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Abstracl: Opting thc arm-hasc approach, this study dcvclops thc krgic lirr thc most licqucnt
typcs ol' anglc accidcnt at lirur-lcggcd signalizcd intcrscctions. Microscopic tnalysis o1' thc
vchiclc movcmcnls is dcvclopcd considcring thc disturbancc and drivcrs rcacli()ns having two
indispcnsablc prcmiscs - onc is thc cncountcring ol'an obstaclc vchiclc, and othcr is that thc
lirrlhcoming vchiclc driver lailcd to avoid thc collision. Thc study illustratcs scvcral modcls to
cnumcralc thc liaison bctwccn accidcnt licqucncy and somc cxplanatory variablcs that
covcrcd both llow and dcsign charactcristics ol'thc intcrscction using Ncgativc Binomial to
c()unlcr thc ovcrdispcrsion issuc usually disccrncd in accidcnt data lhrough maximum
likclihood cstimuti()n. Thc upshots ol'thc modcls cxhihits thc inllucncc ol'ccrtain variahlcs on
anglc accidcnt which tiuittully cxplain thc mcchanism accidcnt and can assists managcmcnt
kr takc ccrtain mclicukrus c()untcrmcasurcs against thal lypcs o1' accidcnt lo lcsscn the
accidcnt licqucncy and continuously monitoring o1'lhis urban malaisc.

Kcy Wrlrds: Intcrsccti()n accidcnt, Microscopic modcling, Anglc accidcnt, Ncgativc
Binomial Modcl.

I. INTROI)UC'I'ION

Thc invcntion ol'automohilc brings somc dcmcrils and among thcm thc most pcrikrus and
aching is tralllc accidcnt. Urban areas und intcrscclions havc thc highcst Jxrpulation-hascd
ratcs o1'hrth iniury and propcrty-damagc crashcs. Thc prohlcm o1' trat'lic accidcnt in Japan
also scrious and lar liom thc salislactory lcvcl bccausc total accidcnt cost is still high (ahout
-5.03 trillion ycn in 1994) although thc latal accidcnts dccrcasing in rcccnt ycurs. According kr
IATSS's stittistics in 1999 thc total numbcr ol'tral'l'ic accidcnt is about 9tl timcs and iniurics
arc 121 timcs highcr than dcath cvcn alicr controlling thc vchiclcs and inVcsting a hugc
am()unt ol'moncy, which suggcsts that grcotcr attcntion should hc lircuscd on rcducing thc
numbcr scvcrily ol'crtshcs in urhan cnvironmcnts.

Atxrut -5t1.47 ilccidcnt ol' lotal an,J 45.2% lirtality al intcrscctirrn (in 1999) clcvatc thc
imJxr(nncc ol'intcrscction accidcnt whcrc most licqucnt accide nt typc is righl-turn ilcc()unting
25% b trrtal lirlkrwcd hy rcar-cnd typc (24% ). Right-anglc accidcnl sul'lcrs thc worst rcc()rds
having 337 latality and 45(l ol' lcli-turn accidcnt was involvcd with motorcyclc accidcnt.
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Thesc striking lcaturcs invigoratc to cnlivcn thc microscopic modcl lirr thcsc typcs o1'

uninvcstigatcd anglc accidcnt.

El'lirrts kr rcducc thc numhcr and scvcrily ol' intcrscclion crashcs hitvc hccn humpcrcd hy a

lack ol'inlorm:rtion atxrut typcs o[ crashcs (Ratlcring ct tl, 199-5) and thc rccognition o1'thc

mcchanism ol'accidcnt ()ccurrcncc (Wang Y.. l99tt). Although clcarly idcntil'ilhlc hlacksJxrts

havc bccn rcmovcd liom thc Japancse highway systcm. hut rcccnt incrcasc of intcrscction
accidcnts (spccially vchiclc-to-vchiclc anglc accidcnt incrcasc 16.l(1) indicutcs lhat
convcnlional c()unlcrmcilsurcs ilre ntrt cl'lcctivc in rcducing ccrtain typcs o['intcrscctions
tccidcnts und ncw complghcns'vc c()unlermcrsurc against tral'llc accidcnls ilrc urgcnlly
rcquired ("Fivc-ycar". I 996).

Modcls to estimatc thc prohability ol'thrcc typcs o1'vchiclc-to-vchiclc anglc accidcnts o1'lirur-
lcggcd signalizcrl inlcrsccti()ns ()n thc basis ol'arm-hasc microscopic approach considcring lhc
()ccurrcncc ol'disturhanccs and drivcrs rcactions arc providcd in this papcr. Thcy arc hascd on
thc data tiom 190 inlcrscctitrns in Tokyrr prclccturc, which includcs hlackspot intcrscctions.
idcntillcd by ITARDA (lnstitutc lirr Tral'llc Accidcnt Rcscarch and Dala Analysis, l99tt).
Scvcral insights will hc invcstigatcd including rcclassification ol'intcrscction accidcnl, thc
cstablishmcnt o1'a rclationship hctwccn thc licqucncy o1'collisions to various gcomctric and
tral'llc rclatcd cnvironmcnt considcring lhc intcraction ol'lwo vchicles drivcrs'pcrccplion and
rcactions hchavior. Finally, thcrc arc s()mc suogcsli()ns on how thc status ol' intcrscction
knowlcdge's might hc improvcd and hcncc rcducc thc probability ol'srtmc scvcrc anglc
accidcnts at tirur-lcggcd signalizcd inlcrscctions.

2. MICROSCOPIC ACCII)EN'I' MOI)ELIN(;

Most ol' thc prcvious rcscarchcrs havc attcmplcd thrcc approachcs ltr rcl:tlc itccidcnts lo
gcomctric characlcristics and tral'f ic rclatcd cxplanatory variahlcs: Multiplc Lincar rcgrcssion,
Poisson rcgrcssion and Ncgalivc Binomial rcgrcssion. Thc rcscarch on lral'l'ic accidcnt shows

that multiplc lincar rcgrcssions sul'tcr somc undcsirahlc statistical propcrtics whcn applicd to
accidcnt analysis. Minou ct al. (1992) uscd a Poisson rcgrcssion modcl, which discovcrcd thc

Poisson modcl limitations that thc mcan and variancc ol'thc accidcnt licqucncy arc cqual. ln
most accidcnl data, thc variancc ol'thc accidcnt licqucncy cxcccds thc mcan und lhc data
wtruld bc ovcrdispcrscd. Minou (1994) and Shankar ct il|. (199-5) havc addrcsscd thc
ovcrdispcrsion issuc hy using Ncgativc Binomial rcgrcssirrn.

