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Table 1.1. Classification of low-volume roads according to daily vehicle traffic, in

different countries
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Table 1.2. Comparative data on total length of road network versus low-volume roads,
in different countries
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ADT
W
PA
UP
H

T
T2

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 0 otherwise

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

‘relevant’ are single-vehicle accidents, opposite direction head-on, opposite
direction sideswipe and same direction sideswipe accidents.
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Figure 1.1. A relationship between lane width and accidents, assuming daily traffic

volume of 1,000 vehicles and according to various widths of paved shoulders.
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ADT=4000; flat terrain; H=5
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Figure 1.2. A relationship between lane width and accidents, assuming daily traffic
volume of 1,000 vehicles and according to various widths of paved shoulders.
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Figure 1.3. A relationship between accident numbers and lane width, depending on
various width of unpaved shoulder
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Figure 1.4. A relationship between accident numbers and lane width, depending on
various width of paved shoulder
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Figure 1.5. Accident modification factor depending on lane width changes.
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Figure 1.6. Accidents changes depending on carriageway width, according to models

from two states: North Carolina and California.
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Table 1.3. Accident reduction factors depending on lane width

Lane width {m) ADT < 400 ADT = 401 to 1999 ADT 2 2000
2,70 (91) 1.05 1,50 - 0,000281 - (2000-ADT) 1.50
3,10 (10f) 1,02 1,30 - 0,000175 - {2000-ADT) 1.30
340 (110) 1,01 }t.05 - 0.000025 - (2000-ADT) 1,05
3,70 (12R) 1,00 1,00 1,00

- AMF; - oM 202 MYNa IMINNA MOV DTPN HY DOONN TN DX awND 71D

: DYNIN OINIDY) XNDIND DIVNNYN

AMF, = (AMF, = 1,0) - Pra + 1,0

IYND
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AMF, Accident Modification Factor for total accidents

AMF;, = Accident Medification Factor for related accidents (i.e Run off the road,
Head-on, Sideswipe opposite and Sideswipe same direction accidents)

P = proportion of total accidents constituted by related accidents (i e 35% of all
accidents based on a default distribution of accident types)
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MTPN - 1.7 PN : DONIN DXDNN NI NMNINNA NOWN ONTPN YW 51N DAWINN TH0 Sy
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1) 2N NYRNN N9 MIYNI ,NNINNN TOI NPYN

Run off the road, Head-on, Sikleswipe opposite and Sideswipe same
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Figure 1.7. Accident modification factors (in relevant accident types) depending on

daily traffic volume and lane width.
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Run off the road, Head-on, Sideswipe opposite and Sideswipe same
direction accidlents
= 35% of all accidents
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Figure 1.8. Accident modification factors (in all accidents) depending on daily traffic
volume and lane width.
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ADT=1000; flat terrain; H=5
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Figure 1.9. Accident modification factors depending on shoulder width, for daily
traffic volume of 1,000 vehicles and different lane widths.

ADT=4000; flat terrain; H=5
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Figure 1.10. Accident modification factors depending on shoulder width, for daily
traffic volume of 4,000 vehicles and different lane widths.
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Figure 1.11.Accident modification factors depending on unpaved shoulder width and
lane width.
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Figure 1.12.Accident modification factors depending on paved shoulder width and
lane width.
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Figure 1.13. Expected accident number per 1 road km depending on shoulder width,

in four US states.
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Table 1.4. Accident modification factors depending on shoulder width

::‘m::'m) ADT < 400 ADT = 401 to 1999 ADT 2 2000
0(0.00) 1,10 1,50 - 0,000250 - (2000-ADT) 150
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) 087

v 1.4 D2V DN DIRY W NI DY DMIIAN IIYD NMINNA NPV OINTPN 2WND 1D
NPYN DTPN HY DIDNN TIVN NX AWND 1T .1.4 NDAVIY DIIIYN DV IXDINIVIN MVYD

: DYNAN DMINAY RNON DWHNYN - AMF; - 1w HDY D1w aM12 NN NMINNN To2

AMF; = (AMF s " AMFy3 = 1.0) Py + 1,0

AWUND

AMF; Accident Modification Factor for total accidents

AMF s Accident Modification Factor for related accidents based on shoulder
width [values from Table 3, Values of AMF for Shoulder Width of

Highway Segments (AMFwra))

AMFy 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))

Pra = 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

IPIVIND ,TITIN T 207,772 259 :NIN DNDN NINN DY YIvN Y1V 2NV DINNN
2597 595 P2 AMIVHINM ,DXTHNND DMNNIN 2577 DD DY T8I TIN NMIVIND ,NNNA NN
PN OONIN DN N NMINNA MPYN MNTPN YV 973N DIWINN THD YY . I1ON INMINA
1.15 9PN ;91 2N1712) NYNNN N9 MYNA ,DXDIRNNN DINDNN ,NMINNL NPV OINTPN - 1.14
NPYONTPN - 1.16 IPNX ;9100 DY 2MI12) NYNNN NN MONA ,NMINNN TOA MDY MITPN -

22100 XD 91 2N NYNNN NAY MONA ,NMINNN TOI
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Run off the road, Head-on, Sideswipe opposite and Sideswipe same
direction accidents = 100% of all accidents
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Figure 1.14. Accident modification factors depending on traffic volumes and shoulder
width.

Run off the road, Head-on, Sideswipe opposite and Sideswipe same
direction accidents = 35% of all accidents (shoulder type: paved)
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Figure 1.15. Accident modification factors depending on traffic volumes and paved
shoulder width.
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Run off the road, Head-on, Sideswipe opposite and Sideswipe same
direction accidents = 35% of all accidents (shoulder type: gravel)
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Figure 1.16. Accident modification factors (in total accidents) depending on traffic
volumes and unpaved shoulder width.
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.D>7125 25995

Table 1.5. Design recommendations for a combination of lane width and shoulder
width, according to traffic volume, design speed and percentage of heavy vehicles

% of heavy vehicles
ADT - Design speed > 10% <10%
Lane + shoulder Lane + shoulder
Lane width Lane width
width width

fveh./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 3,30 4,00 3,00 3,70

750 < ADT = 2000

> 50 3,70 460 3,30 430
> 2000 Any 3,70 550 3,30 520

m1Y Nnaxn .1.5.3

NOPNI MY DDIT2 DY DYOPI 0) NP TN DRI NYATY TN NNN
MINIPY 19 9y MININ TPINN NNDNNND NI 9D NNPPN TPTN NNNN 271IND
WY 12191 NN TPTIN NNINN 2D NV TIY Y1) 91 20N DIDNDN DMIPNI . NONN

N

00121 ,(IHSDM) 270982 797 S  mndoa 115N S 7102 PaIND DIPYY MNNNL NPY OTPN
NNMPN DTN NN P2 WIANN KN DTN NNANA 10N .NYTNN NNNA NPYON NN DY
TN NNNN TUNI Ldesign (%0) PIINN 19 DY NWATIN NYTIN NNNN PV €xr (%) S¥192
I8N NN MNPYoN XN SD .(2001a) AASHTO 5w py i 9901 Yy nooian onn » by

1 N2 9N TV WX (%) DY MT N

SD = 0,00 if e3¢t = €gesign

SD= €4esign = €act if @3¢t < €gesign

NN2NN YV DY TIva vonvno 1 AAMF, XA T8N NNNY AMINNA MOV OTPN
APY NMINNA NPV DTPN 27D 21901 NNON PPNY NN NN NNNN TWYNRD D9 1IN
STIPY TN NNAN

AMF; = 1,00 for SD < 0,01
AMFs = 1,00 + 6 * (SD-0,01) for 0,01 < SD < 0,02
AMF; = 1,06 + 3 - (SD-0,03) for 0,02 < SD

JPTRN NN2IN NPID MDND MNKRNN TOA NPWN DTPN MY NN 18N 1.17 PN
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Figure 1.17. Accident modification factor depending on super-elevation deficiencies.
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Table 1.6. Effects of super-elevation deficiencies on safety at horizontal curves.

Curve Length Curve Length Curve Length Curve Length
=30m =150 m =300 m =600 m
Curve Radius Curve Radius Curve Radius Curve Radius
=60 m =300m =600 m =600 m
Superelevation Deficiency [Superelevation Deficiency|Superelevation Deficiency|Superelevation Deficiency
ADT 0,00 0,02 0,04 0,00 0,02 0,04 0,00 0,02 0,04 0,00 0,02 0,04
[veh.! day]
ACCIDENTS PER KILOMETRE PER YEAR
400 0,82 0,87 0,91 0,049 0,09 0,10 0,06 0,07 0,07 0,06 0,06 0,07
1000 2,04 217 2,29 0,22 0,23 0,24 0,16 0,17 0,18 0,15 0,16 0,17
3000 6,13 6,50 6,87 0,65 0,68 0,73 0,48 0,50 0,53 0,45 0,47 0,50
5000 10,22 10,84 11,45 1,08 1,14 1.21 0,80 0,84 0,89 0,75 0,79 0,83
10000 20,45 21,68 2290 216 2,29 242 1,58 1,68 1,78 1,49 1,58 1,67
ACCIDENTS PER 10° VEHICLE-KILOMETRES
400 5,60 5,94 6,28 0,549 0,63 0,66 0,44 0,46 0,438 0,41 0,44 0,46
1000 5,60 5,54 6,28 0,59 0,63 0,66 0,44 0,46 0,48 0,41 0,44 0,46
3000 5,60 5,94 6,28 0,549 0,63 0,66 0,44 0,46 0,438 0,41 0,44 0,46
5000 5,60 5,54 6,28 0,59 0,63 0,66 0,44 0,46 0,48 0,41 0,44 0,46
10000 5,60 5,54 6,28 0,59 0,63 0.66 0,44 0,46 0,48 0,41 0,44 0,46

41



MOPINPY -SPOIN INNN .1.5.4

L PINNY,DIPYA MNPVAN DY INP WaWnN MNWRN 1N DIPYN 01T ,(1987) Glennon »-5y
TN 190D MY IPNN 13 DY PPN TN 21 2N 21 2N DY 77 MWUN 1702
¥ PN 29 YY 0N 500-HD YOP OPTI P2 MY N9R MTH N0 ANNND IND) OPTI YV

.(1990) Hedman 5w apnn »9-5y ,901 1000-1n Yopn 0117 125 (1987) Glennon

LDONPWN NN DN HTAN 0P DIRNPNRN DMIPIND PAD NPXINN NIANA OMIPINN P2
NN MYSNNA PN ININND ,NPXINN PNAND R DYTI MYSNNI Dipoyn aNInm N9 PN
OYTIN P2 IWPN 937 100 NONRY NYPN DY MOYNN 1901 NP Dpovn nna .D 5ipovn

: NN MRNWNL YN DX KW 010 ¥ MmN D 5poyn nna pad R

R = 180-a,/([] D) [feet] (ap = 100 feet)
R = 5730/D [feet] (ap = 100 feet)
R = 180a,/ ([ D) [metre] (ay = 30,5 metre)
R = 1748/D [metre] (an = 30,5 metre)

9901 P20 OIPYA NMIRND 190N P2 WPN NN MO DT N (1986) Deacon

21PN DTIND .OPIADN OINWNI

A=r-L-V+00336-D"V
IUND

A = Number of curve accidents per year

r = Accident rate in accidents/10° vehicle miles

L = Length of curve in miles

V = Traffic volume in 10° vehicles per year

D = Degree of curve (100 feet arc)
NMNND 99010 9Pya 2590 IR My (FL*V) nbaonn .opdn »vw Don S 1nn
2y DPTIZ NNONIM NOOION NYIVN NN IX”N NYN PONN .DM1N-137 112705 INIPENINID

R 99w1 01199 1 D 53090 1105 11899 1Y MNNNN 91900

11,000 - 127 DIPY TIX NAY ,NMINND 990N DIPYN DT P2 IWPN AN INDD 1.18 9PN
05 MINXN 0.902 NI DT NIPNI T MNNNND NV .29 1Y 3,000 YV 91 DYyNN NaN

.(2002) Perez »a 5y ,257-5»n
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L = 1000 metres = 0,622 miles
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Figure 1.18. Annual accident number depending on the curve radius, for curve length
of 1,000 m and daily traffic of 3,000 vehicles.

