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T¥A IN NTI9N2 0'71WdNN 7w N0 an'T (71700 71w 1avn) 7170 X7 71w 9w yximn ann 7170 71w v

Total Accidents/(km-year) =

Relevant Accidents/(km-year)=
-1,2365" - 0,8822™ - 1,3221™

ADT
W
PA
UP
H

™
T2

.('T\n IX 'V2aa ,'WIW'YJ) AITX Al01 ,)0 TN

:D'7TIN RN 707

0,0009 - ADT**""" - 0,8897" - 0,9403"* - 0,9602"" - 1,2"

0,0012 - ADT#%2¢ - 0 8786" - 0,91927* - 0,9316'F

is the average daily traffic
is the lane width in feet
is the average width of the paved shoulder in feet

is the average width of the unpaved shoulder in feet
is the median or roadside hazard rating (1to 7)

is 1 if the terrain is flat and O otherwise

is 1 if the terrain is mountainous and 0 otherwise, and

WUKD

‘relevant’ are single-vehicle accidents, opposite direction head-on, opposite
direction sideswipe and same direction sideswipe accidents.

AWND ,NIIXNN NIYNINN 7V 010N MINWN 7w nydwn 0NXNAN 0'9712 NNAY N1 D'7TINN NIV¥AN]

1.2 ,1.1 0k - 2'M1 2NN NYSWN7 NIXAAIT 190N [707 .0'WIA7 DINYUNN IRY

ADT =1000; flat terrain; H=5
0.3
—
I \\\
; 0.4 \»‘\ =T
» —
| -

§ ‘i : o Tl Width of

X B pawed shoulder
Tr 03 e - T ——
55 L E—— 3 4 . e % [—PAv0,0m
E~ S S —— ‘@ |-=-PA=06m

s Y e LI > ",
g‘g 0,24 — e “:; —_.__;“_-; ks |mePAmL2m
z% — ———— g [W-PAeLEm
=4 T % |-—PAs2.4m
8 L
Lo
0.0 ' v .
2.4 2.6 2.8 3.0 3.2 3.4 3.6
Lane width [m]
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ADT =4000; flat terrain; H=5

€ e
- =

: 3 ~—_
2¢ A o = Width of
3 é = s e pawed shouider
S x - = Rae=—.  TF
N Eed A —— ) T |—*—PA=0.0 m
- oo - p 'S 7
E2 osf— ——a 80 1 - |-®-PA=OEm
38 - S v B - . . |—PAmLZm
=3 TN~ o — ~l-PA=1,5 m!
30 —— -5 1,
°° S — ®— PA=2,4 m.
" 0.4

0.0

2.4 2.6 2.8 3.0 32 3.4 3.6

Lane width [m)

D"7IY 7 NIy 2NN '9%71 200 7 4,000 Y mir no1 [N1'Na ,NNIKNI QNI AnN 2 wpn L 1.2 X

.0"7170

IYPN DX DNIRNNA DT 210N DINYN-21 DY TINY )02 NIvaY7 N1 K7W |yl ,(2000a) Hauer 7w '1xna
122 NNNX NIA'0N NYA 2'N3 ANNY NDIYNN ARXINNY YYNN D70 .ARXINNT N2'0N |2 'MMKN
NIN9 DY T7 DNIYR 7720 DFANTIMN D'2NIN D) T2 DAIRY 7Y NID'OX] IX NNIXNN 72V NIFT Ivn

.(0'mnx ninoI 071"y

INTN NA'TY 2101 NIIRN 190N IXNNN 1NWN-11 77in 121 ,(1987) Zegeer and Deacon 7w 2j7nna
SN 9w 1700 290 annt (T 7170 X710 72170 71w Ann ,2'M) anMa NN NTNA-N'TN NIYAINNI

TN IR 707 .2000n NINWN 1K YXINN I nvinn Nel at 772

Number of run off the road and = 2,5793"0,8907" - 0,9562° -
opposite direction accidents)/MVkm 1,0026™% - 0,9403* - 1,0040™ "4

WUND
w is the lane width in feet
S is the unpaved and paved (together) shoulder width in feet
PA is the width of the paved part of the shoulder in feet

DXNIXA D'INYN 190N Y'Y 7W NIIKNN 7V nYOYN DNIXNNN 0'912 NINAY N nt 77T NIyyxnNa DA

1.4 ,1.3 DI'R - 2'M1 2NN NYOWNT7 NIRAAIT 190N |707 .0WIA7 DINYNN N TWNRD
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Paved shoukler width PA = 0,00

Total Number of (Run-Off-Road +
Opposite Direction Accidents) /
MVikm

Lane width [m]

.0'7170 X7 0"71v 7¥ N1IY ANN2 NITNA ,2'N) ANNY NIRIKNN 190N 2w 1.3 X

Paved shoulder width PA = S

11

Width of
paved shouder

—4—5%0,0 m
~@-S=0,6Em
—4—S$=1.2 m
—@-5=1.8m

~#—~5=2,4 m

Total Number of (Run-Off-Road 4
Opposite Direction Accidents) /

Lane width [m]

.0'"7170 D"71¥ 7w NIIY ANMN2 NI7NA 2N ANNY NIRIKNN 1901 2N 1.4 1N

0N17'77 Yop NRIXN TN X7 2"NXa ninm 1%onn 0aima inna (2000) Council and Stewart
2V Nvo'mn AN NYsSWN? IMRNINY 0'7Tmn 707 .71 2anni nyo'min anin ,nyinn N9 Nina ,niva
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Number of accidents/km-year

= length - e® - ADT®' -

eﬁa surface width

e i y
eB_ shouider width

Number of accidents/km-year = length - %" - ADTO%7% - e
0,123'shoulder width . e

Noﬂh Carollna 0,1506-surface width

Number of accidents/km-year = length - e30'% - ADTO%04 . e
0,3419-shoulder width . ~

California 0.4167-surface width

D'71>' 2'M1 ANNY7 NAIXN |2 RN DIRYN NIX? 707 11N ,(1987) Zegeer et al 7w apnnn 'kynn
v 7iwn ann nyswin nx Daryn 1.6 ,1.5 ok .nnikn v 71w ann v nyswin n>1vn? o wnwy
2'N1 2NN NI7NAL,ANRNNA ,201 70 4,000-1 1,000 7w mir nyin no1 1y Do n NRIKNN 190n

DTN TYA NDON AN "5 W NIYI TR 1Y 1YY AR DDAV .NYIoIn

D'INNN DT 210N DINWN-21 0'7TIN D N'0aNY7 [N X7 [yl ,(2000b) Hauer 7w anxna Nt nnjrna oa
IN ,NIINNN 7V NIFT2 1Y Nyan 71w AnNY N2IYNN IRXINNY WYYUND N70IN .ARXINNE N2'0N N
D'2NN D"7IY TWKRD 0NN NIND DY NT7 DNIYR 071701 D'ANN DY71W) 1T2 DY D'NNY 7W NI9'OX]

.(0'mnx NI oy NT? DNwpENn 07170 DIRY NI

ADT=1000; flat terrain; H=5

0,54
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; o - " e
® o L > iy Lans wiath
! 0'3 N = - &= e W | e = \‘\\‘
c S i iy, B e, W TN ——wAom

' —— — .- | a5 e %

] S e O - ~— - < ~— [TEW=R60m
‘g o - e e —8 a w—w=2,80 m
gy i| e ~!ij__ s | m-w=300m
= . o —— - we=3,20 m
b+ =
K 1 —a—wWe3,40 m

o1 v v ——w=3,60 m

0,0 0,3 0,6 0,9 1,2 1,5 1,8 A | 2,4
Shoulder width [m]
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ADT =4000; flat terrain; H=5

2,07

- 1\\

Lana wiath

——w=2,40 m
—&— w=2,60 m
= we2 80 m
- w=3,00m
—w—w=320m
——w=340 m
wde y=3,60 M|

Total Number of ‘relevant’ accidents

2'M1 2NN 201 7 4,000 7w mir nyinn Nl 1Ay L7 anna NiNa NIRIKN 'y mIgn L1.6 R

NIY

[IN2%7 N1 ,7'v7 axini (1987) Zegeer and Deacon 7w pajpnna DXNINY 'INWN 20 77N NNy
'Y MTPN DT KW NIRAAT o'kan 1.8 ,1.7 o'k 71w ann 'y 9 niniknn 1%on 7 nyoswin

.NANXNNA 71701 7170 X7 71w 1Y ,N1IW 2'Na AN 'KINAL 71V AnN2A NN NRIKNA

Paved shoulder width PA = 0,0 m
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‘F\

g2

£ P i s,

b3 pr—— @ D R ags

éc . ._-__.__-_. L] -——a 57 g e Lane width

£s e e —

5% . o A | [e-wm2am

5= il i 8L |-eus2em

23 “:——A”‘".——..__::_‘_-‘:"‘x —h—w=28m

§§ e —— ————— e _*: ~@=w=3.0m

3§ —*—w=32m

20 ~@-we3Am
PR —t—w=3,6m

0.0 0.3 0,6 0.9 1,2 .5 1.8 21 2.4

Unpaved Shoulder width [m]
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Paved shoulder width PA = S

1,2

+ ~
33 10
S
==
o8 el
3 B OO
gEEOS L -
=2 x —~—d- L T

-4 L — ——w=2,4m
5%% i s i >
e — %A 8__e | [®we2ém
29 e —A-w=2,0m
€2 oe g~ ———— ) [ a-w=30m
25 — -
z8 = — K w=3,2 m
gg‘ “@-we=34am
e

0.4 4 T : : : : . : . wosem
0.0 0.3 0,6 0,9 1.2 1.5 1.8 2.1 2,4

Paved Shoulder width [m]

2M1 annt 7170 71w anna NN Nrvann nnikn 'y mTEn 1.8 ek

17'N NIX7 2"NNA N oonn 0'aima Innn L7we xw (2000) Council and Stewart 7w papnna
2NN NYSYN 07 0Y7TIAN .71W 2NN AY0MN 2NN ,AYINN N9 NIZNA ,NIWIA 0NIT'{77 YO NRIXN
[707 .0N19771 NVICIM L|IVAI'WIE NI (19X ([N NIFTA VIR JIAY 112) DRIRND DIYNINN 7V 1Y

077NN

Number of accidents/km-year = length - €% - ADTP! - gPzshoulderwidth
A By-surface width
¢
Number of accidents/km-year = length - & 2B ADTA6T
e-0,123 shoulder width
North Carolina 0.1506 surface width
Number of accidents/km-year = length * %2'%2 - ADTO9%%9 -
e-0.454 1-shoulder width
Washington
Number of accidents/km-year = length - ®'82 - ADT"7%8 -
-0,2924 shoulder width
_ e
Minnesota
Number of accidents/km-year = length - 30188 - ADTO.9048
-0,3419-shoulder width ,
. . e
California 04167 surtace width

2 TNIX2 )T VO NIV , NN VIR  NNIRNDN DIYNINN 2V 71wn ann nyswin N RNn 1.9 K

0N 7 ann2a nvoi nnnt o1 7 2,000 7w yximn nyvian nol oy n"p
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Crashes per km-yoor

"~

b . o -
. S 5 o
el T T t——
- o -
= >
T3 N —a— North Carolina
B —&— Califorria
g .

