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3. Crash Modification Factor (CMF)
4. Empirical Bayesian
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7. Regression-To-The-Mean
8. Safety performance factor (SPF)
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10. Crash Modification Factor

39 Soily wolgs 31 b logiuan g bais jof Y Jous
S8y gl bl 5o adlllan 3590 laJlo
Slolay ;o lbanas olass

5 Ologauas 4 S slows

Lo
bf._\.;.il) Sldolas als S92 Srool> J

YAfAY AAA a-
Y.-fo #va )
Ye0-A Y¥f-. ay
YYAOY Fas ay
YOYAD i af
YVEYY Yy AN

sl 0 o 26 g &2 o sl b Y

Sl Lglo 5l glacgame Cloail ¢ s, 9,8 Lo i
S)90 ool Q‘}l.c O o‘) Slalad ‘La:ob 6"“‘ LgLo.l.N) d,».!o aS
Sleladl byl jo a8 slaculs 5l slacgame 28,5 1,8 anlllas
SBl5 owsin Gla Sy Lld 5l (g 48,5 ©)90 (cone
e slcole bl 4 aS wigh oo Ol b bl b cow
3,90 (SPF) el 0,8les ali 55l (gl g 0gi oo aias
A S oo 1,8 oolal

(_gL:b)Bm ISR Colw Q|9;.C 4 dalad FF Ry C)‘l‘ )
i sl gl Lyl b 55, gl ol ooz
loly ly azye slocals by lyld cul S5 4 03y
Gls (o,e g8\ Y Lo 5 sl sl & lie 00l las alas Lo
S pae g (olidg; 92 pas wDgd Ve dils (250 (g A
&b (Y+) - National Research Council) 'yuj90 b ey
lasd Jawgin (e (6l GPoww Sy Jdo (SPF) eyl o Slos
o aablas ol ) 0 000 Sladad (gl y o0l com e liolas
wsobod ailin SPF wilgs .ol Jlaion Jlo jo o> 4l Ll
9 é.‘ol.a.ﬁ l) a|) aslad ‘5‘)J1AADT M LSLQIM Ja.ws.o SPF
Sl 1y oo conion Slaolay slass Javgin ol ) dzkad Job 5.0
S 0 955 Al Lyl s o abolis ol axkd S

ol gyl —Y-¥

3 ke Jle s a8 winee lkd o3l slacgle
bl il s plml ols eyl o3l o] s casllas

9. Average Annual Daily Traffic



5 Q-1 LIFA ylinne)) F oot e alr et ) Lanmo 5 o3l o omsckited &g i | 31y g (ot oy o

OR'
OR=——9% QY
V‘”[Zallsite”exp.fl]
5
[Zall siteNexp.A]
ORI — ZallslteNobs.A (\ . )
Zall site Nexp.A
var[Tau site Nexp.a] = Sausice] 11)2 X N X
all site ‘Yexp.A all site i exp,B (\ \ )

(1=wip)]

sl 5 boge e Sl sl Gubly e
b ol s5uil ojlabisl glas 5 Jlaxl #5500 laill
"“5’“"&5‘ Ml?m ) Jagb) )‘ oalawl

1 VaT[Eall siteNexz?-A] (\ Y )

[EallsiteNexp.A]z
1+V‘"[Eall siteNexp.A]

var(OR) =

[Eall siteNexp.A]Z

SE(OR) = \Jvar(OR) Ov)

SE(Safety ef fectiveness) = 100 X OF)
SE(OR)
st el ) i ey o5 s
SlaS c8)5 ams olgi oo b VY 5 568 &l s sl
§ S Hloline doy0 10 lebl o jo 433 )5 & g0 pladl
S les co b VY (ol by 555 s cpl &S ke
-0 ylolae wo e A bl mhaw jo 4 5 &g pladl S
pladl J1all Y (gslue b 555 S 0l S izree 0l
el ol s 10 0 il mhaw jo 435 O 00