5TINN NN INED) MNPV DIMPYN MMIND P2 WP Y IpNn 1Dy ,(1991) Zegeer et al
Yan)

(1,552°'L + 0,014D-0,012'S) - V - 0,978%*°

x>
"

1,652'L -V - 0,978** + 0,014'D V- 0,978%%* - 0,012'S * V - 0,978%*

IVUND

A = Number of curve accidents per year

L = Length of curve in miles

V = Traffic volume in 10° vehicles per year

D = Degree of curve (100 feet arc)

S = 1 if spiral exist and 0 otherwise

W = |s the roadway width in feet (including lanes and shoulders)
1.1 5¥ >my NYNN NaAN 1 1,000 TN DIPYA TN MNNNN 19010 NN NININ 1.19 IPN
9270 VYO .0 NI DY NP S .Nnnda 259595 3,000 DY yXINNY DIXRNND ,109 DD PO
=259 )91Y 1552 DY TN MNXNN NYOY .DPTID DIYIN P2 DMOPID 120 MDIPY PRY
Glennon et al Yv 115 ,0INNR ©YTIND T2 NYD RN AN DN PNIAYNA NPIY MY HTIN D»n

.(1986) Deacon 5w (1985)
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L = 1000 metres = 0,622 miles
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Figure 1.19. Annual number of curve accidents depending on the curve radius and
carriageway width, for curve length of 1,000 m and daily traffic of 3,000 vehicles.

S O MMV NMION DTN OPWHYN OTPNRN N (AMF3) YPOIN DIPY 29D NMINN NP OTPN
Zegeer et al bv 512 oowpnwn NOX MY RPN (IHSDM) 17nxa o1 7171
IN POVN NN TITN YOPY NIPNa 1.0-5 mMv AMFE; S 7yn .nmMon nnxnn oy ,(1991)

AMF; "X PPOIN DIPY DY R¥NDY TN YOP UKD OPIN DIPY KDY YINPAD 12yNn DIPY
19N 2vINN

AMF; = (1,55'L. +80,2/R-0,012'S )/ 1,55'Lc

AWUND

R = Radius of horizontal curvature in feet

L. = Length of horizontal curve in miles

S =1 if spiral transition curve is present; 0,5 if spiral transition curve is present on
one end of the circular curve and 0 otherwise

(V1M 30.5) 937 100 S¥ OPTIN T NP L(HVN 30.5) Y37 100-nD JOP DIPYN OPTIV NIPN2
T .(A0VN 30.5) 937 100 TNRN T NPDI (VN 30.5) K39 100-N YOP DIPYN THIRY NIPHNI

NPYN OTPN NN INNN 1.20 X .IHSDM »a-5y ,1.0-n yop nvnd 91 89 AMF; Yv
IPAOINN DIPYN DY OPTI TIINI MON2 NNINNA
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AMF for horizontal curvature (spiral transition curve is present)

2,40 -
2,20 1
2,00 -
1,80 A

1,60 A

—e—R=200m
1,40 A

o R=1000 m

w— R=2000 m
R=4000 m

Accident Modification Factor
for horizontal curvature AMF

1,00 1

0,80 . y y . . v . y r , »

L. Lenght of horizontal curve [m]

.DIPYN DT DIPYN THINI MONT ,0IPY NMIRN MY OTPN .1.20 1PN
Figure 1.20. Accident modification factor depending on the curve length and radius.
PAIN INNN YV MapY .1.5.5

Y1557 AN POND DN TITN MNONN .NMINVIAL NIVN DTIPI NN OPOINRD INNNN NNIAPY
LDMITIPN TITN OYLP MNT DDA NHNI MPDNN NIYANN NN NPPNY NNHNNN TITH
Y12 DY NN DN DODYTY DY YNND ¥ 100 .NNMINND DI NPTIN DMIYL DY) NPV
YAPY NPNY PN IPAIRD NN ,MNMIN YNPIVN IPIND INNNL DDITY ONIPY NN

ST OV NN MINN NN NINWNI IR YT NN HY NININD PNINa

MIRND ORI DN DTN TITN OYLP YW NN KO 5N ,(2003) Wolldridge et al »s by
TN 93O NNV AN 12100 P TIINY Y TIT YOPA WD T TH DIy [, NOTY
I YOPY TINDI DINPIY SV NITOA NYRIN IPOYN TN VITIVDA TIT YOPI YINN NINYT
85N PHINNN NN IWND ,(2001) Hoban » Yy .0oXaN D9IPOYY NNNWAA AN 1200 D
NININ OVOY 1N NININ OYNNNI WHNWND ¥ WP 10-15-1 AN 1ONN MPNN DY N

DMV NVYAN PYNNIN)

MDY - NN INMN .1.5.6

NN VLN (1990) Hedman .NMMXNN MYNIND HY 1M MNDY DY IWPNN 91T DY

MY DX 9T 4% -1 2.5% YW 1IN MDY INSD WX ,(1980) Brude et al v ovpnn

SPOIN MW TITY INNWNA ,NHNNNA ,20% -1 10% 2 MNINNN

DY) DY NMIRM NPMYVP MNNN MTND NNWN-17 YODVLVD STV NN (1994) Li et al
NPY INPNI IR TP ,PVIIN MIAMNPH ONNI JHD Y [ NPDNT OO

7920195 M9OWN X NNYN AME nimrna
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AMF (a%grace) = 1 + 0,1368°A%grade / “/(Accid/km)

VIV DY TITO NIDVY TITM ,T0MDP0 MNNKN 1.5 ¥ 2.5% D¥ MW DY 7172 ONX ,NONTY
£ 19N P MNINRN DY INYAYM M9PWA N»Yn ,0% SV
A%grade=0-25=-25
AMF (asgrace) = 1 + 0,136°(-2,5) / V1,5
AMF (asigrace) = 0,7224
Accidents/ km aner = AMF (asgrage) * Accidents/ km pesore
Accidents/ km aner = 0,7224 - 1,5
Accidents/ km ,a. = 1,0836
Reduction: 0,416 Accidents/ km = 27,789%
NMINNA 10% DY NNNSND NNOAN MDY 1% DY NNNINY 2IWND 1M NNT 7INPND 29 DY
DMNN 0.5 ,59NI) Tim) NINN MY DY OIITD .PMON WD DY DTN PIDNN

AMF-1 Ty W07 5919 XY NNNOND PIPY ,(6% HSWUnD) n9dswa 91T INNOM ,(H10M»pPY

NP9 191D MDWA 2.4% S NNNO ,TIND TID) NMMINN NYWYY 10 10D O95W nno 9
OOV

NHNMPN TN NNIN YION PAY NNINNI NPY DTPN P WP Ky ,(1994) Li et al. »a-5y
.1.21 9PN2 ININN DT WI9N .NNDIN NNANY DN

4,04
——0,1 Accid/km

——0,5 Accid/km

1,0 Accid/km

-~ 2,0 Accid/km

Accident Modification Factor
AMF(A%grade)

-2,0

A%grade

NYITIN NN2XNN P2 NP T NN P2 WI9N2 MZNT MNNN NPV OTPN .1.21 9PN
2P YSIND MNNN NV SY DYDY 1900 29)

Figure 1.21. Accident modification factor depending on gap between the required and
existing super-elevation and according to several values of accident rates per km.
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INPNON NV MPYI MONI NMNNI NPV DTPNY MNPNON NN N8N (1995) Miaou

- 0.081-A%grade
AMF(A%grade) =e STIN

.(1995) Miaou »ab ,119°wa »1wa MYNI NIIRNI NPWN DTPRY 597 NNON 1IN 1.22 TPN
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Figure 1.22. Accident modification factor depending on grade changes.
79 :(1998) Miaou Yv 51N Yy D010 "IN MY 8wna IHSDM-n Sw nnnan »mTpn

DINNNNA T0IN 2PY .(DYD2 MNIN) PN NIN TITN YOP OX 1.00-5 MIv 109y 9wrd ,AMFs
:TINAN 8PN DX YIDOWH PTHIN DNN/INTD DI D1VDIVLLON
AMFs = (1,016)"°
where:
PG = Percent grade

Y IWPD 297 MV NN 1.23 PN
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Accident Modification Factor
AMFs for Grade
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Figure 1.23. Accident modification factor depending on vertical grade, according to

IHSDM.
PIIND MNY DYINYMN 249 DY .1.5.7

(2001a ,2001b) Cardoso (1)

1923 90792 NPNYDN-TN NPNPY-PA D¥I771 TIT SYOPI MNPV NPWY NTAY NN

797 OyopPn ompyd (Accident Predicting Models - APM) nmxnn »vnd o971mn

990 NY W DY DIMIPYY 9190 W DY DIMIPYY W) DNY DTN .DMPYY DPOWNN

NPNYONR-TN NPDI-YT 0977 YW NP 1,100-1 DN VDN ,D9TININ MM SI7NNY

,IPNNM YNAY ,DMIORIN DINN IDDNI 1IN D¥IVT WWOPY 919D N9 9w DY NP 670 DINN

1.7 152102 X3 HVONIY DNNIN I .NMNRNM

NPDN-IT 0T HY MNMIN NN NIPNAD DNV IVONIY DINMN PN .1.7 1YV
Table 1.7. The scope of data collected in Portugal for safety level examination of

single-carriageway roads

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

DNDNM NNONID NNVANNA WIDY TIN PINDD 2YPP PONNA WHNNWN NDNN DTN NMIND
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AF
Xi

a, b

1NN MVIY NNY NNDN PN M

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

= expected accident frequency in the road element (tangent or curve)
during the relevant time period;

= explicative variable, representing the influence of road characteristics
or driver behaviour (speed);

= estimated coefficients.