T $--g. Minnescta

;!;..!44 —=— Washington

0.00 0,50 1,00 1,50 2,00 2,50
Shoulder width [m]

2"NINA NIFTA V2R 71 AnM2a NN T n"R7 19X ninikn 1oon 1.9 K

TN ALY NRIKNA WA ATEn 9 JINn wn 0TEnn ' 719 Qnna NI NIRIKNA 'Y DTN

n'wn MmTm NX nayn 1.1 2720 ((IHSDM) 2"naxa nrama-IT 0T 7w Mintoa 10N 7T D'yximn

AMFwra - 7I¥ 2NN D"1'WY7 DNIYRN NRIKNA

71v AnN2 Ni7na nikN 'y M 1.1 nhao

mm, ADT <400 ADT = 401 to 1999 ADT 2 2000
0(0,00) 1,10 1,50 - 0,000250 - (2000-ADT) 1,50
2(0,60) 1,07 1,30 - 0,000144 - (2000-ADT) 1,30
4 (1,20) 1,02 1,15 - 0,0000813 - (2000-ADT) 1,15
6(1.80) 1.00 1,00 1,00
=8(240) 0,98 0,87 - 0,0000688 - (2000-ADT) 0,87

niwy? 11x L,1.1 07202 ow'om DRy 71y ann v 0N DWW NNIKN 'Y MTEn awn? m

2aNN2 NI7ZND NRIXNN 102 'N'Yn 0T 7w nbonn 71VN NX 2WN7 'O .NAW DDV 7w NX719T101'N

:D'N2N DINIAI XNOINA D'UNNYN - AMF2 - 71W 2101 71W

AMF2 = (AMera X AMF";. _— 1.0) ] pra + 1.0

AWND
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AMF;

Accident Modification Factor for total accidents

Accident Modification Factor for related accidents based on shoulder
width [values from Table 3, Values of AMF for Shoulder Width of
Highway Segments (AMFwra))

AMFyra

Accident Modification Factors for Shoulder Effective Width (SEW) and
Shoulder Type on Two-Lane Highways [values from Table 4, Accident
Modification Factors for Shoulder Effective Width (SEW) and Shoulder
Type on Two-Lane Highways (AMFtra))

AMFi,

P = proportion of total accidents constituted by related accidents (i.e 35% of
all accidents based on a default distribution of accident types); proportion should
be the same as used for Lane Width

,'TN2 N'TN NIWAINN )TN TP 207, TTIA 297 107K D'AI0N NRIKN 7V y'own 71w Annw 0'N'n
N0 7V N NI 20N 7D A NYAINNDT L,DTAIN DI 20N 7D 7w YA NITN NIYAINND
D'A1I0NN ,NRIKM '11'Y MTen - 1.10 2K :0'XaN 0'91AN 1121 NIRIKN 'Y Tz 7w "0 nniwnn
N91a NI7ND ,NIIYN NIRIXKNA 'Y MTen - 1.11 AR ;719 annal nyinn N9 Nind ,0mRNnn
X7 71¥ 2anNal nyiNn 091 NIND ,NRIYA NRIRNA 1'Y MTpm - 1.12 2K ;72170 71w annal nvinn

1m0

Zegeer 7w 27NN NIXXIN 7V 0'001AN 71W 2101 71W 2NN NYSWN NIN'DY D'YXINN NRIXNA YN TN
27U NIRXING D'RNN DT XXNAN .71¥ 2NN 2NN YW 0'oproRN |2 2:1 7w ont v'yn ©wx ,(1987) et al
NYINN 'N91 1Ay nnikn 1w mTen .(1977) Rinde ,(1995) Miaou ,(1996) Miaou :n0'o011 nynn
;NVINN NI7T 0T Y (1981) Zegeer et al 7w papnn 7y nrooian nnn'a 131 75 400-n navpn
-7 400 2 nynnn 'No91 7w DINNN .71IW 2NNt 2'N1 ann 7w D'uporn 2 1:1 on'n yxim AT NN

.(2000) Harwood et al - n'nnin 719 7w VI9'W 7y coian Nnn'? 2> "7 2,000

Run off the road, Head-on, Sideswipe opposite and Sideswipe same
direction accidents = 100% of all accidents
1,67

1,4

———SEW= 0,0 m (0O ft)

—=—-SEW= 0,6 m (2 ft)

——SEW=1.2m (4 ft)

-
o

—&-SEW= 1.8 m (6 ft)

-
ey
S

Rt
-
-
R
o

Accident Modification Factor for related
accidents AMFam
n

=-SEW= 24 m(8fR)

0.8 T + - v v T 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 S000

ADT [veh/day]

M1 annal nyinn N9 NN NRIYA NRIKNA 'Y 'MmTen .1.10 N

27



Run off the road, Head-on, Sideswipe opposite and Sideswipe same
direction accidents = 35% of all accidents (shoulder type: paved)
1.2 1

3

2

.

&

S

g ——SEW= 0,0 m (0 )

ez

c <

S2

=E ~——SEW=0,6 m (2 ft)

=R

- v

E . ——SEW=1,2 m (4 R)

-

$ treae

: o S —m-SEW=1.8m (6 ft)
—»—SEW=2,4 m (8 ft)

0,9 - T - + T + - T - v
0 S00 1000 1300 2000 2500 3000 3500 4000 4300 3000

ADT [veh/day]

S0 71w anMal nyini I ,NIYN NIRIRNA 'Y T 1. I'R
2190 71w 2AnNalI NYINN N9 NIND ,NRIYA NRIKNA 'Y MTpn .1.11 1

Run off the road, Head-on, Sideswipe opposite and Sileswipe same
direction accidents = 35% of all accidents (shoulder type: gravel)

1.1 ———SEW= 0,0 m (0 #t)

—— SEWm 0,6 m (2 ft)

1.0 ;Wﬂﬂﬂmmmmmm e SEW= 1,2 m (4 ft)

accidents AMF2

e =

AR e e et |—e-SEW=1,8m (6 ft)

Accident Modification Factor for total

“-SEW=2,4m (8 ft)

0.9

(4] 500 1000 1500 2000 2300 3000 3500 4000 4500 5000
ADT [veh/day]

.(0'wxn) 7170 X7 71w anNal nynnn N1 NIYNA L, NNIYA NIRIKNA 'Y 'nTm . 1.12 R
21 anniam ann ame .1.2.3

2NN .00 217'wUnn D2 K78, 7272 D'TTIA D'UINT7RN NIYOSWIN ]I'X NRIRNN MNNINENRIRNN NINDY

H1wUn 7y Y1017 0an1? 0N 0T D AN 71W X 2'Ma7 X7 1110 X7 .71 Ann7 0'knn% )Y 2

,0"0'01 |11 'O |'3.'7 NniN'vAN NN |2 DTN DMPZNN] IRXNIY 0"'0O0'VLVOoON DY 7V 00oanm

1.2 n%202 avimd ,j1dNn Ni¥7nana 0voxnN v 2 a'wn Nk Ny (2002) Mendoza et al
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D'T2D 221 '72 TINXI DN NN L,NYINN N9 '9 7V ,71W ANNI 2N AN 217'W7 100 niXnn .1.2 nhao

% of heavy vehicles
ADT Design speed >10% <10%
Lane Lane + shouider T Lane + shoulder
width width
{veh /day] [km/h} m] (m) [m] [m]
<350 300 3,50 2,70 3,30
=750
> 50 3,00 3,50 3,00 3,70
<50 330 4,00 3,00 3,70
750 < ADT =< 2000
> 50 3,70 460 3,30 4,30
> 2000 Any 3,70 5,50 3,30 520

NNINN 'IT'NY 0'9°011 DANYN-11 0'7Tin .1.2.4

112 ,7NT AI0 '97 19IR NRIKN 1901 T'n7 Draon o' Inn'e (2003) Prinsloo and Goudanas
DT 210 '9-7V YXINN 'MIN'VA VIXT7 [TAIXD NRIXKNN MIY'Y DX DAYNA 077NN .0"7100IX ,071 NIRO
D'NAX NIDOX ,'DIN DIPY L'POIX DIPY 71w 2NN ,2'N1 2NN ;1A D2''OXN 190N IWN'W D'DTN Al'07
77150 0D TN 1IN 0'01] WIN'W NIYXAKA INNID 077NN .NY0™M 101 N9V 'A'N1 ,N'"M9 AN ,0Mun
WO 1AV GON1 D'DOTN 7Y DMVAIN'AN D"'ONAN 72V VT .nmny-2 oo T 7w n"p 10,000-n "N

.D"YUXY D'NNY 2 T YOR 797 17apnn nyinnn ‘N9 v 0ima ;aon 10 ka0 T

niMnxay 0O T 7w n"p 3,000 im1 0'0a 7y YTMN NIN'D NXR 770 IWUKRIN 2700 .0MYY 2710 Apnnn
7707 D'on"Nn INNTY D'R¥NAN Dimipn 01T 7w n"p 7,000-7 71m oxnin ,awn 7702 .n1n

.019¥ 10-1 DY 5 ;N7 NIDIPN '"MYY NN NRIKNN 1IN YIN'W Agnnn 7Y (IR
NN D2MONN '9-7Y NWYI (D'VIXMIVON NITAN) DT WO A0

number of carriageways (one or two);

pavement width  (dual carriageway: >15m; <=15m) ;
(single carriageway: >9.5m; <=95m and >6.25m;
<=6.25m and >4.5m; <=4.5m);

shoulder width (>1.5m; <=1.5m and >0.85m; <=0.85 and >0.0m; 0.0m);

number of lanes per carriageway (2, 3);

average lane width (>3.5m; <=1.5m and >3m; <=3m);

type of centre line marking (B/B, B/C, C, none).

210 17710 ,NIIRNN NIY'Y QYN YIXYT NIF'0ANAR X7 NISOII NNIDN NYSYWN 7Y A1W'N vl T 10 707
2NN ,0"IN70 T T )TN DX (IR0 ,N9'PYY 2'Ma DI'7 , NN N7220 NITN L'POIXR DIpY ,nyo'n
NNINN Y'Y .0™MIYN O'NAX NID'ONI D' N1'AVAl DNWA NIKYA'ND ,NIN'VA NIPYA ,0'71wU0Nn 71 NITR
nX mavn 1.3 N0 .01IY YWY N NIRIRN N9IPNYT T 210 727 awin (201 n"p 1'% ninIkn) yxinn

DY T 11N17 NRIRNN NIV'Y

Y'Y 7Y NRIYA NRDNDN NYS5WN NavIn (DY'9XAN 27'W) 0T 10 727 NRIXNN NIY'Y no 7y

NIDNN 752 TN 'WOR 7D 7Y YXINNN NNIRNN Y'Y |2 ON'D NIYYARA NAYIN NYOWAN .NRIRNN
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NYIX 7 DNYOWN DX NIRNN 1.4 2720 ,XNa1T7 .Ax¥np2 TN 'WOR 72 NRIKNN Y'Y 127 ,N1N2N

1w ann 7w 0'axn 1901 1y ,NM1700-1T T NRIRNN NIY'Y 7V YXARD 17 79 [In'on 110

(2003) Prinsloo and Goudanas '9%7 ,0n1w 0T "1''9Xn DY D'V NRIKN Y'Y .1.3 0710

Paved width | Shoulder Width ’.‘::;:’; e‘:’ Average Lane cf::;‘fg:e
categories (m) Class (m) carriageway Width (m) (10-years)
Dual Carriageway

2 S3AND <= 35 3.0
>0 AND <=0.85 >3.5 9.8
3 >3 AND <= 3.5 383
5 >3 AND <= 3.5 222
3 >0.85 AND <=1.5 >35 9.6
Div-<=18 3 >3 AND <= 3.5 74
>3 AND <= 3.5 10.1
>1.5 2 535 6.1
= > >3 AND <= 35 311
>3.5 273
Single Carriageway

<=3 53.5
P49 0 2 >3 AND <= 3.6 28.7
>0 AND <=0.85 |2 23 aND <= 35 2.2
>0.85 AND <=15 |2 I AND <232 283

>6.25 AND <=9 ' :
<=3 532
. 2 >3 AND <= 3.6 398
535 253
=3 25.0
>3 AND <=35 25.2
>3.5 533
>0 AND-<=0.85 . >3 AND <= 3.5 319
>35 6.9
>0.85 AND <=1.5 |2 :g gND =35 fg'g
9.5 1.5 3 >3 AND <= 3.5 220
>0.85 AND <=1.5 |3 >3.5 213
>3 AND <= 3.5 582
1.8 2 535 813
2 >3.5 411
0 3 >3 AND <= 3.5 542
535 144 8

Prinsloo and Goudanas '9%7 ,n*7170n-1T 10 T2 NRIXNN NIY'Y 7V DRIY [IR'0 210 NySwi 1.4 0710
(2003)

Centre line marking type | Average crash
Sealed width | Shoulder width crash rate difference (%) rate difference

category (m) class (m) BB B/C | None c (%)
-881| 71.77 0.78 4,08
>0 AND <=0.85 | -3426| -7.87 -1.53 27.07
-5.06 -5.06
e tas I T e — Y Y
Div <=15 <=1.5 : . -28‘95
-26.42 28.34 0.96
>1.5 13.03 13.03
0 556 31.76| 92.31]-31.81 21.84
91.64] -46.00| 22.35|-53.91 -7.16