All thc prcvious studics rclutcd t() intcrsccli()n did not considcr lhc arm-hasc approach. Rrch
ct al. (1996) and Hall R.D. (l9tt6) conduclcd arm basc approach to prcrlicl thc accidcnt
licqucncy on intcrscclions ol' principal artcrial and concludcd th:rt Ncgltivc Binomial
rcgrcssion is u powcrlul prcdictivc trxrl and urm-basc approach rcvcals many unknown
characlcristics ol' intcrscction accidcnt ticqucncy which could lcad [o dcsign thc
improvcmcnls and rcmcdial mcasurcs. Bascd on thc microscopic analysis, Wang Y. (l99tl)
studicd microx-opic analysis ol'vchiclc m()vcmcnts. Bul all thcsc prcvious studics ditl not
dcvcltrp succcssl'ully which can cxpluin lhc gcncral rccognition ol' anglc accidcnt at

intcrscction. This rcscarch advanccd a rcasonahlc mcthod lor dcvckrping inlcrscction anglc
accidcnts.
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I.'igurc l: lnlcrscclion Accidcnt Classilication

2.1 Ace idcnt Classilication
Pallcrn

Scvcrll rcscarchcrs try kr classily
urhan lccidcnt in dil'lcrcnt ways.
Among thcm 'thc mosl ctrmmon is
catcg()riznti()n hy inititl impact lypc.
I1. howcvcr. lo undcrsland and
anulyzc rrccidcnls ul intcrscctions. it is
bcttcr to reclassily irccidcnts in ordcr
to 1c1',t. thcm l() thc llrws to rvhich
thc two colliding vchiclcs hckrng.
Gencral Motors Rcscurch lahoratorics
startcd accidcnl classit'icirtion in l96iJ
(Pcrkins ct rl.), which sccks lo
analyzc thc intcraclion o1' lhc drivcr,
vchiclc, and roadway at inlcrscclions.
Haucr d/ a/ (19tlti) and Rcttcring cl al.

(199-5) classit'icd vchiclc-to-vr:hiclc
accidcnts irt signalizcd inlerscctions
int() scvcral pattcrns hascd ()n

prccrash drivcr/vchiclc bchavior that
would providc inlirrmalion ahout thc
m()sl c()mm()n circumslanccs
associatcd wilh urhan crashcs.

Most usclul intcrscction classil'ication dcvckrpcd hy Wang Y. (1998).'fhc main conccpt o['
this classit'icution is that thc causal l)rctors lirr dit'tcrcnt kinds ot' accidcnts, and thcrclirrc
grasps thc rclationship bctwccn accidcnl risk and accidcnt causal laclors. To dcmonstratc thc
imprccision ()l'this typc ot'analysis, Figurc I shows twclvc pattcrns ol'intcrscction vchiclc-to-
vchiclc accidcnls, which was modillcd liom Wang's study. This classil'icalion rcveals thc
dctail insights ot'intcrscction accidcnts rclating to thc llorvs to which thc two colliding vchiclc
arc approaching towards thc intcrscction. Howcvcr, it is hcttcr to usc "vchiclc mancuvcr"
cntry liom thc policc accidcnt rc;xrrt.

2.2 Anglc Accidcnl Modcling and lts Impoflancc

Mosl ol'lhc prcvious rcscarch on anglc accidcnl rclatcs thc ct'l'ccts o1'signal installittion and
signal phasing trr accidcnt ticqucncy. Datla (1994) invcstigatcd thc impact ol'trallic signal
instullations on accidcnt charactcristics. Haucr (1992) mtrdclcd thc sal'cty ol' signalizcd
intcrscclions on thc hasis rrl'tral'f ic tlow and accidcnt history. Upchurch (1994) comparcd livc
lypcs trl'right-turn phasing with right-turn lccidcnt. Mahcr (1996) and Wang (199t3) dcvckrps
modcl availablc lirr right-lurn accidcnt only using thc tcchniquc o1'gcncralizcd lincar modcls
and nonlincar rcgrcssion rcspcctivcly. But nonc ot'thcsc studics highlights thc dctails ol'anglc
lccidcnl mcchanism, which could cxplain adcquatcly to allcviatc such typcs accidcnt at

intcrscctions. Bascd on thc rclationship hclwccn thc disturhancc and drivcrs rcuctions this
sludy illustralcs scvcral motlcls lo u1ur".',,. thc liaison bclrvccn lnglc accidcnt licqucncy
and somc gc()metric, road environmcnl itnd trat't'ic rclatcd lirckrrs.
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3. MODELIN(; METHOI)OLO(;Y

For anglc accidcnt, it is mrrrc important lo c()nccntratc thc bchavior ol'drivcr coming liom
dil'l'crcnt approach and thcir rcactions suhicctcd 1o surprising situations in an uncxpcctcd
tralfic siturtion al intcrseclion. Expcrimcnt undcrlying thc mcchanism ol'visual scarch shows

thlt in dcmanding situations. cspccially in crowdcd inlcrscctions, dricrs proccss dccpcr at

cach l'ixalion point. lhlt is. thcy arc m()rc altractivc. Thcrclorc thc lunctional llcld ot'view
hccomcs narr()wcr and hcncc rcaclirrn timc lor dctccting rclcvant objccts bccomcs krngcr
(Miura T., 1992). Finally thc comhinalion ol' un:rnticipatcd gcomctric and tralllc rclatcd
ljrclors lcd to incrcasc drivcrs mcntal lold, which ultimatcly causcs a scvcrc anglc accidcnl al

intcrscct ions.

'l'hc Mcchanism ol' Accidcnl Occurrcnct

Thc random causal lactors ("noisc". "dislurhancc") had a dccisivc cll'cct on accidcnt
()ccurrcncc al a microscopic lcvcl. Dcspitc lhc spccil'ics ol' dill'crcnl accidcnt typcs, lhc
()ccurrcncc ol'accidcnts is considcrcd kr hc bascd on tw() prcmiscs in this study, onc is thc
cncounlcring o[an ohstaclc vchiclc, and thc othcr is that the tirrthcoming vchiclc drivcr tailcd
kr avoid collision. Obstacle vchiclc arc usually duc to cmcrgcncc o1' "disturhanccs". A
dislurhancc hcrc is dcllncd as anything thal intcrrupts thc smooth m()vcmcnt of tralfic llow. Il'
lhc mcrgcncc ol'a disturbancc has causcd thc dccclcration or suddcn braking ol' lcading
vchiclc, then thc lcading vchiclc bccomc an obslaclc lirr thc lollttwing vchiclc, which as to
adopt somc stcps t() avoid thc collision. I1' thc tirlkrwing vchiclc drivcr lails to avoid thc

collision, an anglc accidcnl will occur.

Il' thc probability o1' mccting an obstaclc vchiclc is dcnotcd by P,, and Pl dcnotcs thc
probability ol'thc corrcsgrnding drivcr lailcd to avoid thc collision, thcn thc probability o1'

this drivcr to bc involvcd in an accidcnt is thc product ol P,, and /'y, as thcy arc normally
indcpcndcnl. That is:

P,;'1 - P,, P, (l)
As thc cxact lirrm ol' Po and Pl is unknown. cmpirical log link lunctions arc adoptcd as

lirlkrws

Thc anglc accidcnt risk

ln(Ii, 1= f ,,.r,, irfi() l,I,?'1) = tl ,..r ,

Itr(l'11;, )=/oxo + p1x1 =Px

(2)