Goue i -f
slasy Jawgio o Jatwse glo piie lawg el o Slee &6
Lyl oo ol U ol andad Sy (gl oo sty ol
S i S Bl ol a5 ol 5 e 5,50 a1l
Cawd 4y 6l shie glalezgo Jow il 0L Hlows SaSTH L
53l sl Joe (25 Jshate 4 95 oo oolitl &l (il (39 5]
wtbn (K abl) (SuSTHl Sy b hiled slassls
yge & SPSS lle 5 lawgs oud Aln &b i oo
Slalorgs Ja () Jsior s b plas 5 Lol (10) abal,

slasi b ahaie Job ytio oo ala> > slaosl> o sais
(p-value>0.05) s | 5429 (5 lo sixe L3I Slolas

Nspf=6(8.245><10'5)AADT’ k=2.23 00)

slaxs SPF &b 5l ool cwody Bolas olaas  oolazwl b
2l )0 Bolas Slass Lawsgie g odd (s S0l

Npre=Ng,x CMFsxCxrates )

0l st Bolal hwgie slas Nppe alal, ol )0
CMF 4 SPF &5 ;! odel Cowsdy Bolai lawgio oo Nopr
)‘..\.n.o J..u.:l)‘SA u_ia L>).:|)) ‘M‘°‘>)5" Cawd 4 ULQQP ‘) SPF é:l.:
e 09 JS obolar 4 Bleul Slislas cows rates
Sledbsl 51 as aib oo 5 il Clislas S 51 ol Sldolas
g o gl el Jlo o Bolas

Bolay slass Jawgie ) alal, 51 colaswl b camy dd> 0 jo
1l oo Sy pladl 51 L8 050 50 Colu ya il 560

Nexp,B =Wip Npre + (1 - Wi,B)Nobs,B )

5o o0 odwlive Slaolay slass lawgie Nopgp alaly ol jo
J3 )93 lp (Ml (G55 po o Wi g el L5 0)90
3 Slas gl (ST l5 el 5l esliil b 45 4l o pladl |
A e B 0y50 ol Jum i Bolal slass lawgie g (K)o
Dyl sn dmmle yj &9

1
1+k><2befare Npre

)

Wip

ol ,o ,Uasil 550 Bolal olasd bawgin ) alail) 5| s

""’—‘Ls" Cawddy L?)'L‘a‘ ﬁ‘..\ﬁ‘ ﬁbu‘ 9N o 0y90 40
Nexp,A =nX Nexp,B )

Sglas 28,5 ki jo 6lp (Aol oo 1y adal, (pl jo
5 el slan g B8 sloo o e Sl x> g (Sloj e
D9 se dmle 5 alal) 5l g adl oo Colus 2

Nexp,A =nX Nexp,B )

2 53 o plail a3l ol (casu 3T e (e 12
398 g0 00wl 5 Oyee 4 OR; Jizl 75 S5 5l cole

Safety ef fectiveness = 100 X (1 — OR;) ®)
ORi — Nobs.a (V)
Nexu,A

pll pladl IS sl isw 5 Qo);l Cewddy 6l o
oS oo ool 5 a5l lacole adS (gl ons

Safety ef fectiveness = 100 X (1 — OR) M)

(OR) ol Mol Jliml 5 50550 cavsas gl o] o a5
0g g0 oolaiul y5 alal)



-1 ((1¥AR L)) Foojlocds b+ als o j dausmo 9 ] joc W & g | o) )0 g @‘).a.':u s 14

ooy y0 ol jo Blyeul Clolay 1Sk 51 it QLOBJ
(Ho: Vb > ¥2) il oo Sloladl -yl
-aled Slolas sl (selie Slwloe b e 5 et
5 Jsb 25 ol ol Solal ol o po polis )
4 VB g VYA L ol el it gl Setr g (a5 b 34l
sl 4 el iu il s 3o 08 (pioren el Cowd
@axg bas ol VY Jogb aSlas oladl gl T o laslel
Ve Slaebl mhaw o S Gl oo VY jlae b ol OS]
s pladl g 5l sl Cond nl I
b ars b o5 A5 VBV Sl St slaobil 5 JsboiS
o 0 ol gylolae g oo VY Jlae b ol o5 s
Ol 50 mls dsgamme Wolyd o Cdpdy | asye el

