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Abstract

Numerous prior studies indicated that stre
However, | ighting at wunscioghntaloilz esdd iimtteerrssescc
roundaboumslatios ynoin ma@ame states suwuoech as Lo
examine whether Louisisane has | tackf foifc | sghe

and subur ban r ecuonndtarboolultesd ainndt esrtsoepct i ons. Un
study de€t) awtcotrad the | essons | earned from
partial or ful/l |l ighti-ngspotbaonheser meastihes
intersections; (2) explore whether the 1|ig
t hbeehavi or and safety of drivers; and (3) d
these types of i nTtoe rascehciteivoen st hiens eL oguoiaslisa n a .o
approaches were employed: (1) crash data a

professionaldpaocot iteagspoDPO&rti eSS, ( (3) dri vi
simul ator expebemefnhit andl §4) scost

The resul ts ofs hcorwaesthi gdhagtian ga nvaalsy sniest a si gni
factor tothr agylpes a©tf b ntersections. I n add
indicated t habontrghtedgiatesseptions i s no
the partiwhpatdadi st maedat ory for roundabou
of rtehseponding states. Furthermore, speeding
(18.8%) were the reported primary reasons

controlled intersectiomrRw,str evperdteir vmelays.u rTehs
oo her states to i mprove safety at unsignal.]
reflective pavement markings, reflective p
signs, bJaindkadvaingrs warning. I ntthe drivi
participants drove under four different |
without |lighting, nighttime with partial I
stopntrolled intersections antheasunedsabosuth
ti mecotl @ i si @ans (aT TsQu)r r 0 g a,bep sseaad ,e t ay@ aneklaesrua tei o n
decel eration were collected and anal-yzed.

benefit analysis considerimg tame ¢bet eafpep
benefits of reduced numberrasdl/ bs sbhowedty

street | ighting at rur al and suburban roun
the nighttime crashes thani mg ctulme eldasatt 5 hyce
to lack of Ilighting. However, the findings
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|l ighti mgpndtr odtlee@d i ntersections in rural an
associated install aanesfnootssadi ona{ BC-BRnhahoe. s T

controlled intersections was 4.6. The find
not seem to have a traffic safety problem
Subur b-aonstopl edand treawnredah onmtss. Therefor e,
providing street |ighting at those type of
safety analysis (e.g., when the intersect.i
injury crash pyeetahry epgerr iood) . However, if |ig
l ighting installation is not feasible due
recommended tocoutst@aduntoe hmead wwes such as
mar ki ngse paevkeeent markers, | arger ,traffic

and advanced warning.
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st ed g miheed hver Loui siana has traffic sa
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this study was obtained through I|iterature
gui del i nes and ssutnammadrairzdesd. tThhee rsetquudyr ceimreqit s
tdifferleinghtsitrag egui del caesebhbhenl exmioaedohn!
better o medfefr encetaisdeoefr ol i g htlitnfywaso thetwean s .

i gmi td oLegEPD i ghts greatly redunaced corsdrsgy a
compar ed t o hisgpmweetshsoudrgeudmi K BIPS) | amps. For e
Carroll ton, Geaooogpear plaiogimteiaregl ovli d hHPS | amp:
LEDs. After the replacement, it was esti ma
Further, on a much Fhaarlgedre sfciaxltedraetsh €iom ,H3adr 2t
Atl anta international airport were swapped
estimated savings of $500, 000 annually. Fu
LED Il ighting to sHPMS tl iognhltyi ncgo,s tL Eelf imec tei ve b
uni fortmhati gihst] saf er

Edwart2aGasamimedr el ati onship between | ighti:t
Lighting | a@avelus adt iveedrles chesatsioonmpdavi @ md ot her

potential variables that could haveinnflue
Mi nn ersuortaalweaseeclaesc t lmeh afl oyrsi s but further 1 nsi
informatieomoavaihleaskel i ntersections narrowed
that was used in the analysis of all 63 ru
crash database. Poi sson distribution and r
di stri buwweoe meddl|l s80 draw correlations bet
crashirhmesehowed that in general when aver a
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1 lux, the nightti M dwoa<sh srpaetciid idceadrl egas avth
increasuxd floy 1 nlt ersections that con%ained

decrease in crash ratio. Further, for unli
by a unit of 1 lux, 4% hBherafshtr e att lve pd wimme
iaareasing the average il |l uminance was a Su(
be utilized to | mpwaadyv iosveed atl H a tr ofaudr tshaef re trye
done tot heomfiimum aver agbe liux uansi nsaungaee.st ed i r
Potentially the |l argest | imitation to this
into consideration. Had a | arger number of
have been more irmrtpe ress ecrit iadinnvnee soofo ad lylFbot heo
il luminance data was col | ect ed iwast hsiusg gsetsu
vertical Il uminance data should be coll ec

l'ighting pl alys] on road safety

Rodger s edommduct(-RMalsdet wesear ch program t o e

relationship between street | ighting and t
ar eflahsma iobj ecbhasee | was to assess Hthiend easi
at roundabouts in rural @&arneeacse s sTahrey atuot hionrsst
lighting at rur al roundabouts as foll owed
France. They indicatedtopatrodtbeedoninhgeram
unlit roundabout has similar effect on cra

st-opntroll edti twaesnsilet¢ hiadonroundabouts with
hi gher traffi c ssatfoeptnyt rpod rlfieadn sanmceer tstef@d h | [

Gi bbons et al. (2014pyedacerilbéedmsomae i Dtnr 4 te
via adaptive |lighting tactics without comp
st wmdayspt @vimlor e i nsiwhhetns irte gneorudidngoe appropr
l'ighting | eyteé sphoinl ovaplwaylsehi nd adapti ve |
benefits of usitmhge sgasptimveelqughteimegts to I
l ighting, icheiloagalbfi mgli ng adaemteif ve lain@htyis

using such system. The guidelines for reco
compil ed after analyzing cwhaegtecdatca ashtt aviars
l inked iogthevki ghtdtoctaiatoncr Asllapti ve | i ght
that may decrease its |l uminescestctiep provid
vehicle and/ or pedestrian traffic. This fe
casesgbhernment, to save money on energy a
woul d have a |l onger | ife. The proper | umin
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equation: base value minus the sum of the
correspoondd wlnasssoddway st reedmn ,r easniddelnt i al /

roads, which then correlates wedatdemi gpdl
from factors such as ispeedectirahfioteol bhma
ambent | uminance, guidance, pedestrian/ bi c)
depending on which c¢class (roadway, street,
drawback of the adaptive |ighting system i
progrdammo sense weather changes, the gui del
adver se weatehedrurcoingdirtaiionons s(now, or fog). S
there is inverse relationship between redu
welaér co.ndHdwemMmearher reseafrlh is still ongo

Bull ough exaait he@d2@12a)ti onship between road
of night twihmd ecradsslbesaccounting fSratastmamray
model ing and vi suawerrperdmnp mawmedt amoidet i aagl r
a wwitthhout comparison of 6,464 intersecti ol
observations ove2z0Q0dh.e Tpleirs odlatod wWAHDD 9o bt ai ne
Hi ghway Safety I nfowa@mnaloyz ed/ suiean.t Weh emaltah c

I i kelail oohngal wietghat i ve bi nomi al regression mo
count regrWsemoananloyziilng the statistically
bi nomi al regression with no yearly indicat
di f f er émbceet woefenl 2 nt er sections with | ights a
the Iighted intersedtwiagnsrhasvhi mattyloe nlihwean

variables were account eperfeog@t hf ehensamenr
ni ghdtay crash ADBDtUHowelvecameelce mmetnldamds usi ng
bef-amnaf t er anatloysiitsh oauntd swiutdhi bey saohdaest €le
however, emphasis should be pl ajcke@] on appl