(3)

whcrc r=( x^ xt) urc vccl()rs ()l'cxplanal()ry variablcs lirr 11, and Pf rcspcctivcly and lt=([t".
p1 ; arc lhc vcctors ol' lhc corrcsponding unknown paramctcrs to hc estimatcd and P1;1 =
Avcragc anglc accidcnt risk tirr AGl, AC2 and AG3. To simplily the problcm, it can bc
assumcd that all thc vchiclcs using thc lcg in ccrtain timc pcriod havc thc samc accidcnt risk.
Thcn, numbcr ol'accidcnts thal occurrcd within this l1ow complics thc Binomial Distrihution

whcrc /': through opJxrsitc lcg tral'l'ic volumc lirr ACI and cntcring lcg through tral'fic volumc
lirr AC2 and cntcring lcg lcli-turn lirr AG3; r: numhcr o1' accidcnts ttccurrcd. Sincc an

accidcnt is vcry rarc casc, /',rr;i is normally vcry small and trall'ic volg6g /'is vcry largc,
Poisso. distribution is a good approximution to binomial distrihutitrn:

P(n) - (',),,r, (t - r,n ,,)''"

nr" .exp(_m\
I'(tt):

ttl.
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with Poisson distrihution paramelcr m = li?r)= f . l,Ar;i = l'.cxp(l.r)

Pttisson distrihutittn hls hccn commonly uscd in prcdicting accidcnt numhcr (Miaou cl a/.
1992) duc kr its nonncgllivc, discrctc and rtndom lctturcs. Rrissrrn modcl, howcvcr, hus only
()nc pilramctcr. and this rctluires thc cxpcctati<)n ilnd variancc l() hc cqual. As m()st ilccidcnl
datit itrc likcly to hc ovcrdispcrscd. thc applicahility ol'a Poisson modcl is lhcrclirrc limitcd.
An casy way t() ()vcrc()mc this dil'l'iculty (i.c. thc mcan must hc cqual l() thc v.lr'ilncc) is hy
adding an crr()r lcrm. r', to thc link lunction its sh()wn hy Ftrrmula (7)

ln zr = ln( /7,r,,. ) + r' (7)

Assumc cxp (r) is t Gamma distrihutcd variilhlc with mcan I and vlriancc rr. Suhstituting lrl
in Formula (-5) hy Formula (7). wc havc

I'@lt): exp(-/I),,,, exp(r'))' ( /I1,,,, exp(r'))"
(8)

(ea)

(6)

ttl.

Intcgrating . shown in cquation ( lO), Ncgativc Binomial distrihution is dcrivcd as:

r'(n\:{ffirffi,rffii.
whcrc f/ :1lu .ln gcncral Formula (9a) cun bc writtcn as

r'(n H )- *13ffi,, h;*| tffir' (eh)

hcrc i dcnotc lypcs ttl'anglc accidcnt; i lbr timc catcg()ry (ycar); k lirr intcrscclion codc and I

lirr lcg numbcr. lts variancc is changcd to

V (n i, \ : li (n ,^,)ll + uli (n ,*,\l ( 10)

Thc choicc hctwccn lhc Ncgativc Binomial modcl und Poisson modcl .r, largcly hc

dctcrmincd by thc stutistical signil'icancc o1'thc cstimatcd cocl'ficicnt rr. Sincc <r cun bc lurgcr
lhan zcro, thc rcstntint ol' thc mcan cqual to lhc variancc in Poisson modcl is rclcascd.
Thcrclirrc, Ncgativc Binomial distrihution can dcal with the ovcrdispcrscd data. Thc
lirlkrwing scclitrn cmphasizcs thc basic c()nccpts and thc logic bchind thc accidcnt mrrdcl
dcvclopmcnt. Thc kcy point ol'anglc accidcnt m()dcl is thc propcr idcntillcation o1'ohslaclc
anrl lirlkrwing vchiclc and thcir hchavior ()n uncxpcclcd situation.

3.1 Mrdcling A(12 Accidcnl Risk

Among thc anglc accidcnt AC2 is lhc most dangcrous onc bcclusc two vchiclcs arc crashcs
cach othcr pcrpcndicularly onc 111' which ran allcr thc control. Out ol' tw() thr()ugh tral'f ic
vchiclc, thc vchiclc which is violating thc trall'ic signals or going lo conlinuc to pass thc
intcrscclion vcry quickly al thc cnd ()l'intcrgrccn limc (ycllow signal) is rclcrrcd ls "Obstaclc
Vchiclc" hccausc it intcrrupts thc smooth through tralf ic lhw coming lrom lcli or right lcg.
By not yiclding. ohstaclc vchiclc cuuscs l collisi<rn with u cross-strcct lhrough lral'lic vchiclcs
that is rcl'crrccl ltr as "Forthcoming Vchiclc". Somc prcliminary survcy rrn inlcrscction
accidcnt classil'ication idcntil'ics thc ohstuclc vchiclc, which is invading thc rcd-signal or did
n()l try l() skrp whcn thc signal hccomcs yclkrw to rcd. Rcason hehind this lypc ol'lcndcncy is
cithcr thc currcnl lcg signal timc is short or cmcrgcncc ol' disturhancc ()r had gcomctric
cnvironmenl trl'intcrscction rvhich lcads Rr drivcr lo complclc thc erosling proccss rvith
c()mprlrntivcly lon.c1 11r. trs hc cxpcctcd.
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AC2 accidcnt sratistics cxhibits thc tcasihility o1'assumption takcn lirr thc dcvck)pmcnt ()l'

AC2 accidcnr mtrtlcling (Tahlcl). Most o1'thc AC2 accidcnt occurs in signalizcd approach.

Consiclcring signll phasc, almost sixly pcrccnt critshcs takc placc in undcr two-phasc signill

c()nlr()1. Cpmplrc to krcal strcct (maintlincd hy city trt't'icc itnd usuillly krw trll'llc volumc).

nati6nll r6ad 6r prclccturll roads havc highcr accidcnt licqucncy. ln signtlizcd intcrsccli()n.

Pl'vchiclc comitrg liom lcti tpproach is morc (-59% ) thcn vchiclc coming tiom right.

l: A(i2l Accidcnt llasic lrtcts

Ijormulalion ol' A(i2 Accidcnt Risk

Rrr AG2 accidcnt, rcd or yclkrw signal timc and rcd signal itscll' hccomcs an importitnt

tlisturbancc akrng with othcr disturbanccs. which ultimatcly lcad a vchiclc to hccomc an

shstaclc vchiclc tirr right or lcli-approach thnrugh tral'llc vchiclc. Thc cross-slrccl vchiclc has

kr dcal wirh cmcrging trbsltclc vchiclc within availablc PRT to avoid thc collisitrn. Il'Pis
drivcr rcaction is sul'l'icicnl cnough. an AC2 accidcnt is avoidcd: ttthcrwisc, an AC2 accidcnl

will happcn.