SR N FEPRRVER

Sged 4> (F) Jooz 7,05 4 lgd oo | aslllas

PN IS ol iy 51 51t alol sla ol 0 Jgor
5 b AT S 5 Sloladl 55 5 Jgb S5 L
ol 415 (gl b 5 (sl Fpder slosl

lplsde sln i
cldadl L el i1 gl g2l o sl 5 oo
OA-BY. - SOYVY OR' Jocar Juisl ¢y
Mol Joi! 7 5
JOFFAD /EYAST OR el ey
<l
. . safety Lo f
FY/6- A YFI-vO? effectiveness Sl el A5l
<[ FAARY <[ FAYY Var (OR) ol eisu il il g
> 50 ot glas
SYCERND /YT SE (OR) T sl s
Jlez!
s lasteal glas-
YOfPN00  Yevfen SE(safety ) <
effectiveness) SV e

9 ilizo gyedl> gl CMF ol Cowddy polio —F Jouo
Sl glhas 4 A 5l Coms polio
Slolas Slolas

St Sl o el )y pladl go5

59,0k 4l

VYA 5¥ CMF gy

| S s pladl

\YS Wwyy e Job
oot (sllas

VD 1050 CMF g, Sl gl
o i s b3

\IFY Yhys e Pk s S5k
o Jaitiul glas Sl ,S i

it il ao )0 . ad duloes pladl 5las g J8 0,90 j0 cole
Szl wlislar 5 WYWAY Jlo o Job aSlas oladl i
s o JLis 4 g drlone alSlaz jsbay Colu o slp
) Jgaz 10 o ol a5 sl cews @ ool adS 6l ol

ol 00 oo)ﬂ

SWely sy (o glaborgs Jow 31y ol -F Jgux

abs )l
Gl Las Sl cayd e
ATy <IFAYA Sy ORIV
-0 -0 il o
SOV e/vvvaxye o A/YRAX Y- Sl e
=0 .
IYPY e V/EYAX Y- ghie Jsb

Slolas slawy couns a5 Sl Bolar Aol s lade
Loadl oo pladl 5w 0)90 jo sl o 50 4y ool cowlive
6‘]" 9 o o 6.]5.'0 6“‘5"4’ r:l..\_el 6‘)" “) d..la.:l) )‘ oolauwl
slass  Job oSk _nalS 3l eamslis wib oo V)

oz 4 el cisn 3l Connd Bllao a8 aS pl a4 azgi b
Wil oo VIV (s5lace b 55550 g 0 Jool> VIYYY (T 5 st
Obiobl zhans jo s jo Job oStz pladl 31 ciS gy o
Abl o Holiae oy 4

5 Job T b oo 5 Slaladl 5T sl (i S b
Jouz 50 5 buls alS gl ol jo gl Seir ol
oo late (1) alal) 5l eolawl b .l ouls ool lis (B)
Sl pladl g0 sals Sl easmolis il oo Vol 5
» Sl clolay sl glaySeir szl 5 Job
REA RSN

Gl @ ol i 3l Cond Bllao a8 aS pl 4 azgi b
St sl o 25 L pladl g il 1 i
Al e loline do )0 A0 ligebl mhaw o

(S 5 o Sl VF (l (55 2 oo plmil € (9051 0
—0,99 0 ool 5o (Blul wlislas sl Kl (5l Ho (2,8
Sls Hot¥p = ¥a) b ad )5,k 10 bvpe 5l am 5 L3 slo
-0 5SS, tooses) = 1.671 ltg = 3.32842 oLl a5 L]
Ol se w0 A0 liabsl mlaw ;o g 0o o, Ho (5,8 alily
Al 5l LB oy90 50 i jo Blheul wlislas Kl a5 i



