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Wit ht tehash reduction by more than 50% and del
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Background

Each year a sofgntirfafcfaind freubmdbleay i isdnt teecrsseecct tiai bonn s
cr ehnitggh@essi bilities for collision between vehi
wi t h Dbbieccyacuhsees r shheaco/tei mwowfel | c to talreerad wa y.&h eggautrer e s
lshowpetrtenmages oehiadl e nftagtrasldiditei dUrSSA and Loui
f rom @&2001109 Atlflattanle mot ehdav @ahisdhloevnci @ ielhe ffrioguur e
Fatality Anal ysi s [REelptchrotivgnegr iSoyds theemt WeFAArRS20 15 a
slightly hisplhern ef 2t4284. i tCy swg attithelety e a2h0el, 9r arteec or d e ¢
t he most(25 .ankldii toiSgue dief i ¢ t of altcaubwseElye Wleadr t h e

bel ow t hat eat Howeelde reldoivlieo ugh t hes|figthalliyty r at
decr ¢ asiedd 8 ®%7xion 16 .220719 iitn itroc r”Rddabsedds in 2019.

Figure 1. Intersection fatality percentages by year in USA and Louisiang2]
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di st[abnjcter af f i c [ceolnsp P tdevi be dpereuayhit ag ea od

turni ngAvedbi diespgo.rtto far om Nati onal CewmetheiscIfeor S
turning | eftscd3s2 n%) ovewghiadcloe ) est aeadi n@hird lgd
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at hhent erelc t2i%gn wer e three sigwioffivealntomt umniemg
cragiBglse same r epomdsctmeshEzoobedeslut had at signal.i
i nteets ons, awi tsht otphesirgensst or i ntersections witd/l

Probl em Statement

Provisiomrofsilghal s at signalized intersectiol
crashesg ufromr nlge ftdrepfefnide .n gStoininmMays adypesel y affec
of intersectaddstdeg mgyhdmeaddhirmmgighdecreasing the
capacity, and reducing the overall efficiency
manag-eultafng vehicles at signalized intersect
domi nant i Br mout eda fodh) ,yp o rPdt)cetcetaaidp ep-motte ed | ef
pha(sPePL B hmer miltdifet@ ma(sPa)l Islo@tfur ni ng drivers the
proceed when thesécghoni signalenhéaan) ab38t only
traffic anfthgpetdecttadmbhiedtl) on the oth€urhamg, a
drivers toderedelrwdt uathi gqir eserc tli eofnt sargrnaaws h(ecard ) :
cannot proceed through t heviemt @ rns & chtei arb swintcleo
traffic or pedestrianhBRPlaLast-tdwyr, nipred md g it \ean g:r tov
the protected option | ets the drivers proceed
| etfusingnal , and the permitted option allows dr
oncoming traffic andepgvdhdaelstgrieems arTroavdi thiaowrealb
st anadsarcd i3o0n si gnadechteiaadn tsoi gmaglimolbe dd etdd pgr onv it

signal configurdowewemoviemenegépt uni mebas rep
section yell owoand aaomrssedant maat nh @stndy 1sae lcdt h @ad si gnal
head consisting of a solid rcewl, aanmmdwy solliid gyr

Teseraeferred to asartreoewg(hfY¥apsdh i widio e ehtal voew
di f fseirgegmalf rpohna stenseb PP LA i f fTehrleeYiht haiss pl ady|ashi ng
arrow -tfworrnilreg tvehPeeL®ssi gvihall ehead does not .

The DGOGTDraffi cegisgmgali dmdn neldu rfno rmoPvCe noern tPsP.L TT H
gui dampoceottemrb®dsi ng i s balsafdisinghitnadedqaatces, e
streetspweddshsof opposing trafficturnmadreagulad £, ¢
t hper esence of -ttumon Whemosn.enkebft the conditions
phasing may be considered. Safetbyustbbeagéiterof
former are also greater. There is a need to b
configuration with iist stapdedmoateiviah alatlzen dfei ted f e
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versus PPLT fsriogm alo trpth assgfaegay | @&uns i pnegr sspagmpaliev 2 e d
i nter §eatmiuoinssi ana

Louisiana Signalized I ntersec

The study first comwpneddi atersecoiToa®yl22D@Gr st ah

showempl ete | ist of 2,297 signal i ntersection:
d stAsi cmenti oned before, al | of the.intemagcmhio
be the | i-cewned iantheirsseadteieds s t hnes mmijdiolr e endife r s e «

| etfur n phases.

Table 1. Distribution of signalizedintersectionsacross Louisiana

District Name Number of Intersections
District 02 551
District 03 284
District 04 351
District 05 241
District 07 159
District 08 175
District 58 35
District 61 215
District 62 286
Total 2,297

|l ntersecti onlse g ed-lee g gvée dmet altnrlsece number of appro
rasmmgr om a mini mum of three tostar mai muenwoif nf G
Maptso deter mi ne tshetfinhepmR,askREpPaindt POP¢, and t he
number of | anes anrde fgth,t )t Hroo uFglg,2dkemmppe djafcther en
signasl wiywphe n the state and si ginadn heiagnhalgp.es

streete vsiiegmnalt hhead configuration laetfueranch appr
signalThtey me 3s.d yg ntitdiorkkea ntto det dedturtnh rhawphees | of |

above i ntCeoskedhk omads done to see i f informati
mat ched t he dnmalidhtaaomditthieomaual | Fgr oéxampbemat
presence of -aursmnigmignwditafadaessi g h & | type, whil e t
sign wi filhE RTMUR X €X D ON oGR&EObat es @thRLPakisegmce

as shbwg2(fag and (chefuouvwistppercno velgh signs show
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per mi tt eldetfatsing n@P) aFsi g2hrbgvn The fl ashing yello
includes botlhetftttmenr ®iwgra nwli tah ya& | | owy nianld ahgeaatdor a
shown i n Asgouadderm@ievi ousl vy, PPLT andhE&A only
FYA has a fl ashi ntguryreildn o w alrirmlwe §,o0rwHhielfeg t he F

Figure 2. Various left-turn signal types at intersections (Source: Google Maps)

a. PO (32.523998, -92.646520) ' b. P (32.860893, -91.390542)

c. PPLT (32.773300, -92.405383) d. FYA (30.235091, -92.268795)
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Literature Review

This section reviewedl dfaty miasfesramhathimomanan ogiefr fa
per spselctt itavles o di secqurssead urhee tdetestli mate del ay
At the end of the section, the study focused
to analyze the crastketyatar maheost tdpymusbedsakbkeEk
mebtHdol ogy for this study.