A) I;ormulutitm rl'I',,: Thc lcading vchiclc's dccclcration is normally causcd hy thc cmcrging

disturhanccs. As thc occurrcncc ol'disturbanccs is discrctc, nonncgativc and random. it is a

Poisson arrival proccss. I1'timcs hctwccn arrivals arc indcpcndcnt and lirllow thc samc

cxponcntial distrihution, thc prohahility ol'disturhancc m's happcning within 1.1 is

I'U\: A,h,,a'"" ' t>o

Thc prrrhirhility lirr ohstlclc vchiclc hccomcs t'.,,,, = t, 7,,,,,a-"ur dt : l- g ^'t"'t't

whcrc )",7r, is lhc arrivll ralc ol disturhancc mi ancl /a is thc timc dilltrcncc hctwccn

tlisturbance and lcatling vchiclc. Sincc tny o1'thc disturhanccs ctn causc lhc dccclcration ot'

thc lcading vchiclc. thc prohahility cncrrunlcring ohstaclc vchiclc is idcnticul to lhat ol'al lcast

onc disturhancc occurs. Sincc y ),,11r,1, = ,.tirrr should hc a Jxrsitivc vlrriahlc and should hc

at'lcctcd hy rclatcd cxplanatory varilhlcs, hcrc again wc adopt cxp()nenlial link lunction ttr

blc'l'r

(ll)

( l2)

consitlcr thc cl'lccts ol'thc variahlcs
' -l)''""t '' /ir&r

/i, = l-) (- l',1,,,\=l-'' Ft = l-"-''"''' (l3)

ln Ftrrmullc (13), fz uncl .q arc vccl()rs ol'unknown paramclcrs ilnd cxplllnatory variithlcs ol'

disturhlncc licqucncy rcspcctivcly. f,r ckrcs nol ch'tnoc with krcalions. whilc.r,/ vilrics li()m
placc trr placc.
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B) Formulutirtn ol' I'J: In skrp-controllcd approach, cross-strcct trallic coming liom thc right
may posc lhc most immcdiatc sincc thc P,'s vihiclc drivcr in thiscasc has rhc lcast amount ol'
timc t() rccognizc thirt a vchiclc hits ran thc"sttrp sign antl lhus t() takc cvasivc aclirrn.
Dcpcnding on lhc complcxily ol'lhc problcm. lhc valuc ol'PRT (Pcrccplion Rctction Timc)
rangc changcs dcpcnding on thc crtmplcxity o1'thc solulion, and thc drivcr's cxpcctancy ol'thc
hazard (Bltcs, 199-5). Nrrrm:rlly lhcrc arc tw() typcs ot'PRT: availahlc PRT (APRT) and
ncccssary PRT (NPRT).

Drivcr itgc distrihution is llrc santc lirr all our oh.icctivc lcgs omitling thc dil'l'crcncc ot'NPRT
ilcr()ss agc, lhctr rvc cun assumc thal all drivcis lirlkrrvs lhc samc Wcihull (rr,I) tJistrihurion

.t'U) : (tA ttt -ta- /t" tirr t>0

,/irlx<l

l'...t;: = l',, * l'.1 = 
;*

( l1)
I1'a drivcr has availahlc PRT ol'/,,,, IJ can hc calculutcd hy intcgrating F<rrmula (14) liom 1,,,

to inl'inilc

'' 
: 
[; i !'0.t).1'(v.t,,,.)ttrttt,,, = f, e-'^'xYt",-'e-")' th,,, : # (l-s)

Formulu (l-5) shows that /'Jis only dccidcd hy pr and y, and havc no rclationship with v. Il' ).
is biggcr, thc cxpcctalion will hc small. As thc cxpcclalion ol'APRT is normally largcr than
that o1'NPRT. y should hc smallcr than )," which implics lhat /,1 is smallcr than 0.-5. Sincc
paramctcr l, and y arc n()nncgalivc variablcs, tr/y can hc rclatcd lo various lirctors hy an
cxponcnlial link lunction. Corrcsponding Pt'can hc writtcn as

l,t = 
|

' l+cxp(-/i1,x7,) 
(16)

In Ftrrmula (16\, flt, and xl, ilrc vccl()rs ()1' unknown paramctcrs and explanatory variablcs
rcspcctivcly. Finally, rcplacing P,, and P1 in Formula (l), a gcncralizcd AC2 accidcnl risk
modcl can bc dcrivcd which conlains r()ad cnvironmcnl and tr:ll'llc rcgulation and human
rclatcd laclors.

(17)

3.2 Mrdcling A(]3 Accidcnt Risk

Thc kcy poinl rclalcd to AG3 accidcnl ()ccurrcncc is lcli-turning mancuvcr and lanc-changing
mcchitnism t() rcilch on lcli litnc lor lcli-turning milncuvcr. Aticr sclrching hundrcds ol'
rcp()rts and dctail licld ohscrvation on AC3 accidcnt, it could hc concludcd th;rt AC3 accidcnt
is prohlhly duc to lcli-lurning vchiclc rrn lhc lcll mosl lanc inlcrrupting thc sccond vchiclc's
lcli-lurn mitncuvcring on thc right lirnc who dccidc to go lcli alicr thc lirst vchiclc. So hascd
()n prccrash actions, thc vchiclc which arrivcs l'irsl on thc lcli-lanc and dccidc to go lcli is
rclcrrcd as "Ohstaclc Vchiclc" lnd thc vchiclc arrivcs lalcr alicr changing thc lanc and tlnd
anothcr vchiclc alrcady occupicd thc lcli lanc lor lcli-turning movcmcnt is dct'incd as
"Forthcoming Vchiclc". Scvcritl rcls()ns arc rcsponsiblc lirr l'irst lcli-turning vchiclc bccomcs
an 'obstttclc' hul most importutrt is ptrssihly inattcntivc r.lriving or intcnding to disrcgard thc
cmcrgcncc ol'dislurhunccs and misjudgmcnt ()l'lcll-lcg idcntil'ication. Ohstlclc vchiclc chccks
thc lvailahle hcadwly in current lcg lirr lcli turning ilnd cmcrgcncc ol'dislurhrncc to which it
should dcll lnd ovcrctrmc ttr go lcti.

AC3 lccidcnt stiltislics revculs thc rcason and lilcts why antl how ohsttclc itnd ti)rthc()ming
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vchiclc wcrc idcntif icd 1'or AG3 accidcnt modcling (Tahlc 2). Almost thrcc-lirurth ol'AC3
accidcnt occurs in signalizcd approach. Ovcr cighty pcrccnt AG3 crashcs takcs placc undcr
two-phlsc signal control as lcli-turning mancuvcring is rclatcd to two-phasc c()ntrtrl.

vchiclc. and ohstaclc vchiclc always sul'ttrs scvcrc lirtal accidcnt. For turning to thc Icli, most
ol'lhc rrhslaclc vchiclc chlngcs lanc ahruptly which crcatcs a disturhanccs lirr [irrthcoming
vchiclc and hcncc incrcascs thc prrrbability ol'AC3 aecidcnt.