\4 -1 (¥R L)) ¥ oo ylosds B+ alo (o § dauxo g (ol poe (oo a3l [ o]0 g (s 0

Jen O3 go3 S QL:;BS 0, L o jake Ojse W)
25 plil (oled

2 9 (2led e Dl 0 S 4 azgi b (Slalllas o

4o Ha.;i}m —osld solai8l aallas S L me.:.a,'; )ilo TS

Lg)JAJLJLQ.\JI ua?LM: 9 AW C)’LA‘ LS’)Z" )u U‘Jj) )| oalazu!

o a3 @y ol oSS sl Sl royl 5 Shos wlss
33,5 ol

=l -Y

SIS 86 (e gy B gy @ g ) B ek
Seslial b S5 s3luel)] 2 s3los; 5258 25 b>
i (ol e (59955 (5990 axlllas) (yg05]
AV-VA(F) ) YRF g e slocslu )

Slallhs (p Sl53> g 335 ¢ B e e p o0 S92)
lol; (o2 5 (Job laaS b (opas 0 a5 & )50
oS gl Mololas g485 el malS jglate 4

Avag sQ)rL:f olKasls Cdy a‘_g]..n‘}.? 9 ol) (oo 6]::

Arién C, Brijs K, Vanroelen G, Ceulemans W, Jongen EM,
Daniels S, Brijs T, Wets G, “The effect of pavement
markings on driving behaviour in curves: a
simulator study”, Ergonomics, 2017, 60 (5), 701-
713.

Charlton SG, “The role of attention in horizontal curves:
A comparison of advance warning, delineation, and
road marking treatments”, Accident Analysis &
Prevention, 20073, 39 (5), 873-885.

Charlton SG, “Delineation effects in overtaking lane
design”, Transportation Research Part F: Traffic
Psychology and Behaviour, 2007b, 10 (2), 153-163.

Elvik R, “The predictive validity of empirical Bayes
estimates of road safety”, Accident Analysis and
Prevention, 2008, 40, 1964-1969.

Farid A, Abdel-Aty M, Lee ], Eluru N, Wang, ], “Exploring
the Transferability of Safety Performance
Functions”, Accident Analysis and Prevention,
2016,94, 143-152.

Hauer E, Harwood D, Council F, Griffith M, “Estimating
safety by the empirical Bayes method: a tutorial”,
Transportation Research Record: Journal of the
Transportation Research Board (1784), 2002, 126-
131.

Herbel S, Laing L, McGovern C, “Highway Safety
Improvement Program Manual”, US Department of
Transportation, Federal Highway Administration,
Office of Safety, 2010.

Horberry T, Anderson ], Regan MA, “The possible safety
benefits of enhanced road markings: a driving
simulator evaluation”, Transportation Research
Part F: Traffic Psychology and Behaviour, 2006, 9
(1), 77-87.

Ogden KW, “Safer Roads: A Guide to Road Safety

& 35 A -0

b olil s jle a4 b Shlus 2alS p oz pie
o2l e Sl 3,58 131 g 9SSl (Slosls Slislas
BB jebay Sligss (pl eald g bool> cesl sl ,l 5
ol & Ll g WS S8 ol Riagh azgisye sz
md oyl pgy wileslaiul Jlo s saxie jebay Oljged
WS oo phlolanl ) ange lan s Sl g gl 58
slodrog @ azsi bog (gl cnl plxl jl Bas egi 4y &S
ool i 31 sl 275 5w g S ol (srenl sloial,
W3S oo Ol 1y el 4 g5 iled (g, (nl &S

oslatal (g9, Glul> pliwl slaygome I gl cnl 5o
sly ab b ol g2 pe glacolo ) Gl 5o g 0
] el 5 5 wind ol eyl 5 ,Shos A LS
sl 5509 Job a5k pladl Sy sl slalSlax
S i bl g (Jsb (a5t pladl g el (ri 5]
Gooly (e 0 T astine wad plxl AY Lo jo a5 (4
el 5 sslaez Lo yge MBI plo 5 (S5 g Solay
b ool (025