Jackett anidn¥vesthegedeédad8)i onship between r o.
nighttime to daytemefcthsbBestutigewab) eot dv
bet ween | ightriaddlilcediebseandnder stand how t
nighttime traffic safety. The authors wused
model s to expl ore tdhevidaattah,e w\hei w hZ ewaal sa nadc gTur
Crash Analysis System. Furthetdeter mregres.
which predictor vari aThless wamreaedbtiagsenost I m
| umi nance, overal/l uni ft hr misthy,] dl o mgirteunkinr g
| i Chotn.si dbdei mgsults of the regression, the
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which of them affected theDOMas market dhet he
safer i n the Imoswawenfd\weehtatye Iwaminance was t
effective factor in improving roadtsafety.
day crash ratio was plotted against the av
of the 7,944 the aécxpomashteisalpl oé¢ ¢ revehsiscithon wa
wamat hemati cadad$ y malnhfeirreaigodrteh,e average | umir
road i,ndrhetadna@yg hctr ash r ati o Monr etomaetcr,d@a d t de
verify that there was not a |l urking variahb
traffic wvgohttedmeg, ctrlaes hnirati os were plotted a
of the roadways, but the data was separate
Thel ot confirmed that the previous resul t
averageclumiecause the plot sepashowedi nheo

same trend as the original pl ot based on t
divided into crashes at major and minor in
r oalismi,| aeMen when divided into different c
trend as the original, coadédyromraghthatethe
average |l uminance and not anot hpeprarleunrtk itnhga t
average | uminance of a r oadt hgirse actd nyc |i urspiroonv,
aut hors eeeemmaéwmati ng New Zeaaclcaonrdd ihmegg httoi n g
results of thisimsmpudyei hr aft ilidec asuatfheoarkse aatl sno
recommkehdt f mbuee sheoseacahri ed out invol vin
bet ween intersection |ighting and car <cras
confirm t[heli]l]r resul ts

Sasdrda&hnd Didr®dl3) dtexkep loppel i cati on of propens
potential outcomes to estimate the effecti
specifically areas with [T hgehtabnjge cvteirvseu so fa rt
resttawas to apply propensity scores to cr a:
than most studies to se€hi$ pdacprgasehl lsidedadt aa d
was anal ylzedgi tusmadela nteoa re spyrirema ecead iiftoyn Ssscor e
estimate daytime and night t i saen dc rnaesgha tfirveeq u

bi nomi al sreg@rielsisa ed. | n geenderrad d u dthieom eisru | n
crashes when there are |l ights BheviaBe i nter
mi nuscul e increase in crashes. This is bel

roatdadul d act as an @bsimedbieobBigti hgse df B
showe ddeécriemmsrei ghtti mewlkemshhi ghtefgfnuencryt .
addi,t iwhre # onidalyt cweamsehalrywzedsusi ng the neare
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mat chi ng me tthooady, ctrhaeseh® ebghhotwes at | i ght ed i n
than unlightledwd dioscee®etrednrs hhatghatedniignhtte rfs
when the | ighting wésntuensd ohf Al g&t ei wmas
was ftohan@®décrease in nighttime crashes whe
il umiThatedr esdtlhtast iln dgtictfaemeg i ive &nr ategy ir
number oft rnaifgfhitctaitcnoel nt s®@ ®icmii toantsi.on of t hi s
t hat specific variables about the |lights a
consideration (e.g., mouetispgcheigght umenes
recommend that a database be sbeott huep |ciognhttasi
pertaining to tlhedalft gbjven intersection

Rea et al. (2009) oce xdertienrendi mae Iwhsat odo msdluuds i
have drawn about the correlation Aetween r
survey that targeted gover nmevats empldayd edg
The survey object iovuersc ewse rfeo rt od aftian du soeudt itnh ea

i mpacts of street |ighting and to identify
decide whether to i mplement street | ightin
estimated that rosddsat®Bavg @d@Dtd Vwiet h miphre
i mpl ement atjihomwewfeelrieghtsi mgl i mitation. This
areas where there is a |l ow chance of wvehic
vehicles, | ighfThmgsulstosndsfineeme f s bdo@wbd t hat

respondents used high nightti men caddiht ircamn,e
findingst hiantdilciagtheted ng i s hel pful [lB i ncreas

Hal |l mar k etxamithed2n®&8) effective ways to | o
nighttime crashes at wunsi gnadCriazsehd dianttae rasneacl
was antad gytzeerdrhien evar r ant s tfhaartr ecdarneemb & 8 gdft i n
ni ghttintossmashesnal anal ysiihsheofst2a2t3e ionft elrosv
the time period of Octolwere2 @kl atlsiomauwkeg hd aS ea

these intersections was coldscpgiedpoitrteed oicr
Geographic I nformation Systems (GIS) datab
had street | ighting (either partial or ful
| i ghARonigs.son distri buticdin cvads Buayedita:m fmotd ed
By using this approach, it was deter mined
intersectionstwermesti mety toabhese than |ig

ni g htOniemeni t ati on ofsomesofStukdy waset dacttio
accidents over thdd4gpecified time period
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| sebrands et al. (2006) analyzed the relat
safety. This studyrewagpsg @Sveraenegtds tloi g hotlil nogv autp |
|l nter s@atrdwhdsch was conducted by Praston et
similar obj ectlitvoe aansaltyhzee ftihres ts asfteutdyy benef i

rural i nterbkegtionbMi spesdbfacaFor the compa
regression models and Poisson regression m
Additionallywanafoerthheabgcose | inear regres

model s wer eTlies edutalsorweldht ained the crash ¢
from the Minnesota Department of Transport
were pivotal I n justifying adding |ighting
showed telcdati oinrst evi ¢ h %noo rlei gchrtaisnhge sh atdh a2n7 i nt
l'ighting. Lidleafser a&ahel pefo®ren the 48 int.

once |lightindewasWwhsswald®edi n &adaolp rat & hee
reotiof nighttime to totalaccroadlheasy.l yTth evoaid tdh
beneficial to instal/l l' ighting at rur al i n

showed that it cotukrdddaiefhdhlysreduce risk o

Green etexpllhawRdroo3a)dweagn!| nipfdelashagid) how t he

proper |lighting could be achieved through
to the intersection. DaétmodwrcEdhrn st stauadys w
was compil ed&f Coml Kemtomc Regport Analysis fo

dat abas@pecsovd®dl2BOMhec®nd sdoautracewaosf obt ai ned
a survey sent out to ottahteire xsatnditoee d dpart men
l ighting guidelines do.mplalree dd atoa tphwlslee do ff rKc
dat abase was analyzed via critical number s
The analdyctihsaedr wdhlrpye@  0aaci dent s ahmdpen a
2%0f accidents i abeurabnagh tareazs,assvamag!| ysi s

concluded that roadway | ighting could cutb
5%however, actual resubbhbyobet hd. sTehdedgedhb
aut hor reedcloantmefnar ,t heucei sicdisfhhabédlaedor
to find sites with a high number of <c¢crashe
AASHTO I ighting desi gnntgsuiwlheel ni ndeest ebremiunsiendg

i I 1 urhilregdt e

Preston and Schoedtehcek armp(alcad 9 )ofe xddmihnta ng i
intersectisbasewodof hMnhnniTthegt & owrtt wEdeslt otf.
analysaseve & hebjseeatdiyve. The first one was
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analfyosrvy er 3, 400 i s ol aWheidh e usreacl o nidn toenr-es ewatsi ot
anafter analysi s$nofwhlz2hi mtcern seatti dmequency
compdrbefore (unlit condition) and after (
Due to the small sample si ze ot sdtartiab, uthieoinn
model was wused t oafatnerlf ycergaisehinee yf bi edf doicrisety gvdsi n

t htahere was a 25% decrease in crash rate at
intersections -hmaald ac Ba$h | mavtee tolidn their ¢
t he lved.fotreer cr ash dhlhaad 9 tnrteasslelced hosnsswgai 28

reduction in single vehicle nigkhehimkecras
nighttime crash rate. Also, after bytreet |
20 %1.7 ]

SectiSpacPkPfiann@ui dred Dnfesenndéb®F St at e

Di fferent states have different specificat

exampl e, Kansas Department of Transportati
that | ighting is mandatokKyunfsars hogmtdadyo sty s
I 'l umi nati ng EngRRB0r ismpe cIddicettyi o(nl. EF)or t h
roundabout, it is recommended that the il]/l
equi valent to thensbmvefsthbhé thkeumppabachi
to KDOT, the roundabout | ighting can be in
island or around the perimeter of the outs
installing the llioghti mgpadrs rushéeuwlrd zben eu sva
On coll ector roads and arterial.shoads Wit h

used measured from the curits. rleagatilrye,d atmirno
appr oac hpeasr twsh eorfe | arge trucks could hang ov
[ 1.8]

The Del aware Department of Transportation
anal ysis is not required fehaltbubdabblbtumia
except for roundabouts that are Whehin com
l'ighting |l evel should be 1.3 to 2 times th
contrary to KDOT, roundabolbé¢é sounmeDetdgvar ef
't must not be I [09ffrom the centr al I sl and