I,ormulation ol' A(13 Accident Risk

A) l;rrmulutkn lor /'r,r: Whcthcr ()r n()l a lctt turning vchiclc bccomcs an obstaclc is

dctcrmincd by thc judgmcnt of thc lcli turning vchiclc drivcr. Thc ()ccurre ncc ol judging
mistakc occurrcd in lcli turning tral'llc llow, including txrth thc judgmcnt olright-sidc through
tralllc hcadway and disturbancc ()ccurrcncc is assumcd to bc a Poisson pr()cc\s as bctorc-

'l'ahlc 2: Arrival ol'P1 Vchiclc (irmparc kr P,, Vchiclc [,cgs

Typc ol'Vchiclc Molor
Cyclc

Car Llrgc
Vchiclc

Chlngcs
Lanc

Ohsllclc Vchiclc stl'/, 42q 62q 22'/,

Forlhcorning Vchiclc 42'l 58{z 38(l 78(l

r,, =l-c-cltdxd

-".= | 
=r l+Aly l+exp(-iJ;xn)

,lldr<t

l'A(i3 = t',,' l'I =,.;n*

Filiy-cight ohstaclc
vchiclcs arc motorcyclc
c(lmparc to lorly-lwo
pcrccnl as lirrthcoming
vchiclc. M()st ()1' thc timcs
largc vchiclcs arc lirlkrwing

( l8)

(le)

(20)

whcrc Ba and r., xrc vcct()rs ot'unknown parumctcrs and cxplanatory variahlcs o1'disturbancc
licquc ncy rcspcct ivcly.

l)) Frtrmulution lrtr Ps: Whcn Pr vchiclc drivcr intcnd to disrcgard thc rcquircmcnt to st()p,

antl continuc to m()vc lcti and strokcd by P,, vchiclc on thc right sidc ol'P,,. Similar to thc
lirrmulation in AG2 accidcnt, it cun bc assumcd lhat drivcrs'ncccssary and availablc PRTs

arc Wcihull distrihutcd with puramcters (rr,p) and (<r. y) rcspcctivcly, thcn thc probability o1'

thc opJxrsilc through vchiclc drivcr tirilcd to avoid a collision is

whcrc B7, ilnd .rrr ilrc vcct()rs ol'unknown paramctcrs and cxplanatory variablcs rcspcctivcly
assuming thal l,/.y is nonncgllivc and lirllows cxponcntial distrihution. Formula (19) is applicd
t<r AG3 accidcnt risk cvaluation.

I('wc usc /',r,;.t to rcpr()scnl AC3 accidcnt risk ol'thc studying leg, 1o which thc right turning
vchiclc hckrng, at ccrtain timc pcriod, hy combining thc lirrmulations ot'/),, anl I'1 thc cxact
lirrmulal irtn rtl' /)ar;.; as lolkrws.

3.3 ModclingA(]l Accidcnl Risk

Alicr chccking hundrcds ol'trriginal rcp()rls ol'AG I accidcnt and modcling cl'lirrts ol'Wang c/
(r/ (l99iJ) lnd Mahcr (1996). wc concludcd thlt lhc ()ccurrcncc ol'ACl :rccidcnt is mosl
prohahly duc lo thc right turning vchiclcs' invading ttr thc procccding lrack ol'thc opJxrsitc
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through vchiclcs. That is, thc obstaclc vchiclcs arc normally right turning vchiclcs and thc

lirrthcoming vchiclcs arc gcncrally opgrsitc through vchiclcs in ACI accidcnt. Thcrc might
bc various rcasons lirr thc right turning vchiclcs to bccomc ohstaclcs, hut thc most img)rtant
()ncs arc thc misiudgmcnt ()l' thc right-turn vchiclc drivcr and thc suddcnly cmcrging ot'
disturbanccs.

ll' Pat;t t() rcprcscnts AGI accidcnt risk of thc studying lcg, to which thc right turning vchiclc
hclong, al ccrtain timc pcriod, hy combining thc tirrmulations ol P,, and Plas dcscribcd in

AG2 and AG3 accidcnt, thc cxact lirrmulation ol'/'ar;r is

4. DA'I'ABASE

To cnhancc thc chanccs ol' succcss and to cstimatc microscopic modcl, wc nccd thc

disaggrcgatcd data ol cach ol'the lbur approachcs o[ an intcrscction, such as avcragc daily
through, right turn and lcti turn trallic volumcs, all kinds ol'anglc accidcnt licqucncy, traflic
rcgulation, gcotnctric and cnvir()nmcnt rclatcd lactors and so on. Thc data are lirr 190 lirur-
lcggcd, signalizcd intcrscctions in Tokyo prcl'ccturc (1992-94). This sclcction was bascd on
intcrscction sizc, surnrunding land usc pattcrn, and crossing angle. To incrcasc thc modcl
clt'icicncy lbr all kinds ol'intcrscction, thisstudy also includcs blacksgrt data (367). Sincc
thc cxisting accidcnt databasc could not mcct our. nccds, accidcnt data had to rcarrangcd by
checkinglhc original accidcnt rccords according to rcgistcrcd codc.

TralTic l'low data camc lrom manually and thc a-nnual sitc survcy rcg)rts ("Trallic" 1992-94).
Tral'lic contnrl inlirrmation, accidcnt collision typc and numbcr, and salcty improvemcnt dala
wcrc collectcd liom ITARDA (1991-1995). AII applicablc anglc accidcnts wcrc catakrgcd
according to thcir movcmcnts bctirrc thc collisions, and assigncd to corrcslxrnding approach,

to which thc involved vchicles hckrng. For thc purg)sc o[ this analysis, only collisions
involving two-vchiclcs wcrc cxamincd. Road cnvironmcnt and gcomctric data wcrc collcctcd
liom dctail sitc survcy and digital maps.

5. MODEL ESTIMATION RESULTS

Thc Ncgativc Bimrmial modcls wcrc cstimatcd using maximum likclihood mcthod. Thc krg

likclihood lunction cvaluatcd at thc cslimalcd paramctcrs, I (0). ln this papcr, annual anglc
accidcnt data wcrc uscd lirr thc cstimation ol'ANGLE accidcnt modcls. Combining Ftrrmula
(3) and (9a) rcsults

r - ,,-.ltdu
I'A(il = l',,1'I =;+,nr,

P(,, AG in,, = #ff5k,n;%r,,0,-!!7!tu-f 
n",irt

l-rrg-likclihood lunction can bc dcrivcd straight lirrward as

t(t\.ta.et= ix) ,,,### , k;.ut'l,-!!!!l!!-4--i'n"'iu 
t

(21)

(22)

(23)

rvhcrc pa 'dn<J Br, ilrc vccl()rs ol' unknown paramctcrs ol' thc probability ()1' cncountcring
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ohstaclc vchiclc (P,,) and thc prohahility o1'thc lirrthcoming drivcr's lailurc to avoid thc

collision (P1) rcspcctivcly. Il' <r is signilicantly dillcrcnl liom zcro, thcn thc Ncgativc
Binomial is thc corrccl approirch. ln this study, all thc modcls arc cstimatcd by Ncgativc

Binomial rcgrcssion. Modcls arc indcpcndcnt liom cach othcr. Thc samc symbols, such as 0.

havc dil'ltrcnt valucs in dil'li:rcnt anglc accidcnt modcls.

'l'ahle 3: Estimation Rcsults lirr Accidcnt Risk Modcls

Tablc 3 shows thc hasic cstimation rcsults lirr Ncgalivc Binomial modcls. Thc valuc o[
rcciprocal ol'Negativc Binomial dispcrsion paramctcr implics lhal usc o[ Ncgative Binomial

motlcl is iustit'icrt by rhc highly signilicant valuc ol' p= 0.15. Usc ol' Poisson rcgrcssion would

havc procluccd considcrahlc hias in cocllicicnt cstimatcs. Average probahility ol'cncountcring

an obstaclc vchiclc (P,) is much highcr than thc avcragc probability ol' lolkrwing vchiclc

drivcr (P1), which is quitc rcas()nablc bccausc it's olicn intcrruptcd by disturhanccs. but

accidcnt ratc is vary rarc as human bcings havc littlc lailure prohability in dcaling with thc

intcrruptions. Thc multicollincarity tcst rcsult (Karim, 2(X)l) shows thal thcrc is only 2l%

conf idcncc to say thc c()rrclati()n am()ng obscrvcd ycar is signilicantly altccting the cstimation

rcsults.