Jolis Job iShs aladl il alisdle a5 sblen
iz Gl b Gl ) s 550,l5m ad 5 (Sl byl
s 3l gep g Bl Slolas el n (pollae ST layS

Aden )0 0l oy Oladllae )0 dsecs cpl a5 o)l il o

slal S 1y ol Olgee 5 conl oads osalive 55 Godou
A cmizmes el i b (Sl 55 canlie ol S
JoLB) 59,8les Jsb )3 (Sl Slslar als sl (s loline
ol o0 oaalive Jsb 25 has aladl 6l G,y s, lel
sl jo caShs ol Gl 15U 5l e as ol a5
Sgden alamde 05l o 3L 59, Jobo 4o ol s jo ol S
bl sl Sotar Sl b @il o Jsb 25 hs oS
el AL 55, Job o ol ool sl iy (s loline
S5k & Sl 990 (nl Wbe 53 b s s a5 Cunl SI G
Ol a5 G5 lgige woys A pliebl mhaw o a8
S b lelgs aladl 5 LS 090 0 e yo 3l ldslas
wlolay (xSl 5l i Gl Sedr glroanlisl 5 Jsb

il oo SLalal ol 51 dmy 0,50 40 b o Sl

Ololysdiay -7

Sl 5500 sratl 55l 05T ol il s
5 sl Sedar slob;l 5 (9,50 slaghl ailes oles pne

11. Benefit_cost (B/C)


https://www.sciencedirect.com/science/journal/00014575

-1 (VAR lwno)) ¥ oo ylosds B+ ol (o § danxo g oyl o (pwdigen 385 [ 1) 9 (2l s 0 A

Engineering”, Ashgate Publishing Company,
Burlington, United States, 1996.

Montella A, “Safety evaluation of curve delineation
improvements: empirical Bayes observational
before-and-after study”, Transportation Research
Record: Journal of the Transportation Research
Board (2103), 2009, 69-79.

National Research Council (US). Transportation
Research Board. Task Force on Development of the
Highway Safety Manual and Transportation
Officials. Joint Task Force on the Highway Safety
Manual, 2010, Highway safety manual (Vol. 1).
AASHTO.

Park ES, Park ], Lomax TJ, “A fully Bayesian multivariate
approach to before-after safety evaluation”,
Accident Analysis & Prevention, 2010, 42 (4),1118-
1127.

Patel R, Council F, Griffith M, “Estimating safety benefits
of shoulder rumble strips on two-lane rural
highways in Minnesota: empirical Bayes
observational before-and-after study”,
Transportation Research Record: Journal of the
Transportation Research Board, 2019, 1, 205-211.

Persaud B, Lan B, Lyon C, Bhim R, “Comparison of
empirical Bayes and full Bayes approaches for
before-after road safety evaluations”, Accident
Analysis & Prevention, 2010, 42 (1), 38-43.

Shen |, Gan A, “Development of crash reduction factors:
methods, problems, and research needs”,
Transportation Research Record: Journal of the
Transportation Research Board, 1840, 1, 50-56.



