIsunIsNausnlows nAMUUIZLANYDIS TUNINUL
dnsugunuzvun g (13199 4.6)

o ° ts' ° PN ° ‘:i o w av v ] |

MWUUTI8899 3 WUUT18099 4 Lavuuudnaedn 5 dreyailiainnisnendayaigu
YUIAYBIYBIINTENIE WM ULV UOUUAENAN, TYELLIRTEARENTTNAUTE, JULUUNNIEAMN

VYDINUULALAUNUIY 8995195V IUN N UL UUDUUEWNANTNE I WsnRansaulunisasne

WUUI@0Y logit lanasail

AR 4.3 LUUTIA IRV UNIAULIUIALEN

standard 95% Confidence
coefficient error z significant interval
GAP 1.24882%** 0.13439 9.29 0.0000 0.98543 1.51222
WAIT T -0.08343*** 0.01292 -6.46 0.0000 -0.10876  -0.05810
MERGE T -1.72848%*** 0.26166 -6.61 0.0000 -224132 -1.21563
NUM L -0.26126 1.16668 -0.22 0.8228 -254792 -2.02539

WUUTIaR 3 Anwdadesing q NAwmasangAnTIUNITNEUIALALLENAILUILNNUBILIUNINUE

3 ° Al vy
GUuqﬂLaﬂLL‘U‘U‘U']ﬁ@QV]vL@ﬂa
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Y = 1.24882(GAP) - 0.08343(WAIT T) - 1.72848(MERGE_T)

a5uelan

Hadusing 9 dssasenginssunisseuiuresindmiusumvusruiadn

GAP : WUi1 coefficient = 1.24882 Faianduuinuaziitodfyuwlanaléin evesing
sewhseumnmuzuuauuaendnuntwililenalunissensudesiniiatu

WAIT T : udn coefficient = -0.08343 gafidnluavuazdifod1dyulanaldin e
prunmuzduiy q serssuiuduiilenalunseeyutesiniienfuiidesa

MERGE_T : wu7n coefficient = -1.72848 efldanduauuariifoddyudanaldin e
grunmuzduiy 1 Woatlumsndusanntwihlflenalunseensuteriafeatuiiiosas

NUM_L : U1 coefficient = -0.26126 alaifiadndry

A15199 4.4 WUUINADIF MU UN UL IUIANAN

standard 95% Confidence
coefficient error z significant interval
GAP 1.34291%% 0.03406 39.43 0.0000 127615 140966
WAIT T -0.04868*** 0.00195 -24.93 0.0000 -0.05251 -0.04486
MERGE T -1.83251%** 0.06373 -28.75 0.0000 -1.95743  -1.70759
NUM L -1.38932%** 0.24580 -5.65 0.0000 -1.87108  -0.90755

wuUTansd 4 Anundaderng q fidmadongAnssunisndusalnenenmuUssn N umILe
AnANLULTReTldAe
Y = 1.3d291(GAP) - 0.04868(WAIT T) - 1.83251(MERGE T) - 1.38932(NUM L)

95U 19

Hadusing 9 Ndssasenginssunisseniurerindmiueumivisruianans

GAP : U731 coefficient = 1.34291 Fafidnduuinuasiivoddyudanaldin evasing
sy UuauUa endnuntwiflemalunissensudesiiutu

WAIT T : wuidn coefficient = -0.04868 dafldnluavuazdifod1dyulanaldin e
grunmuziuiy q serssuuduiiilemalumsseusutesiaiientuiidesa

MERGE T : w31 coefficient = -1.83251 FefianduavuazdtodrAyudanaldin e

g IlzAulY o Tdhatlunisnausauindwililenialunissensugayinafeanuiltiogas
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NUM L : wua1 coefficient = -1.38932 dafldanduavuaziveddgyulanalain 1o

PN MU ALY 9 nduTavuauuNMsuinlrlendlunsysusutesinafeiuiltoya

AT 4.5 LUUTI8 I MTULIUNIUZ LAY

standard 95% Confidence
coefficient error z significant interval
GAP 1.30593*** 0.07981 16.36 0.0000 1.14950  1.46237
WAIT T -0.06545*** 0.00850 -7.70 0.0000 -0.08212 -0.04879
MERGE T -1.18494%** 0.11347 -10.44 0.0000 -1.40735 -0.96254
NUM L -0.57817 0.89671 -0.64 05191 -233570  1.17936

wWUUTIaRW 5 Anwdadesing o NawmarangfingsuNIsNaUIalALENAILUITANUBIEIUNINUE
YualvguuuIassilane

Y = 1.30593(GAP) - 0.06545(WAIT T) - 1.18494(MERGE _T)

asuwlan

Hadusing 9 Mdsnadenginssuniseeniudesindmsuenumusvualg

GAP : Wu31 coefficient = 1.30593 §ailanduvinuaziitoddyudanaldin devesing
swhseumvuzvuauuaendnuntuililenaluniseensuresieiiutu

WAIT T : mudn coefficient = -0.06545 dafidnfuavuazfifoddyuvanaldin e
Ay 4 serssunulwiiflenalunissensudeshainfuilteas