YOPA DIYD DIV PPy YOPA DIYD DIV DN DXANN NNAY ,DOTIN NYAIN IRMN ,IPNNA
NN PN 1.9 ,1.8 MNXDIV .POUN YOPA VD RY DIV NPy yopa DDD KXY DWW [ pvn
LN AN ,YOPN TN : DINSNI NYR DY TN DXIPIDNN DINWNN P2 INDRMNY DO TINN
NV NYNINNT MPNNI INNA NYXINGD MDD NP DIYNN N, NYINND NPMINPY

.0MON

90,9190 XD DI DY D¥IT OYOPY NRMNY DXP20NN OXDTINA PO MTPN .1.8 1AV

(2001a ,2001b) Cardoso

Table 1.8. Regression coefficients in the models fitted to road sections with unpaved

shoulders
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) -l -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
FT 0.24 0.49

49



95,9190 LW DY D377 OYVPY MIRMNY DY2ADNN DTN MO MTPN .1.9 "DV
(2001a ,2001b) Cardoso
Table 1.9. Regression coefficients in the models fitted to road sections with paved

shoulders
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) (km/h) 0.1285 =
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 gy 0.44 0.59

offset * :1.8,1.9 mx5avV5 NYN

NN 92PY YT NNX NRNWYNY YTNIN DDPIYN SYOPII NPYNN SYOPI MNNNN NN SDTPN
NMNNN NN MNYS MRNONM (D190 K9 9190) 9w YW DD Y39 91Pdya NP0 NN

19199 PN NPRNN

; g AFm shes (AV )OOTlSOZ’.OLiﬁvO“:
For roads with non-paved shoulders: VRAC = /—4—,—:—7‘:'—%'— =g™¥ “TMD A0 L{m =
. AF " (AV )DINVHSJ
F th houlders: =——Gme _ gt ST
or roads with paved shoulders: VRAC AF.... TMDA [ [

VRAC
AF, Curve
AF Tangent
AVy

Le

TMDA
Viur

Le

IVUND

= variation in the expected accident frequency due to the
horizontal curvature;

= expected accident frequency on curve;

= expected accident frequency on tangent;

= maximum average unimpeded speed at the beginning of the
curve (both directions) (km/h};

= carriageway width (m);

= average annual daily traffic (vehicles);

= average unimpeded speed on the preceding (approach)
tangent (km/h);

= average road bendiness in the 500 m preceding the initial
section of the curve (1/km);

= curve length (m).

120N MNT 9 DY DINPIVN NNDY YR NIRNDN IWNHNYN
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(1994) Kalakota and Seneviratne ,(1992) Kalakota et al (2)

S5v 0NN I DY DYTIN NS ,(1994) Kalakota and Seneviratne -y (1992) Kalakota et al
85 TN, NPYDN-TN NPNPY-PA DT HYOVP WINRY DIV YIIN KW NOPNND NIINN
0.0141 7PN YSIIN NMINNN NV .DDPY IR 1YY GO 2N 71PN TITH SYOP 190N NP
NOVNON IPNNA DAPNNY TIYD NMIT 71PN NT TIY .MV ,NYDI TOMIDP JPDIND MINNN
DYPOYY (MY ,NYDI VMDD 1P MNKN 0.0126) DP WNN TITN MYOPA YD ININY
INYY DN OMYNVYN 19INT MY MNNN NYY N8N /1M 450-5 /1 350 pa ,jop O»TI 0y

119N, 0NN DIMINNN DY DYOP DY MXIAPY DYT79) DOTIN MINRMN DXV TN OYOP

: DYV DIPIVNY DTN - N

1
FTAc =0.0000087 + 0.0916736—)—(—— +0.0035X, —0.0002X, — 0.000006 X,
1
(R?=0,74);
27252 TYTOPYO OOTIN -2

FTAc = -0.0003+0.0038 X, +2.11995X, +0.063026 X, +
+0.000004 X, —0.0002X, —0.00012 X,
(R?=0,28);

: DWW TITOOPD DOTIN - )

FTAc =0.0001 + 0.00S-‘X: + O.OOZX6
(R*=0,84):

IVUND

FTAc = yearly accidents per 1000 vehicles;

X = curve radius (ft);
Xz = segment length (miles);
X3 = Xo/Xs;

Xs  =[longitudinal slope, (%))/X:
Xs = [shoulder width, (ft)}/X1;

Xs =X; x [shoulder width, (ft)];

X7 = X;x [longitudinal slope, (%)];
Xg = X;x [shoulder width, (ft)).

(1999) Khan et al (3)

MNVIAN MY NPNAY DXTYPHRN ,MNNNN MNIY NPNY DYTIN NN (1999) Khan et al
DN VDD IPNNA OMIITN NN .27NIND ITNNIP NPTH NIAY ,NMY NPNNINN MNOND
D9 DY NMINNN NN NN ,OPWYNRI TIT OWOP DY 17D 260 712y NYNNN YN DIVNIN)
SY PMY NAN YOP THIX MNN YTAIX DOTINNND PONY 0NV WY DY NNPNN ,T251 PN

.(vehicle-mile traveled - VTM) 259-5»n : nyo)
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YTRIN IN AP YNN NAN YOP TN PN ONOY DXPA0NN DINVNNY DITIN INMI ,IPNNI
NPIVLP MNNN LDV DY NMIRN ,NMNNN TO YY ONINYNN NYAVYN NPT .AYIDIN
N YOP TNN DY MNP DODTIN NNNY : DDTIN MNP SNV INIRMN .TAV2 P NN
9% 7PN OOTINN DV PN MO (VMT) nyios Hv mspngs o57mn NyaINy ,nynnn
295 IN (T3 /112)) MDY NYNN N (ISP /TIR) YOP TNX ,ONDY XD /NPY) YOPn DIPN
DYNNN N ,YOPN THX NITHD .(TINYNY) NYIOIN 2T ONPY XD /HINPY) YOPn DIPMN
7NN DT NNNY DX THN MIMIRNY DXNNA NNMN P TIN/NAN IX PINP/TIINTD DD
1<I=3 YII0N TINYY N MNP TIVA L IPSNN DY DDW INIVHYN >7-1 Y0100 PTIIRY IN

JIPSNNN TN IMYNYND)

I2Y YOYI IRPY DO (MINVDIND) TN NPINDY DI WY DDTIND MNdY
912y TODOY NI IN NMNDXID MIDANNA YINY YT TIN MNXNN NNV DY ONININ
POV NN WY N NIPNR 9O NP DOIRNIND DTIND NPNIAY NMIXND NINYOY

: MIRNDNN PNV DY TN NN DYDY DY DOTINN

AF =a-SL+b-AADT:; AF =c¢-VMT,
IVUND

AF = expected accident frequency;

SL = segment length (miles =1.6km);

AADT =annual average daily traffic;

VMT = travelled distance (vehicle x mile =1.6 vehicle x km).

: ININ MINNDNT MYSNNI TN 90D PINDD 7PDIN DY DO TINN
AF =SL* - AADT”®, AF =VMT".

YN INY DXV PN (DYDY ININY) DMPDVINNX RIN ODTIND D XYM IPNNA ;)0 Md
07N 1.10 NY2VA (T2 DOYLPN DD NIY) DPDVINVNX OITIN TIYNRND OMINID NIRNNN
N YOPN TINI MONA ,0OM)9) DY NIMNNY NRMNY (DPDVINN NON) OOTIND NNNY
DY NMINND MRMNY (DMDVYNNX XON) DOTINN NYIINR ONHXIN 1.11 1DV PP NYNN

AVMT) ny1on Y102 MDD, DOV)9)
NYNNN NAN YOPN TIINI MON DY) DY NMINRNY DY20HN DI TINN MDTPN .1.10 1YL

Table 1.10. Coefficients of injury accident explanatory models, depending on section
length and traffic volumes

SL 2 | Model
(mile) AADT | df X type a t b t
> > 127| 607 NB| 0.9108| 9.8422| 1.48E-05| 20.136
i l—= < |229]| 1,184 P| 0.3279| 8.6884| 0.2274| 93.580
< > |239] 2271 P| 0.2744| 9.1711| 0.2539| 99.335
< < 137 962 LN| 1.6210| 7.1253|2.13E-05| 7.9716
> > 43| 228 P| 0.5432| 5.6238| 0.1943| 15.657
Rural > < 63| 586 P| 0.2859| 6.1803| 0.2417| 23.6266
< > 66| 150 P| 0.2710| 1.9261| 0.1684| 35.5349
< < 50| 103 LN| 0.2628| 3.5639|4.73E-05| 9.20623
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YOPA NYIDIN JTRIND MYNA D) DY NNMIRND DXPADNN ODTINN MITPN .1.11 1YL
Table 1.11. Coefficients of injury accident explanatory models, depending on
kilometrage estimates

VMT
costilcle s mille) df X | Type of model c t
tebian > 368| 1,951 IG| 5.88E-07| 42879
< 370| 3,990 LN| 5.48E-05| 42.9827
Rural > 114 992 P| 1.37E-05| 125.206
< 114 303 LN| 4.52E-05| 27.5165

:1.11,1.10 MIND2IVY MIYN
JIPSNNN TN YIDN < IIISNN DY DY 1RDNR 1> (1
95 NIva noann - NB ; nooxs nivanin - P; onans - LN (2

(1990 ,1988) Kulmala and Roine (4)

DORNNY YT MY INRDY PO Wwnwn (1990 ,1988) Kulmala and Roine 13592
NNONNY NPNPY-P2 NPNO0N-TN DIITI MNNXND 2I90NY TITN MIMAINN P2A WP DTN
D>1200N DINYNN NYAUN NNNID ORMNY TN .TINDONRID NNDINN NYNIY NDINND
NPYMNPY ,NIMN NN NPNN L(DDI1DD D1 DXM) NN NYDININ 2N : DINAN
DMIPIND .IYIND NI YOPN TIN ,DMYN DONNY MM  NYNINND NPWIY [ NYNINDN

DY NNNY NI NJHPNN MNNKNM NN WHNYN

SV OMYN DXNOVN 9 DY ,(21PPA MIXNDN 60) DPDVINVN KD DTN MNMN ,IPNNI
OONYNN NPNAT .ANRNN NDYT TITH NP, NIMN A MDD ND DIDINDN
9901 N2Y MWONT ,NT NDN DIPNND DIINNIND OOYP 1INYNN INPI DXV DXPIADNN
DYINN DMMANND IN2Y TIYNRDI 720191 MNWNN DY NIV 7PXONP RN 071200 DINWYN

N DYDY DIND KNI 02ADN DINYNO

219192 PN NMNNN TOY NP DIRNND STV

FAct - e-.‘ AR2«3-0233RFLI2 10 ORI LKA OQLDETTYL~0 IS5TANR (2 =0 01236 R ~0 01 AT RAVL «0 OS2 RFL(1)MAQ 01358 RFLL 2 A

191199 1PN DN YY) DMNN Y1577 ,9)9 991N MYHNINN MNNND 9N OINNNN DTN

FAC o e-l T13«8~0. 1980 RLE( 2 )0 L0100 KA <0 0O002SITYL 0. 1955 FNR (2 )~ Q26EKPIT

e?(-}*SNFLE'llMA-i‘ 0222IRLE( 2 )MA-0 D30IRLE{IRKVL -0 M4SERLE (1 JRXVL

: DY TIND NV TIWUND
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FacT = injury accident frequency (1979-1986);
FAc = injury accident (except for collision with pedestrians, cyclists and

animals) frequency (1979-1986);
S = total traffic volume (1979-1986), in 10° vehicles:

RFL = carriageway width: 1 if greater than 7.60 and smaller than 8.50 m; 2 if
greater than 8,50 m;

RLE = carriageway width: 1 if greater than 7.60 and smaller than 9.50 m; 2 if
greater than 9.50 m;

MA = average hilliness (up-hill plus down-hill), in m/km;

KA = average bendiness (Grad/km);

FNR = legal speed limit: O if lower than 80 km/h; 1 if equal to 80 km/h; 2 if
equal to 100 km/h;

TYL = number of private driveways per kilometre;

R = percentage of heavy vehicles;

RKVL = AADT (1,000 vehicles per);

KPIT = length of road stretch (km).