AR RTUA R S U COWPSYR 731 PULIVATINT ESUUWE R “FE TN SV VSpWR SV VU N § LV ) T 7R3

abg: po Bolad g (Sudly Gledbl g (oludl glacobw Glize =Y Jgua

59 Bl sloaslin Bolas slass 53 Sl sloanlive Bolas slasy 81 5] s 130 > Sl 305 A8 5 L5 098 15 Sl 505 g i
Aladl 5l amy 0)93 55 ud aladl 5l LS o9 8 ud
(crashes sites/yean) (crashes/sites/year) (veh/day) (veh/day) axkad 9o pli asbad olas
10 Q¥ ay 0 q. a0 Q¥ ay ) q. =
| VYOV 4avA FAD AYE) Ma. YY-. |
\f ¥ ) . \YYOY 4avA FAD AYE) MAa. \EEE Y
) . \YYOY 4avA FAD AYE) MAa. \RRE ¥
\f \f \YYOY 4avA FAD AYE) MAa- Y. f
\ ) ¥ ) \YYOY 4avA FAD AYE) MAa. AR ~olos 3 )
) ) . \YYOY 4avA FAD AV Ma. Yoo plr oy I
) ) . \YYOY 4avA AL AYE) Ma- \ARE 4
¥ . \YYOY 4avA AL AYE) Ma- YY-. A
) . \YYOY 4avA AL AYE) Ma- V0. - !
) \YYOY 4avA AL AYE) Ma. V0. - )
\ . . VYOYA VFAE- VEY0 VOAA VOFYO V0. - N
| \ . \ VYOYA VFAE- VEY0 VOAA VOFYO YY-. o VY
¥ . \ \ VYOYA VFAE- VEY0 VOAA VOFYO Yeoo Ol Sigie W
| \ \ \ VYOYA VFAE- VEY0 VOAA VOFYO Oeee \F
-y oy
\ \ Viavs V10FF V1 -0f V- YYA V- 00f YA-- s 0
. ) . FEVE FovY 6¥4aq frys - AR dige — ppeeols \$
. . \ FEVE FovY ofaq fYvs - Oe-e VY
TR | s 33 FEVE FovY o¥a frys - AR VA
e . . | Connsd FEVE FovY 6¥a frys - YO 5
| FEVE FovY o¥a frys - YO LliS - aige Y.
Y \ \ FEVE FevY 0faq fYvE - O v
) . FEVE FovY 6¥a frys - YY. . Yy
\ . £ENY gevy afaa fYys - Yoo vy




“if
@ Journal of Civil and Environmental Engineering

Volume 50 (2021), Issue 4 (Winter), 1-9

University of Tabriz

EXTENDED ABSTRACT

Effectiveness Evaluation of Longitudinal Delineation in Reducing the
Run-Off Crashes in Rural Multi-Lane Roads

Maedeh Bahiraei ?, Hamid Reza Behnood **, Ali Abdi Kordani ®

aImam Khomeini International University, Qazvin, Iran
b Khorasan Razavi Provincial Department of Road Maintenance Transportation

Received: 01 April 2018, Accepted: 15 July 2019

Keywords:
Longitudinal delineation, Safety effectiveness evaluation, Empirical bayesian, Crash modification factor.

1. Introduction

Run-Off-the-Road crashes (including: overturning, outgoing or fixed object crashes) form a considerable
part of all rural road crashes and delineation generally affects them. This study aims at evaluating longitudinal
delineation using pavement markings and its combination with the road pavement raised markers in the
reduction of rural road crashes. Thereafter, the crash modification factor (CMF) will be found applying the
before-after study on several treatment sites. In order to, traffic and crash data and the other required data for
evaluating with empirical Bayes method gathered in Khorasan Razavi province in year 2014 as the treatment
year for delineation activities.

2. Methodology

The three basic types of evaluations used to measure a safety improvement are:

1. Observational before/after studies;

2. Observational cross-sectional studies; and

3. Experimental before/after studies (Herbel et al., 2010).

The empirical Bayes (EB) approach nearly always provides better predictions of the number of accidents
than the traditional approach of assuming that the recorded number of accidents is an unbiased estimator of
the expected number of accidents (Elvik, 2008).

In this approach, the before period crash experience at treated sites is used in conjunction with a crash
prediction model for untreated reference sites to estimate the expected number of crashes that would have
occurred without treatment (Persaud et al., 2009).

This approach can compensate for regression-to-the-mean bias. The components of this method are the
safety performance function (SPF), crash modification factor (CMFs), and a Local calibration factor. The SPF
(which is a statistical regression model based on observed crash data for a set of similar sites) determines the
predicted average crash frequency for a site with the base conditions (i.e., a specific set of geometric design and
traffic control features). The minimum data requirements for this method are 10 to 20 treatment sites, 3 to 5
years of crash and volume data from before and after treatment, and also SPF for treatment site types (National
Research Council, 2010).