NIM'X NN )2 NIX? NI 2IWNN 0'0QN .0NIYW NIIRN 2107 D'1aon 0'7Tin Inn'o ,(2004) Qin et al

2101 17N NINWIE,MINDY vy X7 NID YXIMNN MmN nyinnn N9l NIRIKNN 190N "2 YUPNY NyYnan
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201 75 12 DY NMIIRN,TTI2 201 NIIRN (DY D'AI0 NYAIXRYT ITI9IN D'YA9] DY NIRIRNN [N NIIRNN
D2ININ .NAIX2 201 7D 12N DY NMIRNIE DTAIRA D21 207 Y7 2N DY NAIRNL,NY'0IN [P INIKN
TNTN NIWA T2V PTRINAN N2 TNR-21 NIN'OA 1IN 7w MaRn 'Y ,2"NAINA HSIS DRiman Narnn Ing'?
.0 YIIX N2 N9IZN NMTAIN NINIY7 NI TAN 7¢ TN NMYIN INR7 nYiNn ‘N9l i .N7RITo0
T WO .A"R 29,000-n Nt 7w 77215 XA nirama-T nif2i7on-Tn 00T WOz 29,800-n N1t innn
,LUXINN MI' NYIN N9 ,)0IR ,DAI0N '9-7V NIIXN 190N 07X DRIN I90X] YO 727 'KIPX [9IXA NNQ)

.NYO'™M 2NN ,71¥ 2NN ,2'M1 2NN ,NNIM N2 NNn

7> N7 077NN Zero-inflated Poisson A10n 1IOKI® 7TIN2 wIN'Y nwWyl ,0'AI0 '97 ,NNIXNN T'NY
210 '9-7V NNIYA D'DYTA NYIINN NIX ' TAN7 1Y 0D .DRIKNN 19017 N9'WN A "MK TWR TWORN'Y
.D'NN¥] NIMYNAN 01T VN N9 L[ 722 'MyY N9 (120,009 NYIN 1IN 1I¥N QTN .NAIRNN
.D1IDN W7 yXInn 'aif N9 YT ,0'7'A0 D2'AT NYIAN 1IN 7Y D'00ANN TWNNA DNIRINNN D'RXANN

:NNONN NIYXAKRY ININNA NIRIRNN IT'N7 7TInN

AF, =n,p, =V L% ",

AWUND
AF, = expected accident frequency of type k;
Nk = computed exposure function for accident type &:
Px = accident rate for accidents of type k:
V; = AADT at site /;
L = length of road at site /;
Xi = set of characteristics of site /;

a, B = parameters to be estimated for accident type k.

IV'ONNN YOR IXRI MI* QYIIN 0917 D'ATEANY IXIN N'0NANN NIRXIN .0Y'NIY DAIN17 DXRNIN 7TmMn
7w DavIinnn 0'DWWN DX Mayn 1.5 0720 .nnIknn Ao 12 71T NRIYAL DIYN IR? Mop DA

1995 - nn'ion NNX NIV IWNINNY NRIRNND 'D-7V ,NIRIRN TN IX? 77NN 191Ny 0Monion

(2004) Qin et al :qIMn .NAIXN 210 '9-7Y ,NIRN 1T'NY 77N MTn 1.5 n7a0

Accident type

Explanatory Sinale | Multi-vehicle | Muiti-vehicle | Multi-vehicle
variable ¥ ohlg:l a same opposite intersecting

, L " | direction | direction | direction _
Intercent GOt 0672 2.133 8.852 0.883
(RTCOPT ltvalue | -2408]  3206] 6.188] 0857
Coeff. | 0.254 1.270 1.126 0.720

INAADT) [t Value | 14.540] 2.7% 2.050 10.470
Coeff. 0.725] 0.429 0.748 0.245
infLengt™) [tvaive | 63.547] 13815 11,759 5.658
Shoulder |Coeff. | 0.026 -0.054 -0.123 -0.084
width  [tvalue | 3295 ~4.702 5383 =674
Lane width |S0¢t-_| 0.136] 20.261 -0.908 20.148
t-value 6.925 4.729 -7.469 1.715

Coeff. | 0.000] -0.013 -0.012 0.003

Speed limit 7 lue | -0.132] -2.805 -1.300 0.533

NII11DN NIV7NN 7Y N> NIX? NN N7'2an N1'n (IHSDM) Interactive Highway Safety Design Model

.(2003 ,Krammes and Hayden) 71yoni nin'va 7 0'oa'nnn n7170n-TN NINWY-2 NT7 DNIYEN
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TIX7 ATV 7D n1d L IHSDMAN .A"naka (FHWA) N7 1on 0T NIYA Nd'ANA NN NdINN N7an
15NN NI9I7N 7W D'WIX'AN IT'NA [IDNNYT NYToNN ,NINYR 0'OYT 7Y WTNN [11DN1 NIYTN 0T [110N
D'2'7 NY'MN NIDINY7 .0119NN [1DNN TV DTRIAN [112N0N ,]1dNN %Y 701 IHSDM-1 wnnwin? Nt

NYIAN NN D'NNAXN N0 ,[9NN NIFARY NOYA L NARIRND TN, NN NY'Yyo DM yw'y

NIV D'RXN] 1Y3;22¥ D"0NMON OXN D'"AT ,\0Tn 1A' [11ON J']rl"l'l'? wnwn "nrnrmn ]T’l'|70" oM
, 0T TX2 DI"'OXNN 2715 ,AnNY? ']]'II'I'? N'UY IT n7'1a .AASHTO v 112NN NN NTAINY D'DVN

IR 7NN DIXRN CIKRINN L'POIRN IRINN

NYINN I1ORNI DMIVAINTIAN DRONNAN '9-7V [NNINE NIIRNN 19017 [TAIX 7'91 "NRIRNN 17" 20
TNTN W02 NRIRNN YT'N DNMAZX 7V DW'DwNN DY NT 'WWORYIE DNNY? T TN )'7nn 'y
SN0 D'MIPY NaYn DY ORN L'POIN DIy 7 oI IR L7721V 210 71w AN ,2') ann 071D
D'MNMIATRN TN TN NID0 ANTEND'PY AN DY DXN,D'IWN DAY NID'OX VIS ,T¥ NNJaN
DA MTPNAL 7'M TN NRIKN 1901 D'PO0NN 0'UO'VLVO D'7TIN D7YN NI'YAINNN 1901 [TAIRYT

.D'MNX 10 NY2IRYI T 'WOR7 INNID 07'0'02N D'7TINN 1YY

7> ny (accident frequency - AF) N'0'01 NNINN NINDY 1IW'N7 NNOI D'7'dN D'0'0aN D'7TINN
NNIKN '1'Y MTEA DY .YOR )IRE MI' QYN N9 DY ,77TNN NNNA DY OV 00NN DINYNN
'0'02N 7TIMNN 172NN NIMTAN NRIKNN DY (1107 D'wnwn (accident modification factor - AMF)
[707 .QVIT NIIRND DMIN 7Y IR (12'0N N0 7Y DNYSYWNY D'A'IoN 110N ‘019 DY YO 7w D'DIYY

:NDIVNY? XNonn

AF,, = AF.y., e (AMF,,AMF, ---,AMF, ),
AWND
AFiink = predicted number of total link accidents per year;
AFhace moser = predicted number of total link accidents per year for base
conditions;
AMF, = accident modification factor /.

12 NTan ;70T WoRY .0'Nnim 719 -2y nnwyl AMFR NiNM''Y NI0'Y INNIS DAY )TN Y98N NN
,DMIPY N2Yn DT DN2AN L0 LPOIR DIRY 7W IR 71U 2NN L, 71U 210 ,2'N) 2NN ;DNY DV'OXRN
N9'ZY 2'N1 D'M"{7 DR ,N7NAY NI'197 D' VO0-IT 02N D7 DRN ,D"IYN D'NNX NID'OX ,DIIR VID'Y

0T Y 0N

-IT NI'7170n-TN 0'DYT? HSIS Yw 'yAIxN DRIMIN 0'oan 1vaan IHSDMn Yw D'7Timn NIN'eY naiman
1M Iwn'y 0'77mN N J'm 3.66 TV 71w anni 'n 7.32 1Y 0D 2 ann ,KNAT? WX NMm)
,2"N0 J1uarwil N1 TANt ,1993-1995 nawinni ,nvioi'n N1TAan ,1985-1989 nawinn niIRNNI NYINN

Jixn 8,083-1 111 oy 3,308-n n'aiman 17701 07 Tinn NiM'oa
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mi* NYIIN N9 :[120 TN 'WOR 7TINY 0'R'YIVI9 0N'A0N DNYA 7W 717A 1901 2721 ,NIN'SN 1'7nNna
YO NIXR) 'P9IX 717'Y 77wn ,'m 100 IXa nwpra 71'va ni7yn 71W Ann 2N 2NN L,Y0R IR LYXINN
TNIN) M09 DIX DIZY 77wn (21X DIPFYA) NA0D VID'W YW L(VOPN 72 1IN 771NN '79IRN 217w
D'NAX NI9'OY ;TN T¥A NIDO AN'T YA VIO ,(VOn 75 7NIXA 771NN NA092 DIRN DIpyn Yoy
:0'9011 DINYN NYMN 1AYIN LD 11D .MI'N NYINN N9 NI'KYNA TINK ,NNNIM N DNfn L,0Mwun
177wn 7190 7'y niyn npo L(0'7170 0Y71IvI D'2MI) N7170 nyo' ann L(Ad-n"p [1'7'na) no9'wn

.DWIS'YN 7Y 0'07NIM 0DV DIOIL|77WN 719 'DIX DIPYA NIA0YD VID'Y DIDO

Sraysihirsshivaiiah
AF =e'T[ x”.
UKD

AF = expected number of accidents (total and injury accidents);
X = explanatory variables;
a, b, = coefficients to calculate.

7TMN MTEn .anm 0YYY Ml e Mk LIoRIS 71T YW NIv'YA IWnnYn 07 TINN NIN'DY

1.7 27202 0'xam 0T YuRa NRIRNN 0 1Y N12Y

IHSDM '©%7 ,0T Y072 NRIXNN 107 7Tmn 'mTpn 1.7 n7a0

. o Estimated

Variable Coefficient standasd srkor p-value
EXPO (million vehicle x km) 1 (as an offset)
Intercept 0.165 0.1289| 0.2006
Lane width - LW (m) -0.278 0.1397| 0.0465
Shoulder width - average of left and
right widths - SW (m) -0.194 0.0375| 0.0001
Roadside hazard rating - RHR +0.0668 0.0211| 0.0015
Driveway density - DD (per km) +0.0135 0.0042| 0.0011
Degree of curve - DEG(i) (per 100m) +0.0137 0.0024| 0.0001
1C(n)'c(':z:)curvature rate - V(i) (degree per +0.142 0.0378| 0.0002
Grade of section - GR(i) (percent) +0.105 0.0287| 0.0003
State (0 for Minnesota, 1 for
Washington) +0.139 0.0659| 0.0351
np 1331, 9
D" I (n-p-1) 1.50
K 0.3056
Rx 0.829
R’ 0.655

n7T'NY% 077N 1221 ,NI'71701-TN NIMIN'Y-2 D'DYTA T 'WORA NINYYAID'YY? NTIAY NNA0N1 7310119
D'MIEY? 121 DIw 0*71 .(2001b ,2001a ,Cardoso) n'mipy? D''wni )T 'WOZal DMIPYA NRIRN
nmma-1T 01T 7w n"p 1,100-n 0rima 19081 ,0'7TIAN NIN'D DIIXY? L7170 X7 71w Dy1 7170 71w Dy
NYIIN 'N91 ,D'"VNINR'A 021N 190X 178 D'DOT 'WORY? 2170 X7 1w Dy n"p 670 noinn ,ni'217o0n-Tn

.1.8 nava axm 1I90XaW DIMIAN TN .NRIRNNI
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NIAMI-IT 0T 7W NIN'VIN NN N2'NAYT 72107192 1D90XIYW DIMIN 7' .1.8 YAV