New Hampshire Department of Transportation
t WMemeri can Association of StateAHANBEHMN@pryYy and
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adway |l ighting design guidelines. NHDOT

provided to al/l roundabouts. The over al
ss thamnmhtehe |l dwmiomfati on | evyes sT hoef Itihgeh tiinntcg
vel shio2atlidnelse th.e3 value in the best | it a
ral settings, lighting at roundabouts 1is
ghting may be costly ifromnanpgawentsu@splyl
nual emphasize that adequate signs and m

ovided so that drivers can sa[f2el]y percei

New Jersey Ddmaritome {INJDIOTTr amsapowray des
nstrates all tphevwder aht smheaeésvar yo i
dabouts in the state of New Jersey. Th
rsections must bei gnddluima exda,Si@pretce rilsDavetviear
eri awasrmaaeeded | umination. I n the hours
mi nation of intersecti celnasnéda shiwghwaynt eadn
moti on on t he hirghhwauyr e(xVcPeHe)d,s a7n5y vleehfit
he highway exceeds 25 VPH/ Leg, or the
ting Ii's warrant-®©6Gl1OPB8I0E@FTimmIlgus dteo t he

- c 3o
>~ > c "~ ® 35 0

(o]

North DakotranbBepatiamewmn ¢NDDOT) | i ght.
tes that the following criteria should
nali zed i nter geaiatnisgn $,r ersceniccea omdu trsa,i s d
and/ medi an, ¢$eagmdamtal ofantdhes ubawadainsi nter
ffic vol umej cr os@dnpaedeéndaag it g f AA DT ) (s
ivalent to 10,000,000 or higher, recomm
all ation, opesatovaearaddbwmaant eoahcgove
never |lighting is warrawmtBRdadWN®OPOITi §bt i
i gn[ Lal de

—Q o o

w © uw C ©
—

e Vermont Agency of Transport@tiRomdWe¥VRAI
ghti ngGDe d eTgraannds ptohret at i on As s owhiiacthi oins o f
ed whene\serg uAAdSetdiirQer ceu idreeedai | ed eval uati on
rrant analysis to determine the |l ighting
wever, themer alr er sloen®e guch t hat: signal i :

ighting (without conducting the analysis)

e road geomeaéang Bherbumdeabdbudosess of fixed
ereas ntthef owmarlriaghti ng at wunsignalized int
ore of the[ 2v&]rrant anal ysi s
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The Wisconsin Department of Transportation
& Safety Manua DO Twawndeadt erso utnhdaatb caultls s hal | be
LED. Wi sDOT al sos fRoddwasy AIAISHAOI ng IDES i gn (
Design Guide fori Rousddbasgt aL24heregce as

The Tennessedrbepprotrmant omf ( TDOT) descri be
traffic design manual the conditions for w
rurat hat eanz.l4ader more crashes per million
or mor epecrr amsihlelsi on vehicles per year and at
more crashes per milli,amdveahi dleasti @ tcheasilh
the intersection is signalized, high night
unusual design that requires complex maneu
di stracts drivers, or recurrent fog or smo
roundabout il lumination should follow the
[ 2.5]

o O

The Oregon Department of AASH®GQ krotaatwiagn ( O
Lighting Daessisgpne cQufiideed i n the Lighting Poli
there are no specific warrarmctesstihtayt o®@DQT rfe

ghting instead, ODOT conducts investigat

affic volume, craahddavail ababi tfphaotcten

neral warranting condi trisoencst,i ofnosr neaxya nbpe ec
r- lighti%agf idr agsheéseacsdecBO during nightti:H
e section exceeds the critical crash rat
vahveh numbersoof bipsetgy@dtvevan, ODOT is not
ovide |lighting evemnhe fdd hiesicomdfian oinmp lwe!
ighting is at the discretion of ODOT. Il n
refers LER.6I]umi aire

—~ =~ ~
- 5 TS O o — —

T — T
>

The South Carolina Department of Transport
clearly states that ailnffgouodatabmodost $s nmustr ab
' i ghting was not provided, sudrnntrcyeins| areds

splitter islands. I n case only the roundahb
channelization or curbs should be Iighted.
il lTumination should be provide®Regpfotrar 6€e/&c h
(which was di&dlssed earlier)
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The Florida Department OAASH®O Rpardtwatyi on (
Lighting Deensdi ginE SGuDedsei gn Gui de for Roundabo
vertical I | lauimmi ndaenscieg na sv atlhuee nt o meavdhs .crhe Vi S
is a function of background il |l uminance, I
crossawad ki t s gdhMR®Btlometri cs

VDOT underlines in thedumraadwali ghgihnhgngol
safety analysis showed strong justificatio
Design Criteri aéf obesAdganp tdrviet-@lLriagals )fi.onrd ISt a dede
VDOT developed some gui deltienese.ddoroaxammdtahb
for intersections with pedestrian accommod
il lumination if the |light can be fixed on
not have to be addydhazarud.i nAggl sam, utnmes c\eBGTa
l ighting at rounamdboemdachisonmnmdabewgiun skeadul d
i ndi vi duabrmshagdits dinssseachces and expected ped
VDOT states that efcon onssilgmalihegde samettistma
should be considered as a safety counter me
[ 2.9]

Col orado Department of Transpady tan@ olnES COD
Desi grde®Gu nes ;Howewerg,httimeg justification fo
based on the AASHTO guideline. According t

activity and a nearby electrical service s
roundabouts are in remote rural areas (ped
availabl e and s mieled$o yreni (tmpihs) ,betlhoewn 3i0t 1 s n
provide |lighting. As for generalt heesigmhmtsm
is not installed in the center of the roun
400amd | ighting featiawayshooimdthe adgleast

minimize risk of <c¢r[a3sOh]i ng the pole foundat

Louisiana Depmaspomenat odn DOATD) Demplhapmertd (

Roadway Design Manual that Il ighting is not
l' i ghting,its sihonaut @l cedpl vy wi t hoetrhe al pS rDd si
fr®®TD must be obtained to install street
cost of maintaining the strég¢et | ighting 1is

Washington State DepaSD@EnNntDedi gm aMaspuwal ait i
situations where il lumination is warranted
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roundabouts should have sufficient 111l umin
nighttime. The manual ad iEx(hp bhoM) dtdszl Olse¢ and a
foll owed during the defB4Gh of roundabout i

J 0 naengdb d u | MapPaedumentrlelda bBenpaam ¢ ment of
TranspoALBOT omundabout manual thelne@duimgme
is stated that | ighting should provide cle
roundabout and that | ighting should highl:i
pedestrian crosswal ks and tohuet sc.i rlciug hattiinngg |
the roundabout should be uniform with the
manuaktatthsaot 1 f pedestri an raecttriovirteyf liesc tnoorti
and mam&y nlgdg 312 ed

Lut kevi ch petepalr.ed( 20hle2 )Feder al Hi ghway Admi
handbook to serve as a guidance for | ight.i
potenti al l ighting needs. The hAamMSIkbToO,k sup
| ES, and the Commi&sianrbgee(CaE)ondbeadsi
Lutkevich recommends fixed street | ighting
potential for movement in the wslng direct
experience, high pedestrian movement at ni
intersection. The handbook documents facto
such as traffic volume at the icmeo scsr assthreeset
caused by |l ack of | ightamdg,6otalven | fadctionsg. ol
signalized intersections should be fully I
st-opntrolled intersections opantroandheouss
handboodpardteifdlneltihghtiilnlgunaisn ait i osnp ootfeinkteiyald e c i
conflict points, and/or hazar.d[s3.3In and on

Robinson (2000) daeismgad tgaidadet liineautfmer s ound
emphasized that for a roundabout to be con
to enter and exit traffic [i3n4hunhsec rriaotuenrdiaocb o u

for roundabout il 1l umination i st baeustendoroesn t h
recomenkehdt | ighting be utilized if most ap
il T uminatitempireveeededer visibility. On th
roundabout s, il umination is recommended i
il lumination, other nearby il lumination co
nighttime traffic is expected. Another i mp
of a roundabout should be equal to the sum

0 279



roadways. One | imitation of the il l uminat:
whi ch are zones around the roundabout with
needed due to the high rate of single vehi
the driver | osing @anthredwc!® mare htdit e if ro rv entoir cel es
gui deAANELTSO Roadsi dehbDesdgbdéeéGaodoulki eaf or m:e
on cl ephB4kones