5.1 Rcsults ol'Anglc Accidcnt Mrdcling

Accoriling to dcl'inition ol AG2, AG3 and ACl, acciicnt is accrcditctl kr through lralfic llow,

lcli-turn l'low and opgrsitc lcg through llow rcspcctivcly, lirr thc dcvckrpmcnt ol' anglc

accidcnt motlcling all thcse lhws arc considcrcd lor cstimation purfx)sc. Estimation rcsults

arc shown in Tablc in 4, 5 and 6.

'li.ulJic llegulutktn Exislcncc o1'cxclusivc right lanc on approaching road is signilicant

ItelutedVuriuhlas lirr ACI and AC2 accidcnts. Thc prcscncc ol'cxclusivc right lanc

untl l;inding,s: rcduccs anglc accitlcnl chanccs duc to smooth mancuvcring ol'right-
turning vchiclc, which rcduccs lhc probahility ol' conllicl at

approach ol' intcrscction and signil'icant am()unl ol'approaching vchiclc swings smoothly to

right lanc rcttucing thc probahility ot'AG2 accidcnl (Datta K., l99l). No-control lcgs on

minor roads usually signily low cross-slrccl volumcs, cxccptionally good sight distanccs, and

othcr somctimcs unobscrvcd laclors that lcad to a tcndcncy loward low ovcrall accidcnt ralcs'

As right turning mancuvcring takcs signil'icant limc, through vchiclc in AG2 accidcnl

approaching al intcrscction liom comtrinc thrtrugh and right lanc havc skrwcd down lirr righl-
turn und conscqucntly lirlkrwing vchiclc alrcady visualizc thc obstaclc vchiclc location and

hcncc tcncls to pass it away. Thc variahlc indicating protcclivc right turn has a coclllcicnt
which shows that il' thc approach has protcctcd right turn, thcn AG2 accidcnts tcnds to

tlccrcasc. l1'thcrc ilrc morc righl-turn lancs, thc cxistcncc ol'thc right-turning vchiclcs may hc

dil'ficult lo hc lirund by oppositc through vchiclc drivcrs, thus thc avcragc APRT should hc

shorlcr as wcll (Wang Y., l99tt).
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Othcr paramctcrs in thc moclcl AGI Modcl AC2 Modcl AG3 Modcl

Rcciprocal ol' Ncgativc Binomial Dispcrsion

Paramclcr (0=1/rr)
0.rJ36

(e.3r,l)

0.7013

(4.-s8)

2.t54
(3.r,rs)

Avcragc Probability ol' Encountcring an

obstaclc vchiclc (Po)

( ). 133

(t.47\
0.l-s9
( 1.64)

0.295
(2. t -s)

Avcragc Probability o1' thc Failurc ol' adjuccnl
Rir:ht or lclt Through Vchiclc Drivcr (P1)

L2tt* I0'
( l.-55)

-s.2-5 
* l o

(3.-s0)
3.tl* I ( )''
(4.471
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Gcometry Approach Anglc road betwecn to adjacent legs crcatcs disturbances at the
Variablcs and Findings. corner glint ollwo lcgs, causing impediment tbr obstaclc vehiclc

that ultimatcly endcd up with AG2 accident. Approach halt'-
width olthe right-hand arm is signiticant tirr right anglc accidenls and indicatcd rhat the wider
the approachcs are associated with krwcr accident tiequency of this typc (Hall R.D., 1986).
Sight distancc restriction would be rcalized when thc standard sight linc bascd on the spced ot
tralllc on thc cross streel is not providcd tiom thc stop pnint on thc approach to cross tralllc in
both dircctitlns. A sight-distancp rcstriction also occurs at a signalizcd approach duc to
horiz.ontal or vcrticil curvaturc across thc intcrsection, an objr:ct in a mcdian arca, or
misaligncd right-turn lancs.

Existcncc ol' drivciay ncar intcrscction approach always crcatc disturbancc which afltcts
positivcly tirr tirllowing vchiclc driver tirr AC2 accidcnt and obstaclc vchiclc drivcr ter AC3

Tablc 4: Estimation Results ol'Factrlrs Allecting Po and pr lirr AG2 Model

Paramctcrs tbr Pp Vehicle (fla) Co-
efficient

Paramclcrs I'or PlVchicle (p1) Co-
et'ficient

(ilrstant -t.924
(-.1.()4)

(irrrslarrl
- 1s.57

(-10.641
(irnrbiucd through-right, righl turrr drop lancs and
two ()r lllorc laucs ou thc irpproach ( I i[ thcrr arc
lw() or m()rc contbiued thnrugb-right or right-
turu drop laucs, 0 othcrwisc)

0.9ti I

( 1.41)

Righl-turfls uot aligrcd aud rurt sitrglc lanc 
-approacb, protcctcd righ(, or skrp coutrol (l it'

right turus are uot aligucd and thc approacb rlocs
oot havc a sitglc lanc, protcctcd right, or slop
control, 0 otherwisc)

-0. I 64

(- l .s7)

IUght-turn rcslrictiru ( t il righl -turns is

rrstricttd, 0 ollrcrwise)
t.l0l
rl.2| )

l'lxistcucc ol drivcway ( [, if drivcway cxisr, 0
o(he rwistJ

0.1.18

( 1.6)
Curvature or approach leg (l ifcurvt ou
approach, () otbcrwise)

0.20't
( 1.65)

Anglc ofruteriug approach aud opposiug
approach (l i[ lnrgrr lhau 15, 0 orbcrwisc)

-0.591

(- l.s5)
Alglc road iu h.twecu two adjaceut legs (1 if two
adjaceut lrgs corrlain au alglc road iu bttwecu
thcnr, 0 olherwise)

1.977
(4.ee)

I'itrrctioual tield of vicw ( t if auglc of clcar virw
is lcss tbau l0 degrce or auy kiud ofdislurbaoccs
cxist it opposilc side of currcul leg)

-0.702

(-2.64)

Disturbiug structural elemctt ou lhe leg of
iulcrest (1 if disturhiug structural clcmcut rxist, 0
otherwise)

0.169
(1.s 1)

Local street approacb (l ifkrcal str*t approach,0
otherwise)

0.881

(2.es)

Sigbt-distauce restrictior (1 ifsight distaucc is
rrstrictcd, 0 othcrwise)

0.964
(2.e1)

Permissive right nrru (l ifperntissive right turu,0
othcrwisr)

-2.12
(-s.95)

Iutersectiou shellrred hy elevalrd road (l ifouc
directiou is uudcr au elevatcd road, 0 if no
clevatcd roads ahrvc)

.8I 1

(-1.98)
Protectivr/ permissivc rigbt turu (l if protcctive
or prrmissive, 0 otherwisc)

-0.682

(-1.67)

No coutrol or curreDl leg (l if no control, 0
olberwise )

-1.3s2
(-2.68)