Road with Road with paved
unpaved shoulder shoulder
Tangent| Curve |Tangent| Curve
Number of road elements 1,043 1,719 606 1,042
Length (km) 430 240 234 217
Traffic volume (10° vehicle x km) 3,121 1,588 3,553 2,877
Time period 1988 - 1993 1991 - 1995
Number of injury accidents 3,121 2,378 1,007 906
Accident rate (per 10° vehicle x km) 1.04 1.5 0.28 0.31

;17072 N1'7'7020 NNOIINI NNIONID NIA7ONNA WIN'Y JIN "IN AN 1'70N2 IWNNWA IT'NN 7T NIN'OY

In(AF)=In(a)+b,In(x,)+b,In(x,)+...,

UKD
AF = expected accident frequency in the road element (tangent or curve)
during the relevant time period;
Xi = explicative variable, representing the influence of road characteristics
or driver behaviour (speed);

a, b = estimated coefficients.
X7 7w ,7'wun yopa 7170 71w L 1'wa 7170 71w nTR Daxn Ny, 07 Tin V2N RN PN MK
DINWNN |2 KRNI D'7Tmn DX naxn 1.10 ,1.9 nix'7a0 .7'un yopa 7170 X7 71w va 10
NYXINN NN, 'MIF YN N9 ,NYXINND NIMIMEY , 2N 2NN ,V0P 1IN D'R¥N1 N7X 07 TN DNonn

.01IIDN Y NYXINNN NIN'ANA Nnnnonl

Cardoso '97 ,7170 X7 71w Dy 0'DOT 'WORYT INKNINY D'A0NN 07 TN N'0Na 'nTm 1.9 n7av
(2001a,2001b)

Curve | Tangent

a |In(a) - -10.29 -3.483

Length (m) 0.5731 1(%)

Carriageway width (m) - -3.275

Average bendiness (1/km) -| -0.2055
b, |AADT (vehicles per day) | 0.8963 1.032

Average speed (km/h) - -0.6619

Maximum reduction in the

average speed (both directions) |(km/h) 0.07427 -
Number of observations 1576 972
Standardized deviation 2030 1374
Pearson's x* 2143 1634
| Degrees of freedom 1572 892
Overdispersion 1.29 1.54
R er 0.24 0.49
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Cardoso '97 ,7170 71w Dy 0T 'WORY IMRNINY DN20nn 09 TINa ‘o mTpn .1.10 nav
(2001a ,2001b)

Curve | Tangent
a |In(a) - -13.32 -8.755
Length (m) 0.6967 1
Carriageway width (m) - 0.1165
(vehicles per .
i AADT day) 1 1.181
' |Average approach speed (km/h) 0.0525 -1.87
Maximum reduction in the
average speed (both directions) (i) BT8P )
Number of observations 834 606
Standardized deviation 969 797
Pearson's x° 964 773
| Degrees of freedom 794 572
Overdispersion 1.22 1.39
R ey 0.44 0.59

offset * :1.9,1.10 nix7a0%7 nvn

[12'02 7ITaN DX 7277 T NNR ARNYNT ITNIXR DY7IR'YN 'YORA NPYNN 'YORA DIRIRNN TN MTEn

17070 ' NIITNN NIRIRNN NINDYA AWY niIknonn (7170 X71 '7170) 71w 7w a10 97 71'wa

ABa _ i (VARSI

For roads with non-paved shoulders: VRAC =

U i TMDA*™ L%
: AF ; i (AV )Mt‘iviﬁl
For roads with paved shoulders: VRAC = —S== = g7 b
p AFTM TMDAC .SXLOC;Q:LzI.G
AWND
VRAC = variation in the expected accident frequency due to the
horizontal curvature;
AFcune = expected accident frequency on curve;
AFtangent = expected accident frequency on tangent;
AV = maximum average unimpeded speed at the beginning of the
curve (both directions) (km/h);
Le = carriageway width (m);
TMDA = average annual daily traffic (vehicles);
Vur = average unimpeded speed on the preceding (approach)
tangent (km/h);
S = average road bendiness in the 500 m preceding the initial
section of the curve (1/km);
Lc = curve length (m).

12'0N NN '9-7Y 0YIR'Y A1IM0T7 WIN'WA I'N 1770 NIXNOINN

JDM7170N0-TNN 0'DYTA NIIRNN 190N IT'NY D' TN 7W NID0N NIXAAIT NMY'p ,NMIN71'AN NNS01
,DMNKI [N70°2 ,XNAIT? ,NXY) N7 D'7TIN2 D'1'20NN DNYNN |2 D'Y'DIN K7 D'7IY 11"'ONN TWUKRD
(2012

NIYNINN |27 NYIN NPT 0'OYTH 179XN 2 W7 0aon 07T innie (2012) onk 70 jnna
TV NYIIN N91 DY ,NIM71700-TN D'DOT 'WOR NTAIN AYIAN NI7T 0'DYTI TWKD ,YIRN 'KINA L, NRIRNN

NI'NWANND DAY DT NRIXN AI0 NWNINYT7 INNID 0aonn 0'71mn .(7a1vna) nnna 1o ' 3,000
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0.6
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0.2
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n.'nmeann

NI ,NYIN N7T 0T Y0P ,0'YA01 DY NRIXNN 1901 10 |27 721v ann 2 ywpn nix . 1.13 X

.(2012) onx1 M7012 QM RN
D"71¥ '719'0 NIApYA NRIXN 'Y ‘T . 1.2.5

N2NTN :[122) D71V 719'0 NYOWN'7 D'AD0N DYITAIXR D'NAIN DD TA NIN'VAN 'RYIA DIV DDTN
NT* MT7N? Do Xan (2003) PIARC 9w an ,xnarT? .nniknn Noon 7y (071w aixe v
['N2N7 N1 .1.11 27202 0'W'DIN I'RYNNY IPINR 17NN N0 7V ,2'N] IX 71W 12NN NIy NRIKNA
.D'I'WN NNHD 722 MINIY7 10 YWRNE NIRIRNA AT RN L7170 X718 7170 ,71w Dann 0T N 97,9

JnIkN2 5% 9w N1 oy wpnn oviw aixe o exn (2003) PIARC - 1ipnn mix

N710 - 71I¥ AN N7Tan nyswn 127 onio o'Rkyan axin (2004) Elvik & Vaa 7w 1001 ,NRT Ny
,31% 7w ngnam N 2V NNT - NAIRKN2 AT NN 7170 71w 9w n% nanan Nt ipn 197 .1.12
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(2003) PIARC ipn .2ma IX 71y nann Niapya niikna ™y 7Nk . 1.11 n7ao

&5 it ACCIDENT REDUCTION (%)
WIDENING (m) WIDENING OF
TOTAL PERSIDE |LANES PAVED  UNPAVED
SHOULDERS SHOULDERS

06 0.3 5 4 3
12 06 | 12 g8 7
1.8 09 | 17 12 10
2.4 12 | 21 15 13
30 15 | 19 16
36 18 | 21 18
42 21| 25 21
48 24 | 28 24
5.4 27 | 31 26
6.0 30 | 33 29

Source: Zegeer etal. (1990)

.(2004) Elvik & Vaa :nipn .nnixn 2y 72190 21w nanin 7w nyown .1.12 n7a0

Percentage change in the number of accidents

Best 95% confidence
Accident severity Types of accident affected estimate interval

Increasing the width of the hard shoulder by about 0.3 metres

Injury accidents All accidents -21 (-32;-9)
Increasing the width of the hard shoulder by about 1 metre
Unspecified severity All accidents +2 (-3, +7)

MPMINRN [I'01N 9"V  NNIXN 7Y DY71IWUn 1oxn NyoSwn N wTnn N2 (2009) Stamatiadis et al
accident ) AMF 7¥ D'n1n2 axin DI2'0N .NT 7NN WY NNoon 'k¥nn? oo nxan 1.13 n7ao
UTNN 2¥N2 '19X¥N NNRIXNN 190N |2 ON' 7V 0'YAxYN WX NINIRNA '1'YW 'MTpn - (modification factor
NTY' DY DNITA 71 2NN D770 ,"ApY [DIKAY NIRYYT NI . [wD ax¥an Dniv'? (N 2ma 27w ann ;i)

.(A'm1 anin N7Tan a7 9"11) naikna

D"71¥ NN ,TNXR T¥N D |y (2000b) Hauer .n'ynwn-Tn N1*R NIN'0A 7V 71w 2NN NYSwn ,NRT DY
IN ,NVIINN NNMIT? Y1507 '7an wiadnn N7 X 20710 QUKD ,DN'N 'A¥N] TN ,NIN'UAY NN
NINIAA NI'MTNNA YI01? 0'ANI D'TTIVA D'ANY D'71W ,)T'RA . TNN NUOW 2217 [INNN 2NN WATI UKD
D'N'2N D78 D'MNIA TYKD ,NY'0]1 "2 DIV WIN'Y IR TN YA NNYY TTIVY? DMWY RN

N7 Nn'Yn NI'R NIN'VAN 7V 0721V QNN 7w NYSYWNN Ny L27 .NRIRNYT [12'0N N7 TANY

NNIXN 7Y 0"71¥ AN NYswin Xwna 1956-1999 nawnn n"znnn 2N DX 77w NINDON 170 NIApya

12> nnpon? yan (2000b) Hauer ,0'1Tn

N9 TWKN D'7ITA NYIIN 'N9 NP N'NIYAYA NIN'LA 7Y DN D'71YW NYSWN D 01'¥N DNjpnn *

;D107 NYIN
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AN NNIKND 7Y 719 2NN 2 2NN YO a7 Npninkn NNoon 'kxnn? o'o .1.13 ntavw

(2009) Stamatiadis et al

Reference | Element Resulis Commienis
AMF for lane widik
Lane widih (fi)
9 10 11 12
Haraood Four-lane undivided 111 | 06 100 099 AME for lane »idih is based on
:Iz‘;: 00 | Lane Four-lane divided 108 |1od  [1o0  |oee ::;":: P‘:ﬂ":l":cf:m‘:‘ii'fof
AMF for lane widih
Lane widih ifi)
Roadway 9 1] 1 12
Undivided | 1.13 108 |2 1. AMF for undivided is expent
Lord et al. | Lane . panel based in the HSM; divided
2008 22 | widih Divided log | 105 | Lol 1w ishased an models

AME for shoulder widh

FPaved shoulder widih ifi: ome side)
Haraood 3 4 5 & 7 i AMEF for shoulder wickh is based
etal 2002 | Sheoulder - a . an naral tweclane reads and from
(263 widih 1.0 0.57 0.95 093 0.91 0.50 expert panel recommendation
AMF for shoulder conversion
Shoulder widih (fi; one d@de)
Tresment 3 4 5 ] 7 B
Turf to paved 099 | 0OR | 097 | 097 | 087 | 096 || aMF for shoulder conversion is
Harwoad Giravel to paved 100 | 100 | Lo [ o9e (090 [ oge || based on meal twve-lane reads
etal. 2000 | Shoulder ) _ and from expert panel
(7 type Turf to composite LoD | 699 | 0598 | 697 | 098 | 098 recomrendaticn
AMF for paved shoulder widih
Paved shoulder width (ft)
Harkey et 0 3 4 & ] AMEF is developed from expen
al. 2008 Shoulder panel evaluating 1TS
(27 widih L.18 L.11 1.05 1.00 095 improve menis
AME for paved shoulder width
Paved shoulder widih (i)
Roadwmy [i] 2 4 & 8
Undivided | 108 | 111|105 | Li0 | 085 AMF is from expert panel for
Lord et al. | Shoulder . paved shoulders; recommended
208 (277 | widih Divided 118 113 1.0 L L0 in the HEM.
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Parametric coefficients:

Estimate Std. Error z value Pr(>|z|)
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lg x 1.006 5.189e-02 19.383 < 2e-16 ***

lane w 0.3837 1.545e-01 2.483 0.013032 *

bar_avl 0.8053 1.420e-01 5.673 1.4e-08 **x*

sh to w -0.1582 4.893e-02 -3.234 0.001222 **

rh min -0.0001342 4.044e-05 -3.318 0.000907 *x*x*
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W )2 7w yavn 71inn .28.6% n'n Nt 7Tima nnaoimn Niiwn 7TIa