An overtvhNeatvi ohal Cooperati ve (MCHMBRwep/orRes e a

7220409 wsaltlh arto usnhdoaubl odu tbse a d e q utahtaetl y | it . T
ecommends using the m&iSn dreess gur geal i fder alsi gt
oundabouts indicates that there are two m
oundabouts, first visibility in advance f
econd is Vvisibilityypoidgdgtehyats otnhfel igceto naerterays

o undacboonusttsr a(i ne) Iciumevitdserctaldeviesnes st ofisaut o |
educidmgwiesniebobst yuofi onsThadr dparatr dal so s
roviadtmgnsition zomatwiotnh adrf ad ba&lacibluledrmab o
ase the |lighting scheme was not continuou
oundfad®d]ut

= O T = = 0 = = = O

SectiPopvBDusSmpul at i o re&xdaenrdi ment s

Chakr ®dbdoratty ¢2@@ducted a simulation study t
temperature of different str éetabliilgihttyi ntgo sd
object d 3] toikgAhtpaf piacitpamn hpaxsEpar wmeert e
healntliy ol ogi cal | y amd tphtey sriecslud gisc alolul d be
conditions of the participants. The scenar
l ighting, each scenariondaagrepebbad Hotfe
t emperandrtelse reaction time of the particiocrg
results indicated that the color temperatu
notice an pd®pct at night

Bhagavathula et al. (2017) examined the eff
with regards to the safety of the intersec
l ighting data from rural &fftgchiani hher seml
nighttime crashes at those intersections.

Roadway Lighting Mob(iRleMMW®)asmoemteend Sy sttleen
The RLMMS consisted of an i bl Gihbbahc®omeas
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System (GPS) system. This allowed the | oca
tracked so an il luminance database created
out of 131 of the intersectiTohnes cdraisvhe d atthar
the study was obtained from the Virginia C
Department of Transportatwasma(VyR2@dm) .usTmhagn ,a
negative binomial analysis. tOtedaea-hdght he r
crash rati dbofdoerc redvaesteyd rMlcy edrse in horizont al
i ntersections$daWhiclr@a sthh e a24fiiaph tdedveereya ned ea s e
i n horizontaal uinllligritreand et £ csteicam ® nso mAil h e
7%decr ease -tidhayw her amshgplhonat i octreasea 1In averag
il luminance. The results concl udedvetrhat no
nightti me crashes thaghuedightedseoatieosseca
ni ghotay crash ratio than their counterparts
inter dehaiil bowed recommended | ES I|tdadying g
crashThertdgifo,sr ®houl dt bleE $holtiegdh ttihmag gui del i ne
foll Owkedmi pdthien study was that annual aver
availabl e f o htutse tihmtaer gehaatsihomsati os had to
comput ed. Had t hesiedgavdné uress hhlatve dfeetnher ®tvu

mor e af8u})ate

Bull ough et al. (2013) also conducted a vi
were obtained through the aid of lL.&AGc38hput e
and Lighting Analyst software was wutilized
conditions. Participants were tested for t
results from thesatteadst® whrevibBemidcornty | e
user conditions, which then all owed the au
effected the safety of the roadway interse
analyzed andpawmahbmleed dat® w®imMng an RVP scor e
tested and given an RVP score at each inte]
| ocation of the oncoming traffic in refere
scores aatr a opcaarttiiocnulbased on whether the in
was then averaged for the four groups of i
ur ban/ suburban unsignalized, rur al signali
di ffememRd&/e¥ scores for these sameg groups we
respectively. The results indicated that t
of lighting at interseict o[sl.Calnd driver cr
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WhiAkashi( 20t0791 cbhdubdtetdudy to examine the
l ighting on[ 8®FPlavern chpmatisowere required to
whemeyw observe a pedestrian wal king towar ds
brake if the target was moving towards the
away from them. Two diff&hentesubhsi asgowed:
br alkindg accel eration response times decreas
suggesting that wunified | uminance is a sui
|l evel s for difB8fFtent | ight sources

Sect iCun chdHhonferse viCo gitBe n eAniatl ysi s

Li et alondwZ@ck)tef i tt oaneavlaylsuiast e t he f easi bi

i nt er dleicggH tbihnsgf sosutnhdat | i ghting for intersecHt
propertyndamage accident would not be bene
benefniet mi t at i clne mdf ittheamalstsi s was that it
consideration environmental and health fac

affeco-behefit anlHe sawselmommdndded t hat crast
primary basis o0nshwhuilcdh ble gehkte nmegn enteee disnt er s e
average at | east one nightti mgednatfp®]r ioodi n

Gbol ogah et adent@@dGiI9)anmdegdsi s to deter mine

worth installing light[B88hat ob)met Geer gif at
was toigaimadt ®@&tvi dence of t httompmevettodff
safety. afto nacghhiteve this goal, intersection
because no such database existed, the inte
Prvda ous Georgia Depaf(tGDepinojodctTs anncmolrudcded o
rural, conventional i ntersectionaddntyi ohaub
safetyedhatt eusedhieorfore, the effective ra
coemtional, rural Georgi abeitnweeerns eOc tliuoxn aanads
Usi ngatnlge of il 1l uminance 4 ocdnjantadiwyasd s wi
determined that all rural, convendgrn onal Ge
electrification wer@nkgiumitti dt iednwiadghatisital $1t
because a database did not exist for all o]
each intersection had to be madhelexc&actThere
representation of th89lntersection I ightin
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Zhao (e2t0 1la6l). studi ed the safety and 4cOo]st ef f
The objective oftithasesthheyefwsct oi ntnersec!
overall safety of wvwaassiendt e@rns eccotriroen .atGroans hwi d
di stribution and a negative binomial distr
obtained froml ydies FRepodbintiyndnSystem (FARS),
System (GES) , and the Automated Reporting
Using this-adatter aahelf sees iaoomd|l candugsied w
tevaltuaet eef fettghenaegsaoafi ntersection. The
yi el decdamhckisfeifaat oo (CMF): 0.88, 0.9, and
i ntersectioeaneg iignhtteirnsge,c tfiebuerg! i gher s,gct and t
respectivehg. CMFewabkl equivalent itmgaG. 88, t |

t

d

e

i ntroqdlueredac waedd uacthc bor ( CRwh)i cof cO.rre% ponds
reduction in craslheg.i Mther d otrieqn tthaed tthire el
when | i ghkemgi wase ¢onsi der a%i @thudeicamsient tin
I n contlragti,ntf@ugec trermducdnloyn had ca akhes w
considered. The authors state that these r

foghting Omkicmiitcaetsi on of this study was t he
in the before and aff4®r study (14 intersec

Preston and SahcenaclesseEd9?h)e costt effect
i solated rur al ist natt eer soef ¢ [t MiBrnnsensvwoattahi mamnh @ ie a | |
vi ew;bemeesftit anal ysis ratio of installing s
around 15: 1. Ther eifnog er,urtahle ibnetneerfsietcst ioofnsl if
installing the |l ighting system. It was sug
positive effect on the safety of road user
met hods of I mprohiag mwmkd e atfreda yk suand over
thus the method of illumination of interse
ot her options. ®Ohlkstouways hehéi snamptesnsef cr a
at | it i ntber e atsieadh attiuem &yt igcritalcet i ce of essent

including the crash data oflvVvhtersections
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Objective

The primar y hotspdgowesaomi ne whet hdrc lsadiediya
problem due to | ack of Ilighting astiofps int
controll edi n nrtwerraslecand nssmuderlbainna@gretaisdy obj e
al s e dao:m

1.l nvestangmtterddtt gbtginndg ilcaxntsii mpact on t
behavior and their abilitynsiogsafietgdpe
i ntersections.