Large vehicle ratio ofcurrrul lcg 0.05.1

(2.80)
Pcdestriau ()vrrpass al thc corrtcr currcut leg (1 iI
pcdcstriau ovcrpass cxist, 0 othcrwisr)

0.317
(1.s7)

Right or leli-turu rcstrictiou ( I if rigbr or lelt-
htrus are restriclrd, 0 otherwise)

0.948
(1.78)

Crulral road rnediau (l if widcr thau 2 metcrs, 0
othcrwise)

0.s24
fi.24\

Exclusive rigbt laue (1 iftbcrc exist exclusive
right lauc, 0 otberwisr)

-0.342
(-1.31)

fught approach road width (iu nretcr) -0.048
(-1.97)

Santplc Nunrber 745 ol'
760

fugbt-turu volumr it thousauds (.1 years) of the
curreut approach

.0.077

(- 1.1 8)
l,og likelihrxd at convcrgrncr, I ( 0 ) 505.451

'l'hrough traffic vohrmc iu thousauds (3 ycars) of
the righl approach

0.075
(2.31)

hg likclihrxd with constants only, / (0) 9s3.85

Througb traflic volunrc iu thousauds (3 years) ot
the lcli approach

0.076
(2.s2)

Likclihrxd ratio Indtx 0.41

'li*al traflic volunrc iu thousauds (-1 ycars) of thc
opposite approncb

-0.059
(-4.66)
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accidcnt. Specially tirr AG3 sudden cmergencc of vchicle trom drivcway near inlersection

leads left lane vehicte driver to sudden stops and makes 'obstacle' ttlr Pf vohicle driving.

T6tal lanc number is considcred to bc progrrtional to drivcrs' sight tield. The widcr (mctrc

lanes) thc appnrach is, the bcttcr thc drivcrs'. sight condition (Wang Y.' 1998).

't'ahlc 5: Estimation Rcsulls of l.aclors A|I'ccling Po and l'r lirr AG3 Modcl

Widcr median aggravate the sight angle tbr the drivcrs and cventually produce contlict tirr an

obstacle vehicle to end up wilh an AG2 collision. In interscctions, a wider median means a

krnger travel distance tbr right turn vehicles and more ditticult chotlsc contlict chance with
opp,osite through vehiclcs. This coniccture is turther provcd hy AGI accidcnt cstimatit:n.

Intersection having a minor krcal strcet crossing thc maiclrs with short intergreen tirnc

increases the highcr probability oI AG2 accident.

This study adopts the detlnition o[ functional tleld ot view (Miura T., 1992)" dcpcnding on

numbcr of disturbances and anglc o[clcar view liom 30 m away titrm the starting of approach

road edgc at interscction. Absence ol'narrower vision or turmoil cnables drivcr lo detect thc
obstacle vehiclc easily antl consequently reduccs thc probability ofAG2 accidcnt occurrence.

Othcr Ccomctric
Variablcs and Findings:

I[ an clcvatcd road sheltcrs an intersectkrn, the darkncss will
surcly dclay thc pcrccption of through vchicles in thc
intcrscction and hcncc incrcascs thc likclihood o[ this typc ot'

accidcnt lrcqucncy. Intcrscctitrns locatcd in ccntral busincss district (CBD) havc l<lwcr P,,, a

littlc dil'l'crcnt tiom our imagination. Poch el ul (1996) and Wang Y. (1998) got the samc

Parametcrs tbr Pn Vehiclc ([3.1) Co-

c[[icicnt
Paramctcrs lbr Pl Vchiclc (fi6) Co-

cllicie nt

(iruslnttl -3.74s
(-6.22),

(irnstaut -zo.l'l
(-23.49)

Fuuctioual ticld of vicw ( I il arrglc lcss than l0
drqrcc. 0 otlterwisc)

1.49

.1.74)

lulrrscctiou sbcltt'rr:d by clcvatcd road ( I iI thc

lc[ uuder nu clevatcd road, 0 otlrcrwisc)

-0.29
(- l ..1s)

Iutcrscctiott Irrcatiou (l iI iu ccutral busiucss

district, 0 otbcrwisc)

0.:r2
( l.85)

'['otal lauc uuntber ot cttttriug approaclt 0.47
(3.82)

Fcuce (1 il txist, 0 otherwist) -0.42
(- 1.56)

I-argc vehiclc ralio o[ cuterirtg approach -0.0.1

(-1.70)

Two Phase sigurtl (1 ifcxist, 0 otherwise) 0.549
(1.41)

Slopc of tbe eutcriug approach (0 if withiu +
.l%, I otherwise)

0..10

(1.43)

Number of driveway ou the lefl of tbe approach 0.63
(1.83)

Numh,er of tbrough laue of leli approach 0.l l
(1.88)

Total laue uumhr of lefl approach (iucludiug

hoth rnteriug laucs aud cxisting laucs)

0. l1
(3.4s)

Specd Limit of the euteriu'g approacb 0.01
( 1.25)

Local strect approach (1 if local strect approach,

0 othcrwisc)

-2.09
(-2.14\

Angh of eutcriug approacb aud lell approach (l
if less thau 105 deget, 0 othcrwist)

0.18
(1.88)

Sighrobstruction (1 if sigbt dislauce is

rcslrictcd, 0 othcrwise)

l.l8
0.42\

Sample Nunrhtr '745 of
760

Througb traffic volunre iu thottsands (3 yeats)

ol the zughl turuiug approach

0.03
( 1.29)

Lrry likclihrxd at convcrgcnce, I ( 0 ) 50s.451

Ratio ot Mokrr cycle volttmc (3 years) 1.07

l.s4)
l,rry likclihrxd with constants only', (0) 9s3.85

Tbrougb traffic volume iu tbousauds (.1 years)

ol4he cuteriug approaclt

0.01

(4.40)
Likclihrxrd ratio Indcx 0.4'r

Rigbt-turn volume iu thousauds (.1 ycars) of tht
ouoosite aporoach

-0.003
(- 1.41 )
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rcsults whcn analyzing intcrsection rear ond accidcnt tiequcncy using Negativc Binomial
rcgression. The variable displaccment of the ccnterline of thc arm indicates displacemcnt to
thc lcti to be sat'cr than displaccmcnl t() the right tbr AGI accidents.

Anglc of the entcring approach anti through approach contains more complcx intilrmation
than rcgular-shaped interscctions, and the increascd complexity should have increascd NPRT.
It, howcver, consider thc cxisting angle may seriously rcduce through vchicle speed, and
hcncc incrcascs APRT, the dccrcasing cttcct on AG1 accident risk may bc also acceptablc.

5. 2 Gencral Countermeasurcs

On lhe basis of analysis result, thc tblkrwing general countermeasures are mentioned to avoid
lhc anglc accidents at interscctions.