MERGE_T : Wu31 coefficient = -1.18494 efianduauuaziifoddyudanaldin e
g Ay 9 Woatlumsndusenndwiilflendlunissensuderafotuitesas

o w

NUM L : wuin coefficient = -0.57817 &slaifiadndsy

4.3 ﬂ']'iﬁl'i')"\]ﬁE]Uﬂ'J"IﬁJL'ﬁENGl'iﬁsllENLLUU?S’]aEN
TumsnsavasuamiisamsavesuuUdans vildlaoutsteyaliu 90:10 Tasld doya
90% @mSuUNITIATIEY Wazdeaya 10% ldnsiaaeunuudnass Tudiuvesdoya 90% agldn1s
Tpsziuudnasdtain waznsisaaulay Cross Validation vinisuustoyailu 5 4a wie k-fold
= 5 Tngvhnsudsdoyauuudy antuwhnmsliased soull 1 Ssasidoyaund 1-0 11TAs1ev
wavihdoyayail 5 1IRI9E0U FeunTeUT 2 avihdeyatndl 1-3 Az 5 uTAswht uazthdeya

d‘ ! d‘ o v Ql' a 6 o v d‘
Yan 4 41RFI9FDU MBU1TOUN 3 TUNVDYAYAN 1-2 ey 4-5 UNIWATISH LasUNVBYAYAN 341
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psadey dnsnseudl ¢ azthdeyayail 1-3 uay 5 113iAs1e9 wazthdeyayail 4 1RTI9EU Uay
seuaavie ol 5 asthieyayail 1-4 wAlangh uazthdeyayad 5 snAsaaey

911591 Cross Validation laeuustayailu 5 9 agldaunisvesusazseu 5 aunis
wazazlfivesifudmaugniesveusazsousn 5 i 1519zidenseuifiivesifudmnugndesiiing

a Y v ° Aaal
V]?j@ LWEJI‘ULIJU&@JM‘J“UEN LLUUQW@@\TW@V@@

doldiaunisvesiuuinaeanaigaaziaunisiwesiduianugnioiunigaluim ey

q

¥

Toyaludiuvestoya 90% uavirteya 10% u1nsvaeudnit elildaunsniiuesigusniy

Y

4

gnieInunTeiennBalu Feavvihuilluwdaziuuinaesiauduuudnaes 1 dauudiassdi 5

(M157199 4.6 - M15199 4.10)
NAT PA1NNTASIVFDUAIIULNY P VDU UINAD

AN 4.6 ATIVADUAINULN SR TIVBILUUTIADIN 1

gap waiting merging veh

coefficient B 0 Bl BZ 63 B 4
-0.00219 0.84084  -0.13567 0.01950 -0.00474

5-folds : accuracy = 84.24% 90:10 :accuracy = 86.77%

AN519% 4.7 ATIVADUAUT SR TIVDILUUITIa09N 2

eap waiting merging veh

coefficient B 0 Bl BZ 63 B 4
-0.02905 0.20368  -0.04920 -~ -0.06908 -0.05902

5-folds : accuracy = 97.40% 90:10 :accuracy = 97.34%

AN579% 4.8 HTIVADUANULN IR TIVDILUUIIADIN 3

eap waiting merging numL
coefficient B 0 Bl BZ 63 B 4
-4.58376 0.80707  -0.03766  -0.15216 1.17656

5-folds : accuracy = 96.51% 90:10 :accuracy = 95.48%



= - ° =
#1979 4.9 #3579 UAINULNEINTNUDULUUINGABIN 4

gap waiting merging numL
coefficient B 0 Bl BZ B3 B 4
-0.01813 0.17447  -0.05143  -0.03473 -0.01411
5-folds : accuracy = 96.93% 90:10 :accuracy = 96.74%

AN579% 4.10 HTIVFDUANULNSINTIVDILUUINADIN 5

eap waiting merging numL
coefficient B 0 Bl BZ BB B 4
-5.02784 0.96564  -0.01999  -0.50171 1.57669
5-folds : accuracy = 98.56% 90:10 :accuracy = 98.76%
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A1INATIT199 4.6 DIA15199 4.10 zuiula11819911n15 Cross Validation walazle

§ & (3 ¥ | o
wWesiwudanugnaasluwsiazuuuinaaday
NN3ATIABUAIUTIBINTIVRIUVTIAD 1 Tiesidudmnugniae agi 86.77%
NNINTIVADUANIUTIEINTIVOIMUUT IR0 2 Tivasidudaugndies agi 97.40%

NMINTIIADUANIUTIEIRTVOIMUUTIAR 3 TiUasidudnugneies agi 96.51%

54

NMINTIRADUANIUTIE IR VDIMUUTIAR 4 Tilasidudnugnies agi 96.93%

Y

NNINTIVABUAIUTIEINFVBUUUTIARW 5 Tilosidudninugneies ogfl 98.76%
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a a (%

INNSANYMOANTIUNITVTUTIANEUTALMENa UL i Td ey 1alnas9s
VUOUUTENINNL09 Nailaa1nuiTeddsvinnisfnwingAnssunisueniutesindag
Anszitadesiig o Inevinisundademng o N919dswanengAnTsuni1seousute 439t