DXNNN NY¥N) NYOMN 2N [, NITY .DMINYN I9D10 P2 NNRND IR NV 0DTINI
DM AN MPNNY

(1996) Mountain et al (5)

DMWN DXNNY DY DT NMINNN NN DTN NS (1996) Mountain et al ,n»vr»aa
DMVMDP 3,800-HD HHVONI DN .NPIVNAN MY NYNNN YN DY DN DION ONIYY
5,000-1 9NV YYD OOVTN NPNONITI NPNYON-TH  NPNVY-PA NPNPY OIT HY
DNIMNNM ,TITH OYOPY DIWXIND DM NYNN NI :N2Y IGONI OMNNN .OMIVYN DINNY
N NYNPYN NPZON-TNN DI SYOP TN AN P2 .(26,000-D) ONY 15 N2 NOPNN
WOP TN TINNN 12,906 1MW) NON DOYLPA ;OMYN DNNY 2,300 MDY NP 945
DOYOPA ; DMWN ONNY 2,677 MY NP 2,566 7PN NPINVY-1IAN NPYON-TNN DIDVTN

JMIND 10,535 1w NON

YIOW T TIN ,MMINNN MNDYY DXIVTN MMARND P IWPY 7O Y9I MNRMN ,IPNNna
JNURIN 97N .OYTIN OND MW INMO NN NIY NPDOHY I IN PNHONIY NNYINN2
MY NPPY MYNNANI PIYNI INPYY YOPI NMINNN T9DN DY NWNN NNMIND NYOwn

19932 PNIYNI NNPYI DMIVWNN DIXNNN NYOWN MIWN HTINI A0N MNWNI DXNNNN

:(1.12 NDY2aV) 19190 PN NYNIN NONND DDTIID DINTPNN DI INDNN

AF =b,T"Le"""

IUND
T = total two-way annual traffic flow (million vehicles);
L = link length (km);
N = number of minor junctions in the link.
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Mountain et al Y¥ NYNIN HTIHN >9-5Y MNNND DA0HN OOTIVN MDTPN .1.12 1YV
(1996)
Table 1.12. Coefficients of accident explanatory models according to the first model
in Mountain et al (1996)

Model Urban A-road Rural A-road
parameter single dual single dual
carriageway | carriageway | carriageway | carriageway
by 0.808 0.808 0.481 0.481
by 0.614 0.614 0.614 0.614
b, 0.986 0.630 0.986 0.630
bs 0.104 0.104 0.104 0.104

:(1.13 N52V) PN PN MNIYN NONN DDTIND DDTPNN 2P NNONN

AF =AF, +AF  1ocien = BT BTN,
T = total two-way annual traffic flow (million vehicles);
L = link length (km);
N = number of minor junctions in the link

(1996) Mountain et al Y »wn 57N %9 Sy NIINND 020NN DY TINND MTPN .1.13 YAV
Table 1.13. Coefficients of accident explanatory models according to the second
model in Mountain et al (1996)

Model . Urban A-road . Rural A-road
parameter s_mgle dual single dual
carriageway | carriageway carriageway carriageway
by 0.784 0.628 0.453 0.363
by 0.644 0.644 0.644 0.644
b, 0.957 0.658 0.957 0.658
b 0.131 0.131 0.088 0.088
by 0.648 0.648 0.648 0.648

STV ONMY DNY RYND) DTN NNRNN 2P0 NN

(2003) Prinsloo and Goudanas (6)

N0 299 MMIN NMINN 190N NPNY DPADN DYTIN NN (2003) Prinsloo and Goudanas
MNPV MNINAD JTHIND NMINNT NYY DX DXAVNN DTN .7PDIVOIN 0D MNXD M1, 71T
DIPY , 2 2N ,251) 2NN : 1N OIMIAND 190N WNOIYW DIITTN NPDY .TIT ND 19 DY YHNnN
DY TINN .NYDM MDY NPY Y21N) 19 YN ,DMIVN DINNY MIN IIIN DIPY PN
NYNPY PA 07T DY NP 10,000-n NP H9I1ON OITTN 1IN DIV WINIY NMIYNNNI INMD
DN ; (1VN 10 TINA TIT OYVP N2Y GON) DIIVTN YW DIIVNINNIN DINININ DY Y0

LDMYNY DINNN P TIT YOP Y25 DaPn) NYNNN YN Yy

D977 DV NP 3,000 DY 0NN DY STINN MNP NX D95 NYRIN PONN .OMWD PN IPNNN
DINRSNNN .NPMPNR OIT DY NP 7,000-5 5T OXMN VN PONA .APTHRN NPINNIY
PIT MNP NV N NMIRND NN WIDOY .IPNNN HY NUNRIN PINY DON»NN INNTY

DMV 10-) DIV 5 : Y

55



(IR DNIMAND 29 DY NYY) (DHVINMIVDN NITHIN) DIITVTN OYVP NP

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).
Y 2IVON TN NPDLIMVX XY MDY MNON NYawn DY 2N T, 71T N0 DY
NP PI0,NPYY 23N OVP,NVNN NYIN PINNK PPN DIPY ,NYDM N0 : H91D  NIRNN
PPN DIWI MINKDON MNPV MPYN ,D¥IVWINN FPI NN AN ,DMNDD TIT 1Y, TITN
ND HIY 2WIN (257 N7P 1PDMNY NMIND) YXINND NDIRN NYY .DMWN DINNY MDA O

LDV YT ONIMD NMMNNN MWW NN N8N 1.14 1DV .ONY IWY N2 NMINND NNHPNY 71T

¥ MNYN NMONN NYAYN NIAWIN (D2MANRNN W) TIT ND D30 MINXNN MNWY TNO DY
YWOP DD DY YNINNN MNNRNN MY P2 0NN MYNNHNI NAVIN DYOYNN IINIRNN MYV
1.15 1520 ,XNNTY .NNAPA TITN OYOP 51 MNKRNN NV P27, 1IN NNONN POYA TN
S1T TITA IINRNN MWW DY YNHRD P OV PNNOON OND NYIAIN DY DNYIVN NN NINNN

2 AN DY DYANN NYAIN NAY ,TINO0N

(2004) Qin et al (7)

T2 TNXY ANV 2IWNN DIDIAN .DMNY MNNRN MDY DX A0N DTN NN ,(2004) Qin et al
QINDD PN YNINNT ONPN DYNNN N NMIRND 190N PA WPNY DIYYNN NONX 7N
NN NNINRNN NDA NON XINW)

159 595 "2 DY IR ,TTA 299 NINN : ONY DN NYIIND ITINN DIYID) DY NMINNN
259 595 N2 DY MHIRM DXTHNND OMNPIN 159 D5 NI DY ININN ,NYOIN NI IMNN
-9 MMV MM DY VXN WY ,27NINA HSIS onmn Mxnn NPy onmn .nnisa
Y TN IMYIN INPDI IYIND NI MNN) .TPONITON TITH MY YT DY PIMnnn SN»TN
-TH D997 SYOP 29,800-D NV NN DAY YIIN NI NNPN DITIN MM .MPTHN
IRIPN JOIND 1IN TITH OYOP .97P 29,000-D AN DY 591D TIIND NN -¥T NPIOON
NN NP NYNN N L,TNIXR L,OMNDN 29 DY NMINN 190N :NION DMINN) 190N YOop 935

YO 2N 9 2N1T 23N 2N ,NIMN N2 MIIN

Zero-inflated Poisson »0n "»MoNI9 5Tina vidw nwyd DM 295  MNNDN MIPNY
NN PTIND TN 7PN NMIRND I901D NOWYN P2 INRDD WP IWIRTIY T 1IN OOTINN
YNYY NI 1D ,DO0790 NYNN NN TIND 2T .ININNND ND 29 HY NMY DO NYNNN
5y DYDDANN TYNNA DININNDT DINRNNNN .DXNNN NPIVNN DITTI NYNN SN NP Y2
ANIND MNXNN NN STIND .OOMNDN MWD YSIND M N 1ONT DD DIPNT NYIN MNN)

: INDNN MYSNNI
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(2003) Prinsloo and Goudanas »5 ,09 737 23»9xNY MNKRNN MWW .1.14 1DV
Table 1.14. Accident rates for different road characteristics, according to Prinsloo and

Goudanas (2003)

Paved width Shoulder Width h'l:'r‘::er;f Average Lane c¢::|:arga:e
categories (m) Class (m) | /oo :w ay| Width(m) | e
Dual Carriageway
A >3 AND <= 3.5 23.0
>0 AND <=0.85 >3.5 9.8
3 >3 AND <= 35 38.3
2 >3 AND <=3.5 22.2
8 >0.85 AND <=1.5 >3.5 9.6
By, ow1g 3 >3 AND <= 35 74
>3 AND <= 3.5 10.1
1.8 2 >35 6.1
=0 2 >3 AND <= 3.5 31.1
>3.5 27.3
Single Carriageway
<=3 53.5
>45 0 2 >3 AND <= 3.6 28.7
® >3 AND <= 3.5 29.9
>0 AND <=0.85 |2 535 8.1
50.85 AND <=1.5 |2 >3 AND <= 35 26.5
& x X >3.5 28.5
>6.25 AND <=9 3 632
0 2 >3 AND <= 3.5 39.8
>3.5 253
<=3 25.0
>3 AND <= 3.5 25.2
;. >3.5 53.3
R | >3 AND <= 35 319
>3.5 66.9
B >3 AND <= 3.5 24.5
>0.85 AND <=15 |2 535 195
>8.5 >1.5 3 >3 AND <= 3.5 22.0
>0.85 AND <=1.5 |3 >35 21.3
>3 AND <= 35 58.2
18 2 535 613
2 >35 411
0 3 >3 AND <= 3.5 54.2
>35 144 8

Prinsloo and Y ,79%00-Y7 7972 MNKRNN MNIYW DY DINY 1DID M0 Nyawn .1.15 120
(2003) Goudanas
Table 1.15. Effects of various types of road marking on accident rates on two-lane

roads

Centre line marking type | Average crash
Sealed width | Shoulder width crash rate difference (°4) rate difference

category (m) |  class (m) B/B | B/IC |None| C (%)
861 71.77 0.78 4,08
>0 AND <=0.85 | -3426| -7.87 -1.53 27.07
-5.06 -5.06
£97] 2134 -5.16 248

>0.85 AND

Div <=15 <=1.5 113.30 -23.57 .;;g;
-26.42 28.34 0.96
>1.5 13.03 3303
0 556| 31.76| 92.31|-31.81 21.84
91.64| 46.00| 22.45|-53.91 -7.16
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AF;

Nk
P
Vi
L
Xi

AFA = ]’. f’; = Vﬂﬂ LTLX e.\'.ﬁ. .

IYND

= expected accident frequency of type k:

= computed exposure function for accident type k:
= accident rate for accidents of type k;

= AADT at site /;
= length of road at site /;

= set of characteristics of site /;

= parameters to be estimated for accident type k.