2. Determine which states have adopted a p
ot her pot-emdti add wntl dnwgdrd s mrge & hfeor i nt er

3. Explore how states construct and mainta
intersections.

4. Assess t he beneffuiltls hftrgeanb opprgooviildeidn g nt er s
and roucdadiomkesi agst s rdeeq uihriesd ctoou nptreorvme
antdhe expesdueed tsoavtihneg expected /rogducti on
severity of traffic crashes due to | ack

5. Proviodmmenedat i ons r2@RaD ds mgu lwh ea chept a p
l'ighting pal itdye acemsulderiof all previous
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Scope

The psoppetisholpnde | | e danrdotuenrdsadotiitnsnrduc @dt e
and suburbaboAs®m@awhRi.guar € hz2 study area inc
57t-opntrol |l ed ilrftoeurnsdeachto wtnssalanalind subur ban

Loui si ana

Figure 2. GIS map of stop-controlled intersections(L) and roundabouts(R)

Stop-controlled

; : @ Roundabouts
ntersections
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Met hodol ogy

This section summari zdatt wasovearal odchetuh o d
di scusstaskeabht was compl etedcdFtigBaehi eve t
il lustrates the oivneprlael nhe natpepdr.oianc ht hainsd ptraosjkesc

Figure 3. Overall researchapproach andtasks

DOTD Stakeholder LTRC/PRC

FHWA e Engagement Committee

NHTSA 7

Other¥ [ Project Initiation/Kick-off meeting ]

'y
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TadbkSt akehol ders Engagement

This task start eodf fb ymeceotni dnugc twintgh aL okuiicski an a
Research Centlke PLOIREFt andvii e@w mtormond U ¢ e et I{ €
objectiitued, riemearch plan and get their fee

I n addition, this task I wchha&aesuichenr 3| en
DOTD obtain the rlemut hrieldl Re@ guasirhal ydeadt aa skeety. r o
hel ping the researdinftogamgae totha ialh dieéparcekg d i
fromthR®utghhe p@r op heacste s .

TaslkPerform Literature Revi ew

During thideptdéashk, temaitmre review was condu
this report) to i ddapbteisfty ptrieécdmacseih e ed ceovpaen tc
t hressear chgs a@@3Igveilde laisnes on | ighting requi

TaskD@QcumendoifStaatt & ceugrhv ey

To better achieve thispt af&swoaokm antgsachrea Iy hseu
and | ightisadgt addéyFa nn tnnett dantee S OWiSvas ncoheuct ed.
survey was designed to provide useful i nsi
i mproving the traffbst-opaltleebdy iant erosuenataiborug
Ssuburban areas when it comes tost atneée®rsect.
gui deMiitrhesn t he US. In addition, the survey
di fferent Iighting methedsl| sglkhi ag ®ahémas
ss ates to reduce the number andFsewahkd yf{ yt of
suraiemed tbowo®me&d aflrame rnt chaatti ccrasn i mprove traf
unl et | sbtaesresde canboensdle npi d¢ edda@@IF tdwcaptoae der

TaskURBdertake CrAagh tAmalaysiFe/atures

During this task, the research team obtain
at r oundsatboopuntt raonld e di nirnatlue rasnedc tsiwebndsthbh aan ar e a-
Loui siafnaei geawesen 20A6tanddad0aOpreparati ol
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sevanal yti cailndledceénn ggiupetsi ve scurnonsasr ys escttait o nsal
analagrmdusl,t i aani gse(Boi( &5Ahe gsamgm bii veemi al

mo dewesr)e performed on the crash data to iInv
crash occurrencem@aarde sevashtfyrequency and 1
i nter assctwiedns as to cenal udafifclLeafstgnprhb
l'ighting at its intersections.

TaskDdsi ghbn derdt RBrkievSamou | B per i me nt

I n this task, the research team utilized t
simul atoodesnfn rtihve nrge osp iewi & deeesit Floe | ab i s
equi pped-swizteld g aftsleitt gga s pc @ e c taonrds ,p oswcerr ef eunl s
desktop computers that can handle the deve
data input and awwtepdutt.o Tphreo mliadbe ewpaa x peci pmant
i ndividual s who wargteh vla8l iyde adrwsi ®oerr eahbloocveeh 5 € )

net woertkt i ng in a controlled and safe enviro
di fferent |jsagkthi mg oe i a gimatiridm gf ,u | @ a rl Wwiegdhllt i n
as various intersecti oantdweotatyi ragrala gftreaupr u di n g
controlled intersections. Projectors and s
settingsanttes pmahritliecitphe cameras and sensor s
experience while goilng itshrwouwghh tnheen te xopne rnigm
the first one to examnliinghtihmregh elpagtatiomog ras nt
drivihgter mexipghciesmenretw feature (e.g., addin
roadway network) was provided to LSU in th
softwar e. New updates ofyettdileeadsendil at or sof

TaskCbodbndGaostBe n eAnial ysi s

Considering the r3sabeacthitTankd yb, s2 warsd c
identify the costs and benefitsteofp providi
controlled intersections. Theom@mai yisli sl iexipt
consideeiogsts associated with providing s
of reducing number and/ or severity. of cras
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TaskPrepare Final Report

I n this taskconbBeliedaeadch heeamfor mati on a
previouass kk®m)skasnd prepared a final report dc
findings along with conclusions and recomm

Anal ysi s

Tle analagsdbewindéds eaoatasonfsol | ows:

A Sectliomi scusses the anal ysis of survey d:¢
ASethipcrrestehnetsanalysis of crash dat a,

A SectBiioni scusses the anal ysis of driving ¢

A Sectdipare stehnet -bceonsetf i t anal ysi s.

Sectli:omMnal yeys Dat aSur v

As indicat emchtaeaomlailé onil mngpeQs alr vweays sd suir yree/d
and coadinoged prampésesiodbnal s who have relev.
safety and ramadvaay IwioghktiiDnOF at 508 NS0 s as eat
The main objectives of the survey were to:

Alnvestigate the current street | ighting g
Aldentify the safety Iimpacts of intersecti

Alnvestigate and assessghhengf methbdenéssg
l ighting requirement) adoptetobyedsé&teren
and

Aldenti-eff)i ecastve countermm@fisuoesmpdopéeedr bf
safety at roundabout andgunsggnhaimeed i nt

The survey coasnsstsedtobnk ik Sieddliiome 0o naend
Speci fdimeatliuadresd 14 questions discussing the
adopt edD®3 nstaadtde ti on to the fagcatwop that w
controlled intersections and roundabout s.
frequency of monitoring the performance of
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met hod for maintenance methods use@gd. Final
participants to provide an approxi mate per

Whidect wointi$ &fde thyel uded 20 questions ,about t
pri mar gf arearmsiogbht ti me cr ashes,uedny itstheat mmai n
DOM n this section, participants were also
l ighting scheme and the overall traffic sa
should be done regarBingl bpl dgbeaeablf damther s e
survieyiCedte nef i todAmsacluysssiesd t he benefits and

i nstall i pagn,d onpaeirnattaiinngi ng di ff ememmelsit glotnisng
Participants were alse aoked forppovivdai apg
and full | i gshhtoipmdg rtod | a dt yymitcealsecti on and r
their recommendeduhoer measure to I mprove ni
An invitationD@mabf elesa swaraknitng oei t her i n tF
department or the str &ethfl itghhet i510g WS psatrat tmees
data coll ection period, the research team
However, with the hhealdp cofntti meioRRC  rmennmares s

team, the required number of responses wer
responses from 82%drnddpotelmae rsdatad gersch team j
anal yze the .3Vbr Veoynrdeenpgp ot nos etsh eno s# taitersal sur
pr ovo meeodn s o laindsavtea d f ofrr drhetilre sttragdfef i ¢ safety
' ighting depavemahtes wholedoende tfwoo nr etshpeo ntsrea
safety depart mentr oaanddw atyh el iogthhteirn gf rdoenp atrhteme n
depart ment answered only their part). Il n t
responses into one cogshphleetceo rriressgpoinsdd megh sstt a
survey r eduwulitssc utshsaetelmpwwine [tfhoirs t he 32 st ates

this. BEuldysbPDOdft satatreresponded (Tabibleeildowsur v e

Table 1. List of state DOTs that responded to thesurvey

S.N. State S.N. State S.N. State S.N. State
1 Alabama | 9 lllinois 17 | New Hampshirg 25 | South Caroling
2 Arkansas | 10 Indiana 18 New Jersey | 26 | South Dakota
3 California | 11 | Kentucky | 19 | North Carolina| 27 Tennessee
4 Delaware | 12 | Louisiana | 20 Ohio 28 Texas
5 Florida 13 Maine 21 Oklahoma 29 Utah
6 Georgia | 14 | Michigan | 22 Oregon 30 Vermont
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S.N. State S.N. State S.N. State S.N. State
7 Hawaii 15 | Minnesota| 23 Pennsylvania | 31 Washington
8 Idaho 16 Montana | 24 Rhode Island | 32 Wisconsin
It is worth mentioning that the somaley was

Research Board (I RB) at LSU. A ichhppyemdi xxt he
A The results of trhextsurvey are presented