LUUTIAD N BYINITIATIEY nulInanlaeenuiliudiazidu Wald-statistics hag Rho-

[

Square (p?) fimmaanAasIfuLUUTIasIRENltud1AY Lazazlaaunisiuudiasdladnly
urazUUa0

wuudiaesi 1 Anwidadedng q Aideasewninssunisndusalasuenniuguiuy
YouUTil 4 9995193

Y = 0.84027(GAP) - 0.10559(WAIT T) - 0.43294(MERGE T) - 2.42906(MV) -
2.32106(HV)

wuusiaesi 2 Anwndadoding q Adsasewninssunisndusalasuenniuguiuy
YosnUUE 6 19599193

Y = 1.44141(GAP) - 0.02984(WAIT T) - 0.99897(MERGE T) - 3.93459(MV) -
3.62430(HV)

LuUaesil 3 Anwitladunng 4 Adwadenginssunisndusalasuenaiuussan
YOI IUNIAULVUIALAN
Y = 1.24882(GAP) - 0.08343(WAIT T) - 1.72848(MERGE_T)

LuUaesd 4 Anvidadenng 4 AdwwadongAnssunisndusalasuenniuussay
YD VULVUIANAN
Y = 1.34291(GAP) - 0.04868(WAIT T) - 1.83251(MERGE_T) - 1.38932(NUM L)

LuUTIaesdl 5 Anwitladedng 4 AdwwadongAnssunisndusalasuenaiuussay
VDI IUNINUL VLA WY
Y = 1.30593(GAP) - 0.06545(WAIT T) - 1.18494(MERGE T)
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5.2 anusiuua
mmwu?i’fﬂﬁﬁ]zlﬁudﬂuLwiazamum'iaisuaasJmwmusﬁmmmﬂehqﬁ’umm%’a:ﬂaﬁ
LAUTIVIIWUIINANULTUDTI waskadnsNlea1nn15IAs1zsias (1) ¥9931958119

=Y

grumsugfinstudsaalilenalunisseniutosintu 4 Wudu (2) defdudeunmue
futhy « semesuutuilenalunisteusudesiutosas Fwnaudforounth Gandil ih
oy, 2011) wuseuziainissenssdmsunisnavsaluditedagy esulelainluuiunves
nsndusatuuansnety esenaddesmnandnuusnueuuluwndios wilunudded
ANYIUTIAOUUTEWI9LEDY TAUEAFIUVDIEIUNINULIUIANAI LAZUIUNINUSUUIA g
vuauussnIadiesesfiunnidefieuiuuinauiluandes deuranuadnsailauansli
WuiszesaIsensudwnanenseouiutesi e dlinudenadestuiuide neuntie
AN¥INI5YNSUTDIIIIUUa UUNIITralITERINdlesluUssImAvasuaY (Obaidat, T., and
Elayan, M. S., 2013) wudwszaznmiaﬂaaﬁa'qmamwmﬁawqﬁﬂiimmiﬂé’mauuauu
senuilowgelitedAy wiluawddeasnattaulaanizaul 4 99395193 LaZINIUITY
AN (Mazaheri, Akbarzadeh, Rahimi, and Akbarzadeh, 2022) waz (Dash, Mohapatra,
and Dey, 2019) #afangdnssumsseniuresing Wesenssidunannuilkgduisia
nadunazneliAna a1 lun1snduse (3) nanildlunisndusaveseiuninuzen
Tajuinninaanfildlunisndusaveserum nugauI AN Laze TUNIUETLIANAS (4)
syozamdlunisdisunsyuaasiasuindudsmalilenmaluniseeu Sutesitaiosas (5)
PIUNIULTUIANA LAZE LN LU M T wulufage e futosinafindiendn e

=) = 1Y [
WSHUNBUN UL UN IR UL IUIALAN

a o U 14

Fo91ae9 9 TueuIdy dusunuideil

[

adiavdnAe TayaUTNUNTITINTVEN
gunuzrualng uinaaandusndesdidadiufiinnnindesay 30 July eldauid
foamsfnudseglurismaunuauluiiaiu  asdignndusounning ylideshnisdise
Uuamuﬁﬂ%uﬁaﬁmLﬁaﬂﬁgmﬂé’maﬁu 9 LU BIUNIMULVUIANYEIUTANAUTALA, I1UIU
grunnuzR g iindusadediunnifisanedmsuldlunmsinset wazdedletumnug
seninuulyEnIsUInugendusa deuinisiandesiflaetuiindayasldifisanisde
u3nads 9 avne iflesanngandusadingn liflasniuassviefiuiifiawisoneaiu
wgAnssunstuduinugandusaliiomn Snidiliulwesesasdeudhadeusie vl
gnsauluenIeun Uz usazAuegluiesaslatie
nndedriamanivlildanndusaiidesnisie gandusnouy 4 99199193 uazauu

6 994995195 8198y 1 90 wiazlianusnUTeuWeusEninanuy 4 99395195 wasoul 6
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195937195 losngaiiimsdsadidnvaznisenmiiuanmaiu uazgendusaiivinns
d199aiideniiuly

nstmantsAnulugdunounisufoR anmsatmadildainnisinuideludas
‘3meﬁé’m%’umiaaﬂLLUULﬁaﬂ%uﬂiqw‘%nmﬁ;mné’usalﬁﬁmmmmzammnéaﬁﬁu LU
sypznarfldlunisidniunseuassasuuauuanendn (Merging Time) 9nrafildann
nsfnwmud detersenfindunaiildlumadihunssuansesazanntu amsaiily
AnTgiiiitessnuuumaiismiovenstesdmiurras MLy uazvesdmiuIsiAIiIvee
grunnueiicosniandusn viethlueenuuugandusatu q Wmnzaufuussinnvs