Di fféedmtr mMy3i gnal Phases

Lefusr nat signalized intersections aisekwidely r
maneuvers for dmnngoveamnse i s ht ac oom@d a scHdni gr etchtri ooung h
t hr oufgilecrtorsast eshi irterel & faincd p e d elsnt roio adite a tvibasfttth ie c .

ef f elcatfiujpdmaaste 1 ged I nterseltdulodspr e\nentp harsree c €
and reduce t hceo ntfolti@ctwhsesuemb e rh eo fip etfourplimyavwsaoee Is d g n e d

adversely affect the operation of the interse
decreasing the intersection capacity, and red
coor dihbiag3issdeo ws an e x almgifluenamfeutvvepisc alt an i nter
Properly desingpdcdslesf tetaur nc omatnreaulv earl | l eft

Figure 3. Typical left-turn maneuvers at an intersectiorj10]

E
ﬁ

According to the Manual on Uni fpohranssel gpoafaf i ph@s

i's aoiwaywyhtyell ow change, and red cl earance i nt
traffic movementtr aofrf icco imiolviiesmetnbtes sk quence of i
phases or combinations of signal phases withi

pedestrian and vehiculrairghnia voesimhenmige eaaed as3$ igg n
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configurations f etrurinntlearnseesc,t inmoonsst |wi tuhs elde fatl I o
permitted onongl YyYP)POproaedt pdot ecé B Bhpdesrim g.t e
Bel ow are dewdad¢lf €r @m tt-tl etfmpeefsf i ¢ si gnal s used b
Depaernttm of Tramd pbhe v 4lDAO@.Me n t

The pel ef uptimeads en ( Btlaa ¢ ulrenfitng dri vers can pr oce
greennl v after yielding it@kF®g4gpoelionng sthroawsf iacn and
i I I usttrhpdri noine foeid ng n a l

Fi gdrePer mi-turerd diedgnal

Howevepr, o ttkedf terdn p haalsled wiP@)r s t o turn | eft witht
only at green | eft arrows. Even i f there is n
through the intersefEt ghhnelwow hsohuadawsa agmr eielnl uasrtrroe
pr ot elefitegdima s e

Fi gbreProtdretfadn phase

LEFT
TURN
SIGNAL

Fi ndlhgey,t epet ntdléetf tr n (pPhPapsFeo vi d eus nlienfgt dri ver s wi
options: &ahe tphhee hpeecrtneidt t ed wpt kesnsi Mheafl ystoc
prot ketitesdngalal odvri innger s utnor epsrtorciecetde d Thodhatat gr een
all ows drivers to turn |l eft only aFite&@re@iving
shows an itlhpeursmimprad ¢ dietfeg ma s e .
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Fi g6.rePer mi tt ¢ dP/PRIrTeXft dercnt esdi g n a |

Thger mi prtod ce,c perdmigmum¢cddcetf upmaaeese all distinct in
operation.ydrhddt goeah!l grrows haveseltdemnaddag
head toséorimoma &i gnaplr ohead etdd pepronvitded si gnal
movemenHoswever, ,int-dreecd?e mtn tyiehdsow and green ar
by a single unit consisting of a solid red ar
solid green arrow. This asrowefleF¥YgpaRBiegrarse t he
shows the newly i mpltehb@®AtDed signal systems by

FigidreFl ashing (YreYAgdfwr Ar cd @ h a l

Future

Current

Di fferent Gui-OUerdmpa@atfon Left

Sever al sctruedaitueesd ehlaivnees, st andards, or justific
mode forl ethdaitn g asi gnal i zBPBUTetfttp Imaisse twiodne.l yT h e
accepted to have moree hRe®p etfung h apsmedlv i ese hii gherw
performance. As a result,h | etfte ndrgpudeasientnr iblee wae e
reasonabl e balance between intersection opera
| etfur n del ay, voltwme Yohemedamdg opposi ng volun
experience, and geomgtuirdel icoasPiGaacmds iPEtEs.digemn e r
i ncl ubdengumbteurr no hluahmeebst, of opgdeirmg | anes, et
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AlKaiasnd SépPp$Aarroposed a met hod for developing v
minimzing the overall [alvde]Ua dilmeagsiied agh arn ad ther ii s
the intersection, the st undtye ressetcitmaotne du ntdheer opveer
phasing and PPLT phasing. Then, the intersect.]
wer e compar edvalTuheet dbfrorul nedfmir yme was deri ved for
next,weeep t he -pumotpehcaseed Haesf tl es s dtedrany. pthhaasne t |
Next, a multivariate | inaartintfedignngod stimers mdddlhe

boundary
adj aaerutgahh & s |,
mai nly the

functi

poi nt sl etsussnrg ntuhmé eru mdero pefosi ng

vanldu Tolerssd.sudd y

on of traffic

ZhaamgRir eve d2oudibnyesbogatedi sting

t hrou

c o ncchhgu dnegd ftrhoamt P t o F
conditions.

empirie€al war:r

compseheaoti neg
n

stuugrgne sstiegdn atlh eb asseel de cotn

based vol sfmmep mweavdr cadigce sdevel op a
| etfur n pbapéedheomeftl owchartFig8&sédown i
Fi g8r eProcedburee nfiecitt nghas{ tg]
Crash Experience Crash threshold values:
Is the number of LT- 2 4inone year,
related crashes above a = 6 in two year,
threshold = § in three year.
Yes | No
[ |
Protected Opposing
LT <70 krath Speed 270 knwth
{45 rph) I (45 raph)
[ |
Nuraber of Opposing Protected
TH Lanes LT
=3 | <3
[ ]
Protected Speed
LT <55 knwh Lirnit > 55 kih
(35 raph) T (35 raph)
[ ]
Sight Sight
HBm Distant >75m Distant
(250 ft) T Qs0f) >120m T <120
[ ] ]
Protecied Nurdber of LT Protected
LT Lanes LT
T
[0 [T ] 2
Volume & Volume & Protected
Delay Study Delay Study LT
T T
I I E—
Permitted PP | | Permitted || PP || Protected
LT LT LT LT LT
I n the figure, the study
such as crash threshold values,
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sight distanternnumhes, offotedfetr,btd eslhaoywss ttithday, a
| etfurn woul d beafwatowantad ewhiean f bélthivast dd onvcrhiac
sequentially.

Safety | mpaclLteflaf PhDaisfef er en't

Hauer 2OPsStaldi ed t he i mpatEtdup mafs ecehna nPgQ ntygo ¢MPEL T o
verfsam 197[51.85]of h2003 ndi ngs I etivuecanlaesdch eas daehcerne a s ¢
changing from PPLStudyP®hoWewewer sigme §i cant
when changing from PO to PPLT.