TN MDY NYNN NAY ONTPNRNY INID DTN MIRNIN .OPMY DINMY ORMN ITINN
NN O8N 1.16 1YV NMNRND MND P2 NYYTY NMY) ONYN DY MLP NMY INID YOP
MNRND P9 DY, NMNN NIDN TNYD HTINNN IPHNY DMVNIAN DY DXIAWVINNDN DIIIWN

1995 - NYNDN NNX NIV WNINNY

Qin et al : /N .1995 WA ,NINN ND 29 Y MNKRNN NPNY STINN MTPR .1.16 1920

(2004)

Table 1.16. Coefficients of model for accident prediction according to accident type

| Accident type

Explanatory Sinale Multi-vehicle | Muiti-vehicie | Multi-vehicle

variable 2 ohlgzl 2 same opposite intersecting

i 4| direction | direction | direction _
Intercent jSo¢ft | -0.672 2.133 8.882 0.883
P' ltvalue | -2.405] 3.226 6.188 0.857

Coeff. | 0.254 | 1.270 1.126 0.720

INAADT)  [¢Value | 14.540] 2.7% 2.050 10.470
Coeff. | 0.725] 0.429 0.748 0.245
InLength) I+ value | 63.547] 13.815 11,759 5.658
Shoulder |Coeff. | 0.026 -0.054 -0.123 -0.064
\width tvalue | 3.295] 4.702 -5.393 4674
Lane width |co¢ft. | 0.136] -0.261 -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 /e alve | -0.132] -2.805 -1.300 0.533

(2003) Turner et al ,(2000) Turner (8)

912y NPNPY-P2 DXIITI NINND NN DY TIN INMS ,(2003) Turner et al ,(2000) Turner
DIV ,0>TTI2N DONIPY : NI DXTNPN DINNRD INM DOITIND . TIN 1M ,DXNNNY TIT OWOP
DXNNY : DMD NYOWY IPDIN D97 MINN TIT-NADT YUY T2 221 YHya DMWY DN
:2Y DN NDON) NN DI Y5 VNN DXTNPN OINNY ,TIT OYVP ,(MYN M 50 551D)
DYV NN YO0 .YPIPN WD DY NTMN TN MDD NN NIPAN AN ,MIVDIND

D7V YNN NA NP MINIRND 2N NP .AYIND INMD VTN

DORMN ONNID .OMIRYD OOTIND NPOOD MPNOVI VDY NWUY) 097NN M
DYTIND ONONIY MM TN ONY ,DXTTAN DY NONMND 7OV MNdA NN
DXINND OOTINA NP YN NYNN N - TN PADN MINWN ITNIN TIT SYOP) DINNND
MAIPNN MM ,DIPY YW 1ONN NN :)ND DINX DPADN DNINWNI WHNYN DXTNPNI

(DIW)2) NYDMIN 2NY7,(N257 YW)91NY) DM MIADT 190N ,(TT12N DIPY) DIPYD
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: 19199 NP ONNKD NMINN NN DTN NMO

AF =52:107Q.. QL.

IYND

AF = expected accident frequency:;

Qmin = AADT in the minor approach;

Qmay = AADT in the major approach.
DWTIND ,NONTY .TIT OYOPI OMIPYY NMIRN MDY INMA DMIDI OMINDD NON OOTIN

29N PN NPYI NMIVNINND NPIIN AMIVINND

(@ \"

{3

AF =b

IVUND

AF = expected accident frequency;
Qr = AADT in the carriageway (vehicles).
DININI/NMNN MND 8 13 NPNYON-TN NPNVY-PA 07T DYV 16 MRMN ,IPNN2
SNNR-NTN L NOPY L TPIIN MYNIND DN DININND IN MNNND OND .INNX OND MY
D5 70) INN ,N91NI MPNNA PNINN ,NVOY TIDN NP INMND 259) 7N 259 P2 MYNINN
DYDY DY NIND DT IV MK : DN DNIND MND .DOVIN DY NNINNN

,NOYY TIDN [ NNR-TPIN :DNY MDD D772 NMIKD ONDY INRMN DTN NWHNN
1919 PN MPNNN 02719 DOTINN DN DY MNNNN 9 TOY NN ,NOPY

AF = b,Q;
IYUND
AF = expected accident frequency on motorways;
Qr = AADT in one carriageway (vehicles);

YNNI NPIDON-TNN DXI7THY NRMNY DXYTINN MDTPN NN NPSN 1.17 NHav

Turner »95 ,177°0M) NPYON-TN DYIIT2 NMINNN TO NN DYV M TPN .1.17 1YV
(2003) Turner et al ,(2000)
Table 1.17. Coefficients of models for accident prediction on single-carriageway
roads and motorways

Number| Scaled
Type orrond bo bi | K | ofsites | deviance
Level terrain single carriageway 2.91x10~7] 0.84] 1.5 100 32
Rolling terrain single carriageway | 1.20x10 | 0.84 1 9.2
Motorway (for each carriageway) 2.18x10°| 1.43| 19.8 76 62|
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Interactive Highway Safety Design Model (IHSDM) (9)

SV NN TNX0 Mo nvan ny»n (IHSDM) Interactive Highway Safety Design Model
2WAM MNPV DY DXVDNNN TIIVON-TN TENVY-PA TITH NMMNMYPH NMNON MOLINN
MYITON TITH MY NN INMO NOINN Nan (2003 ,Krammes and Hayden)
D277 HY YTNN )NIONM MYTN 07T ON TNXY 1ty o5 i  IHSDMn .a7naxa (FHWA)
951 [HSDM-2 wnnwn 11 . 5nn mmvn H¥ oyINdan NN Ponnd ny»onn ,mmn»p

NPPO : DMIPOY DX NYWHN MIINY VNN PMINN TY DTPIBN NINNN ,)NINN Y29V
IYNN MNP NN NPPO ,1NIOINN NPIAPY NI, MINNN DN NPT

WIAPIY DMIVNIN ONN WONT ,TITH 22239 NN NPYTAD YHRWN 7NPTHNN NPPOY 139
TAN5 wy 1w Np>7a AASHTO Sv )onn npyTna MTNNY DO9YN NNV DINNN)
IR PN IR ORNNN POPIRD INNNN ,TITN T OI”INNN D01, 2MD

DYIVNINNDT DIIMANIN 19-DY JNIDINT MNNNN I90NY YTMIN P3N "MNNNN NN 2359
Sy DWAWNN D207 .TITIYVPY TI9) PONM DXNNXY TI9) NN PONN YW .NYNNN MIMINDI
SY OPTN TN DWW N0 DI 2N ,22N) M7 : DD TITN MYOPA NMINNN NPN DNINON
,DMIVN DNNY MDY NPOY TN NNN ORI DIMIPY I12YN DD ONN PPN DIPY
NPIVIINNN 90N YTDIND OMINININRN .TITN YT NANID NPT NPY 2N DINIMP ONN
DY TINN IPYD DTN INTPN HNY NN MNKN DIPIDNN DMVDVLLD DY TN DXIAYYN

.DONNN M0 NYAINDY TIT OYOPY INMO DMOIDIAN

accident - AF) »903 NMXN MNOY NS DINDN DYDN O»DX0IN DYTINND

TINY DY AYPN N 3TY ,9TNN N7 29TY Oy ,0PIoNn DInwnn 95 oy (frequency

ownwn (accident modification factor - AMF) »»vh 0mINn DMNTPHRN MY .YoPn
MION OV DY YOP YW DYDY >DIDIN DTINNN VIAPNNIY MMINN NMINND D9y JINOD
:1199YNY RNODNN PNY .IVIT MNKRNN NIIN DY INX NIPON NNI DY DNYIVNIY DIDNDN

AF,

ek

= AF.... ... (AMF,, AMF, ---, AMF, ),

IYUND

AFink = predicted number of total link accidents per year;

AFyae moser = predicted number of total link accidents per year for base
conditions;

AMF, = accident modification factor /.

Sv 939 P Yy Nnvy) AMFR nidad muw Mg oMay NIpam JITN 1207 NP2
DIPY SV TN 2V 2N DY N0 ,2ON) 2N : DNV DX 12 )TN TIT OYOPY .0NmIN
DY2°N) DMIMP DNN,DMIVN DXNNY MDAN NPY ,DXDIPY 1Y) 1T NN 01T PN

ST TN NN NOYPY XXM DMINP DN ,NINNDY NPID DMIVD-YT
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DO2ANNN DYOY DM DOTIM DYDY D»NIA DY MmN IHSDMn nimaa

oy ,NPDM-IT NPNYON-TN 0977 HSIS Hw rsaxrn onmn ooa inn , AMFY 2wond
NYNNN NN WY MINPAY /1 3.66 DY NOW IRV D 2NN /1 7.32 Dy N2 NOW 2N
JPOIPYN NPTHN ,1993-1995 DNIVYNNIY ,NVIDPN NPTNN ,1985-1989 DNIVYNN MNINNM

NMIND 8,083-Y 777 OYVOP 3,308-1D DINMN VY DN

Q0 YSIND NI N TITN OYOP DTIND DIONINIVIY DIPIADN DINWNI DV 51T 190N 1PT1)
PN PO SPWN N 100 TN NYPS DI1Pya MOYN 0 AN 20N AMD YOPN TN
SPWN 00N DIPYR) MDD DY NYY ,(YOPN 99 TN POINND YPAINRN PN YOP TIN)
NIT WP MDY L (YOPN DI TIND PHINN MDA YIINRN DIPYN YOP TIIR) NIDII YIIN DIPY
N9 YINDN 257 NN ,NIMN NDAIN NMPNN ,DMIYN DINNY MMAY TITH T¥1 NNOD
YD 2NN ,(207-17 119NI) NOOWN : DD DNV IWINN 1AWIN ;1D 10D NN YNINHN
DIPY MHIDI MY DIDD ,0OPWYN 5195 NPEY MYYN DIDD ,(DDD DMWY DXM)) NIV

DY DY DOVLIMN D¥DIY DI ,DIPYN 193 N

:19193 N 95N YT
AF =e'T]x".
IUND

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

AN DYV I YLV MMM PNONIAY 1N DY MPRIVI WHNWN DIITINN MNPOY
.1.18 19202 DN TIT YOPI NMNNRNN TO NAY MW YTINN DTPN

IHSDM 195,797 yopa mnxNn ToY 910N »mTpn .1.18 NHav
Table 1.18. Coefficients of models for total accidents on road section, acc. to IHSDM

s . Estimated

Variable Coefficient standard ervor 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
::‘;g::)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 +0.139 0.0659| 0.0351
Washington)
n,p 1331, 9
D" I (n-p-1) 1.50
K 0.3056
R’x 0.829
R’ 0.655
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LDYPAN NP MNPV NYY NN THSDM-n 5w mnonn nyapy” 2959 ,Jwnna
2y MODDIAN MNPN RY AN DY NP NIONN 299V P2 NNIDND NITHN ININA NPIAPYN
AoV oNN

(1998a, 1998b) Baruya (10)

(MAnaging Speed of Traffic on European Roads) MASTER »>a7x vp”»19 nyona
,TIN DTN YAIND DN 29-D5Y NPNPY-PA DT MNNRN NPNY OHTIN INMO
DOINOYY OOTIN MRMN oMY (1998a, 1998b, Baruya) n>1awy nnva Snvne
,mnnn om .Generalised linear multiplicative Poisson models  nsypn o»Y55
-1900792 - 39 ,771V>7122 TITOLP 63 ,TIVIN TIT HYLP 28-HD IFDNI MNNNN NPIVVININ
TITN NMIVMIND MM .NOW NYWA KD 91N D> 0P MYV ¥TT0) NMPIND .Nd>Tava - 73
MY THN ,TID2 DIV PN NI MV ,M AN WYOPN TR : 0N IDONIWY
NUP) MDUN NN LOPIRN DIPYY MYP) TITN NPMINPY IR D IRNND DXADN OINWN

DNV 5-D 3 P2 MNPNY IDONXI NINND NN (TIND ThND

oYU MTMI MPTHN YIINR DV YXINND NDIRND NV P2 ONTY DDTIN INND MM
,(0.215) TN YINK ,(0.153) MTAVA 7PN ANV TN TN 2D79-107P PDIND NN
MMIAP SNV NN ,MNXVIAN NN NN DTANN Hwa .(0.533) DNONM (0.333) NNV

ST LIV TINN ,MTIY MM Yy ovann (Euro model) »>aynn STmn oY TIn

930919 "M Yy voann (Powered Euro model ) pyinnn »9y1xN

:19N22 TN HONPRN DTN

AF = 5.663Q04-SL0 Si'v—: WIPO llieC'OSSNJ—'." 056w +0 0235.