gun MUz MInausaaulug)
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1

mu%%’aﬁgqLﬁuﬁﬂww%nma;mﬂé’mmmzﬂammuL?Jmlmé’fgfgwmiw;m%wauu
serhadiosisony 4 wae 6 Yo3a1a3 Tasarnnisfnwluniideadsliideienuiiuii lu
mMsUfuURIUinagandusamzna swuuda lifdya e sivaretadefienawamlv
U3naandusaldodisasafoundeiu iy auiisiin, UTumeses, ssesaniildly
nsdn NS asULauLaendn Wudu dedomaniduiissshedoeiitedvsu 97
denanangAnIsUNIINAUTAUTIMLANAUTORINETS mndinsAnwiselulueuinnalsiing
Bnsdu q Adlunsienginginsalunsndusouaginuiuisuiiisuiu luliyuves
WOANIIUNITNUTNRAMAIEFURUULYY N13NGUTNINAY N1snausalagyinlietunnuy
vuauumevdntzasuazngasinlieaiinginssududniiarisanuliuiinagandusa 8n
wisvilazdusudnyaznanmeon mvesouy lidasfuminiianznan anuninades
9310 IM30YBI9T193d M UBLARANNTWAZLTININTY Tuliyun1595195 Wi U5inaesnas
ULALUEENEN AIUEIVLAL LA ENYasuR aze s o1aRnendadesudy q Wi
lianduaudnuuzuosyana Wy e 81y SndamssiuunUssinnveseumimua iy
grumvugAlTludanddiuisuiisuiuemmvuzdiuyaeailudu Jadeds q luusas

wimaileadmasienginssunsiulenadunliansiiiuivsely
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Abstract

A U-turn was built to sccomnodste a vehicle that needs to reverse dirtection on 4-lsne roads or
preater. The U-nurn s often a black spot and likely causes an accident. The study of the U-tum wser’s behavior
is generally analyzed using the concept of gap acceptance. In this study, gep acceptance and waiting tims af
U-tarn medizn opening with unsignalized were studied, both on 4-lane and §-lane mtercity highways. Six
mdels were created to analyze the relationship betveen zap acceptance end vadons characteristics with logit
madels. The first model is the overall modal that combines a1l characteristics wsed to pradict gap acceptance
including the tvpe of vehicles, the grometric characteristics of the road, the size of the gap, and the waiting
time t¢ U-murn. The second and third model are separate modals by the 4-1anse and §-lans maffic. The fourth
to sixth model are separate models by type of vehicle groups: light, medium and heavy vehicle, respectively.
The results shovrad thet (1) the larger the gaps lead to the greater the chances of accepting thae gap, (1) the
longer waiting rime associates vith the probabilicy of the gap acceptance, (3} the number of lanes increases
from the 4-lans highmay to the §-lane highway will increase the probability of acceptance of the gap, (4) the
medium and heavy vehicles tend to acceprt larger gaps compared to the Hght vehicles, {5} the waiting time
does not significantdy affect the probabilicy of scceptance of the gap for light vehicles, and (6) the oumber of
4-lane and 6-lane affect o the probability of acceptance of the gap for light medium, and heavy vehicle

Keywords: Gap acceptance, U-turn median opening, Logir modal

L Introduction

In Thailand, several arterial highways aze
four-lane roads (or moere than four lanes) with a
median. [ts fanction i5 to serve drivers whe want o
travel intercity. The main highways often commect
with the collector roads. However, dus to the poor
toad hiersrchv, most local roads directly connect
with the arterial hizhwray instead of comecting to the
collector roads. In addifion, thers is & lot of land
development along the arterizl highway, so call
nibboa developmeant, which ofien oomirs in several
developing countries. As & result, when the drver
wants to access the ares on the opposite side of the
road, they must'nse & W-mmn, which i3 a median
opening with unsiznalized The hesvy raffic on the
main road usnally causes vehicles requiring a U-mma
1o wait for 8 long tima, and it may cause drivers naky
behaviors that trw to marge and constrain vehicles on

main roads to slow dovn or stop suddenfy which
may Cause dangar o road users.

Most U-tum median openhings on Mfercity
‘highways are ansienalized because the intercity road
funchion focuses an the movement of the main road.
Therefors, the drivers whe want to use the U-nmm
need more care. The gap berreen vehicles on the
major road that the driver reguires must be wids
enough to accept their safaty.

Gap acceptance is ths gap betreen too
consaguent vehicles on amajerroad that a vehicle at
A U-mum accepts and performs a U-num using that
gap to safely mergs the msjor coad. As the vehicls
arriyves at-the U-mrd and waits for a gap, a gap may
be rejectad becanse the gap is too small for the
~vehicle to usa the U-tum. This can be called reject
maps. [1] stated thar “sccepted gaps are one of the
vary importnt and  widely wsed wmaffic
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characteristics in the analysis of imtersections writh
unsipnalized where drvers will accapt or reject
gaps.”

In Thailand, most gap acceprance smedies
were focused on the urbamn strests, whereas rarely
study was conducted in the intercity. The percentage
of largs vehicles on the urban streets is less than that
on the imtercity highway. Moreover, the accident at
the U-non medisn openings on intercity highmways
causes sericus injury and several death tolls
compared to that on uthan streats.