Sriniva@@aha2real yazled t he eflfeddp mafdreoarh goreginm ¢ ttelde 1
PPLlpThabsye esti mating the craslh6e]mbei stouatyi osefdad
intersections from Toronto afbdel@tudyefsesecdi al
significant reductiontuphgsashbheghby cmahdgi per
reamadr ashepowere.reén addition, the study al so
permitted signals to flashing yellow arrows b
Washington, and North Caeobutnaomdhewirteul he s

Chen (20 )lcavlal uated the safetytiumpaghasseo ffrcdmnme
PO and[ PPJIAT t ot all of 68 intersections in New Y
changing from per miptetcd d etdduygiediLTu mbEHu®Pwd s h ®g a l
by 33% gnrwoku mb8r o emicktashmles by ;t3MAcombadde &6 %

tucmashes by ;tlhAickomba erde-adn@®l | i si ons pyaBdw hed 5
number -toafk ionvgercol | i si.HHowelwver63 handntye4% di d noc
significant chargfeecnashbse whebechahging from

Similarl yORsdstuwdiee d att he e fifedfatip Insaéf r ccrh apmeari migt tt ehck
PO by analyzing 103 signali g&8]T mda erressewcltti osnhso v
significaadwdetdtuensehds. Howeverendt henjruumb err ac
did not nthamge!l gi g

Recent | y2 0 Js9t uati eadl .t he | mpeattup mafsreomaagiPRP§ Tt beg
t @ haussei ng a case studyl.9henmntTwudcyxsome @ ATy edmm

gueue | ength andab-afabpl ysi snul Thedhaftesul t show
i mpl e me@thiglsgtfu-r el abptll i ct s. welp etelweerdas cveads st i | |
increase in other types of conflicts, such as
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wal ki ngtionddtandi hgf wvehicl es blpoecdkea sntgr itahnes cw eorse
wal ki ng. The asitrnucdrye aasl e ¢i .nMo9Bduenldlaeyrds silt iuke e®@i et al
20 )Lffouanmdncr eapeobabt hety of colsdnldetfoon nbe@egween
vehi cl & gpeeurnlieatf us ng[n2ad ] Ot her studies have al so
di f fleetfatptma e e spedest{rli8an.2Adg m&2yi oned in the ab
paperlsiffuahgnahsdbrevedany ,wleiqciesmdlee or der and

combi nati on oFort heex amopvlleatfetritihf wiainowed by t he th
mov e memd -wea rcea . Preesvihmawse dtowdcid t hat even the s
t urn slpdaansd mpac,tanantdhaf dtoy |l owing section wil!/

| mpact ofL eBtiufirfmegr elBtagsuee nc e s

Lefurn phase sequence shows when such phases
t hr ough mocvceom edhA éndge rt aol Hi ghwaHWHRI mt hesseguenoe
options are advant ageofukbl JuGedeerr ad d rytt aipo €aier cau re
| etfur n spehgauseen c e

1. Leadlead sequence: The traffic from the oppodeftiturn moves before the through
movementslt is the most common practice used in thetiefb phase.

2. Leadlag sequence: The traffic frothe opposing lefiturn moves separately but
simultaneously with their associated througbvement ira phase. This lefturn phase
sequence is used to accommodate movement progression in a coordinated signal system.

3. Laglag sequence: It ieopposite of the leatbadleft-turn sequence where the traffic
from both the opposinigft-turns moves after the through movements. This phase
sequence is most used in coordinated signal systems with closely spaced signals, such as
diamond interchanges.

The signal diagram-todrn hphasithg ezdbeypmece Dfi 4 e
Figare
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FigOtLetupmase sequé¢nidé options

S TR

v M D ]

qf

Leadlead Lagleg Leod log

A st uldp/c Mlr9chhls ed t wqd anfeeitdh mdssecit 0 ® 1 -aamdlf tbesrf or e
i nvestigate the safetyetfipmpasiemguegilcEdiTheeséntdyt
compared telxe ead eindveen td fy ptelsi noff @ hpaesfitmtgeldead PPLT,
l ag PPLT, f{oemdd,prantdecdnal@d.epreotescd e of caunnad ytshiast t h
order of safety (from best tttpe dve a dndP Phaeligs RRLaTd
for the approachesFwithppwoaopeosswnghkbbbeder o
of safety (from Heslteatd paooortsgtc)t lenwdaasd tfRolalmdl pa&g m
PPLT. I'n this comprlryismpinaglsdd aad spirgniefcitceadnt |y |
than the ot hbaseéeédsbr ekmakfhteelre rceofmpmr i son, the res
prot-eatgdphasing was al way$ ubeaet pdasi mgnfotrhap
with two nefmeagn®PLA was better for hahelease
proteaoatgd However, the stedwptconkddi pped aeenm
| ead TPhPiLsTbhevaduse the acci dent rtatttesss PlBAd@Indonver
from | ead PPaedntmoadgiedtmed .each

Similarly, (HuDemel oetedalt hree mhedupmassaes rel a
sequence: pdefeeence and understanding, inters:
[ 24]After analyzing accident dataplaas@9 inters
sequstnhcee study found that accidents occurred a
sequences, though tihda cdainftf.erOCevrecealwas trhet ssiugny
| etfurn phase sequence for intersections servir
i nterchaw@egs pain rencetarmdsi mtidgrhs fi xed ti me signa

Sheff gr9®Banveaelst hgatsadleettsy amdp oper ati on a-l effic
turn phasing sequences f of 2.5 hSliixviidnutadr sienctteirosnes
| ag-tueint phasing were studi ed.urThh e asiex ocagpmumaa ed
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wi shmappar otaltlddegst ue ht phasing in terms of safet)
effectihveredg.af(fl owmeasasegsstartup | ost ti mes
ti neesre used to measuflbeoipkemntt iroatad wdd i comman
|l ead antdudmagralpesdiofagmetshe safkBheg sathadwsegficund th
prot-eat gtddrerf tphasi ng opehradneqpd ol ®otott rd pdhrads | nayf er

I n addiNtainadmi(a0 BGn vaelst hgabeeér at i o taomdv esratfi entgy tehf
| etfur n phasi ng denue#agl ferpadm hireeped alda dhreasf € ntic s a
review, response time 4dmbl]Nsmteer saaenat iso mau | fart 0 ra

City were selected d@wdhdafhaenasf afeeatsyn adnaatlay swass r e
check the effect of sequlehmme |symsoiwee salgini if mnicamn
di ffeemenotesleawrtahscehan ¢ dledtfits @equenom-l leaad-t o | ead
|l ag.

Box €t0ODa3val uated the safuatny pihnpaachtg dosfe qtadheea tlee f
i ntersecti[oh7 ]ahher cd auldeys ¢ o mag airr eneb hteraat cri adteenst so fa t
intersecti-bepadiwdrerhtppiddsceati er sec-t a @-nlsefwi phasasel a
The results showed no significant difference
approaches wi tthurlne apdh aasnidn gl.a gT hleerfetf or e, t he st u
|l ead ot ulragphatstingnidioiecamtbley siemmpaotn safety.

OperationDIl mpaedfiumhhases

Asant €1 %9dBe a le Ilgaup edce | i Ateusr nf oprh alseifntg-l basebkddeni ai ®
prodes8gdThe st udyt uersnt ismmaotpepde d edfetl ay of 194 appr
for differermtpgpbhbaeichegdiagp Oeh d RiBrAd@, pahbshasg) .
The st utthgtnf otuenrdms otfu rarv esrtaqpelp ehdg f PPILAY was bett e
anotlegdr n plaadlsdéngws t he result in detail.