3. Results and discussion

According to the 46 selected reference sites, the safety performance function for the rural four-lane
roadway of Khorasan Razavi province has been fitted as a negative binomial function (1) by SPSS software:
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Ny = o(8.245x10°°)AADT k=223 (1

Then 23 treatment sites for longitudinal alignment maesure and also 14 treatment sites for combined
longitudinal alignment and raised reflective pavement markers measures were done in 2014 in Khorasan
Razavi province, were selected to evaluate with empirical bays method. Results of the analysis for the nocturnal
run of the road crashes for that 23 treatment sites and 14 treatment sites are presented in Table 1 and Table 2
respectively.

Table 1. Results for the overall safety evaluation of Longitudinal alignment measure at night for 23 sites

Name and symbol of safety evaluation parameters Value

biased odds ratio OR’ 0.653731041
final adjusted odds ratio OR 0.639643519
Overall unbiased safety effectiveness safety effectiveness 36.03564813
variance of the unbiased safety effectiveness Var (OR) 0.041375206
standard error of OR SE (OR) 0.203408963
standard error of safety effectiveness SE (safety effectiveness) 20.3408963
abs [(safety effectiveness)/SE(safety effectiveness)] 1.772 >1.7*
CMF 0.6537

*Conclude that the treatment effect is significant at the (approximate) 90-percent confidence level.

Table 2. Results for the overall safety evaluation of combined longitudinal alignment and raised reflective pavement
markers measures at night for 14 sites

Name and symbol of safety evaluation parameters Value

biased odds ratio OR' 0.580570187
final adjusted odds ratio OR 0.564950812
Overall unbiased safety effectiveness safety effectiveness 43.50491881
variance of the unbiased safety effectiveness Var (OR) 0.041867504
standard error of OR SE (OR) 0.204615502
standard error of safety effectiveness SE (safety effectiveness) 20.46155019
abs [(safety effectiveness)/SE(safety effectiveness)] 2.126>2%
CMF 0.581

*Conclude that the treatment effect is significant at the (approximate) 95-percent confidence level.

It should be noted that absolute value of safety effectiveness to standard error ratio for the run of the road
crashes in day and night in longitudinal alignment treatment be 1.26 and due to the large difference with the
1.7 criterion we could say it is not meaningful in 90% confidence level but this ratio for combination of
cognitional alignment with pavement raised markers is 1.67 that have low difference with the 1.7 criterion so
it could be accepted its meaningful in 90% confidence level. Finally, the results obtained in this study can be
summarized in Table 3.

Table 3. Results of CMF value for different states and safety effectiveness to it's standard error ratio

Type treatment Parameters Run of the rf)ad Run of the road Frashes
crashes at night at day and night

o . CMF 0.64 1.29
Longitudinal alignment abs [(safety effectiveness)/SE
measure . 1.772 1.26*

(safety effectiveness)]

combined longitudinal CMF 0.565 0.75
alignment and raised reflective  abs [(safety effectiveness)/ SE 2126 1.67
pavement markers measures (safety effectiveness)] ' ’

*Conclude that the treatment effect is not significant at the (approximate) 90-percent confidence level.

4. Conclusions

In this case study, longitudinal alignment measures including lane lines and edge lines especially in a joint
application with raised reflective pavement markers have a desirable effect on reducing run off crashes at night.
This result has been observed in studies in literature review and we can attribute it to suitable contrast in the
darkness of night and for longitudinal no meaningful reduction of the run of the road crashes (in daylight hours)
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were observed. That rational consequence is the obvious result of the low effect of longitudinal alignment on
creating contrast.it can be observed that longitudinal alignment in a joint application with raised reflective
pavement markers has a more meaningful effect for a run of crashes. It can be noted the result of T. test is
approved of this result. Such we can say at 95% confidence level the average of run of nocturnal crashes for
before the period of treatment is more than the average of run of nocturnal crashes after the period of
treatment.
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