This study zimed to mvesdgate the gap
acceptance behavior of drivers at the U-mrn median
cpening with unsiznalized of intercity highmays for
thres types of wehicles inclading light vehicles
madiom vehicles, and heavy vehicles.

1 Literature Review

There are several metheds used in the
analysis of gap acceptance behavior. Tha critical gap
is estimased in seversl available methods, incloding
Raff Wu, Logit model, Gresnshield Lag, MIM,
Achmenh, Hardar, Accaptance curve, and Clearing
behavior approach. Previons research has focused on
factors that affect the behavier of U-fams with
umsignzlized on wrivan steets. It vras found that the
factors affecting the behavior of U-turns are the size

of the gap bermween the vehicles on major reads snd.

the position of the vehicle’s arrival on the major
road. However, it was not found that the waiting time
significantdy sffected the bebavior of U-numms [2].
There are alse researches whose main ohjective is 1o
analyze critical gaps. In the decision to accept the
gap 1o turm left or tam rght for driversof various
types of vehicles at imtersactons. The analysis
revealed that the critical gap for & right turn from 3
major read rangad from §-0s, the critcal gap for a
left tum fromm & major Tosd was in the range of 4-10s
and the crincal gap for the U-turn on major reads was
in the menge of 5%, and the varisnce of gap
decteasad when taffic flow increasing.  This
research mdicates thet the waiting time for reversal
does not affect the critical gap. It may be because the
study site was m urban areas with & fypically small
propartion of mucks; whareas a large proportion of
heavy tmcks often occour on the imtercity highwray.
More research for study im the miercity road is
neaded due to different driving behaviors [3].

Most of the smdies reviewed above were in
urban areas, where their waiting times for U-nons
are lower than that of the U-mms on high-maffic
volumes on intercity highways. In addition, the time
for U-tums of heavy vehicles is longer than for
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passenger cars. This affects the driver's dedsion in
that it cawses the driver accepts 8 gap that is less than
the critical gap and potentally Tesults in an accident.

U-mams are the maest walnersble areas on
highways a5 the behavior of drivers st U-tumms is
quite complex and risky [4]. The sudy focused on
the gap scceptamce of drivers at U-mum medisn
openings oo 4-lane imtercity roads. The data
collected were from video snd two models
developed in this study. The first mode] esumated
the time of the driver-accepted gap. and the second
model calculated the type of drver's mum. which
usss an estimats of the probability of accepting &
gap. The result shomed that male drivers accept
shorer gaps than femsle drvers. The same for
younger drivers to sccept shorter gaps than older
drivers. Waiting times have an impact on drivers’
gap acceptance behsvior. That is, drivers tend to
accept shorter gaps due to long wait times inU-tarms.

The factors smdied thar may affect the
acceptance of the laft tum gap from the major road
[31. (In this smdy, the vehiclawas drven in the right-
hand direction) at an intersecton with unsignalizad.
Six imfersectioms were surveyed. The factors in the
smalysis were age, sex, and spead used on the major
road. Geometrics of the read, such as whether there
is & left urn lane or not, and 2 or 4 maffic lanas of
major roads, were analyzed using binary decision
and correlated logit models. The interval of the gap.
the mumber of reject gaps, the average and the total
interval of the rejecred gap, and the gender of the
drivers were statistically significant. But the mmber
of traffic lanes of the major 10ad for a lefi mm (left
tarn lang) 5 used at low speed and the age ramges
classified were not statsdcally significant in the
probability of the zap bemmg recogmized. Fumre
research may explore additional factors that affect
ESp acceptance, perhaps leam about thesa factors on
the miercity U-mmm or other  geometric
characteristics,

The potenosl capacity of a U-nam on
Phutthamonthon 5 read [6] o use as a aiterion for
U-mam improvement. The analysis was based on the
critical gap, conflicting fioy. main flow, and follow-
up tima. The resuls showed that during peak hours
tha mumiber of vehicles requiring U-mms exceeds the
acceptable capacity of fhe U-mum, so It causes an
extremely lang quewe langth, and if takes a long time
for wehickas touse te U-num. Maoreover, tis also a
dangazous U-turn due to very conflict fows. They
suggest that fiture research should focus on U-ums
on intercity roads with long waiting times for U-
tarms due to the heavy maffic on the major road. This
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may cause drivers who need a U-num to choose a gap
that is smaller than the critical zap cansing a high
risk of accidenss.

The critical gap ts 3 concept that enginesrs
use for determining the capacity of each direction of
maovement on intersections with unsipnalized [7].
Mest of the critical gap estimations are presented In
homogeneons maffic conditions from the parspective
of waffic discipline and prienity mles in driving
behavior. Drivers and wvehicle charscrenstics at
unsignalized intersections ame factors in highly
complex mixed traffic. In this smady, the critical gap
was estimsted by Lag, Harder Logit, Probit
Modified Baff and Hewitt methods om oo T-
intersections. The results showed critical gap
estimates. a5 1855 and statistically significant (12-
3B%). This smudy used 5 mew concept, so call a
clearing behavior approach. The outcome was lower
than HEM (2000) but was higher than the estimate
of the existing method. It is a suitable methed and
may be better than the existing method. This stady
only found 3 cotical gap i driving behavior for
unsipnalized interseciions. Fumre research may
explare other types of mtersacions or U-momns, stc.