NINDI2 ,2'N1 2NN ,NYINN N9) DN N'7170Nn-TN INT VO NIYAINN NIIRN 2V Dw'ownn Danwnn -

;TN 'POIX OI'TI 71 2NN ,NIN'VAN NIPYN

;TN T NIN'VAN NIRZYA NN QM) 2NN ,AYINN N9 N7V DY N7V YUza NIIRNN 190N -
YT 'POIXR 01T N*7Y oyl (7710) 71w AnNa N2y Dy TP NRIKNN 190N -

120 NRNON 1 IFY L, N'OTINN N'NANA X L,WIN'WY N1 A 2" 7Tmn NN

;NIN'VAN 72V D'71IW 11MONRN NYOWN NN TRNNN NN WRD (7170 X7 ,7190) 71w a107 1o Ty~

7 nIN'vaN N7 NIoN'NN X771 TA72 NipYAN NINdIA 9"y NIN'VAN NIPYN NYSWN? INIY 10N *

JDMYNN MI9'Y DIIXY? 77N NI'vin'wn yviaw nn L (no_bar_est ,bar_est Dnwn) 1T Y

XU D'IINNN) DY71UN TONN 1Y 0700 DNonn 07T apnnw non' whnn toan 7wl
T [IN27 V7NN ,DMPNNN P70 DY7IVN 1YORN 11IAY NOXIY NINIRNN DY 210 X7 Wiz DAl (pnnn
Y21 NONKN NU'YN N1'NAYT 90N 717'Y .NNIKNN NIYNINN 27 D"721U0 179NN |2 2PN 1IN'T7? NDoN
N7 0'oa wnws? non?1>'7 on'Nna ,0"I0VN1D-10 00N D'7TIN 975 NIND0A NN''PN NMIP'ANN

.(2010 ,Hauer) niixn 7y 0'IN11 N'NYN 1M9XN NYOYN
case-control nu'wa n"'aon 077N NN 3.2
case-controln now "1 .3.2.1

NIN'S7 0'02 NIwnwnin (cross-section analysis) 'ANNN NINN NIV'Y D NNKN1 120N (2010) Hauer
D'NMIIA 7W YIT X7 190NV |I1'Dn ,"197-1nX" N> NIV'WT? 071N 9*7NN NN ('R D'20NnN 097 TINN
N72PNNN NRYINA N'YLN XY TYYY NN LD1N1201N DY7TINN NN [12WN1 D71 K7 DMIYOKR D'Y'DwN
NLVWYA D"11'UN VIXA NIDIPN 7V YT 1TV 702 ,NIRT DY .NINIRN 7V IFMUN 119NN 7¢ nYOwn mTpn -
VIN'D ,ONXN W7 010N TRR 7Wn 71w 2NN ,XNAIT? ,0uN 'Y DFTRIN DFMUD NI9'WY 1Tyqa AN
Gross and Jovanis :[12> D"pIn |27 .02 0NN TWORNNA X7 "19%7-1nX" NU'WA NIN'2 NIDWN
N901 NL'WA ,NMWN 19NN NYSWN NdIWN7 Tvin? 1wwn - (2011) Gross and Donell ,(2007)

("19%7-1nX"-1 AnNN NIM1N) 77 1My nIv'wn My 2 "nwan” A1ux (CC) case-control NN

57



NIN'VAN YN DA .NN'ION N7NNT7 N'OI72IR 7w [12'0 '"mn IN'T7 N7 TN n7aipn CCh no'w
AYND 200N Y1 TN 'WNNYA [ DYYPRI0IR 1IN AWR NINT N0'YA IWYIY DZNn DIY' 0D T
NMONNYT7 DNIYPEN NIRIKND 'Y 'MTpn NDIYNY DA NINT NO'W 7Y Ni'vin'y Mpnna 0T Gross
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on' 7w 0y 0'Poon CCh NN .[12'0N DIIA NN AXRYINN NNANOoN DX D'TAIXR D2l (controls)
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.0'02N 'NIN NIV (NN ["OXN 7¥ NIYW 7Y DY) WTNN 2¥N1 '19¥N NRIRNN 1901 |'2 ON' 1IN
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;(D71MIN 0'02 N7 W'Y K7W) TN 1921w D1aonn DNWNN - Xi

.0"'20NN D'INYNN 190N - p
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j=1 k A
IWUND
;(cases) D'IN21N DMPNN 190N - n
;case 727 mxnInw (controls) NI NN 190N - ¢
;(DMPNn NNRNNY 1IWn' X7w) 97N 17751 0aonn Danwnn - Xi
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.j DXNIN VO Kk 190N control VY Xi NINWAN W - X

79310 AWN 'VINN BN DTN 7Y VDOPKRD WIN D'ION [12'0 DI 7w (Xi-1 Xo) DD W7 ORN

17070 ,0'0WN Y 2 w9
Odds ratio = exp [B * (X1 - Xo)] [3]

D'DWN DX 17 'R D Pr(Y=1) NJIXN7 NN2ANONN 7W Nd>WN Y¥A7 N1 K7 72pNnw TN N1ty imxd
N'MYNN 2Y'9XN DY DAY 0'1'Y 1Ay ORN DX 71 2WN7 N1 ,7TImn Mtva L7 .Bi i) W' KX

.0N1N
case-controln 7T naiman o'oa Nty .3.2.2

1ONN 1901 'O"Y DMIT TWX DINK 7W NIAIT 0'RNN7 w1T2 CCh NU'WA DININ 0'01 N7 1INND
719 NX1) DT NN D'ATIZN 0NN 'R¥NN 7Y JNNoN .(D'MWON D'YUN D'MIIA) NYIINI N'MYUN
,Gross and Jovanis) 7"In2 omIT D"{7NN2a DNNK NIAIT DY'Y7 W'Y TR DNYNL Aawnnn2 Dal (3.1
D2"'ONN IYN'Y DT 17NN 0'DYTH 'YL 7w anxnn nwn ma (2011 ,Gross and Donell ;2007

NN

;(AADT) nyin no -
;(sp_limit) nnm ninn -

.(rvn_min ,rvp_min) *2"7w1 "arrn DIx orm -
:N7N D1"9XN IYN'Y ,0'7TINA D'1'20NN D'NWNY D'TAYIND - NINTA NYN 1IN

;(length) yop I -

;(sh_to_w) 7215 71w anN -

;(sh_gr_w) "0 721w anin -

;(lane_w) a'm1 ann -

;(QYnna 120N NKXA - cat_bar) TN 'Y A¥n 7w nMnog -

.(gr_max) 7NIN7 vIoY -

DIYN 'NHL D"V NINIALR NTAIN DINYAN 2N 1AY ,NINNDN DX [N DWoEn NNRNN DIIXY |0

3.1 n7202 Wwinnd DN

AYKRD ,NI?'A YURZ TNA] NNRNAN "INYN NIy ,NINYA NSIpNn2 NNIXN/NIAIKD MW 12 NT YO yby]
TNX 72 112V WTNN NDW1 IT NU'YA 02INAN 0'01 NY'Y' .NINY DININ 0'0Q NN NX' N7KD D'NN NIAIT
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case-controln 7TmMY NIN1IN ANl AMXNNN Nwn DT 3.1 nhao

NINWNN Dy v niMiaop 120 NINWn NINYNN Niynwn MIpN NINWnN

+15,12-15,9-12 ,6-9,3-6 ,3 TV :nIMnoyp 6 cat AADT 170 978 ,NVIIN N9
o AADT

90,80,70 v :nimnoyp 3 cat_sp_limit N nNn
v"np ,yuEn n7'nna sp_limit

,3000-5000 ,1800-3000 ,1800 TV :nIMnvE 5 cat_rvp_min | ,mym arn 0DIx orrm
7250 7yn ,5000-7250 'n rvp_min

,2400-3200 ,1700-2400 ,1700 1Y :niMnvp 5 cat_rvn_min "9 DIR o'
4000 7yn ,3200-4000 'n,Myin rvn_min
-- -- n"p ,yop IR length
3.2%yn ,2.8-3.2 ,2.8 Ty :nimnoyp 3 cat_lane_w 'n 21 ann lane w

,1.5-1.8 ,1.2-1.5,0.9-1.2 ,0.9 v :nimnojp 9 | cat2_sh to w
3%n ,2.7-3,2.4-2.7,2.1-2.4 ,1.8-2.1 'n 7715 71w ann sh to w
,1.5-1.8 ,1.2-1.5,0.9-1.2 ,0.9 7y :nimnop 5 | cat_sh_gr_w
2.1%wn ,1.8-2.1

'n,M%7m 7w ann sh_gr w
nimnog 8 cat_bar nwi7y v Aty
IF bar_avl > 50% then use bar_est :DINWN
Otherwise use no_bar_est n"y) bar_avl
7yn ,2-3 ,1-2 ,1 Ty :bar_est 7w niMnopn TUKRD bar_est ,(njpyn
;(cat_bar 7w 1-4 n' o) 3 DX NIN'V2 NNN)
3 9yn ,2-3 ,1-2 ,1 Ty :no_bar_est 7v nimnopn ,(Npyn |pnm
(cat_bar 7w 5-8 o) nn1) no_bar_est
TN TN 2N (npyn X77 nin'va
12 %yn ,10-12 ,8-10 ,5-8 ,3-5 ,3 T :nimnavp 5 cat_gr_max % ,MIN7 VI9'Y gr_max

witwa N7 0'opa .n"p 3,302-3 7w 9710 NIk ,wad o 3,594 970 niman NIt oy NIEnn yapn
DY NIIRNN '97 CCN NL'WA NINYY D'YLORN NNRNN TNKY? .0'Wa91 DY NIRIRN 2,678 >"no mw1) ,01Iw
197 D'YLUPN 7Y DAI7'9 a'¥n 'K N901 .NiIIkN K77 1,050 noimn ,0'vop 2,100 7725 0'1man 0'01,0'va9)

1D L,NMAIT? ,NIKY D1 .0IYUN DI"ONNDN v nimMiaopn

;(D1wN wI7wa) 0'waol oy NRIRN 1-4 19¥1 NNRIKN DY D'YOPN N1 -

;201 70 978 9 TV - NYINN N9 7Y NI7'AmMN NINIALVEN -

;¢ 80 nanim nin'hn oy 1N D'YLVREN 2N -

;'n 1700 Ty "7 I o1 oyl 'n 1800 Ty arrn Ix o' DY I'N 0'YLVRNN 101 77N -

M 2.1 7Y 1.5 12 - 7710 71w AN 7w N NIxIOI NN -

;' 0.9 7V 0 2 - M7ma 1w ann 7w a'7'amn annopn -

;'m 3.2 7%yn - NIk Y1910 2'na ann -

N2IN1 NIN'VA NN NIN'VAN NIFYA 7 NIV NNV NN - TN FTY XN 7W AN NINDW NINIRAY} -
;NIPYAN K77 TN T 2N 7Y NN IR

3- 7w DWI9'Y DY NIMROEZN MY L[N NKRYEVIDW K77 11'D NN YI9IN ¥ K7 VI9'wN N1'nan -
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case-controln no'wa Innvy n'r1in .3.2.3
D'Ya9) DY NNINNN |0 .X

NINIM N'Vo*I7 N'0Na NIl (TDT) 0'wadl Dy NINIKNN |0 1Y N1 DRININ 0'01 No 7y
7¥ D1IY 0D 11y OR NOWN? D'WNT WK 7TIMn T Dwin L(SAS 9w LOGISTIC nAITXIND)
0'D'¥1 D'INYN DY 2UNI D'V DNYN DY TNRN (077N QY INRNIN ,NYYNY7 .0'W'SYNN D'ONNN
OWUR D7D INuN 79 Ninamn nn o'y NNyl 09 TINN Y 2 N0'NAN .0Y71WUN 11YONN NIy