Right-turning oI largc vehiclc should bc controllcd carcfully through implcmcnting propcr
trallic rulcs lirr largc vchiclc to rcducc right-turn accidcnt (AGl). In thc krng-tcrm basis,
widlh ol' mcdian can bc climinatcd. For, largc intcrscctions, sight distanccs lbr krth legs
should bc kcpt adcquatc. AJso Pnrpcr sign should bc included in thc common display board
abtlut thc anglc bctwccn thc lcgs so that driver could bc alcrt tirr thc complcx siluation whcn

'l'ahlc 6: Bstimalion Rcsulls ol' Irarlors Al'ltcting Po and Pr lirr AG I Modcl

Paramclcrs lbr Po Vchiclc (ftd) Co-
ctficient

Paramctcrs lor P1, Vchiclc (f|,,) Co-
elTicient

ilusl irul -.1.1.1

(-4.75\
i)llstiull t2.68

1.r.96)
{nglc road in tt'twccu two adjaccut lcgs ( I il two

rdiaccul lcts coutaiu nu aude road, 0 othtrwisc)
-0. I t2
(-1.55)

\rrrcnt lt'g Spccd Limit 0.026
(2.6.11

Exclusivr Ught Laue ([ if Exclusivc riglrt cxist, 0
rthrrwisc)

-0.274
(- r.59)

Oppositr lrg lrll-turu traflic volumc 0.009
(1.4e)

)isturbiug structural elenreut ou thc leg ol' iutcrcst ( I il
listurbiug structural elcmeut exist, 0 othcrwisc)

0.1 79
( l.2s)

Fuuctioual licld ofview (l ifauglc ofclcar view
is grcater thar 10 dcgree, 0 otherwisc)

-0.812
(-4.71)

iight-distauce reslricliou (l ifsight distaucc is
'eslricted, 0 otherwisr)

0.126
0.s5)

Large vehicle ratio of lhc cuteriog approacb 0.02
(1.49')

Augle of euteriug approach aud right approach (0 if
withiu 75" and 105', I otherwisc)

0.059
(1.41)

Total entcriug laue numbcr ol the oppositc
approach

-0.258

(-3.63)

Sighr-distaucc rcslrictiou (l ifsigbt distauce is
restricled, 0 otherwisc)

.09 I1

(5.80)
Motorcyclr ralio of oppositc through traflic 1.686

(1.26)

Sigral coutrol pattrru (l lirr 2 pbase coutrol, 0
rthcrwisc)

-0.368
(-1.47)

Angle ofthc euteriug approach aud opposite

approach (0 ifwilhin -30'aud .30', 1 otherwisc)

0.s07
(1.10)

lurvalure ou approach leg (1 if curvc ou approach, 0
rlhcrwise)

-0.438
(01.31)

fhc existclcc ofmore righl-turo Iaues (1 ii
morc thau 2 right turu laoes, 0 otherwise)

0.43
(t.72)

I ycars' daily.averagr right-lunr traflic volunrc iu
housalds ot thc cuteriug approach

0.014
(1.43 )

Sample Nunrhe r 746 d
760

[lcal strret approach (1 il local strcrt approach, 0
ctherwisc)

0.904

0.24\
[,rg likrlihrxd at convcrgcncr, / ( 0 ) 1129.92

Road mediau (0 i[ uouc, 2 if wider lhau 2 meters, aud I
olhrrwisc)

1.091

(4.2e)
krg likclihrxrd with constants only, I (0) 2305.95

Absolulc Displaccmcut brtwecu two oppositc legs (l if
displat'rmcol rxist, othrrwise)

0.973
(s.88)

Likrlihrxd ratio Index 1.5 I
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hc cntcrcd at intcrsccli()n. Introducing multiphasc signuls may rcsull in u rcduclion ol'right-

turn accidcnts (Datta K., l99l).

To climinatc right-anglc accidcnt (AC2). rlisturhing vcgctali()n should hc rcmovcd liom thc

intcrscction apfroach. eliminalc or imposc parking rcstricti()n strictly cvcn lor short duralitln

parking irt thc corncr ol'lcti lcg spccially. Mcctian conllining small trcc should hc rcmovcd in

irrtlcr ri, makc clcur lunctionai l'icltl o1'vicrv. In long-tcrm hasis, climina(c thc anglc road or

tlrivcway ncar thc intcrscclion. Introriucc cxclusivc right lanc as thcy dccrcasc thc AC2

accidcnt rittcs. Ahscncc ()l scparalc right-phasc signal may a1'lcct AC2 itccidcnt. Hcncc

introducc this typc ot' signal t()gcthcr with scparltc right-turn lanc il' tral'llc volumc is vcry

high at thlt itpprortch.

Propcr signing should provirlc to thc drivcrs about thc nalurc ()l'thc charactcrislics ol' lcti lcg

,r.i, ,. s-ign mcnri,rning lcli lcg position or alignmcnt to lcsscn thc lcli-turn accidcnt (AC3)'

Lcll lcg ihould bc cndowcd with lcncc on thc corncr ol' thc approach kr rcducc thc

disturbancc tirr Rr vchiclc tlrivcr. Spcctl limit lor turning should bc controllcd hcncc ovcr 4()

km/hr spcccl limits is thc origin ot' many lcli-turn accidcnt. Sight rcstriction at lcll corricr

shoukl hc climinatcd to providc a clcar anglc ot'vicw tirr both thc drivers.

6. SUMMARY AND CONCLUSIONS

Wc havc uscd accidcnt data and inlirrmation aboul intcrscction to huild modcls lirr thc

cstimuti6n ol'anglc accidcnt risk at signalizctl intcrscctions. Comparc to prcvious sludics. this

srudy locus .rn lhc cvaluation ol'accirlcnt risk rathcr than accidcnt numhcr which dctcrmincs

thc cflccts ol'accitlcnt risk {uc to changc in countcrmcasurc. I1'thc cl't'ccl ol'cxplanatory

lactqrs intcrscction risk is ohtaincd. wc might bc ablc to llnd somc cl[icicnt mcasurcs to

impr6vc intcrscction tral'lic salcty. During lhc coursc ol'modcl dcvclopmcnt wc rcachcd somc

usctul insights. First, to Fx)rtray ihc microscopic vicw of intcrscction accidcnt, wc dcvckrpcd

thc conccpi o['mcchanism of anglc accidcnt ()cculTcncc bascd thc m()vcmcnts ol'obstac:lc and

lirlkrwing vchiclcs drivcr hchavior whcn thcy approach towards thc inlcrscction. Sccond' it

appcars ihat thc cust()mary categorization o1' accidcnts is cl'lcctivc inltrrmation lirr salcty

managcmcnt controls. Third, a closc cxamination of accidcnt risk and cxplanatory variuhlcs

,.r.ri, that cl'lccl o1'tral'ljc ll6ws on anglc uccirlcnt docs not sccm t() strongly dcpcnd at all on

largcr ol' thc tral'f ic l'lows only.

Empirical link lunctions wcrc ldoplcd frr rclalc l'ackrrs al'tccting lcading vchiclcs' dccclcration

lntl lirlkrwing drivcrs' rcsponsc to P,, and P1 rcspcclivcly. A Ncgativc Binomial modcl lirr

asscssing thclnglc accidcnt was dcvckrpect and succcsslully cslimatcd hy using MLE' Using

thcsc modcls othcrs rypcs ol'intcrscclion accidcnt can bc modclcd as wcll. Bcsidcs, lurthcr

works lirr cxploring f hc diltcrcnt tirrms o1'P,, anrl Pr lirr various typcs of intcrscction accidcnt

should also hc put in action as fo undcrstand thc cl'lccls ol'various controllablc l'actors on thc

salcty improvcmcnl at inlcrscc'tions.
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