In developed countries when the twaffic
distribution is oniform, priorides snd volumtsry
compliznce are observed, whereas m developing
coonivies such as Indis very limle obedisnce to
priority mules is typically found, which leads to
complexity in unconirolied intersections [B]. In this
smdy, surveys have been conducted by seting up 8
video camera 1o collect information about vehicles
entering the imersection in varous movements.
Then, the critical gap estimation for  direct
movement from miner roads on this umcontrolled
intersaction is estimated. The gaps of the thres types
of vehicles: passenger car, 3-wheeler, and 2-wheeler,
are compared with the different aveileble methods of
crirical gaps: Baff, Wu, Logit, Greenshield, MLM,
Aschvrorth, Lag. Harder, acceptamce curve, and
clearing behavior approach. The Raff method is
based on the macroscopic model and is the easiest fo
estimate critcal zaps, bat the disadvantage of the
Raff method is very semsitfive to maffic volume.
Harder method nses zap time, whereas Lag method
uses laz fime. Accepiance curve gpproach tends o
bias. The Logis model can detenmine the effact of
various independedy varisbles such as the waiting
tme, sverage spesd, etc. Wu model provides the
average of the critical zap bereen vehicles and does
not necassanly specify the panem of the critical gap
between vehicles and the assumprons related to
consistency and bomogeneity, nhile MLM method
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is mecessary o idenmtify the relevant patterns sod
assumptions, Clearing Behavior Approach is used
for mixed waffic conditions. The results shoved that
the method of explicit intersection behavior mmder
mixed waffic conditions is guite reasonable. From
the sspect of statistical it could be saen that the Logit
simulation approach was reasonshle and statistically
based and was thersfors used in this research.

3. Methodology
3.1 Theory

Gap accepmance 15 & Zap berween o
consaquent vehicles on a major road that iz wide
engugh for vehicles on minor roads or vehicles that
need to perform & U-hon to accept the gap and marge
into the major read.

Fig 1 Gap acceptance for U-mms medisn opening
on 4-lane highways

In this smdy, the logit modsl wras nsad w
mmalyze doving behaviors at U-moms median
opening with unsignalized because it is easy to
understand and is 3 widely wused meathod for
smmalyzing driving behavior. The drivers who need to
take 3 U-tumn have two altematives: (1) accepting a
EAp o1 4 major road and merging into the major road
of (1) rajecting @ gap o0 3 msjor road And wraiting
until thers is 3 gap safficisnt on the major road o
sccept the pap and take 3 U-tum The dovers
decision 1o take 8 U-turn usually depends on the gap
between two consaqueant vehicles on the major road,
tha type of wehicle that takes 3 U-mum, and the
waiting time, wsed for the U-turn which is considered
based on the logit medel m the following equation:

&L O ep v
Eim exp{ ¥ Jexp (Vi) o
Vin® By + BaXpma + =+ S (2}
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Where:

Py 15 the probability of wehicle n choosing
alternative { {accapt a gap)

Wiy is the systematic component of the umnlity of
vahicle n choosmg alternative §

Bi, Ba. .. . Py are the coefficients of atribute k

Xny 15 atmibuse k of vehicle n choosing aliernative
i

3.2 Location

The U-tuon site on the intercity highvays
where several heavy vehicles take the U-mm is
chasan becamse the behsvior of heavy vehicles T-
tams is required m the anslysis and the sites, whare
several heavy vehicles U-nons are rarely found.

3.3 Research Instrument

A video camera is used 1o record the vehicle
at & U-tum. MNlogit version § sofroare package is
used to esumats the parameter for the logit model

3.4 Data Collection

The data vas collected by video recording at
U-tarn median openings on mtercity highworays with
the follorring details:

Traffic: Friday and Samrday, for 8 hours
from 5:00 am. to 4:00 pm. on 4-lans and §-lane
imrerciry highways.

Geometric charactarisdcs: a U-torn median
opening with unsignslized on 4-lane snd §-lzne
intercity highways.

Type of vehicles. velucles are grouped into
3 main catagories of 12 vehicls types acconding to
the classificadon of Deparment of highways [9] as
followrs:

{1y Light vehicles: bicycles, tricycles, motorcyclas,
and motar tricycles.

{2y Medium vehicles: passenger cars, mini-bus, and
mucks (4-wheals).

(3) Heavy vehicles: medivm tms, heavy bus, semi-
truck (6-10 whaels), semi-mrailers, and trailers.

The recorded video fle was exmwacted. The
features of interest are the type of vehicle thar takes
3 U-tum, the mumber of vehicles that perform gap
acceptance, and the waiting time of the vehicle thar
takes the U-tum. The accepted gap is the space
barmaen the leading vehicles and following vehicles
on the major road, the waiting time for the U-tarn is
the maiting period from vehicle stops and waits fora
T-tmrn until complete the U-fum,

ey 5 i -
P = 3 = T TEE——
' —_ = Bk~ R = - B
= 4 = = i - = = e ]|
—_—— = ST, S

Fig 3 U-mm medisn opening 6-lanes hishwiy an the interciry highway
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4. Results

The total 2,128 wehicles ere conducted the
siatistical summary of each vehicle group: light,
mediam and heavy vehicle are shownin Table 1, 2.
and 3, respecdvely.