Tab2 e Average Stoppe[d2®Dlel ay by Phasin

Phasing Mean left-turn delay per vehicle (sec)
Protected 37.7
Protected/Permissive 20.3
Dallas Leading 29.3
Dallas Lagging 36.0
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Phasing Mean left-turn delay per vehicle (sec)

Permissive N/A

Si mi IShelb@ @ piSnv es thiegastaddt y anad uerfnf ipchi aesnicnyg oaft 11
approaches of 54 interlfs2@]Thoen ss tiunduyl euxsaesdo al pedfdtL
delay in peak hours todumeaphasi nlge dhei ciesnty
di f fleetfatptma si ng (s e bpwagmd eescntllaygyr ot eocntlleyd, d PRaPgl T,
PPLIEad [ph&s$ basyg ,Dphlasacsnmge,r mi)eeécor dedugthepped

del ady6 .o8f, 284 8, ,838d 23, 724eb6opdpepervebhiclThe ¢
prot-eat gdphashienghi ghhfessafl etvel but permiedeyficie
t reattsmeodd her hi gheswae®ff e ewiadyrei.f i cant di ffere
observed betwedemrine asd @Qadrnch caledalg &l medfinti &1d9iPs7 et all
used simulation to estimate delmpypteat@dcol | ec
pr ot epet mdtted, andrmefphidisicsal dteddy f etuunrdn an av
del ay of 70 secondsh itnh et hhe gphreostte crteecdo rpdheads ed ewia
However, the delpagyt epatseid fotpeerd midtotde tthhpeha@a s i n g

pr otected phasing.

NandameéeODiOmvest hgavbeer ati onofanai sllgefmg nw pmM@aasc n
seque fr-loemad elaabgyl ecodndasponge tainmde samall yagii o n
anal[y2s6ij&t udyavuesreadge travel speed stops per ve
t hrough movement s,a sanads ooevee roafl |.©¥sétecapt ideee hatys s
showed that-talge cwme alo &adtecumvenfl todhdosmien g emad id s r
to impgr6vi c fl ow at the intersections.

Hummer (19tYulséd traffic simulatidomrimosamgalayzesetf!
on traf[f2ZiddTdel aptersecti ons wi,jamdf duwveapegpaaa
experiments omeheseoagdpTCloesdisehsouwetd t hat t he i nt
having four tahfpgplLdat pbaed whabe causehbPePsLITi d hatgl vy
phase. The st aldayg-trieeciotmpneansiee dsequence for inter
pedestrian vol umeh &ngreed nskhegrnssd astdiyomd swi f ound
di fferences betowed gn alnedadoagryptrseddgteneadl e p hases

Wr i ght(1 %82 ahvestigated dted aiyn vae s toingea ti en ttehres eecftf
phase rcommgeotleyd t o | ead PPLT 4 8dl hteh esn uldayt € ro ut
that the conveosailgntobromapr PPe&ddc prdmpasnt ey treduc
average del ay -tunrdre rp lda & if Telyreeosauh Idtietf s o sved t hat
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conversion from | ead PPLT to |l ag PPLT phasing
t hian terms of ttonheebhdaPPLagwadebayter than | ag
bett etrhpet bhant gtddpefaaBlee det ai Mab3eshown i n

Tabd e Delsagyo wins 4 134 ]

, . Movement Protected/Permissive Permissive/ Protected
Direction Protected . .
Type (leading) (lagging)
Northbound Through 18.6 15.7 16.7
Left-turn 59.7 28.4 42.3
Southbound Through 18.8 24.3 17.4
Left-turn 41.5 19.9 34.8

Sheff g9 8sat ualli.ed the performance otffumpmopladieng
Si X intle2z.5]elchtei aressul t-uphlbwed 1 ieme -carhodsrstionug tthi nve
at -tlherft | agsgyhabeptnnrsg phase

ContDeollay at Signalized I nterse

For traffic engineers,ceewdl| wattirmdtf dvieehs eca tteie me
delaaay si gnali zed intersection is consdfdered on
traffic|[@@ABr atiisecnussed in the previous section
measure topamsaltensmactth eolf etfdtir nfy e pabneds esse g u e How c an
such a delay at Ot ¢sttd ed n edredeabymrtameagssuarlei z e d
intereasctsih®&é&mwgut® eHowever, control delay, a par:!
dominantly used to evatoaatei to6d af @idcheiognalf efh
TransportaBbandResélagbway HCMarctiethod sMdamu a |
additional travel time incurred3dB8y} a awme thiecl e
divided into multiFpg@&a@Ppepauth, aasdedelipepeetde ddoen nady
and accel drmattihceh dd eglugdwl,ats are plotted with t
Besides, it can also be attain€he byt wdgdglediigs @ap
two different met hodsly@fonnee & dnde€CI n® meaeitcho ¢ oung ir 1
designated for mutl e Ma metdmatoh wmige/lodiuer gtwed hdat a
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FigabDeDel ays at sigh&ad4l)i zed intersect

Estimated Free flow

P
Free flow speed 4 . a—— speed trajectory
trajectory L -~
s o Control delay
gl Ls _Accelerationends el S
d -~
\_ _‘// ’_-". Estimated Delay _
—_— Stop bar , i A - 2 o
| pproach delay i
N .‘f{‘; S 2 ——————— ¢ G
Soced— 0 g P B | Stopped delay | i Vehicle trajectory
3 gl "2 P 53 i3
£ e i :
=z e :
= / :
/, 1
’I:I Lypr=--mm="" h . :
Decelerpfion begins i
g| Loy i
Advance | ' ;
Detector : i
1 Lo 2 3 g s

Time

Control Del ayneua dhiomdg HCM 6

| HMCM cbapter 19 introduces an analytical proce

del ay experienced by all vehicles that arrive
signalized Iin{&8B8B3$4ERkke i dnerapype caemt r ol del ay per
group i s computed with equation 2. 1.
d =+ dd 3d (2.1)

Wher e,

d = control delay (s/veh),

di= uniform delay (s/veh),

d2= incrementanddel ay (s/ veh),

d= initial gueue delay (s/ veh)

A thorough description of the procedures for
[ 3.3]The formula for each des2a®, eRe®en?. 4: as f

Uni fornid)del ay

Al 1 JOU (2.2)

Wh e,r e
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C = cyc(®)l ength
g = effective gr(esen time for | ane group
X = v/ c ratio
|l ncrement gl del ay
Q wnwW o p QO p — (2. 3)
Wh e,r e
T = duration of the analysis period (h)
k = increment al del ay factor
| = upstream filtering/ metering adjustment
Ch= |l ane group capacity (veh/ h)
Xa= |l ane group v/ c ratio
Il nitial dqdweue del ay
— (2. 4)
Wh e,r e
Qo= ni ti al gueue at the start of the analy
Qe= queue at the end of the analysis period
Qs Qqueue at the end oQcaande=@@aeélysi s peri oc
ta= adjusted duration of unmet demand in th
v = demand fl ow rate (veh/ h)
Contro Del ay Estimation from Field Measur eme
Contro del ay can be calculated by simulation
combi n atoitTdne dfi el d measur ement technique is th
accurate field del aysThfer opnt osci egdnuarl ei zi estH QliMnst ceur sssee
The foll owing snapgsahratmedheaws rtelgal i deetbaniflbh et he

fieligubsadowdetielgerlocedur e
detdcded sr iold ehderielt ahtioeelro | iong yt.