PartGuldel ines an&t8péechnfji wathohbde guidelin
section, participants were asked to report
l ighting guidelfiseopandodpedi fiintd ®&trisaetct i ons
t heir HAtsatstogdnr @& he rceastuweldt st hiart dhig(tadboosutt t wo
63%) of the states use tbheopameol il gdtingedg
and f or r oundfacbuorutths (wz2h5 %)e sothaet ed t hat t hey
guidelines for wealclhy,i nalemsé&tc gua%%ivwegrpaen t Bi a
gues(NA)N

Figure 4. Lighting guidelinesused for stop-controlled intersectionsand roundabouts

= No Not gualified to answer this guestion = Yes

The second quwlseti loena widtattoa dpgruotvli ideg hatsit g e t

controll ed i1 nter seactt itohnesi rAassdts BeidgErrodumn dwd ©® u t
found that none of t her equitressimehpatvtea omalneddat o
intersections. Il n ftaatt, laghumndg72% merstt iad
necessary based on the traffic safety stat
i §n mandatory at their sttahtserfd Dhet heabebe(n
67%) menti onetdi nghaits smanededat driygyhat their r ot
21% indicated that | ighting i1,andnababted3£Bm
responded that street |l ighting is not mand
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I n the third questitony epanrti cihparctus rweirt e ma
il lumination specificatFiigmnradahb6tihtei 44 %t aft et.t
participants respdmekad ctamatAststoey afta lolnow ft IS
Transporftiatiiadme QfAASTHO) Roadfwary-olpinghtoi hgdD
intersections compared to about 33% for ro
the participants stated that AASHTO and ot
at 6sh-eopwrtroll ed intersections compared to a
reported percentage of states that use the
guideline was arcsuwog@gnli3wl aed 1n%eftgections
respecti verley,., aFlumotshte rinbo% st at ed stthoapt t hey u
controlled intersection compared to about

Figure 5. Mandatory of lighting at stop-controlled intersectionsand roundabouts

Stop-controlled intersectionsent Roundabouts

0.0%

= Lighting iz installed where it zeems = Lighting is installed where it seems
neceszary bazed on the traffic zafety status neceszary based on the traffic safety status

= Mo = Mo

= Ve =Yes

Figure 6. Manual for illumination specification used atunsignalizedintersections

43.8%

30,004 33.3% 37.5%
40.0% 28.1%
30.0% 12. w o 0.4%
L] (=]
B 200% 83% 530 42%
% 0.0%
Py AASHTO only AASHTO and Others Mot qualified to
others answer this
questicn

B Stop-controlled  mERoundabouts
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The fourth question was about the factors
necessity of street |lighting at Filg@&ire unsi
the most repdrotpend rfoddtear i fndre (1s9eti gbhn was ¢
pedestrian amdruwmhd i (cl &%) ,ume and geometry of
addition tdowel dr, mmaosrtttoarde.f act or f or rounde
geometry of the intersection at about 19%
vol yaamed | ocation (16%) in addition to other

Figure 7. Factors determining the necessity oftreet lighting

Mot qualified to answer this queshion 1.6%
Orhers 3.5%
Geometry of the traffic signale a3
Schoolmiversty crossng e M ey
Lecation 11.8% 16.3%
Geometry of the intersaction 1345 18.6%
Traffic Voluma 13.4%, 16.3%
High pedastrian volums 16.3% 131%
Crash Rate 0% 18.9%

0.0% 5.0% 10.0% 15.0% 20.0%

Factor

Roundabouts Stop-controlled

Par t i cwiepraen ttshtean raeskerdt t he frequency of moni
performance Fag8ghews tshatt es3% of the states:s
performance of Isit@ptlitimepd eiqmuti @emeaedt iadn onl y
compar@®@d att o r ® ulnnd aabdoduiotsi®oyw 6 t he partici pant
perfor marmpentafol | ed i ntersection |ighting e
4% f or r oAbndduatef dairttesh. 22 %) avokest moni tor the j
st-opntroll ed intersection during other tim
about 19% of stepponoéhed foatersaetnohs i nd
gualified to awhsewderlaet lIciog reess@otnidomg percent
was 25 %.

The sixth question wabO3a buosuet ttoh emamentthao dn tthh
equi pment at their iFiitgewrseelbd ubd hd®PWAsOpPpLt ede
intersection are pbdOMinal Ilyocrmdi mtiasitme dc thhynun
(compared to 33% for roundéabootspl | Wil e a
intersections ab@3 maomp an eece dt dyalsd att e24 % f «
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Only abofutstthod%t r ol | ed
di strict/ municipality
controlled intersect.i

i ntersect.i
compared

ons

ons are
to sabopt

and roundabout s

Figure 8. Frequency ofmonitoring lighting equipment performance at stop-controlled intersections
and roundabouts

Stop-controlled intersections
6.2%

= Not qualified to answer this question

= Others = Ofhers
= When required = When required
= Yearly = Yearly

= Not qualified to answer this question

Roundabouts
42%

=,

Figure 9. Maintenance oflighting equipment at stop-controlled intersectionsand roundabouts

S

= Maintainance by local district/'municipality

= Partially by State DOT and local
district/'municipality

= State DOT maintenance

= When required

Stop-controlled intersections

14.3%

T

14.3%

= Maintainance by local district/municipality

= Partially by State DOT and local
district/'municipality

= State DOT maintenance

= When required

Roundabouts
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Par t i ciinp anhtesesruer vt enyefn taltskyedk new t he current

conditions of wunsignalized intersections a
report thesthe@eircfeont mgteisoFfigd Gldweswmasatar t h e
survegpof@édsdsknow the current | ighting cor

st-opntroll ed inter sgatoiucndsaCnadaym pmabroeudt t60% 500f %
respondppot sed tthlae Itiheglyt i kmgpwcosdopnbonoblked:
i ntersections c¢ 6 mpoaurnedda btoou tasb.o uFsit ndapl bt yr, o | ol nel dy
i ntersections and G4 %y wdl irfoiuend atbm ua rss wweerr etnh i

Figure 10. Current percentages ofighting conditions at stop-controlled intersections atroundabouts

Stop-controlled intersections Roundabouts
6.2%

3.1%

=No
WNot qualified to answer this question Wt qualified to answer this question
= Yes = Yes

I n thioltyegea&adeso (Fl,anddEenGeokplkacemad atiged

of ctuhrerent | i ghtheigopondotiedsintersections
Tab2dG®n the ollhegt ehtaehd er g@pea rctelmet acguersr heonitn g
condsatti darmheir asosmdabdTdies e states include:

Del awar e, FIl orida, ®rowockhy.a, Mdidmad 0 ,aMildmnl e | ota:
Sout h .Dakot a

Table 2. Current percentages ofighting conditions for stop-controlled intersections

Partial Other Lighting No

N State Full Lighting Lighting Schemes | lllumination Total
1 Florida 2% 50% 48% 0% 100%
2 | Georgia 15% 30% 50% 5% 100%
3 | Kentucky 0% 0% 0% 100% 100%
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Table 3. Current percentages ofighting conditions for roundabouts

SN. State Full Lighting LTgak::zlg Othggkl;;?\:];i: ) IIIumi'\rllc;ti on Total
1 | Alabama 50% 0% 0% 50% 100%
2  Delaware  100% 0% 0% 0% 100%
3 Florida 2% 50% 48% 0% 100%
4 Georgia 95% 4% 1% 0% 100%
5 Idaho 100% 0% 0% 0% 100%
6 Indiana 100% 0% 0% 0% 100%
7 | Kentucky 80% 20% 0% 0% 100%
8 Maine 100% 0% 0% 0% 100%
9 | Minnesda 100% 0% 0% 0% 100%
10  Oregon 100% 0% 0% 0% 100%
11 = South 100% 0% 0% 0% 100%

Dakota

rtSaz.ényt he s eafontdh e esliBraoayeysgdancant s wer e
ked to report whether there artei mppyattraf
signal i z dsdt -o phntterroslelcetd oinnt er saetc ttihoenisr asntdatr
eselri gihtadnmost hal f 4dFPo mdeiscpaotneddernetasa §(t t her
affic safetyoprbbdylbk nsstrogounattrtoblhleeadc ki nt er s ec
mpar edvhtoo rep%rted no ntatthdabsatetyHpweb

al most 34% and 9% of the respondents ment.
due to |l ack et-olpinghol hgdati ntleeiseresp ontsi aald
Suph obl ems included -endrenasbdesumbecr efsed
crashes, increased perrcetnitaget lhd wWmgivem sl it:
and i ncr epaesdeeds trriisaknst ocr ossing the unsignal.]
19% and 16% of r espoardequaest iifnida dc attoe da nt shvae r
fosrt-opntroll ed inter gecstpiecnt iawred yroundabout s
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Figure 11 Traffic safety problems due tolack of lighting at stop-controlled intersectionsand
roundabouts