Table 1 Light vehicls

N | Min. | Max | Mean Sed.
Deviation

Gap | 169 ) 1.30 | 31.27 | 11.2¢ 5.61

Wairing [ 169 | 3.74 | 12003 [ 21.93 1304

Table 2 Madinm_vehicla

Snd.

N | Min | Max | Mean R
Deviation

Gap 1615 | 0.27 | 6003 | 1030 470

Waiting | 1615 | 4.13 | 415.00 | 33.66 3799

Note: min max mean and st umit is second

Table 3 Heavy_wehiclz

- ; Sid.
N | Min. | Max | Mean Daviati

Gap |344 | 150 | B406 | 1646 11.38

Waiting | 34 | 643 | 20070 | 5433 5141

Mote: mim max. mean. and std. unit is second

The results mdicars that the majenty of
vehicle is medinm vehicla, fellowed by heavy, and
Light vehicles (1.615, 344, and 169 wehicles).
respactively. The mean gpap of light wehicle &nd
mediom vehicle are not much different (11.29, mnd
10,30 seconds), whereas the mean waiting tme are
quite different (21.93 and 3368 secomds). And as
expected, the mean gap and mean waiting tme of
heavy vehicles {1644 and 3433 seconds) are largar
than that of the light and madium vehicles.

Table 4 Model I Overall model

cpafficient = E Sim.
arTor
GaAP 0.07590 | 0.00202 0.0000
Waiting | 00002420 | 0.00033 0.0000
GEQ 016824 | 0.05324 0.0015
ME weh | -0.58778 |-0.03812 0.0000
HE veh | 0847767 DD6T08 Q.0000

As shorn m Table 4 to Table § are models
used to smdy the driving bebavior at U-mmms
unsipnalized on imtercity rosds. Model 1 is the
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overall model (Tabla 4). it consists of all factors nsed
to predict gap acceptance including the tpe of
vehicle, geometric characteristcs, size of the gap,
and the wraitmg time to U-mm.

It can be imterpreted from the coefficient of
the modsl that (1) if the zap bermeen vehicles on
major roads (GAP) mcreases by one second, it will
increase the probability of acceptance of the zap by
T.89% [expt0.0759)-11, (2) if the walting time
{(Waiing) increase by one second, it will reducs the
probability of ecceptance of the gap by 0.24% [=xpd-
0.00242%-1], in other words, the more waiting time,
the more gap requires to be acceptad, (3) geometric
characteristics (GEQ) found thar if the number of
lznes incresses fom the 4-lane highway to the 6-lans
hiphray, It will mcrease the probability of
acceprance of the gap by 15.44% [exp(D. 146024317,
{4} the coefficients of medum and heavy vehicles
are sigmificant and negative (the coefficients of light
vehicle is base). It shows ther the medium and heavy
wehicles tend to accept larger gaps compared 1o the
light vehicles by 44.44% and 61.24%:, Tespectively.

Medel 7 is a mode] based on the geometric
characteristics of the Toad. This is a8 T-tum behavior
model of a 4-lane highway (Tabla 5) and a §-lane
highroray {Table &) It was found that en the 4-lane
higbrray. the coefficients of all variables are like the
Model | except for the cosfficient of the heavy
wehicle. It indicates that heavy wvehicles tend to
accept larger gaps comnpared to the Hebt vehbicles by
40 T2% Texp-0.68757)-1]. whereas the result in the
Model 1is61.24%.

Table 5 Model T model: 4-lane highway

] Sid. .
cosfficient e z SIE.

GAP 0.07538 | 0.00399 [ IE.86 | 0.0000
Wanting |- -0.00540 | 0.00163 | -332 | 0.0009
ME veh | -0.37468 | 0.06283 [ -0.15 | 0.0000

HE veh |- -08B737 | 0.10122 | -6.79 | 0.0000

Modsl 3 shaws slightly different
coefficients. First, if the gap between vehicles on
major rosds (TAP) increases by one secand, it will
increase the probability of scceptance of the zap by
D.2E% [exp(0L08ETX)-1%, vhich 8 clightly higher
than that of Model 1 (T.89%a). Second, it shows that
the madinm and heavy vehicles tend to accepr larger
zaps compared to the lisht vehicles by 38.17% and
67.85%, whils the resuls from the Model I are
43.71% and 49.72%, respectively. It means that the
heavy wehicles need a larger gap than the light
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vehicles when talons the U-tum oo the 6-lane
higbvway compared o that on the 4-lane highwawv.

Table 6 Modzl_3 model: 6-lane hishway

: Std. ;
cosfficient et  § Sig.

Tranzperrados for A Bener Life:
“Resiliency, Sustainabiliry, and Saferrin
Tramsporcarion Syseem”

25.26 Auguze 1072, Banghok, Theiland
Table 8 Model 5 model: madinm vehicls

Sed. :
coefficient Pl z Sig.