Ot her
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Figure 11. Worksheet for Measuring Control Delay in Field (snapextracted from HCM)

EXHIET A16-1. INTERSECTION CONTROL DELAY WORKSHEET

S semmapmlmses,estpuedciieasl | vy o eashde anattsreadudticers
analiynstiesr $het denaTliabdlied i sicgpvere eighotu sil sy

Thi
dat a
evident

INTERSECTION CONTROL DELAY WORKSHEET
@aneral Informaticn 2t Information
Hralys niorsection
Agency or Company Arca Type o CBD O ther
[z Periormed Junsdiciion
Aratyss Time Poncd Aruysis Your
Imput Initial Parameders
Kumiber of lanes, N Tiatal wehicles arriving, Wee
Froz-fow spacd, FFS [emi) Sioppod-whicle count, Vo,
Servey count inierval, |, ] Cycle kongeh, C i)
Imput Flald Data
Burmber of Vehicles n Duewe
Clock Cycle Count Interval
Time Kurmbr L 1 L] § E [ [ ] m
Total
Computations
Totzl vohickes in quess, T¥ Number of opcles aeveyed, N,
™
Tome-in-quese per wehide, d,; = [, '-7“;} "4 5 Frecion of whicles dopping, FiS "E'
N of wehicles: sopping per lane aach cycke Tl;_ﬁ‘ Borelilece] comection delyy, d; = F¥% ® CF 5
AcoaliTece] cormection fascier, CF (Ex A16-7) Control debyfvehice, d d.q & iy 5
Summaorfy Addi ti onal Studi

t hat i

ntersect.i

on
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cragl@sher several factors affecting the | i kel
vol yme ,5si@ht 5ditsstadnfdec speamd op e ddashimrmaigger of

moving and t[u4  Fibr]g heaehidelteas | on the met hodol o
i netfthol | owi ngt ltealbll €. s@wevisaltlhat the selecti on
on the types of data and scope of the project

Table 4. Summary of different studiesfocused on safety

Study | Objective Methodology Used Number | Variables used to develop the model
of sites

[35] | To analyze the types of Complete Crash 5 Divided roadway, speelimit,
crashes at signalized | Data and Tree pedestrian/bicyclist lane
intersections Based Regression

[36] @ To examine crash Poisson 104  Traffic volume roads, permissive right
frequencies at signalize underreporting turning phase, number of signal phases
threelegged model cycle, sight distance, existence of a
intersections surveillance camera, median railings,

approach gradient.

[37] @ Toidentify the Limited-information 155 | Traffic volume, Number of lefturn lanes
significance of maximum likelihood
endogeneity problems i/ (LIML)

crash models

[38] | Toidentify thereasons, = Negative binomial 476 Traffic volume, number of phases per
rearend crashes at link function cycle, right and lefturn lanes, speed
signalized intersections limit, area type, separate right tuamk,

median type.

[39] | To identify factors to Poisson regression 262 Degree of curvature, number of
traffic crashes at and negative pedestrianghe proportion of commercial

signalized intersections| binomial regression vehicles,average lane width
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Study | Objective

[40]

[41]

[42]

[43]

I n

anal ysi s

46]

func t(SRmnd

for arterd.i
Sepastudie sushead

@8MFa part

al

negati ve
of [t4We

Methodology Used Number
of sites

To measure safety Empirical Bayes 60
effectiveness at urban | method
signalized intersections
To identify factors Bayesian 371
affectingmotorcycle hierarchical models
crasheatsignalized
intersections
To analyze the Bayesian 23
approacHevel realtime | conditional logistic
crash risk for signalized models
intersections.
To study the impact of | afield experiment 1
type and condition of | on a signalized
the road surface on intersection
signalized intersection
addhreagpat,i ve binomi al

roadways,

0 290

Variables used to develop the model

AADT, Number of lanes ahe major and
minor road, Number of legs #te

intersection.

Totalnumber of lanes, median, presence
of left-turn andaright-turn lane the speed

limit.

Through volumeleft-turn volume, overall
average flow ratio, higher average spee!
thegreen ratio for the throudeft-turn

phase

Saturation flow value, road surface type

and condition, cycle lengtland timing,

regreseaconemodele

rur al4 4hi gdhSway
bi nsamepakgf onnordaend cse

d8f, etd¥]anal ysi s

ha <



Objective

The primary objective of this prdajfdcetrteinrdn o @ f
phaséesntatsections along with their geometric
SignadalManwi t h t hengyuiiedwa ntcee devaeplpoepnpii it atie t o |
signal type.

Speci ficall yst ot haen srweesre atrhceh faoilmh owi ng questions
1. Does signal type (protectaxhly versus permitted/protectdelft-turns versus permitted
only but with leftturn lanes) affect intersection contdslay?
2. Does signal type affect crash type and frequency?
Which geometric features significantly impact the choice of signal type?
4. Do flow characteristics (traffic volumes) influence crash characteristicsudtimdately,
the choice of signal type?
5. When isit most appropriate to install a specific signal type considering operation and safety
concerns?

w
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Scope

A preliminary assessmentmawanst ac onneddu csti egdn afl a rz esde
ensure they met the swhe stemetedobhocont grsagn
wi uthi fPOO mandl RfRtipTmasa e al | t hlen agopdaovaocithde st.he ef f
through moving traffionpeagpe¢epamatl eethledlitelr eat | e
study tépmowmedt ed uoml yp hlassfet and onlyuusedr B®han
dawarce®!| |l ected from 166 intersections, while o
analDbwse sto i mited time and human resources, t
del ay from al.l 166 intersections
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Met hodol ogy

This c¢lapt en ded i nto several sthmeatomnal Fisusgtve
its quesst Nernaineludes a description of inter:
del ayf odlaltcaweeids dwys si o0 re goorno ctéhdeuaded texitli ng cr ash an
Furt hehe fohlhdgheet he reduction fofisaetcdliloenc tiendc | duadt
di scussion of met hothbckroagaihederit ay datwayamasleysif o

Nati onal Survey Design

A wbhsed survey aad desdgoat €dt 6r Denc @mbembe8,
purpose of the survey was to sol-tiwcnn omdroatmad:r
ot herdkepamtmeabnspoftati on (DOTs) -taunrdn tshieginra|ls udges
and operation. The survey questionnaires were
compl ete them or could designatelf ambse saeeksy
information on the existing guidelilmddgrar cri
signal operati ons.

Finally, the survey was sent to traffic engin:
A total odf olcusgeue sdtretfads ih gpetedesetd si gnal di spl ay
wereetleped for (The ®RueoesticoniRe&P REWwp rCovmend t it lee

guestionnaire before t heyaswesriegnseedn tc oonucti.s €Tl hye i
tobe answered in |l ess than 10 minuketbur nfhe sur
phakieg@geeot eoot g d prPoQ)epe t mdl¢ fiterdnP P LaTnys r mi-dntd ¢ d ( P)

| etfupma,sass well as their safety and operational
heads usleetifuUpmawebe al so includedoughthe surve:
i nformation abouftsommee od o ¢ th eepatsdh & t/ ie  ncphpooi rcte tohfe
that specific question. Finally, the survey a
or gui dance betfdpnmpalsenmetnhteiinrg j uri sdiction. The
guestions administered tpoendiiek esA fadieh DWITd egas et hae
i st of sil@clqueésdi iommuhéi pleovehW@aCTlRassurvey que:
di scusseldatienr det ai |

1. What types of lefturn signals do you currently operate/maintain in your jurisdiction?

2. What typeof signal indication is used for the permitted-fefitn phase?
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3. For protectedonly left-turn signal, which will work best with the following listed
arrangement?