Stop-controlled intersections Roundabouts

9.4%

15.6% '

=No = No
Mot gqualified to answer this guestion Mot qualified to answer this question
= Yes = Yes

The next questiegqmueisn @tdilpiss ttveegspiaattes t he pr i |
rea(sb)ar traf fsiteo par aiglitdes dashcddb Uod @luo u hg

nightti mbei rAsstpattesg @t edie nmai n pri mary r ea
trafficstcopsthes!| la¢dwermhe ievisegtummesr the i nfl
or alcohol WM 9&) stfoattowend and speeding (18
primary reasons of nightwem@eedahipi ¢ 22fxs h
under the influenceamd dirsutgsaotri anhcOCh®%%) ( 2

The foll owitnhgi 5q usdfescttihomnresquurevsetye d t hree ppoarrtt i c i |
the main |ighting approacils appl hFedgruartset alh3e is
shows that the md&iomrt-op gthrt 0 Inlge dwpapmaolalchect i o
lighting #omdtotchmemtlesowneasures (26% each) f
(24%). While, for roundeamoeuftesl It hlei gratiinn g i(ga

61%) foll owecdo shty coduvhretrerlmenasur es (about 189
(at TO9h%w)s.e results are consistent with the f
roundabouts according to the guidelines of
st uklxyampl esoset Ikcowntermeasures included usi
refctive pavement marker s, reflective stri

ot her solutions.
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Figure 12. Primary reasons ohighttime traffic crashes atstop-controlled intersections and
roundabouts

- 6.0%

Others  — 5 20,

Vehicle related factors L2-%%° wm 5 50,

Lack of lighting & 1-5%° m 4 304
Road related factors 122" s 7.3%
Not qualified to answer this question _m_uT_ 194%
Another driver's error i — 125% -~ 17.0%
DiStraction | — 17 7%
Speeding e ———— 17.7% 224%

Driving under the influence of drugs or. . [ 20.9%

15.58%
00% 3.0% 100% 13.0% 200% 250%

Percentage

Reason

# Roundabouts M Stop-controlled

Figure 13. Main lighting approach applied atstop-controlled intersections and roundabouts

80.0% 61.4%
gﬂ“ 60.0%  26.0% gy
g 40.0% | /24.0% - 18.0%
rﬁ 0 | ~40%
3 20.0% |2 0%
0.0%
Stop-controlled Roundabouts
Lighting Method
m Full lighting m Other low-cost countermeasures
® Partial lighting m Delineation lighting

m Not qualified to answer this question m Adaptive lighting

Two foll ow up hogpuwesetdi ams. pvaitrted scti pgaunetsst i on wa
they selected partial l i ghti m@sitm omnhevapr @\s
if they selected full l' ighting in the prev
assess the effect of i mplementing partiall
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The results for theTphd i &l wh sngohrbeu ntdh aanh aht asl
of participants (sdabgutt r508 %)e dc lianitneedds efchtatons

notave any evaluation after i mplementing th
third thatttiinndea ccartaesdh nriegqhuct i on. Tha&r € emai n
nogual i fied to answer this questaroemi fWhenr ea

as each of the fdwmuradamtiodng hreeaceis\pod serse

Table 4. Observedresults after partial lighting implementation

Observed results Stop-controlled Intersections | Roundabouts
No evaluation was conducted 58.3% 25.0%
Nighttime crash reduction 33.3% 25.0%
Not qualified to answer this question 8.3% 25.0%
Daytime anchighttime crash reductior 0.0% 25.0%

The results for théalwhlearoymhd ra§Pemfdeahsw

repomritgehdt t i me carsatsohp nrterdoul clteida bi ntt heerisre cstti eotness

anot hedi 8&8%eidnt hat no eaatdhueatri eoma iwmisn ¢ ohxd%
parti ciwearmdqsnatlth &ti ed t o,remawean .ngHovwdwerabout
respondent s dd tdahtaawde tamayt etvhad suta tri coinnn ccaobnodwtcst e
st aft ®lsl owefdo byt ohnef twhe nde c@dredernéanott hey

gualified to answer. Additionally, about 1:
reduced after i m@mlte meonutwdad @ud7i$éh ilnidg hctaitnegd t

trafftiyc ssaftars was not affected.

Table 5. Observedresults after full lighting implementation

Observedresults Stop-controlled Intersections | Roundabouts
Nighttime crash reduction 37.4% 14.3%
No evaluation was conducted 37.5% 50.0%
Not qualified to answer this question 25.0% 25.0%
Daytime and nighttime crash reductic 0.0% 3.6%
Traffic safety status has not changed 0.0% 7.1%
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Parti cwiereentrsequ estiendlitctagre tamméyoewdbbecti veness
count er mhblaswe alsealn in their stasée-opThe resp
controlled intersections and rhRiugdtatheoiut s w
werlkeouwt 19 % tfooprntbroatlhl edamateeoserodoumbmcdawboeut s
confidr mhaast ozwount er measures are effective
nNi ghtOni mae ob50@%rohatnde stopmomoe s efdon nt er se
53% for roundabouts indicatWhd |teh a3tl % oa nedv a2l 8
frost-opntroll ed intersredpomeireanldyor opradal cut
wer@enqual i fied to answer this question.

Figure 14. Effectiveness of lowcost countermeasures astop-controlled intersections and

roundabouts
60.0% 50.0% ama
50.0%
E"' 40.0% 31.3% _ 2g oy
g 30.0% Y
e T 18.8% 18-8%
A 2000%
10.0%
0.0%
No evaluation was Mot qualified to answer  They are effective in
performed this question reducing the traffic
crazhes at night
o Stop-controlled Foundabouts
Afterwards, survey participants were asked

saftehayt were obseallednaflieghti ngattthbhaesr gna
statdé@ds prEsgwt eddl 9 &obsbtaotpnt r ol |l ed i ntersec
13% for roundabouts reported negative i mpa
remaining percentages wereséeophérohbdbedegat
intersections and 74%tisorivemaimidiabioed st) o oan
gues®R®wnand stadPnftagrol | ed i nter sreedpontsi aeldy
The reported negative impacts due to | ight
Il ighting systems, ibnclaistdysedcgkased cbhdnced
occurrence | by hhailtretgi fnogu ntdhaet i on .
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Figure 15. Negative impacts for installing lighting atstop-controlled intersections and roundabouts

20.0% 74.2%
. i 59.4%
1]
a 60.0%
% 40,074
- 21.9% 0
-
20,05 . 12.9% w'ﬁﬂiﬂ/ﬁ
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No Not gualified to Yes
answer this
question
Impact

m Stop-controlled Eoundabouts

Participants swvegtwds h e sah a srkedgdabuedol dnognhet e d

intersections at their state. HihgewrreTsipeons e
main reported actsiteorpanttroowd reddw d indh l@itr gstetltceéey o n s
shobédpartially or fully |Iighted depending
while for roundabouts the action was that
remaining actions and their cBrgespohfing

Then, survey participants were asked to in
|l ighted intersections shoullelv eble Lcioknevretr tseaa |
showhi gunr eBd@ontroll ed intersections, the
highest to | owest was as follows: neutral

not qualified to ,amdwetr d®§)ly agree (6%) .
for roundamodtow: wereataalf (28%), strongly a
gualified to ansyweard (sT&%)n,glagrdde e a(@r3Ix%®) (9 %)
neutral and NA respondsce sa@rtaebeo uth adl % aaft irad d
st-opntrol tedsohouled skee converted to fully 11
partially Iighted roundabouts should be co
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Figure 16. Recommended ation regarding unlighted intersections

They should be fully lighted | g gog ¥ 40.6%
0%
They should be partially lighted h 6.3%

T 15.6%

They should be left as is -9_ o
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4%
.
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They should be partially lighted or fully ighted 31.53% o
or left as is depending on the traffic safety. .. 71.9%