.D'9'¥1N 0INWAN OV 7TINA MNP NNIAA NNYDL,NT NN

:(TDT) 0'vao1 Dy NNIRNN 10 1Y 72pNnY "IN 77imn 707

Standard Wald
Parameter DF Estimate-f Error Chi-Square Pr > ChiSg
length 1 2.1762 0.3066 50.3761 <.0001
sh to w low 1 0.1698 0.1179 2.0755 0.1497
sh to w H 1 -0.3467 0.1760 3.8816 0.0488
sh gr w low 1 -0.2105 0.1809 1.3536 0.2446
sh gr w H 1 0.4628 0.2443 3.5879 0.0582
cat lane w 1 1 -0.5782 0.2066 7.8307 0.0051
cat lane w 2 1 -0.2919 0.1199 5.9208 0.0150
cat lane w 3 0 0 . . .
cat_bar 2 1 1.2814 0.4167 9.4577 0.0021
cat_bar 3 1 1.1490 0.4000 8.2511 0.0041
cat_bar 4 1 0.8684 0.4177 4.3225 0.0376
cat_bar 5 1 1.0280 0.4090 6.3164 0.0120
cat_bar 6 1 0.7389 0.3932 3.5322 0.0602
cat bar 7 1 0.6846 0.4094 2.7965 0.0945
cat_bar 8 0 0 . . .
cat gr max 0 1 0.3419 0.5197 0.4328 0.5106
cat gr max 1 1 0.5833 0.5223 1.2470 0.2641
cat gr max 2 1 0.5999 0.5229 1.3162 0.2513
cat _gr max 3 1 0.6403 0.5339 1.4386 0.2304
cat gr max 4 1 0.9458 0.5721 2.7331 0.0983
cat gr max 5 0 0

777 ninyin

Av% 3.1 07202 ornivpn 0NYNN nNTan ax Ll

D'9'¥Y DINWN NTAIN ,NRIRNNIDM71UN 17ONN [ YN NNIY 'D7 1I9XA NIWATIA DY71W 179NN W Dnwn .2
XXX_low DTpn .nnknna ,M7ma 1w anni 770 21w ann iy L' 0.9-1 'n 2.25 [0 Bphnawvn nimipa .oninv
7¢ NNN DT AR YI9'WN 10 XXX_H oTpny Tiva XXX ninwn 7w qnnn DT 9% yio'wn 10 7Tina
7072 ;0w NI W NIND MIRN 1Y AWINA NINYAN 1Y N1 721 1WwWRd XXX ninwn
sh_to_w_low=sh_to_w-2.25

sh_to_w_H=sh_to_w-2.25

sh_gr_w_low=sh_gr_w-0.9

sh_gr_w_H=sh_gr_w-0.9

D n71Y 0'WA91 DY NIRIXNN 70 NIy NMInmn 7Tmn NT/N N1'NAN

751 WWKD ,0'W0N 19017 771NN 120NN MNWNN 7RI DTN .N'0NAN YW DWOIPN D7 TN D'wnnwn X 18
NI171220 .D2IYN D'YLPAN |2 NIV NIFNYT 1YY DT YR 1700 NINYANT IR0 NINYAN |2 YR OXNIN Yom
.1712YN NITI71 DN D'YLOPAN |2
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;']'NN'? VID'Y TN "T'X 2XN

71U 2NN N7TAN AWK ,NIRIRNA N7V DY Mwpnn (‘'n 2.25) nfawn Nzt v 770 71w anma nfy -

JNNIKND AT DYV MYpPNN NY'avn J']'I'I|7]'7 1ayn

AWND  NNIRNA AT oy Mwpnn (‘'m 0.9) nnawn N7 TV 7072 719 ann D71 NRT DNy -

;NIINN N7V DY YPNNR L,NNMAYN DT 12vn ,N70172 21w Ann 7Y N nina 1w
;NIRINND 0T DY WYWPNA N Y 2N 2NN -

,901m .(8 N"1avR) 71ITa V79N TR DY ,NPFYA K77 KID NI NINYVAN 2A¥AN )TN FTY A¥N NN -
N2> .NNRIXNA DT DY NNITA 07900 TR N7TAN D N2 NI [N NpYNn K77 0T TN AN 1]
oy NIt (71Iwdnni nyormnn NzNIN) NIRYNN 7w MNIF D101 NAXD ,NPYN 0OY TN FT'Y 'Avn 17,0

;J12'oa N’

NjP'TaN ,NKRT DY ;NARIRNY NI 1NN 12'0N DY DNITA )IKY? YVID'Y ¢ 1mn wn ,n'ox? Tiana -
7w 0N N D 19 7Y 797 "avn .0 7w TIRNA (O 190N MV NAXI'M 1T ANIA0E D D71y DRImIn

.("omnn yT' 19"y NBIXND) NINIRNA N7V DY NMYPRNN YID'WA 77122 N2V ,|"9NNN

yop ¥ NiN'van NNY7 0'IN 707 71w TV 7170 71 9w 1o nannn D R 7Timn L, nintoY
NIPYN 7¢ D2¥N 'NIN ID'Y IR WINTN 2NN2 TN YA 079120 TR NYToN LD 1D .N2170n-Th T
7V N9TY 079NN AT NNTON ,NNIXNT [12'0N NN 9"V ' DX ,NIIRNY [12'02 N TAY7 D'NIIN NIN'OAN
JININN2 N2V DY NYRNN IR? VID'WN 77122 N2y ,07n 2N 9"y 90112 .NIN'uAN NIPYN NN
NN D PNY LD DX NIRIRNY [12'02 AT DY DNITA NI IX 2N 2NN D 12D N'ON' Y'IMDNN X¥NNin

JNRINNY |15'02 Nt ,|X2101 NI NIDIN NY'0] NI'N'NNY7 DA NI Y A

1121 ,0'ARNINN D'YOPN NIAIT DY D2ININ '0'01 110 7V1 N'ININ NFVO*AI7 N'0NAY NITYA ,D'IT D'7TIN
QY 77N .DM7IUN MONN W D'9'YY DNNWN DY D21 AYR DTN DA .0'90I1 NRIXN 10 1Y
RO 1T X7 AT 7T P77 ,npnam X7 nntn 0t71wn anwn 22 nyswin (COL) 201 "D 2 Nifwainn
7N 7Y NINSY ,Nnam ANUA 0U7IWN UONN NYOWN ,DNINK NIRIXN AI0 NIy ,NRT NNy
DY NIIRNN 0 1AV 771N I'NY D'Y'OYNN DINWNN DNIX 72 NNWI DANIMN D77MN 7222 .00nwnnn

.0'Yan
T'N' 207 NNINN .2

24(SNG) T'n' 201 NIIXN NIAY 7apnny Manmn 7Tmn 704

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSqg
length 1 1.2224 0.3268 13.9946 0.0002
sh to w low 1 0.5654 0.1689 11.2056 0.0008
sh to w H 1 -0.4099 0.2379 2.9684 0.0849

TDT 7TmY nnyn nx1 14
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sh gr w low 1 -0.1486 0.2579 0.3321 0.5644
sh gr w H 1 -0.0870 0.3265 0.0710 0.7900
cat lane w 1 1 -0.5586 0.3324 2.8234 0.0929
cat_lane w 2 1 -0.2574 0.1735 2.2001 0.1380
cat lane w 3 0 0 . . .

cat _bar 2 1 0.6672 0.5907 1.2757 0.2587
cat _bar 3 1 0.1840 0.5771 0.1017 0.7498
cat_bar 4 1 0.1995 0.6024 0.1096 0.7406
cat_bar 5 1 0.7147 0.5845 1.4952 0.2214
cat_bar 6 1 0.1864 0.5657 0.1086 0.7417
cat _bar 7 1 0.00120 0.6056 0.0000 0.9984
cat bar 8 0 0 . . .
cat_gr max 0 1 -0.4937 1.2478 0.1566 0.6923
cat gr max 1 1 -0.3944 1.2474 0.1000 0.7519
cat gr max 2 1 -0.2466 1.2465 0.0391 0.8432
cat gr max 3 1 -0.2419 1.2676 0.0364 0.8487
cat_gr max 4 1 0.3841 1.3257 0.0840 0.7720
cat gr max 5 0 0

1D 071V TN 201 NAIRN 1Y NaNmn 7T7mn NT/M N1'NAN

JNIKN N7y oy nwpnn (' 2.25) nnnawn Nt T 990 71w anna 'y ,oTipn 7T nnim -
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Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSqg
length 1 2.0515 0.3786 29.3601 <.0001
sh to w low 1 0.3389 0.1626 4.3437 0.0371
sh to w H 1 -0.0949 0.2257 0.1769 0.6740
sh gr w low 1 0.00168 0.2632 0.0000 0.9949
sh gr w H 1 -0.3426 0.3770 0.8256 0.3636
cat lane w 1 1 -0.5783 0.3358 2.9660 0.0850
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cat_lane w 2 1 -0.3360 0.1746 3.7048 0.0543
cat _lane w 3 0 0 . . .
cat_bar 2 1 1.7278 0.6533 6.9948 0.0082
cat_bar 3 1 1.7640 0.6409 7.5761 0.0059
cat_bar 4 1 1.5172 0.6534 5.3912 0.0202
cat_bar 5 1 1.8301 0.6510 7.9028 0.0049
cat_bar 6 1 1.3858 0.6305 4.8306 0.0280
cat_bar 7 1 0.9168 0.6515 1.9805 0.1593
cat bar 8 0 0 . . .
cat_gr max 0 1 14.2299 682.5 0.0004 0.9834
cat_gr max 1 1 14.0652 682.5 0.0004 0.9836
cat_gr max 2 1 14.3358 682.5 0.0004 0.9832
cat_gr max 3 1 14.3624 682.5 0.0004 0.9832
cat_gr max 4 1 13.8163 682.5 0.0004 0.9838
cat_gr max 5 0 0
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Standard Wald

Parameter DF Estimate Error Chi-Square Pr > ChiSqg
length 1 1.5718 0.2497 39.6385 <.0001
sh to w low 1 0.6128 0.1102 30.9269 <.0001
sh to w H 1 -0.2401 0.1422 2.8485 0.0915
sh gr w low 1 -0.6704 0.1590 17.7706 <.0001
sh gr w H 1 0.5058 0.1630 9.6324 0.0019
cat lane w 1 1 0.0808 0.1573 0.2635 0.6077
cat _lane w 2 1 -0.4890 0.1075 20.6780 <.0001
cat lane w 3 0 0 . . .

cat bar 2 1 0.1813 0.3177 0.3257 0.5682
cat bar 3 1 0.3119 0.3092 1.0173 0.3132
cat _bar 4 1 -0.7152 0.3352 4.5538 0.0328
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cat_bar 5 1 0.2883 0.3087 0.8721 0.3504
cat_bar 6 1 -0.1663 0.2926 0.3232 0.5697
cat_bar 7 1 -0.2337 0.3062 0.5822 0.4454
cat bar 8 0 0 . . .
cat_gr max 0 1 -0.4392 0.4651 0.8918 0.3450
cat_gr max 1 1 -0.2237 0.4658 0.2307 0.6310
cat_gr_max 2 1 -0.2146 0.4640 0.2140 0.6437
cat_gr max 3 1 -0.1769 0.4693 0.1420 0.7063
cat_gr max 4 1 -0.2901 0.5031 0.3325 0.5642
cat_gr max 5 0 0
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The FREQ Procedure

Cumulative Cumulative
TDT3 Frequency Percent Frequency Percent
0 1050 50.00 1050 50.00
1 396 18.86 1446 68.86
2 268 12.76 1714 81.62
3 146 6.95 1860 88.57
4 99 4.71 1959 93.29
5 54 2.57 2013 95.86
6 26 1.24 2039 97.10
7 12 0.57 2051 97.67
8 18 0.86 2069 98.52
9 7 0.33 2076 98.86
10 9 0.43 2085 99.29
11 9 0.43 2094 99.71
12 6 0.29 2100 100.00
Cumulative Cumulative
cat AADT Frequency Percent Frequency Percent
1 568 27.05 568 27.05
2 660 31.43 1228 58.48
3 590 28.10 1818 86.57
4 104 4.95 1922 91.52
5 56 2.67 1978 94.19
6 122 5.81 2100 100.00
Cumulative Cumulative
cat sp limit Frequency Percent Frequency Percent
1 298 14.19 298 14.19
2 1326 63.14 1624 77.33
3 476 22.67 2100 100.00
Cumulative Cumulative
cat_rvn min Frequency Percent Frequency Percent
1 878 41.81 878 41.81
2 250 11.90 1128 53.71
3 242 11.52 1370 65.24
4 170 8.10 1540 73.33
5 560 26.67 2100 100.00
Cumulative Cumulative
cat_rvp min Frequency Percent Frequency Percent
1 948 45.14 948 45.14
2 396 18.86 1344 64.00
3 288 13.71 1632 77.71
4 142 6.76 1774 84.48
5 326 15.52 2100 100.00
Cumulative Cumulative
cat2 sh to w Frequency Percent Frequency Percent
1 265 12.62 265 12.62
2 236 11.24 501 23.86
3 262 12.48 763 36.33
4 379 18.05 1142 54.38
5 339 16.14 1481 70.52
6 197 9.38 1678 79.90
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7.81
5.48
6.81

Percent

1842
1957
2100

Cumulative
Frequency

C

87.71
93.19
100.00

umulative
Percent

1787
1908
1991
2049
2100

Cumulative
Frequency

Cumulative

Percent

Percent

lel
657
2100

Cumulative
Frequency

Per

Cumulative

cent

Percent

269
756
912
1301
1895
2063
2100

Cumulative
Frequency

Cumulative

Percent

904
1381
1839
2024
2083
2100

8 115
9 143
cat_sh gr w Frequency
1 1787
2 121
3 83
4 58
5 51
cat lane w Frequency
1 161
2 496
3 1443
cat bar Frequency
2 269
3 487
4 156
5 389
6 594
7 168
8 37
cat _gr max Frequency
0 904
1 477
2 458
3 185
4 59
5 17
The MEANS Procedure
Variable N
length 2100 0.
sh to w 2100 1.
sh gr w 2100 0.