4. For PPLTleft-turnsignal, which will work best with the following listed arrangement?

5. Forpermittedonly left-turn signal, which will work best with the following listed
arrangement?

6. For the listed different lefturn signals below, which one do you prefer in terms of
operation?

7. In your opinion, which lefturn signal has the lowest crash rate?

8. Are there any intersections in your jurisdictions that have ever experienced changes in
left-turn signalphas®@ [Example: PPLT tprotectedonly]

9. Do you have any suggestions/lessons learned about the selection of the MODE of left
turn signal controls thatan be shared with us?

10.Do you have a statewide policy or guidance on implementingueftphassin your
jurisdiction? Please share any guidelines or publications at the link below.

Site Description

The study used signalDOheDadafcancf isgbgbnpat! s ennaenéutrad tml
potential sites. The Street Viewaf uwcthenki hh:
head con.f iRiuhrealtbiyoundy sel ected 166 i ntearasecti on
The intent was to selectl|l gfttsingaat cmae eigontregr $ e
di stricts within theith aP®ar GRALWYWA tshieg s@mt eprhsaesce

all the approaches wemporoalchhetsedv. t i mde | iemtser
turn | ane were creriBettedn phgesal wewethot consi
small sample size. Sitneduphasse iicn BO0ObTarttlea st

intersewcdh otngpeos anl yWifgrmdnh otwdadtc leddi isam i acft . 166

i ntersections.
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OQut of 166 interselPldannds ,t h83 rheanda ilPef, a gon8l 5h aFdY A
phadround 82. 53 % ¢l1le3g7g eodf, labn6d) tahree rde mai-ni ng 17
l egged inpeproeacIrad e@Ely5? A of 166) ,aamwrde tihhe urrenaanii re
6.62% (11 nofr uldeds) .aa®lbas mdmeatrayi lof 166 i ntersecti
Tabil e

Tab3 e Summarrys eedt ii ot s

ltems Type Left-turn Signal Type Total
PO PPLT FYA
Number of Intersections Total 83 68 15 166
Intersection Leg 4-legged 58 68 11 137
3-legged 25 0 4 29
Intersection based on Urban 77 63 15 155
location Rural 6 5 0 11
Al | 166 intersections were outsheagpefr adan dinpdisaf et |
study only selected 28 sample intersections f
withl BtY&Apimas es) waescfarmtsiob lceol | ect data from all

due to |Iimited
Solufbwase installed
esti maitdeoon.dat a wer e
of approaches

at

t he

ti meymanw ai otuilneg cCCataiMi?e rpane nft r, 0o m NSy
sveil ddeact @ cdhdemlpgpy oac h

coll 28tedt érsec7Roappr dhe

and Tanbblees Isew.t i
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Tab@ e Sampl| defdaayt a hceol | ect i on

Signal Type Intersections Approaches
PO 13 28
PPLT 6 17
FYA 9 27
Total 28 72
Data Coll ection

Crash Dat a

For the saletyt adcdlignetaostscdted dat a ,f 2dm5January
December , f3lom 2hle9 DOTRtabask. sSudgnfetdb pu oevd si or
of si gatadtfutrynpads a g@ al i zed iomtteprrdneedcttriaosnhes at t h

166 intersections were selected. Thtfusnhudy we
craskeasutrmetdegyorrectl y codedan |lor aasdhdd st,i owmh i cal
al most maglhniugnbvedrrse excl uded from t htehldeeifgt . Thi

turn crash datalsaett iwmddd,f alhdet Islitxiaddlatskersact ed
intersections |IftrlaumdeXx0 1133 ,t20/ 82 CIrA.shes at PO and

remaining 837 crashes at FYA intersechiomnashdg:i
from the whole Iist and went througbrnhe cras
crasfhheiss. avoi ded any possible error incurred w

After going through the crasthummarcocradsives , f itdm
account3%gofforh®.totgleadmei Ng apmede st rivan cr as't
consideredefstudy.

Del ay Dat a

For the opervaitddeach al wasakpéiscte28firmmetiior2e afpipo
esti maOatdelfaypv.ever al field techniques availab
itner sections, the-cotundy tseelhadtqaucke ,t s i eswcar s s e
esti matviiodaepot ur i ng camera was usietduatoi ore.coA d t
count CAM2vacsamenrsa al | ed raetctodnagc tvi alpmesma dthovas s e
captuivesehi cul ar Inetfuemeraes ahd hterafddsfhiiec ns ngnal af f i
The cameueggeadaspwse traffi eTliesldiephtrweeioghdte,r port
devsreeord up to 50 continuous hours of wvideo
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days of video Hiaghh®B&wews aobheapsmtdCAM2Z ddamer a ¢
ot her dehcehialrgytilmighbe | ab, a fi el @on stnfae sdlod c torfi
poJaemd coverage of it from a sample video.

FigaBelnstallation of the camera

a. Charging cameras

c. Camera in the field d. Snapshot from the camera

The cavmearmasst al | ed at akHle gfgoeudr i anptperrosaecchte so nosf, 4w
install ed altetfatfi end dvepir a@afchg eegglxd i ntersections
were selected throughout tHhHerestddatsd rtiactcayv elrhes
collection tasks t pofokomMotrhee tthha nr dt lhweeedke noef m dFhesbfr
May 2021. The dian adacharige cntgi anh et acghkeaghr a e i nst a
required intersectavasfremtrpedcadgendgheanpgadece,
and recharging the camera for the next data c
continuously worked dur i niga 7léd otelmlee it ateéi lndedt a c o
framdef amad c ollhliecttiaskkontivas si ve and chall engi:t
the traffichvaglhddmd hwa svewavwioera bwas. un
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Tabd e Del ay

dat a

ection

t

mef r a

District Area Number of Camera installation | Camera uninstallation
intersections date date
03 Lafayette 5 02-22-2021 02-25-2021
03 New lberia 6 02-28-2021 03-02-2021
04 Shreveport 4 03-23-2021 03-26-2021
62 Hammond 5 04-07-2021 04-10-2021
61 BatonRouge 3 04-21-2021 04-24-2021
02BC New Orleans 4 05-05-2021 05-08-2021
02H Houma 1 05-27-2021 05-30-2021
Total 28
Data Reduction
Crash Dat a
After extracting 14,115 -tumashesashée anddwegqgu
crash reports to checKh htplseo cpismisanyepdsailbl gqgue
coding errmarcraeshltaggedlhhes sat uWdy ffeawemd ftew ecr
typeissdnher e t d ggeadnashwesr edurtot after checking tl
col I i si oAf tdeira ggroa mmmr d dhe 0,9 ht h é eb ethweyn af si hl et se rferdo r
14,115 crashes.
Traffic and Roadway Dat a
The salusdoyl | ected data | aked trtmoafdiway gRamadctrerci ¢
usedDQTHEE M&Zma nagesms npelmat[fO@¢m get traffic volun
Feat uritklgeutnicon al class of roadwaysD@h@® area tyryg
ArcGl S data sources. Vehicle classifications