IVUND

>
m

= expected number of accidents (injury accidents);

= AADT;

= link length (km);

= average speed (km/h);

= proportion of drivers exceeding the speed limit (%);
= number of junctions in the link;

= road width (m);

= speed limit (km/h).

hEgo<ro

2PN PN PINNKN PAPNRN DTN

AF =a-EP* =1.00-EP'¥,
UND

AF = expected number of injury accidents in Portuguese link;
EP = predicted number of accidents using the euro model.
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YN MYT 09972 MNYVA Y DIINIVY DYIPNHN 1.6
M990 ¥a9N Mya 09994 .1.6.1

YIIN MY NPNPY-PIAN DIITTN NN DIDOY RN ,(2009) TRTN-PPIWY VIPN DY IPNN2
9-DY , NPNPY-PIAN DIITTN DV HDION THINNN 14% NNNN NONX DT D7P 622 NXIN MIID
NYNN N HY DINN) DMINPP VN DIVTN PONY .(D71D) NPPVLDIVVDY NPTIINN NIVWIN NN

.DY219) NYNN PNA) DY D¥ITTY MIAD YIIN MDY D577 P2 NOPON NPRNN NPPP I

09772 MDY NMNRND IMOY WIT YNINNHN 29PN NN DN DDITI NYID) 2IVN YN
,IYW0) 0N TINDIID MY MNNN 435 7PN WIT NYNN N DY MO YIIN MdY2
.D’277N NI D52 NYDI NP TINDIMNID MV MNNRN 277 NYD

TN TITOYOVPI MYNINHD MO 4 DY OD7T2 NMINND 21D 7D N¥NI MNNNN NN MMM
,1>IN DMV 2590 NNYTP MDY 1NN OX ,NTIND MV ) NINNND NPIPOYN MDON .0V
N, INYTP MDY NN NINND NPXONR ,NNT NPNY OIX IINY NINND NS ON,NND) XD 19
, DT DNY DY MVNIND ,NN NOIN TN 1IN - DN MXIND NMINNN M0 PN JY NPNY

207N NTIN NNR-TIN ,MOININN

,2227) 2N D PNYN VNI IDONI MIIDN YIIX MOYYA D¥IITN PIAN TIT WOP 20-2
AND ,NYDNN 2NN ,TITH NPMNPY ,0790 IN Y2 PNYIND NLY) TITH AINNV 5V AN
TPOYTH NPYTA NIIY) WA YVNMIPY DINNY MK TITN NININRN ,NIYDIIN MDY NIIND

YOP D52 NTIPID MPNN SV

DOINWNN PA (95% SW NNLIIN NN DIPNAM DAIVYP INNDI DOYVPN OPAND NN
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Figure 1.24. The number of fatal and serious accidents expected per road km, in 3
years, depending on traffic volume (in thousands) - fitting Poisson regression to the
data.
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Table 2.1. The number of road sections and their total length, according to the
thresholds of maximum daily traffic volume
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Table 2.3. Classification of minimum radius values according to design speeds
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Table 2.4. Classification of vertical convex radius values according to design speeds
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Table 2.5. Classification of vertical concave radius values according to design speeds
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Table 2.6. Definitions of "safety level" of roadsides according to barriers'
characteristics
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Table 2.7. Forgiving roadside design - recommended width of recovery zone from the
edge of carriageway
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Table 2.8. Definitions of "safety level” of roadsides according to recovery zone width
and traffic volume
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Table 2.9. The number of accidents on study's road sections, according to aggregated
accident types, in 2006-2010
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Table 3.1. The structure of database delivered to the analysis
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; D9 DY OHHDY TN YD NIMNNN TO - ALL MNWN MY TIiN»1a ,yopa MNNRNN 90N
799 990 1358 179 MIMMYY T2 ,MININNI INSIN NYN DNIN DIYOP

UNN 939 MMN TIVI NIN NIV V1192 DN DPN NMINN 190N DYPADNN OINVHN -
MINM 199 .NYN DMWY D951 DX ,PMYNYN NAYN KD YOPN MININDY NNIN TINN 0NN
T2 TN .OMYN 5-2 NMIRNN DIDD Y NYYI MNNNN PAY DYPADNN DINWNN P2 IWPN
,2006-2010 ,0WN WNN 29 DY MNKNN DI DY DIDD DXY1ON MNNKNN NINWN I8N YOP DIY

: DNV

; ©IVN 5-2 ,(77N) DY DY MNRNN TINN 2597 9 P nywnnn - COLS
; DNIVYN 5-2,(T7N) DY) DY MNNRND TINK TN 257 MNNN - SNG5

; ©MIWN 5-2,(7'N) DY DY NIIRNN o - TDTS

; DNIVYN 5-1,(77N) TN NSV MVYP - MMNN NNRN - TDS5

.DMYN 5-2 7N DO DY Y0I7-) TR AMMIRNN DD 7o - ALLS

DY NDN NMIND D MINNIA 1YY KD 0N DY NMVMIND MDD NMNRNN NN )0 ND -
1358 7NN , 7251 ©YLP 8-2 57N MY

YNV ,DNNN DINDNN ,NMINNN 190N 239 IPNNRN SYOP YW NS NSN 3.2 1YV
MNINN PN DYOPN 1358 TINN DIV WHNZ 2710 ¥ ,MINIY (1) .(D0WN winna) 0na
181-2 - N 257 MNNN ; (FPNNN SYOPN 16%) DIYOP 217-2 W 2571 95 P MYNNN
DOYOP 341-1 - DI DY MNND ;(10%) DYOP 141-2 - MNHVN MNND ;(13%) DYOP

.(509%) DYOP 680-1 - DIYID DY 199D TN NON MNNNN 993 ; (25%)

Yy - MINNN *adY .3.1.2

NMINNN NNWNY DP20NN DINWNN P IWPY DWOTINN NHNRND DNNIN N1NA ,NT IPNN2
: ©Y25Y 990D NNYY)

; GBM- rpart , 008y 1010 09710 (1
; DMINDY NIONA XD YAN §MNN OOTIN (2
,DMINDY DP2DN DY DO (3

DYONINIVION DMPADNN P2 NPSPRIVIND ,DONNIN NNMINN NPNIAY WY 1-2 DMIAYWN
NYN DMNMN DINSNN ; DOYTIND NONRNNY ©1PA0NN DINYNIN NN NNINDD INYNI)
7792 DNX DMIVNIN-2IN DY TIND NIRNN DY PNINKD ADWNN DINNHN 3.1 P91 DN

3.2

©°9°20120 DNINVYNH N’N1 .3.1.3

MOYTYa 2NYN 16 DY NP NNMP DXPIADNN DINWND DXTHVNNN DIYOVPN MMIND P2
NOO0 1 NXIAP IWYNRD , MNP 5 MM I NON ONONWN 293P 3.1 NYIV IR - INYXI
909D .02 DMNVPN DONYN MDD MNAPN INOYW Ty 0712 WP KO DINYN



APNNRN OYLP P2 ,0°ININ DNDNN ,MNRNN 1IADN NNYANN NPN1A 3.2 1YV
Table 3.2. Distribution of accident numbers, of the types selected, between the study's
sections

2591590 P2 MYNIND NINN - 1

Cumulative Cumulative
COL5 Frequency Percent Frequency Percent
0 1141 84.02 1141 84.02
1 157 11.56 1298 95.58
2 39 2.87 1337 98.45
3 12 0.88 1349 99.34
4 4 0.29 1353 99.63
5 3 0.22 1356 99.85
7 2 0.15 1358 100.00
TN 257 NMIND - 2
SNG5 Frequency Percent Frequency Percent
0 1177 86.67 1177 86.67
1 153 11.27 1330 97.94
2 22 1.62 1352 99.56
3 4 0.29 1356 99.85
4 1 0.07 1357 99.93
6 1 0.07 1358 100.00
NN NMNN - 3
Cumulative Cumulative
TDS5 Frequency Percent Frequency Percent
0 1217 89.62 1217 89.62
1 117 8.62 1334 98.23
2 17 1.25 1351 99.48
3 6 0.44 1357 99.93
4 1 0.07 1358 100.00
DOYX9) DY NMINN - 4
Cumulative Cumulative
TDT5S Frequency Percent Frequency Percent
0 1017 74.89 1017 74.89
1 223 16.42 1240 91.31
2 71 5.23 1311 96.54
3 22 1.62 1333 98.16
4 13 0.96 1346 99.12
5 3 0.22 1349 99.34
6 4 0.29 1353 99.63
7 3 0.22 1356 99.85
8 2 0.15 1358 100.00
(D>¥X9) DY 95 T/N) NINNN TO - 5
Cumulative Cumulative
ALLS Frequency Percent Frequency Percent
0 678 49.93 678 49.93
1 303 22.31 981 72.24
2 178 13.11 1159 85.35
3 71 5.23 1230 90.57
4 45 3.31 1275 93.89
5 29 2.14 1304 96.02
6 14 1.03 1318 97.05
7 12 0.88 1330 97.94
8 4 0.29 1334 98.23
9 7 0.52 1341 98.75
10-27 17 1.25 1358 100.0
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-»AADT","length","lane_w","sp_limit","sh_to_w","ss_max","gr_max» :1 n$ap
XN DIV AN, NN MPNN ,YNINN DN AN Y0P THIN,NYIN N ,NNNNNA NN
WP NRYY DNINWNN DT 1T NXIAP - 1290 DN NIDYD JTOIN 2D TN MDY JTNIN

; ONPM

VN MPYN 28N PN NRNN2 NY9ON -"bar_est”,"no_bar_est”,"rside_est" :2 nap
P2 VP TN URIND B NXIAPA - TITN TS 2ANNY DOPWN RS MIPYNn XYY TITN TN asn
YOP N2y no_bar_est-) bar_est YW 0501 50pw NN rside_est MINWNN TUND ,ONONYNN

; DNDN

;19W TPINVPM MIYIN FPN DPTIY TN NYDION - "rh_min”,"rh_cat" : 3 n¥yap
;19U TYINLPM IV Y2PN MIIN DPTIY JTIN NODION -"rvp_min®,"rvp_cat" : 4 n¥rap

-9V PINVPN MWD ODHY YN DPTID YTOINX NN -"'rvn_min”,"rvn_cat"” : 5§ nrap

INT) 1NN NYVPNHN MITIND NNRNN NITYL URIN ITNHN DINWNN P2 Wpn 3-5 M¥apa
29
MMV 1NN A NADI .ONNVYNN DY DIDIYN NNV DOVYNINNN DX NPNN 3.3 1YV