9443357
7788616
3635332

0.1526849
0.7900344
0.5269036

0.1610000 1.1390000
0 5.0364286
0 4.0575000
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Criteria For Assessing Goodness Of Fit
Criterion DF Value | Value/DF
Deviance 3342 | 2888.4881 0.8643
Scaled Deviance 3342 | 2888.4881 0.8643
Pearson Chi-Square 3342 | 4000.1330 1.1969
Scaled Pearson X2 3342 | 4000.1330 1.1969
Log Likelihood -2043.9230
Full Log Likelihood -3543.2046
AIC (smaller is better) 7338.4091
AICC (smaller is better) 7347.9911
BIC (smaller is better) 8113.4408
Wald Statistics For Type 3 Analysis
Source DF | Chi-Square | Pr > ChiSq
|_length 1 66.25 <.0001
cat AADT 5 322.50 <.0001
cat_sp_limit 2 14.15 0.0008
cat AADT*cat_sp_limi 10 21.28 0.0192
cat_rvn_min 4 4.26 0.3718
cat AADT*cat_rvn_min 20 16.79 0.6662
cat_sp_li*cat_rvn_mi 8 4.96 0.7617
cat_rvp_min 4 1.98 0.7390
cat_ AADT*cat_rvp_min 20 32.31 0.0401
cat_sp_li*cat_rvp_mi 8 3.13 0.9263
cat_rvn_m*cat_rvp_mi 16 22.73 0.1211
cat2_sh to w 8 13.63 0.0921
cat_sh_gr w 4 5.38 0.2504
cat_lane w 2 12.90 0.0016
cat_bar 7 31.42 <.0001
cat_gr_max 5 7.18 0.2079
Level Level D Estimat
Parameter 1 2 F e StdErr
0.65017
Intercept 1 -0.13524 3
1.22428  0.15041
|_length 1 9 3
0.40571
cat AADT 1 1 -3.10455 1
cat AADT 2 1 -1.48122 0.35524
0.33253
cat AADT 3 1 -1.36139 5
0.62036
cat AADT 4 1 -1.67643 2
cat AADT 5 1 -0.57217  0.39709
cat_ AADT 6 0 0 0
0.57894  0.36102
cat_sp_limit 1 1 3 7
0.33969  0.32645
cat_sp_limit 2 1 3 7
cat_sp_limit 3 0 0 0
0.42408  0.37803
cat_AADT*cat_sp_limi 1 1 1 9 8
0.71850  0.28502
cat_AADT*cat_sp_limi 1 2 1 2 3
cat_ AADT*cat_sp_limi 1 3 0 0 0
0.32278
cat_ AADT*cat_sp_limi 2 1 1 -0.01978 9
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0
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0
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UpperWaldC
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0.206117

0
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0
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0

0.612871

ChiSq

0.04326

4
66.2513
7
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17.3859
1
16.7606
3
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4
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2.57153
6
1.08272
8
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8
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1

0.00375
6

Tmn

ProbChiSs
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3.97E-16

1.98E-14

3.05E-05
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Criteria For Assessing Goodness Of Fit
Criterion DF Value | Value/DF
Deviance 3350 | 1823.8072 0.5444
Scaled Deviance 3350 | 1823.8072 0.5444
Pearson Chi-Square 3350 | 3674.8001 1.0970
Scaled Pearson X2 3350 | 3674.8001 1.0970
Log Likelihood -1530.2372
Full Log Likelihood -1628.5610
AIC (smaller is better) 3493.1220
AICC (smaller is better) 3501.5103
BIC (smaller is better) 4218.9453
Wald Statistics For Type 3 Analysis
Source DF | Chi-Square | Pr > ChiSq
|_length 1 14.31 0.0002
cat AADT 5 34.19 <.0001
cat_sp_limit 2 9.82 0.0074
cat AADT*cat_sp_limi 10 9.33 0.5011
cat_rvn_min 4 0.64 0.9588
cat AADT*cat_rvn_min | 20 15.68 0.7364
cat_sp_li*cat_rvn_mi 8 6.01 0.6456
cat_rvp_min 4 0.35 0.9862
cat AADT*cat_rvp_min | 20 16.88 0.6607
cat_sp_li*cat_rvp_mi 8 3.41 0.9063
cat_rvn_m*cat_rvp_mi 16 13.59 0.6295
sh to w_low 1 8.71 0.0032
sh to w H 1 1.65 0.1983
sh_gr w_low 1 0.17 0.6799
sh_gr w H 1 0.21 0.6447
cat_lane w 2 4.95 0.0841
cat_bar 7 12.25 0.0926
cat_gr_max 5 4.75 0.4468
Level Level D Estimat
Parameter 1 2 F e StdErr
1.12430
Intercept 1 -2.71541 3
0.99766  0.26371
|_length 1 4 7
cat_AADT 1 1 -1.25139  0.68697
0.11224  0.61415
cat_AADT 2 1 1 1
0.61818
cat_AADT 3 1 -0.32064 1
1.01370
cat_AADT 4 1 -0.10122 5
0.85402
cat_AADT 5 1 -0.87019 6
cat_ AADT 6 0 0 0
0.74493  0.67928
cat_sp_limit 1 1 4 8
0.61644  0.60476
cat_sp_limit 2 1 1 5
cat_sp_limit 3 0 0 0
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-0.51182
1.514539
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0.890967
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Chisq
5.83315
7
14.3117
9
3.31825
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Tmn

ProbChis

q
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0.068515

0.854988

0.603976

0.92046

0.308238

0.2728

0.308058
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0.51070 3.30980

cat_rvn_m*cat_rvp_mi 2 2 1 -0.92912 3 -1.93008 0.071844 9 0.068867
0.48488 0.01082
cat_rvn_m*cat_rvp_mi 2 3 1 -0.05045 7 -1.00081 0.899908 7 0.917129
0.56798 0.05505
cat_rvn_m*cat_rvp_mi 2 4 1 -0.13328 5 -1.2465 0.979954 9 0.814483
cat_rvn_m*cat_rvp_mi 2 5 0 0 0 0 0
0.44600 0.17856
cat_rvn_m*cat_rvp_mi 3 1 1 -0.18847 8 -1.06263 0.685689 9 0.672606
0.47365 0.24374
cat_rvn_m*cat_rvp_mi 3 2 1 -0.23385 8 -1.1622 0.694503 8 0.621512
0.53342
cat_rvn_m*cat_rvp_mi 3 3 1 -0.11269 4 -1.15818 0.932802 0.04463 0.832687
0.04510 0.60661 0.00552
cat_rvn_m*cat_rvp_mi 3 4 1 1 6 -1.14384 1.234047 8 0.940733
cat_rvn_m*cat_rvp_mi 3 5 0 0 0 0 0
0.47518 0.54638 0.75636
cat_rvn_m*cat_rvp_mi 4 1 1 7 4 -0.59571 1.54608 7 0.384468
0.61890
cat_rvn_m*cat_rvp_mi 4 2 1 -0.24198 2 -1.45501 0.971043 0.15287 0.695807
0.64973 0.02417
cat_rvn_m*cat_rvp_mi 4 3 1 0.10102 1 -1.17243 1.37447 4 0.876443
0.45554 0.67445 0.45620
cat_rvn_m*cat_rvp_mi 4 4 1 9 8 -0.86636 1.777462 5 0.499403
cat_rvn_m*cat_rvp_mi 4 5 0 0 0
cat_rvn_m*cat_ rvp_mi 5 1 0 0 0 0 0
cat_rvn_m*cat_ rvp_mi 5 2 0 0 0 0 0
cat_rvn_m*cat_ rvp_mi 5 3 0 0 0 0 0
cat_rvn_m*cat_rvp_mi 5 4 0 0 0 0 0
cat_rvn_m*cat rvp mi 5 5 0 0 0 0 0
0.34610 0.11727 8.71006
sh_to_w_low 1 5 8 0.116255 0.575956 9 0.003165
0.17176 1.65460
sh_to_w_H 1 -0.22094 4 -0.55759 0.115709 3 0.198334
0.07650 0.18539 0.17029
sh_gr_w_low 1 6 4 -0.28686 0.439872 3 0.679852
0.25733 0.21264
sh_gr w_H 1 -0.11867 6 -0.62304 0.385704 1 0.644705
0.23625 3.32774
cat_lane_w 1 1 -0.43098 5 -0.89403 0.032072 7 0.06812
2.80218
cat_lane_w 2 1 -0.20556 0.1228 -0.44625 0.03512 1 0.094136
cat_lane_w 3 0 0 0 0 0
1.06477 0.79377 1.79934
cat_bar 1 1 2 9 -0.49101 2.62055 2 0.179792
0.97414 0.46485 4.39146
cat_bar 2 1 2 5 0.063043 1.885241 3 0.036119
0.68903 0.45605 2.28272
cat_bar 3 1 4 2 -0.20481 1.58288 4 0.130822
0.51766 0.47151 1.20535
cat_bar 4 1 9 4 -0.40648 1.44182 2 0.272255
0.81872 0.45979 3.17055
cat_bar 5 1 2 9 -0.08247 1.719912 7 0.074977
0.64997 0.44895 2.09595
cat_bar 6 1 3 6 -0.22997 1.529911 5 0.147689
0.25819 0.47503 0.29541
cat_bar 7 1 3 9 -0.67287 1.189253 4 0.586772
cat_bar 8 0 0 0 0 0
0.44073 0.32823
cat_gr_max 0 1 7 0.76929 -1.06704 1.948518 1 0.566703
0.54176 0.76966 0.49547
cat_gr_max 1 1 7 2 -0.96674 2.050277 8 0.481494
0.54580 0.76886 0.50394
cat_gr_max 2 1 8 4 -0.96114 2.052753 3 0.477773
0.63402 0.77858 0.66312
cat_gr_max 3 1 3 8 -0.89198 2.160028 3 0.41546
0.96635 0.80382 1.44527
cat_gr_max 4 1 4 5 -0.60911 2.541822 1 0.229288
cat_gr_max 5 0 0 0 0 0
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Criteria For Assessing Goodness Of Fit
Criterion DF Value | Value/DF
Deviance 3350 | 1913.2449 0.5711
Scaled Deviance 3350 | 1913.2449 0.5711
Pearson Chi-Square 3350 | 3824.0942 1.1415
Scaled Pearson X2 3350 | 3824.0942 1.1415
Log Likelihood -1521.2775
Full Log Likelihood -1649.0148
AIC (smaller is better) 3534.0295
AICC (smaller is better) 3542.4178
BIC (smaller is better) 4259.8528
Wald Statistics For Type 3 Analysis
Source DF | Chi-Square | Pr > ChiSq
|_length 1 47.79 <.0001
cat AADT 5 114.87 <.0001
cat_sp_limit 2 6.82 0.0331
cat AADT*cat_sp_limi 10 12.75 0.2378
cat_rvn_min 4 2.47 0.6492
cat AADT*cat_rvn_min 20 13.74 0.8432
cat_sp_li*cat_rvn_mi 8 6.76 0.5623
cat_rvp_min 4 2.14 0.7092
cat AADT*cat_rvp_min | 20 36.59 0.0131
cat_sp_li*cat_rvp_mi 8 7.68 0.4650
cat_rvn_m*cat_rvp_mi 16 17.02 0.3841
sh to w_low 1 8.57 0.0034
sh to w H 1 1.00 0.3176
sh_gr w_low 1 0.19 0.6606
sh gr w H 1 0.10 0.7519
cat_lane w 2 5.50 0.0639
cat_bar 7 15.23 0.0331
cat _gr max 4 3729.89 <.0001
Level Level D Estimat
Parameter 1 2 F e StdErr
0.79664
Intercept 1 -22.5668 3
0.29431
|_length 1 2.0346 1
0.59547
cat AADT 1 1 -2.6138 5
0.52702
cat AADT 2 1 -1.5475 3
0.49813
cat AADT 3 1 -1.6423 6
0.94048
cat AADT 4 1 -1.0099 9
0.56328
cat AADT 5 1 -0.3139 7
cat AADT 6 0 0.0000 0
0.53200
cat_sp_limit 1 1 0.6823 5
0.48988
cat_sp_limit 2 1 0.2262 1
cat_sp_limit 3 0 0.0000 0
0.57704
cat_AADT*cat_sp_limi 1 1 1 0.1210 6
0.41808
cat_ AADT*cat_sp_limi 1 2 1 0.7511 1
cat_AADT*cat_sp_limi 1 3 0 0.0000 0
0.45495
cat_AADT*cat_sp_limi 2 1 1 0.0085 7
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0.39867 0.94953