remai ni ng tfheeambeesof i Kker ough ulraan d sa,n ersu mhod rf sceft

lanes, medi an types, speed I imit, and pedestri
Del ay Dat a

Out of several field techniqgques available for
study selecbedtthechnegeet hasHECMs6béussed the d
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The method i s based oni 0dueuwee tc owrstesr vifaari oann yo fl &
studies have already used this field technigqu
[ 28, F9glL&@lows the sExapsthét deBet hg cal cul atio

showing all the readgeceonedoli ndlelrapnt{longhloi glet ed
anygpprdadehwor ksheet was prepared based on the
The control del ami wasesabhtubharaeddbor hdbbr . Eac

t he mor ni nagnp ehaoku rr.dbaim.davae ef@an.) af t er nko opne rpi@oad ( 3
pm.t o 0pn) , a-pdakf permahotdo: CAOL) Lt makes a total of
of delay from each intersection. Il n each hour
For exidnmpl enor ni ng : B8d@dla Bowcids hour was di vi d:
a.-h: A5 m. 7a.48: A0,m. 8a.08): a5 m.and. &: BDI Mo esti mat e t
deliamyach 15 mi nuTlthees avwdénehdfretamd. del,aypébdkuri ng |
periamdist he owasseald adselsauyr r ogat e melaedfutr s t o cc
signalasy fopepmet s pasmahottéde study did not have an
i nf or maitn oarod dwnetr i f y dlfocatd eotne owtacelre wastmlei n g,
sampl edt hleoucrast iaotn wer e reviewed to check the i
the traffic sigwasohnhcmudegd haweradhl wdrhkei gt prcc

at the time .of data coll ection
Figu4aeacludes some basic terms | i ke approach s
vehicles in the qureeugeu, i rasmddt esottolpgptiedd® [fvaeghh e | reesq u i

i nf or massedwmced from thAcec crodilreg ttead tvhed elbCM, app
when vehicles would pass uni mpeded through th
extended period Bma ampmuanecwaspdaed hdhoul d be
area | east affected by the operadtai acm umits ttplee i

be clearly defined in advance so dbhrithg he | as
percamd be identified and counted until they e:
usedlwamin. Regarding the count i1interval, a ci
found to provide a good bal amde elrevtewelTebmna pdaebdli d yi
study considered that a vehicle iIis supposed t
|l ength of a stopped vehicle and is about to s

di fficulty of keepkengatweaebkcbt tbelelmdodtmgepméad wb m
vehi clheosearwveht cles that arrive during the dat
Any vehicle stoppi ng ymuwlntciep laes vteihneecss eiosp pceadunt e
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FigadeDel ay calcul ation worksheet prepsea

General information 5l 12 information
B alysts: P s aduzzaman intersaction: LA 30 & Tanger Bwd
Agancy of Company: LILL AreaType:
D=te Parformed: 473 3 Jurisdiction:
Analyss Time perod: 735:1575k15 Analysisyear 071
InpurtInitlal Parometers
Nurnber of lanes, N 2 Total wehide, Viot 2 wah
Bonrasct spsad, 5a 4458 mifh  [Stopped wvehicls, Vstop i wah
Sureey Count interval 15 H Cycle langth, © 140 H
InpurtFleld Datg
dodk cycle Numberof Vehicles in Queue
fime | Mmuber Count Intervzal
1 2 3 g 5 [ 7 8 3 10
7:35:15 1 2 2 2 2 2 3 3 o
F 1] ] 3 4 4 4 4 1] 1]
3 1 1 1 1 1 1 a a a
7:41:15 4 1] 1] 1 1 1 0 [} 1
3 1 1 1 1 1 0 0 3 3
5 ] E 5 5 ) 1 2 2 2z
T4E:15 7 2 2 2 1} 1 3 3 3
Taotal 11 15 15 14 10 1z 1z g 5 o
Commputations
Total vehicles Inqueus, Wig = 10 wEh No. of opcles surveyed, No= 589
Time-In-queusfwehicle, dwy = 5198 HEN Fraction ofvehides stoppinz, 0491
Mo of vehicle stopping/lane foycle = 1485 | wahfin | Acc-dec comedion delay, dad=PWS*F | 535 sfesh
B -dec comedion factor, CF = 7 glzh Control delay, d=dvq + dad 3feeh

Anal ysi s

Fiyymtshte study conducted a general c¢crash and roa
associ attiuonmn ocfr alsenfets wi t h many crash attribute
environmentrelandcdhdmarnr or s. dlelxtsudrheatsttruidlyu tce
develdopeci si omheretuthgydebetdunhl canadhes!| gt | eht
devel op a negative lilnaomiaale |CGy\Fd eflvoer( Kddthr earnedn t
pha.selshe fsoelclto winnsghdde¢tdameli bedehogyd Heci sion tre
NBM n@GMF
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Deci sion Tree

The study used a decision tree approach to ex
wi tdhf fleetfatrptma.s elShe deci si on tr eea eisse na sf-ltdchve dlieac:
making process by mapping out several courses
driven analysis revolves around machi[nse3,l earn
54,. 58¢me commonly wused al gorit ¢ halitsec hwesteddmii sne rt h «
(Il D3 5,64C5 (successloas soiffainreDasr)ie & sA@AR)T 5. CIART

i's by fammobmeomosthese met hods that can be use
factors Tomi scrsatstheys .used the deci si otngemeratmet |
a t[roehep 5, 56T he 7GARBT snpeltihtodcr i terion i $508dsed ¢

The Gini coefficient is used to calculate the
Gi ni i ndex 1 s used toof ctahlec unleaxtte ntohdee h(gttberrlodg ennc
Gi ni and aGaenif alnldews

"OQ¢ 'R B O, d0@®ONQQOB 0 "QQIQ (3).

Whejgiequtaasget variable's cat egoutyd t§aSle gmwarhb t ype
targets. Since CART is a binary tree, the tot
types: PO or PPLT (ixeaqptelhe endratgrei) b umeidn qa dfda a¢ ti ar
type), xiwhdreas esobi gaonat rtjglpaesi Prlgyy,titaltes oper cent aq
o k.