DN MY (Box-Plots) nomp »wim

D>1720NHN DINWNN HY D¥IIYN XNNVI DIYINN .3.3 1YV
Table 3.3. Averages and ranges of values of explanatory variables

ninuwn uyi1nn 1D NTUD oxRnNTITn 11D Tann 11D
AADT 1358 1.86 0.84 0.20 3.50
length 1358 0.94 0.16 0.15 1.42
lane w 1358 3.19 0.35 1.69 4.17
sp_limit 1358 79.44 15.03 30.0 90.0
sh_to_w’ 1358 1.61 0.74 0 4.83
bar_est 1080 2.24 0.67 1.00 4.0
no bar est 1321 1.23 0.30 1.00 2.57
rside est 1358 1.56 0.49 0.90 3.83
rh_min 1338 1543 594.15 4.84 10001
rh_cat 1338 3.88 1.47 1.00 5.00
rvp min 1336 809.7 209.44 4.78 10001
rvp_cat 1336 1.22 0.63 1.00 5.00
rvn_min 1336 -806.3 1224.86 -10001 -5.26
rvn_cat 1336 1.30 0.86 1.00 5.00
ss_max 1338 4.18 1.60 0.64 10.02
gr_max 1338 5.25 3.04 0.24 15.37

DY2>219N DHNVYNN NN NNIAD NI HY DXPADNN DINWNN P DIYPN NPNA NI, TYNN2
: NI 9IND NOIYI DINWNN NN .DWOTINN NINNND

common factor ) ©@amwn DI MNP NMYNNNI ,DNMNYND P2 DIIYPH NN TV .N

293 NN (analysis

; DOINWNN INYY TIN) WP Yya on - lane_w ox AADT, length, sp_limit : o»nwnn -

DIV AN YNNI DYDY 1 0.74 1N TPVD OY /N 1.61 70 DI 2N YXINN ,IPNND OYLPR P ,IMDD 3
PPN AYVLP AMIN 70%- NN DD 5IVW INON /N 0.70 JPN VO DY /N 1.13 7PN DD
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oy rside_est, bar_est, no_bar_est : DMNWNN P2 IRND MPIN NPXINP NN NOWD -
,/vp_cat, rvp_min : o»nwnn pa;rh_cat, rh_min, ss_max, gr_max :o»nwnn pa o
. rvn_cat, rvn_min: 0»nwnn pay

P2 AWK ,DODTINA PRYND D2IPN DINWNN IRYD NI 7PYONP OY DINUNND NIRY PIY
NIPY TANR 71X STINN NHIRNND ,IINY D2IPN M) NIXONP DY OINYNN

SMINNY 092011 12 NPKHNP N1N1A LA

NIMNN 90N DY NONN MNWND DXPADNNN TAR DI P2 IWPN DY IMNWUKI W HIpd »1d
2 (Pearson Correlation) MVIVE NPSONP 12WIN ,DXINN DINVHD NYOVWN NI NOY 09977
NNMRNN 90N YNY NONY DMONN DOINYNI NINND DY 0XADNN DINWNNIN TNXR 9
125 DYONINIVIAN DXIADNT P2 N INIVYNRI WP ,I01DI) )2 NYNNN N YOP TN POINN

(YOPA NYNNN NN YOPN TN NYAWN 21522 JNI MNINND

:(0.05 MPN2M NNIA) OIPNII INYMIY DIVPD DIDD PNY

,Sp_limit : ©)nwNRn 0y MPIN NPXYNP IRYM) (COLS5) 2590 595 P MWNINN MNXN NIY -

;rh_cat, rh_min

,rvn_cat ,no_bar_est : ©)INWNN Oy MPIN NPXONP IR (SNG5) ToN> 257 NMINN N1AY -

;rvn_min
;rvp_cat, rvp_min : ©)NWNN DY MPIN NPXINP INYNDI (TDS5) MINNN MNXNN N1Y -

, rvn_cat ,sp_limit : ©MNWNRN Oy MPIN NPXNP NI (TDT5) 039 DY MNNRNN N1AY -

;rvn_min

no_bar_est, rvp_cat, : ©)NWNN DY MPIN NVYNONP NI (ALLS) mnxnn 595 7ay -

.rvn_cat, rvn_min ,rvp_min

oV rpart M0 7NN rpart 8PN YW MYSNNI 0INYND NYIVN NN TV L)

.Sp_limit MNWRN - >MYNWYN 191N MN2N NRDY DX TN TN MINWHN PIY 88N .R mom
11291 YMDYN APY DXPADKRN DOTIHN MMON N MHAWN PNNY BIMN TYHNI ,NNY DY
DY97TN OYOP SV DOMINNIN DIMINNDT P DXIWYP N NN NIVHN) IPNNT MIVHY
NINWD D) YOPA NN MPNNY SY MNWNN TWRD ,MNRND MYNIND PIAY ynnn moT
DMIPYN NN 122NN ,199) NLWA PN NN Y92W TITN MIMINNI DMV HY 1R PI PP

APImMnn MPna

,YOPA NYNNN NAY DI DY rpart NN HYY Mo MmN ,sp_limit MnwNN NION INKD

May IwNo Llane_w rvn_min : 05N Danwn Sw nyown nInsnd (ALLS) mmNnn 7o May

.DOWUN DNNWN INNNI ND NMINNN DY DINKN OMNON
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SPNIRNN 299912 AYNNN NI )2 HYYPN NN T

NYNY DAY DPIADN DINYN DY NMINN DY TNV DPINN DIVYPN ,MIDNN MY 19D
DMINND 1PN, MNNNT MND D3 DY YAWN NYNNN NIV NN NN .AYNNN NI NMINYND DY
PNIAND AN YR MNXNN D9 DY MYDNONAY D )N PON DY P71 DMWOIVN DOIVNIND

DMIRM DYNNN NI PA VPN JNY,NYNNNALIEY NN DINWN DY DNMINA

9901 NONIN NDY THIRDY NYP NYNNN N NOY NN IWPN NNY DI TITIY WT NNADNIN
VDN DY) NNINND 90N NININ NZY NYNNN N NY P2 WP NN NPT NDNN .AMINNN
YDOHW NI HTIN ORMN .(D7PY THIIMY-WHNNN NIRND NOMN DX DTNHY T YOP TN HY
M990 10g(L00*AADT) wom X 982 qUNI ,MNNNN 0N TR DI 1)IMD (smooth) pon

dg_x

-5 mvn AADT wnw 3.9-5 nnwn Ig_X-2 2w oy, PY0IpNn? »MIR»Y 190 IWpnY NN
TIY MOIAPNN NPASN 17 v IpNHNN DY DMMN D012 57NV MDY NPYT1a .27 1PP2A 0.495
VOMN ,3.9-5 NNNN NINYN DDIAN POYY (17) YOPN NPANNN 190N DY .NT TN TN

Y TIW0 Dyn NasND P 5T OIRNND

N2 PO DNPRMN MNRN N0 955 ,0.5-n 0»VPN AADTH »ay Yy N INND
D5 Ay YOPN TN NDY INYN VONINY ,MNNNM NYNND N PA IWPD TIRDD OOV
PN NN YD OX PAVN MINTON Y HY MDUNY K¥NN IMPNIN MWD N2 7O
IO MPNAM DRI NNNNN MNXRNND NAY) TDS5-5 K19 NMINNN PN DD N2y (p<0.05)

.(p=0.28 DY

SPNINDD 29901 D290 DINVN P2 HYVYPH NN .A

DaPY N1 5 .AYNNN N NN HDON D7D ,TIND NINWN D5 DY NN NPT ONUNI 2D5Wa
VI NNT NINNNIY NITD W D OR) .MINYNIN DY IYAVYNYD 1109 NXP ONIN) NYIUN DY N
Pa DPNON NPNIAN DTN NMIND YY WAWND DMYYN DINN DONWN NOYIN-N Dl
(3.2 P79 NN - 1INV DINWNN DD DY DODNN HTINT WYY MNIRNNN NIINNNI DINWYNN

N, NPYN ROD TITN TN 2NN ,OM 2N DWW 2N DX ONNWN NAY PTI DY WP
DIV DY N DT DIV 2PN IIIN DT PIVIN OPAN OYTI [, TITN MTNY DOpwn
DYIVMINDT ONNYNT P2 IWPN MMNY NPNI MIAPYA 39D TN DY 290 T8 MDY
NN MINND NN TNNN YIAPI ,YOPN THINR) NYNNN NI NYAYN NN, MNNNM 1I9DN)
MSPA NNV IWPN DY NN NNMND DY, NNT .ONNWHRNN TOX Y5 DY MpINN 039N

.DMINN OYIYN DY PV (DXYOPN) NPINNT VYN APY DN DIIIYN

: 1PNYY MYI2XA DINYNN MDY IINWYI DYTIND NHRNND ,INNIND
;lane_w<=4 & lane_w>2 :/1 2-4 NNV 2N 2NN
;sh_to_w<=4:m 47y % v ann

; log(rside_est) >=1.1 : 3-5 nNNMY 1 HyN TITN YT 2NN DV 55PN 0N
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i log(rh_min)>=3 : 71 20 Sy »MY PN DY)

;log(-rvn_min)>=2.9 : “11 18 Hyn » 910 199w 1IN OV

; (ss_max<=8) & (ss_max>=1.4) : INN 8 TY 1.4 P2 >2790 TS NPV
.(gr_max<=13) & (gr_max>=0.6) : NN 13 7Y 0.6 12 7270 TN NPV

IWUND Ig_x>3.9 : 1H1Yr2 259595 GON 0.5 DYN M7 NN NYNNN N ,DO¥D PINY 3 15 10D
X=100*AADT

$DWVUNN DINYNN HY NNODN NN L)

DNNYNN MDYN NYIAPY NVOWA NYNNYN DINWNN DY NNODN NPNI TN, NOAY
55 11ay °Generalized Boosted Regression Modeling - GBM »>ab (Variable importance)
NP NMAN MDYNN DY DINVNRN NNV IZAPNN ,NMIND ND - RN MHNWND

IN DNIND) DINMNN DINWNI NAY ,NIN NPIXN XYY DMNIMN GOIN Ny XN GBM-n
NIDIN YT-DY NHIRNN : NINRNN IND NIV IYXIA NINWN DI T2Y .(PINNI MONI PN YW
D)0 NN 1NN A NIDY .(ONNWH NPNA NYYO Awx) GAM nodn »y nnxnm GBM

ND Y5 712Y IUNRD  NIMRNN MO nvnn N2y ,GAMN-y GBM-n ,mxann »nun ,oorsnmnn
: DYNIN OXOZN DN (MIONN MNWNN) NINN

; GBM a7y oonwnin maswn -

NHRNNN 9-DY ,0XPIADNN IRY DI MNONI MNOND PIADN MNWN DD PA WPN VIVIVY -
; GBM »1-5y nbapnnw

DNINNNN 29-DY ,0°1P2001N INY DD MNONI MDND PADNn MNYN DO Pa wpn VIVIVY -
.GAM »1-5y noapnnv

IMRY WHWAY 7+ :1ON 000 o) GBMn »95 oanwnn maown nnwia ,qona
Y1 -5y 9N MNWHRNY RYHY 7-7 ; GAMM 7y 01 GBMn »1-5y 10 21wND 9n2) mnwnin
.GAMn 7y 9n2) XY GBMn