GAR GO4758 | 0.0033F | 30.34 | 0.0000
Waiting | -0.00383 | 0.00064 | <442 | D.0000

GEOQ -0.00504 | 008625 | 009 | 03204

CAD Q.0SETY | 000235 | 3481 | 0.0000
Waitng | -0.00234 | C.00058 | -6.11 | 0.000
ME wveh [ 043088 | 005612 [ -8.37 | 0.0000

Table # Modal & model: heavy vehicle

HE web [ -112871 | 0.07580 | -14.87 | 0.0000

Model 4, Model 3 and DModel § are
separate models based on the nype of wehicle
inchuding a light vehicle {Table 7), a medium vehicle
{Table 5), and 2 heavy wehicle (Tabla 8),
respactively. The resals show mteresting details that
{1}y for Light vehicles the waiting time doss not
simnificantly affect the probability of acceptance of
the gap (the p-value = 0.2624, which is grester than
0.05), contary to the madiom and heavy vehickes
{the p-value = 0400, and 00258, respecavely, (2)
the mmnber of 4-lane and f-lane affect w the
probability of acceptance of the gsp for the Light,
mediom_ and heavy vehicles differentty. For the lizht
vehicles, the cosfficient of geometric characterisncs
{GEQC) shows that if the number of lanes increases
from the 4-lane highway to the 6-lane highoray, it
will mcrease the probability of acceptance of the gap
by 156.25% [exp(0.15056)-1]. On the contrary, for
the mediom and heavy vehicles, if the mumber of
lanes mereases from the 4-lane highway to the 6-lane
highvray, 1t will reduce the probability of acceptance
of the gap by 9.15% [exp(-0.00584)-1], and 6.86%
[exp(-0.0711)-1], for the medium and heavy vehicles
respactively. It may be explamed that the light
vehicle can easily merge to the G-lane fraffic
compared to that of the 4-lane traffic, so the light
wehicle tent to accept the gap when the mumber of
lane incremse. Howewer, the medinmm and hesvy
wehicles need more space to malee 8 T-mm because
of their niming radias_ thus they require 2 greater gap
to take 3 U-mim on the 6-lane highwray compared ta
that of the 4-lane highay.

Table 7 Model 4 model: light vehicle

Std :
coefriant i z Sig.
GAP 003707 | D.OBEQDY 463 o) 0.0000
Waiting | -0.00539 [ 0.00<00 | -1.03°| Q02624
GEQ 015054 | 037204 | 04 | 0.6844

Sl .
coefficient poeey: 4 Sig.

GAP 002451 | 0.00363 | 675 | 0.0000

Wastag | -0.00388 0.00117 [ -3.23 | 0.0250

GED -00711 R22851 | 031 | 0.7557

5. Discmssion

A previons study [2] found that the waiting
time for taking & T-tum does not significantly affact
the bebavior of the U-turn. On the conmary, in this
study, the result shows that the waiting tme of
mking 8 U-mm is significantly associated with the
probability of acceprance of the pap. It may be
explained that the contexts of U-turms are different.
The former smdied on the urban streets, whereas the
Iatter focused om the mtercity hizhways. The
percenmage of medium and hesvy mucks onm the
intercity highways is greatar than that of the urban
street. In additon the dme for U-tums of heavy
vehicles is longer than for passanger cars.

The gap acceptance smdy [3] found 2 similar
result in this smdy that the waiting time affacts the
behaviar of taking the U-mrm, bat that smudy focusad
only on the 3-lans soeet. Homever, 4-1ane and §-lane
are meluded im dhis study, The results show the effact
of the maiting time on the gap accepisnce for
madium and hegvy vehicles, while the waiting dme
dioes not siznificently affect the gap acceprance for
lizht vehicles.

Furthenmore, a possible reason why waitng
time affected the driver’s behavior on intercity
highrrays as compared to urban roads is not only the
number of hearyimedivm vehicles on highmays but
also the speed of vehicles on the main roads that may
affect the decision to performy a U-tum [16]-

6. Conclusion

This research examines the gap scceptance
behavior ar ¢ U-fum median openings  with
unsignabized on mgercity kighways by analyzing
verious factors and using the lozit modsl The first
model includes all the factors used to predict gap
acceptance, which comsists of the ovpe of wehicls,
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geometric characteristics of the road, size of the gap,
and waiting tme. The overall modal shores that (1)
increasing the gap of vehicles on meajor Tosds results
in increasing the probability of gap acceptance, (2}
the longer waiting time is associsted with the
probability of zep acceprance, (3) the number of
lznes increases from the 4-lane hishway to the §-lans
highmay will increass the probability of acceptance
of the gap, (4) the medium and heavy vehicles tend
10 accept larger gaps compared 1o the light vehicles.
Mereorer, other models based on the vpe of vehicle
indicate that (3) the waiting tme does Dot
significantly affect the probability of acceptance of
tha gap for the light vehicles, and (§) the number of
4-lane and §-lane affect the probability of acceptance
of the gap for light medium, and heay vehicle
differantly. For light vehicles. if the mumber of lanes
increases from the 4-lane highvay to the &-lane
highway, it will mcrease the probabilie of
acceptance of the gap, whereas, for madinm and
heavy wehicles, it will reduce the probability of
acceptance of the gap instead.

This research used only the logit model to
study the gap acceptance behavior at the U-mm
median opening with imsignalized on imtercity
highmreys. Fumure research may spply other mathods
of apalysis to compara the results. Other aspeceof
the behavior of the U-turn e.g., the type of U-tums
[3]: free U-mumn, force U-tarn, and copperative U
mm may farther investizate oo the nierciny
highways. Fmally, speed of vehicles on the msin
roads that delaved the decision to perform & U-fmn
ey farther inrestgate.
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