To determine the next split node, the categor
chosen with tthe equation bel ow

600 GARQE Q "0Q0RQ DM Q ( 2.

Whe,geépnitns t he Gini val ue @&fi nt hiésnlitiexéh eirn d eaxy ea f,
second | ayer. Until the i mprovement equals ze
repeated several tsmasal Yehesdwha @s7édbdfe d hieht o
data was used as a training set, and the rema
equation calcul ates the accuracy of the model

6 Q@O Gperer——2p T ( 3).
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Whe,Mé s true positive (observatiopandsQfsNai ti v
false negative (observation iIis negative but i
and principles can (@)L I5E@Ejhnadn gi na riRbd BCxtBed@ ¢lna et al

Crash Modification Factor (CMF)

Theudsyt devel oped FMFo wers dRIRrLAN it lefdfaifree r e nt sever i
usi ngalblotchr as h et u@amals loend .y P a s tb ostt atfdtirens nlga we awssh
[ 33alnd totphl7sep@hasely to assess IiIFiWAer ae EMFonN
is a multiplicampueéef abbeoexpeed edonumber of ¢
given counter meal[suFler atha ppepbskesobthéelkeerasti ad:
expected numbteri nafevricir@eCstan eobnhse naixmdveraR RRLAT S

shown in 4€Equation 3.

#- & o ( 3.

Thereseeamwmeaghbk of estsiumattheshaEadfFt er st udy using
Empirical Bay®eactmedmald, stcu ey, s-comh o rot] 69t wdii eess,
Howev éseel ecti on of a rsiuliyt adoel pe¢ fmee t dhvoadi Ipa b imai t y
treatment dates and the nature of the study.

and POut edggdhras not availabla,cteaessonadly spuey
and develuwyierdg at A&aP WMBBIM.csreocstsi onal studies | ook
experience at | ocations with and without some
to thosé&ofeahustehset ”CWIMFs can be projected as th
freqguendynt evit #eCe hviliotnhs PPLT.

Fotrhe -seotsisonal heawiedgelsladgh i ntersection | ocat.
in all other faci®bpkafteatfng vobhsesmeri $khacti
configurati onSevaenrdals pseteudd ileismacitnesseshei paat b&audy
design andNBBaesv elno pSePAFC M BesbBmataldi ti on, NBM |
widely employed in vehicle accident analysis

mot or ways, and 4rdur abl4 ,nmoGtSo]romfatyesn beehfeseédof o ¢
ovdrspar s$in the [P66sson model

NBM is a generalization of Poisson regression
var imnete equal ,kmowrmedasne@ygeosTijhoen t radi ti onal N B
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based on -gdammé& omisxstonr e di stributi on. I n NBM, t
of k regressdadrn 6 @drei gohaleeasne(ttelr @ rep rrd tsekde odesn at m e w
occurduwrnicreg a specified exposure periiosd. The e
expressed by Equation 3.

A Ao 1o T o E o ( 3).

Whebd s the intercept, afmdebtiae er agkeadswino pac aenfe
that are estofmadaetda .f rTohne awasyett o r e gruag ;e rsti gtnhad
is through a SPF. An SPF i s eax pneacttheednant ui ncbae r eogfi
of different types to site charfpe® eUusigriigec s/ v a
exponenti al gsoff tththee csd efnfad d & yrmpper o wiodre.st hteh en CMF

FoORYA inter seartalfotnesr, cbreafsohr eanal ysi s was conduc:
and intersections, it was not feasible to dev

Del ay Analysis

Af ter getting allftdom t e eivemadiedaeasytf iomatkh@M omns i ng
predr[ess.Bpsed on HCM 6, control del ay i)s anhde su
del ay due to accejlfirrashteoavdeagbegamieents( the pe
esti maiBEgdat i 6lpnf(Br mati on | i ke thesitn mpuewnd er v
conts, sum of the vehicles ithmaguieuved geuoeduiengt ah
count period were rfergdj ust miodtiOf Beh ® st k) enatt 8 @m
the errors that ngatcoumts etueachhemi quAc ¢ @r cisn g mtad e
HCM 6, the val ufeaotfort hfeoradg uwarmeentty of condi ti

Q 02— m( 3.6) (3.6)

de= t-imeeue per vehicle (s/veh),
k= intermaVebBsbomaee counts (s),
X@= sum o-f gwethd cdeuaantd (veh),

V.= tot al number ofg wuddaeiac |ceosu natr rpievriinogd d(uvreihn)
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The second part ofstthhestombtobndefadeliagl dde
decel ¢ gharteiwo na cad intf iod ma $tioo nb eneeesdt i mat ed t o cal cu
Firrsee ,avter age number of vehiclesusitpppEingn per
(3.TM)i santdemhe aparreo awcshe s ptece dgeta s hseh GcavbBlreerc t i o

® — (3.7)

Wh e,r e

Va= number of vehaotepestoppliag(peh/ I n/cycl
Vsio,= t ot al count of stapaipegdwehi)cl es durin
Ne= numbeesofnclyediedanidn the survey,

Nh= number of | anes.

Equation (3.8) d sfrusehdo| e FYiBd aff ehth drws

06 —— ( 8)

Tab8sé otwimec ce |l eleateil @m at ifoancaeoof uaecti om of the a\
of vehicl(&sr sampgpoadgh ns preielde.s Tpheer phaorsaene t er i s
check for the correction fact ot haév@FR)a gaep pnruonpbreir
vehicles stoppcwndgl6elédradljaursed mdnmot eddeakettioon and
accel er actanonno td eblea yc al ctubhm@mtheircda | ditreedtnli yuwist h

Tab8 e AcceiDercatl ieam t e dahci toonr

Acceleration-Deceleration Correction Factor CF (s/vehps a
Approach Speed (mph) | The function of the Average Number of Vehicles Stopping, VSLC

O 7veh/ || 819veh/in/cycle 20-30veh/In/cycle
O 37 +5 +2 -1
> 3745 +7 +4 +2
> 45 +9 +7 +5
According to HCM 6, the del aiys aduceultaot eadc cueslienrga
foll owing equation (3.9),
daes FVS x CF 3.9)
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Fi nahlel yt,ottal control del aogr dtulee too striadlé i dallmaoy t
the avermge guemee and the delay duestseshawoel a
Equat3.oln0 )(.

d Fq‘*‘dﬂj (310)
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Di scussion of Resul t s

This chapter pr esetnst sohbthaei naenda | fyrsa nsa taynsedi sruerswue §
geomet r ya radhea layys iasn a | fyis@ Ilsd If ¢ otme d hter af fi ¢ dat a.

Nati onal Survey Design

The purposewaft d h®olsiucivteyi nf or mat i-tounr ro no g ehrea tcit
inheir jurisdictionuand ssggageéstdiesn g nougride fotp 6
information on the existing guidelinesuon <cri
phagdgédae study frdaqgueansii gmaiedaosd egfnta | phase for
P in thTkeseetveynw was focused on the foll owi ng

X Modes of leftturn controls: perntied, protected, or protected/petted (PPLT)
x Signal displays and signal head placement

Survey Response

Out of wh9etrdeteatqaie s teirenfs@Eime p sonfd ewdli%c { 2Bwerf e 4
fulkcloypdwhidlee?d 2 f8wWeli mcompi ghBbdows t his bryeprese:
t hreespsbmoen ds f dTeleee nrtesearch team analyzed the
bel ow based on t.Ael rebBeossegeyeqgees eidhoenns wer e
dit stncin the report.
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