0.0% 2000%  40.0% 60.0% 20.0%
Percentage

Foundsbouts W Stop-controlled

Figure 17. Level of agreementregarding converting partially lighted intersections to fully lighted
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43.8%
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£ 31.3% 28.1%
& 30.0%
& 18.8%
20.0% 15.6% 12.5% 15.6%
94% 904% 9.4%
10.0% 6.3%
C al ol B
0.0%
Strongly Dizagres WNeutral Agree Strongly agree NA
dizagree
B Stop-controlled Eoundabouts
The | ast question in this section requeste
at their unsigasalsizikeing Bnadleresrezltli onnaf ety col
st-opntrol | edr amked sfercamomi ghess neukt owés( 4yv

good (D) Ve od ,dBd)ver y,whadre (th%) ratings
roundabouts weyegaedf O# TV ®Wws : gmend gprod rn eawntdr
very polohre s(ed %)es ulttiserianMie csaa fee ttyh actontdo g i on
controlled intersections (34.4%) and very
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Figure 18. Overall safety condition rating at stop-controlled intersections and roundabouts

46.9%

50.0% 43.8%
g 40.0% 31.3%
g 300% 21.9%
A 20.0%
0.0% 6.3%
10.0% . 3.1%
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W Stop-controlled Foundabouts

PartCo38tenef it . Thrneallyassits secti thhed@& néhiet sur ve:
Anal,gisnicelduwe st i ons oa kehleanseftli tboovi di ng unsi gn
i nt earsecwiith st Mdeéets Isieght iomg st arted by ask:i
one &ft atlreenent s t hat better represent the <c
met hod usedTaltlpa beent sft adet icosness of appli
schemes. Al most half of the pamntpotpanms (

cobéenefit analysis, while about 28% indica
i s cost effectivie.{ hMcarrduoye elt9i% abdut hanet hey
for moefef emtsitve |,agdtfngamkeyhalieatebPott at e
gualified to answer this question.

Table 6. Cost effectiveness ofapplied lighting scheme

Cost Effectiveness ofApplied Lighting Schemein Your State Percentage
We do not perform cogienefit analysis for intersections illuminatic 46.9%
It is cost effective 28.1%
We are looking for more cosfffective lighting methods 18.8%
Not qualified to answethis question 6.3%

The next questiohnwasal &abogt heihé at @ ytpti icagd

inter §det rems ultthsati ntdhiec aitnesdt al | ati on cost Vv
anbdetaverage cost ff oadliesgssa @t nnalgl éddililnt e rgdhe
appr oxilna0t,adoyofl &d-l eg r ouintd anbaosu tap p O,okGOnat el y
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urt heDQOnpmr @f, e swseiroen arl dspu & etpood Mai heéacosng a
ypical fully IlIlti gvatsetdhaiunadeetrdeeacet icoons.t f or masa
ul |y -l esgthotpendt rdol | ed i nter swelte ntolmes fwaass tabo ut
ully -l eghtedndabout was nearly $6, 000.

—h —h o~ 7

Themheegtespaoni we pa niafs kketdletwh e avemdge oismist
oparti al cdritgyhpdilecgagli ndt er secFEii gur e Asl ys halwou ti n
third (34%) of partiodinmarmtl d iknmefvpoatrd e ail nil tiig
approaclhesgp-bpat dmnltleedvdrct ieom he percentage of
knew t he oifmisttiadll icnogsftpoanret i aapl p rlé agaht nanfgna ad o u
was -foonert h (25%). The msé¢mpintirnmndg | par cantea ges
roundakepupepsenteovhpa@®ngqual i fied to answer th

Figure 19. Availability of cost information for partial lighting

56.3%
bl
60.00% 40.6% 34.4%
o 40.00% 3
5 25.0% _ g go;
g 20.00% r1
=W
0.00%
Mot Applicable (if  § for lighting Not qualified to
no partial lighting or  one approach of the  answer this question
no cost data is STOP-controlled
available) intersection
B Stop-controlled Eoundabouts
The foll owing question was about reporting
appr oatcyhpiodala unsignalized intersection. Tt
l ighting at olnesgt-apptoathedfiatérsection wa
$27 ,WM0i0l &4-1feogr roundabout, it was approxi mat

The next quesdeonsaskedtmaeepbow strongly t
benefits of reduced crash rate outweigh th

intersection$ablhAet peeseataldl i hevel of agr e
st at eme ncto nftorro Islteodp fangtoeeries eadbtoiuda n 4vtes f ol | owe
fineudwiatlh 25%. The overall |l evel of agr eeme]|

roundab daugtiose efdat sr o n g brye adgdrgen@5 % r especti vel y.
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Table 7. Benefits ofreducedcrash ratescompared to associatedighting costs

Does Benefits of Reduced Crash Rate Overweigh Lighting Cost Stop-controlled Intersections | Roundabouts

Strongly disagree 6.3% 3.1%
Disagree 0.0% 3.1%
Neutral 25.0% 21.9%
Agree 40.6% 43.8%
Strongly agree 18.8% 25.0%
Not qualified to answer this question 9.4% 3.1%

The final question i nwatstbiokettsercthinwinbe@asntd i n

recommended countermeasure to ilmpzeodve ni gh
i nt er sTeachBlsdoonws t he reported recommended c ol
recommended coshbopnmeablued fFfiprevsdetiahl wa:
parti al |l ighting ba®whd cohouvatct aif Ff or sabetuy 4@
respovhseerdelas best at d mammeruch d air oowti sd i wwags ftud |
l i ghting t ootalalt iantseor saeccctoiuonntsed f or nearl y

Table 8. Recommendedcountermeasureto improve nighttime traffic safety

Recommended Countermeasure Stop-controlled Intersections | Roundabouts
Providing full or partial lighting based on traffic safe 43.8% 28.1%
analysis
Using other coseffective countermeasures 25.0% 12.5%
Not qualified to answer this question 12.5% 9.4%
Providing partial lighting in addition to using other 12.5% 6.3%
costeffective countermeasures
Providing full lighting to all intersections 6.3% 43.8%
Section 2: Analysis of Crash Dat a

To achieviee tahesk dtadssagkimn aed ohealdlszthalsas dat 0C

at roundsatbwopnsr ahlded intersectigepsari peLooid:
bet weein2 200LTehe dat awiwtals toHdTl &hCnRaghClo me mber s .
There wereotwordahadat a, one dataset corre

0 539



at roupmwhabouttshe ot her one corresdmepnded to
contrialtleedsecti ons. Prior to proceeding wit
amount wafs triemaui red to dathetctwa®s mmi sasidngi io
dat aasuch

AWhether every intersection under investig
AWhetherine\eersyection has physical separatic
AWhethen’ne\eersyegihitonhlaacmreltriozta,tiaomd

A The posted speed of hBathhi mbposeatndominor

Since thisvasaf oawmatliahbhl e i andthleercraschr cep,o
research team had to perf or nm hmaonuugahl @ onovgel set
Earth anMgp &dogbeobtain this missing infor me
investigation.

Tr afCf as Belsl eacRoeudn d ssbh omu tt | awéd §y, a t&headr alf fa fc
crashes that occurred natl 2d7atiarsted Hawoarpm aerramrusn d
157 crashes and 7 intersect idaures twe rteh ee xfoolld
reasons

A 29 crashes that occurred at a single int
was traffic | idjhtsuti nesBiegdd eorf a r oun
A78 crashes that occurred at 5 intersecti
time of astacsmretsr avlalsed i ntersection inste

exampl e i sFipg2tseented in
ASO crashes that occurred at 4 intersecti

t i o c r a subneksn owwv n .

A6 intersections were repetmdwavamdetrhea sl
coordinates cwaféermbdt ehméct hewy.

A1l roundabout was removed for being in an

Therefore, the final number of crashes and

anal ysi Scrwegtees 7t0hlaT ooocdaboets at
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Figure 20. Signalizedinteraction in roundabouts database

Figure 21. Intersection that wasconverted from stop-controlled to roundabout

Tr afCf as Belsl ecSteapatr ol | eds Sinmielrasrelays,i otnher e
initi ably Oacorkadishads t hat otcapumrtrrealtladads 8dt B8 M S

the original dat aset. H&owbyectiaadtoni hvees
wh e tLhoeuri si ana has a traffic safety probl em
only ¢rmhmas hextc uirnrteedr secti ons where at | east

| ack of Ipirghaasgc amda ray ¢ o)werrieb wtoinrsg dfea cetdo r
further amabDjysi ashdduatrhédd@int er secahabpzedere
FurthedmoraesB8snt er secti ons were removed for
leavéd npcirlas bdsgt-apntroll ed intersections that

The distribution otfattédheofcipashens gd2keAsn t he
showm t he ofuingdsacbeoausthes are mapatty ofh the sSbDi
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