cat_rvn_m*cat_rvp_mi 3 1 1 -0.3885 9 -1.16988 0.392907 3 0.329838
0.43140 0.85876
cat_rvn_m*cat_rvp_mi 3 2 1 -0.3998 5 -1.24532 0.445757 6 0.354084
cat_rvn_m*cat_rvp_mi 3 3 1 -0.4127 0.45392 -1.3024 0.476929 0.82678 0.363205
0.50255 0.00351
cat_rvn_m*cat_rvp_mi 3 4 1 0.0298 9 -0.95522 1.014779 2 0.952746
cat_rvn_m*cat_rvp_mi 3 5 0 0.0000 0 0 0
0.54222 0.45901
cat_rvn_m*cat_rvp_mi 4 1 1 0.3674 6 -0.69538 1.430105 8 0.498083
0.60266 0.01575
cat_rvn_m*cat_rvp_mi 4 2 1 -0.0757 6 -1.25686 1.105548 9 0.9001
0.55924
cat_rvn_m*cat_rvp_mi 4 3 1 0.7685 9 -0.3276 1.864619 1.88838 0.169385
0.63416 2.65412
cat_rvn_m*cat_rvp_mi 4 4 1 1.0332 6 -0.20979 2.276092 6 0.103281
cat_rvn_m*cat_rvp_mi 4 5 0 0.0000 0 0 0
cat_rvn_m*cat_rvp_mi 5 1 0 0.0000 0 0 0
cat_rvn_m*cat_rvp_mi 5 2 0 0.0000 0 0 0
cat_rvn_m*cat_ rvp_ mi 5 3 0 0.0000 0 0 0
cat_rvn_m*cat_ rvp_ mi 5 4 0 0.0000 0 0 0
cat_rvn_m*cat_rvp_mi 5 5 0 0.0000 0 0 0
0.10894 8.57164
sh_to_w_low 1 0.3190 1 0.105431 0.532473 8 0.003414
0.99877
sh_to_w_H 1 -0.1485 0.1486 -0.43976 0.142741 8 0.317606
0.17955 0.19276
sh_gr_w_low 1 0.0788 4 -0.27309 0.430751 1 0.660629
0.25005
sh_gr_w_H 1 -0.0791 5 -0.56916 0.411032 0.09998 0.751854
0.23581 2.37686
cat_lane_w 1 1 -0.3636 9 -0.82576 0.098632 4 0.123145
0.12393 4.25426
cat_lane_w 2 1 -0.2556 6 -0.49854 -0.01272 2 0.039152
cat_lane_w 3 0 0.0000 0 0 0
1.12900
cat_bar 1 1 0.0783 3 -2.1345 2.29111 0.00481 0.944705
0.48691 3.06237
cat_bar 2 1 0.8521 5 -0.10225 1.80642 2 0.080125
0.47632 3.47450
cat_bar 3 1 0.8879 1 -0.04571 1.821435 3 0.062321
0.48598 2.42757
cat_bar 4 1 0.7572 5 -0.19532 1.709711 2 0.119217
3.28271
cat_bar 5 1 0.8712 0.48085 -0.07123 1.813665 8 0.070013
0.47268 1.45373
cat_bar 6 1 0.5699 7 -0.35653 1.496374 6 0.227929
0.49449
cat_bar 7 1 0.3195 1 -0.6497 1.288669 0.41743 0.518222
cat_bar 8 0 0.0000 0 0 0
0.35892 3580.81
cat_gr_max 0 1 21.4778 1 20.77434 22.18129 6 0
0.36091 3525.87
cat_gr_max 1 1 21.4310 9 20.72364 22.13841 9 0
3628.99
cat_gr_max 2 1 21.6440 0.35929 20.93984 22.34822 8 0
0.38121 3191.57
cat_gr_max 3 1 21.5365 7 20.78932 22.28367 6 0
cat_gr_max 4 0 21.2713 0 21.27134 21.27134
cat_gr_max 5 0 0.0000 0 0 0
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Criteria For Assessing Goodness Of Fit
Criterion DF Value | Value/DF
Deviance 3350 | 3478.9412 1.0385
Scaled Deviance 3350 | 3478.9412 1.0385
Pearson Chi-Square 3350 | 4333.5439 1.2936
Scaled Pearson X2 3350 | 4333.5439 1.2936
Log Likelihood 1846.3829
Full Log Likelihood -5972.1285
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Criteria For Assessing Goodness Of Fit
Criterion DF Value | Value/DF
AIC (smaller is better) 12180.2569
AICC (smaller is better) 12188.6452
BIC (smaller is better) 12906.0802
Wald Statistics For Type 3 Analysis
Source DF | Chi-Square | Pr > ChiSq
|_length 1 54.23 <.0001
cat_ AADT 5 333.84 <.0001
cat_sp_limit 2 17.29 0.0002
cat AADT*cat_sp_limi 10 25.14 0.0051
cat_rvn_min 4 6.65 0.1558
cat AADT*cat_rvn_min | 20 40.30 0.0046
cat_sp_li*cat_rvn_mi 8 5.28 0.7278
cat_rvp_min 4 2.94 0.5672
cat AADT*cat _rvp_min | 20 22.51 0.3134
cat_sp_li*cat_rvp_mi 8 17.53 0.0251
cat_rvn_m*cat_rvp_mi 16 19.08 0.2644
sh_to w_low 1 23.60 <.0001
sh to w H 1 1.09 0.2969
sh_gr w_low 1 9.66 0.0019
sh gr w H 1 16.76 <.0001
cat_lane_w 2 11.23 0.0036
cat_bar 7 45.24 <.0001
cat_gr max 5 13.58 0.0185
Level Level D Estimat
Parameter 1 2 F e StdErr
0.47593
Intercept 1 1.2573 4
0.10755
|_length 1 0.7920 5
0.32076
cat_AADT 1 1 -2.8005 9
0.30862
cat_AADT 2 1 -1.6615 5
0.29958
cat_AADT 3 1 -1.4029 3
0.50689
cat AADT 4 1 -1.8679 4
cat_AADT 5 1 -0.4903  0.36514
cat_AADT 6 0 0.0000 0
0.30326
cat_sp_limit 1 1 0.3822 6
0.26619
cat_sp_limit 2 1 0.1160 2
cat_sp_limit 3 0 0.0000 0
0.31702
cat_AADT*cat_sp_limi 1 1 1 0.4772 2
0.24587
cat_AADT*cat_sp_limi 1 2 1 0.6313 6
cat_AADT*cat_sp_limi 1 3 0 0.0000 0
0.29759
cat_AADT*cat_sp_limi 2 1 1 0.0757 8
0.24427
cat_AADT*cat_sp_limi 2 2 1 0.3544 2
cat_AADT*cat_sp_limi 2 3 0 0.0000 0
0.31144
cat AADT*cat_sp_limi 3 1 1 0.6913 7
0.25215
cat AADT*cat_sp_limi 3 2 1 0.7920 4
cat AADT*cat_sp_limi 3 3 0 0.0000 0
0.47337
cat AADT*cat_sp_limi 4 1 1 1.1357 5
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Abstract

One of the measures for improving road safety on single-carriageway roads is building shoulders in accordance
with the road conditions. Research studies abroad demonstrated accident reductions following shoulders'
widening on rural two-lane roads. Similarly, a relation was found between sealing shoulders and road safety
level. On the other hand, there are concerns that shoulders that are too wide may stimulate higher travel speeds.
The purpose of this study was to examine the relationship between shoulders' width and type and accident

occurrences on single-carriageway (two-lane) rural roads in Israel.
The study included:

() An international literature review on the issues of impact of shoulder characteristics on rural roads' safety,
with an emphasis on quantitative tools for presenting a relationship between improving shoulders and accident
changes, under various road and traffic conditions.

(b) Building the study database, by means of combining information from the CBS accident files and road
characteristics' files of the National Transport Infrastructure Company, where for each road section the
information on its length and location, traffic volume, shoulder characteristics, other geometric characteristics

and accidents that occurred during the years 2008-2010, was presented.

(c) Multiple analyses of the study's data, in order to recognize a relationship between shoulder characteristics
and accident risk, accounting for various levels of traffic volume and other road characteristics. The analyses
related to five accident types: injury accidents ("tav dalet"), single-vehicle accidents, vehicle collisions, severe
accidents and total accidents ("tav dalet" and "general with injury" accidents, together). To find a quantitative
relationship between shoulder characteristics and accident occurrences, given other road characteristics, two
types of models were fitted: a model using a case-control method and an explanatory model (with a negative

binomial distribution of accident events).

(d) Based on the models developed, accident modification factors and risk change factors associated with
various shoulder characteristics, were estimated. Using the model findings, examples of evaluation of existing
single-carriageway road sections were produced in order to examine safety benefits which could stem from

shoulder treatments on those sections.

Based on the models developed it was observed that the impacts of shoulder characteristics and of other road
characteristics were generally consistent across various model types and accident types. All the models
demonstrated a significant relationship between the total shoulder width and accident occurrences, where
widening a shoulder until a breaking point value is associated with accident increase but further increase of the
shoulder width beyond the breaking point value is associated with accident decrease. On the contrary, accident
changes following an increase in the width of unpaved (granular) shoulder were less clear. In some cases (injury

accidents, total accidents) widening an unpaved shoulder until a breaking point value was associated with
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accident decrease while higher shoulder width was associated with accident increase, where in other models the

impact of this shoulder characteristic was insignificant.

According to the majority of findings, lowest accident frequencies are associated with total shoulder width of 3
m or higher, in combination with a narrow (or no) granular shoulder. In addition, in the models for injury
accidents and total accidents, the lowest accident risk was also associated with narrow total shoulders. On the
other hand, a medium total shoulder, with the width of 1.5-2.7 m, and a granular shoulder with a width of 1.5
m or higher, were associated with an increase in the accident risk and therefore, are not recommended for

application.

Moreover, the multivariate models fitted in the study demonstrated that arranging a recovery zone on the
roadside with the width required or improving barrier installation conditions (in terms of proper distances from
the travel lanes and roadside obstacles) contribute to a reduction in the accident risk, where arranging a recovery
zone is preferable compared to a barrier installation. In addition, it was found that according to safety
considerations, the preferred width of a single-carriageway road lane is not the widest one, and that a reduction
in road grade is also associated with an accident reduction.

The statistical tools developed in the study may assist in decision-making on the stages of design of a new road,
improving existing road sections, treating black-spots and so on, and also may support the development of a

new design policy concerning preferable layouts for various road types.
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