TAN Y95 ,0°72010 OYTIN NNNNN - NIMIN TYHND DMINYN 1IN ,NON NINNINA AwNNNa
;9N DYDIPOVA 2WNNNA NYXIA N NN .NMNINND NN

; GAMn ~/ GBMn 7y ©21wN 19N2)W DONWNN A0 DNWYI 19NN -

NN Y720HD MDA DM OMIPNNI DWNNN sh_to w-) lane_w DOnNWNHRN INWY -
LDNPNRN DTINN MINWN DD 0D53) KD AN DINNMINNN DODTINIY 7ID ¥ )0 1NI) .0WN

’99¢ DPTI1 12T D 17 718 DIWNI-H NPNR WINT
® J.H. Friedman (2001). “Greedy Function Approximation: A Gradient Boosting Machine,”
Annals of Statistics 29(5):1189-1232.
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DXIWNI 1097 DTN DY DOINWNN 99 19YI) TUND DXNIWN PN XDV DINVNY 1PN 199
Y NVNRYNN INNRD 25¥WA DMINT DMNYN POIND 1NN 1NN STINNN DINWN NVNPYN INKD
; (D2IVWN XY DINYN

.DMOTIN ONPIVUN DY 19017 1IN DIDNDN DINWN 90N -
D971IN MNDY 1INV D9°201N DINYNN : 019 .3.1.4

NHNRNND DPNDN DXTHYIND WYY DINWNN ,OTIPN YD MINXINY MPNIN D5 Mapya
DNNVNNN TR DY NYIAPI DPNDN OXTHINN NV ONY ININD PN DXPIADNN DDTINN
.MINI MNNXNN OND - ONINN

25995 pa mvinn - COLS .N

PN OPTI WONT ,SS_Mmax ,sh_to_w ,lane_w ,rh_min : yIN2) ©*1>20105 D> THRVINN DNINWND
IUND 290 TS WDV DI ANTT,2IN) AN PN

ANX rh_min yn»na - 2, 300 > rh_min \N»Na - 1 : DMNWN MW 1I¥) SS_Max Nay
M5 299 MNNN - SNGS .2

gr_max ,ss_max ,rh_min ,rside_est ,sh_to_w ,lane_w :yIn2) D>1»20nY D> THWNND DINWND
290 TS DY DYTN OPAIN OPTI S TITN TS DY 5ODIWN a81n 51w 2N ,20M) amD ONT
JUNI 7299 IININ NDY

ANX rh_min yn»na - 2 ,m 300 > rh_min \n»nN1a - 1 : 0MNWN MY 1IN SS_Max 11y
MMIN MNNRN - TDSS .»

,gr_max ,ss_max ,rside_est ,rh_min ,sh_to_w ,lane_w :1y7n2) 012015 0 THYINN DNINYND
D20 TS WY TITN YN DV DOPIWN NN PV OPIR DPTIY W 2N 20N aMI WONT
JUND 0299 IININ NDY

;NN rh_min yn»na- 2 /n 300 > rh_min yn»na - 1 : 0NN MY 1IN $S_max N1y

.(oN) bar_est=0 9WN> - 2 ,bar_est yN»N2 - 1 : 0MINWN MW ITINN rside_est 1ay
O'¥19) DY MNNNN 90 - TDTS .4

N7 ,gr_max ,ss_max ,rh_min ,sh_to_w ,lane_w :y7n2) ©>12010> D THYIND DINWYND
YN 290 IDNN WNIDY P2 TS VDY DIV OPAIN DT DWW 2N, 250 2N

ANX rh_min yn»na - 2,1 300 > rh_min \n»nNa - 1 : 0MNWN MY 1IN SS_Max 11y
MMNNN 0 - ALLS .n

N7 ,gr_max ,ss_max ,rh_min ,sh_to_w ,lane_w :17n2) ©>12010> D> THYINN DNINWYND
YN 290 MDNN WMDY 290 T VDY DIYII OPAIN DT DWW 2N, 250 2N

NN rh_min yn»n1a - 2 /» 300 > rh_min yNN2 - 1 : DNINWNI MW 1IN SS_Max 1y
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Yo MNN MNS .3.2

MY NVIY .3.2.1
P P)

YODVLD YTV OIRNNY HNIPHN MNRNT MYNIND PAY OIIVTN MMAND P2 IWPN NPNIAY
IO D D7 L(safety performance function — SPF) »mn»oa 12 NINPND MIPN INWN-19)
271N NN DD TIT AN TITH ND ,NYNNN NN 290 YOPI NANT NNIRNM 190N NN
TAT IMANNDY NYNNN N PAY TIT YOPA NAXN MNNNN 90N P2 IWPN NNOND HOILN

: (1995 ,Maycock and Summersgill) X>n ©¥90m

E{ACC}=a(LEN (ADT Y exp> [ 4, ]

SIUND
,(13% NTIND MNNRN I90N) TIT YOPA NMNRND 1900 nonin — E{ACC}
;29795 ysmn oy nynn na)— ADT

yopn 7N — LEN

L7177 23980 — Vij

DTN onTon — B,y

NP 27NN NPDNIT NPNVY XY 07T OYVPY NNMNY DPIADN DYTIN [, NONTY
2V 2N oM 2Ny ,nynnn N9 (2001 NCHRP 295) noN ©»apn oOnwn Yoo
YORN N, TN NTND MDNON MAN DIV NPMINPY ,TITN TSI NNOD NMINNDIN

Generalized Linear Mixed MNon OY7111M MNAYHN MYNYN OXPADNN OYTINND MY
quNo SAS Sv GLIMMIX -y GENMOD mny11713y792 099901 1t 0N 0o7n .Models
MYMN 5900 NN DY ,DNMN HY MDD MP>Ta MVY) DOTINN MMaY 0> 1pn adva
90N PAY (DX MIMANN) DPADNN DNINWNN P DX DIVP MM NPXIPN
MYNYN DMIYIN DPIDN DHNYN NN DXPIA0HN DNNYHN NPNID 1D MO .MNNNN
NYN MOV VY (3.1 P91 ININY 190 ,GBM 115 ,nvonn 8y by Mooiann Mmoo
P2 NPNIN JPIVIP TWUNRD ,DXPIDN DINYN P NPIVAN NPXPRIVIN DY TINDY TWINND

.DNYY MM NIDYY9-5Y 1PN DNINYN

NINN IPNNI ©2922010 DINYN NI°NA

oY apNNa L NONTY  MNIND DY DVOY DT IpNNa ,DADNN DINYNN NPNaY
D>PIDND DNNYN 190N DMIPINN NN ,0IpNN2 Fitzpatrick, Lord, and Park (2008)
WANY D91 DINWNN YD NY) DNYY DYDY ,DNNWNN NN NN DN .NMINN DY DY TINa
P2 NPNIN .DOPNM KON DINWNN NN 1P (D112 DPINND DMIWPN Ywa 7Nt 12
NP HTINA DNINYNN 29771 ,7912D DY NPIMINN 29D 1M NNXNN 2P0 195 1 NNMN OOTIN
NTIYN DY, 00NN DY MNIPMINN NI KD NYIVN 52PY 1ONMY XD PN .0 DNYIVN
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Sy NN OPN DMDINN DNPOM DAINK DINVNY  DNVYP  NIN DINWNY
YDII) NOY DMINN DMINVN DY MYOVN DD DNV IN ,DINN DINWN DY NPIRINPVNIN
7103 RY HOOW IN HTIND

Y15 (GMB 113) NPVLDLVLD NMPNA PT-HY INIY DNNYNI NYNHNYN DX NNY NTIAY2
ONINYN DXTHYIND P2 NINY D) TR ,NYNNN N MNONI ODTIND DIXTHYIND ,MDVYN
.DMOTIN OPOV 97y NMINN DY NYAVN NNAN DNYY DD

IYARNY 7PYNT0IV NYN DX ,A0NN MINVNN NN DY NPINDD 90N DY NIPNa
DN MIRMN OOTINN , DOYD PISY 295 )19 19D .PYVIPNY MIRDD IN MINDY DTN NHXNN
.DY120N0N DOINWNN DY DINNOP DYDY NNNIN INND

029790 HINNN

ST OXMN ,)9ND INRD (PON DTN) MVNID XD DTN ORMN NPNN ,NMINN N 93D
oy, 120U 1PN YOI DY 30N STV XN NDPNN ,IVNIN DTN NHRNNA IVNID
DONWYNN 931 VONN MNYNI YOP TNIX ND PYN MNYND DIV wHRNL MNNNN 190N
7.3- o7 ,gIm.nb 1o¥pP92 NYWNRNYN HTINN YTHN 2N DYDY .D>PADN DNINWND DN

.(Venables & Ripley, 2002) R b¥ MASS n»1s0 Tvnn 14

.MASS 190 NMX 7NN stepAIC PPN YT-DY DINWNN NN NNYY) ,)ON INND
T estimable NPXPNO MYNNN WYY DTN MDTPN DY NN DIDINNN DINDVN MIWN
.(Warnes, 2011) R 5w gsmodels n»190

912y WRO ,(p<0.05) N2 MPNAM NN PN LAY 097N YNNIV DX1PI0NN DINYNN
IWDOY POTINN NIPIVN 97y NM2) MDXUN DY DMIVNINNIN DININN - DINNDN DINWN
Y)Y MI9DA YNPNY HY0a AWNNNA NN .20% GN) 10% YV 9N N1DID MPNam mna

INNNY DYNNANNN OIININNDD PIAY WP NPHY

MINND MYNIND DIYVPN 23NN 152 TYPY 1PNNI MNMNY 01NN .3.2.2

DONYND OXMNY PINN YTINN I, IINNND N0 Y95, DININ PPND ONIMY DWOTINN
NN DN MVNIAN YTINN NINY IYNM 20NN P2 IYPN NNS DN ONTNHN) DXPIDNN
.(Akaike information criterion) AIC PIVMP DY YONDPNHN TIVD 290 ONNWNN NN
YOP TNN N0 GUNDI) NON MINWND B2 UPNI MININDA 99095 NN DOTINN ,INNIND

(VDN MNWND WNHRYN

COLS - 197 ¥VPa 259 295 122 MNHWIIND 913y 7991 (1)

2N AMA DY NYIWN NIRNN) XD DT MNXRN NO DY 2D IR ONMD OXMNY PONN DTN
NMIRNM DT MINWN P2 AWPN NN IURD DY 2N DY NYaUn NNSND 1D, NNT NNYD
OPTI (OMIMND) P2 ODHY IWPA PNIAND N )0 1D DWW A DY ) 2.75 TN T MInwn
TIMNRNN PAD 2299 TS MDY (-0 12T YY) P ODOW TUP )91 MNNNN PAD MW SPIN

.1 300 TY) YOP YPAN OPTI \N1N2
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21971 - COLS5 - 257595 2 nyvNINN MMY OXMNY 391D M0N0 71N

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -3.6216 1.4377 -2.519 0.01177 *
lg x 0.4588 0.1591 2.884 0.00392 **
sh to w 0.3429 0.1428 2.401 0.01636 *
pmax(sh to w - 2.75, 0) -1.0263 0.7014 -1.463 0.14344
log(rh min) -0.1746 0.1049 -1.664 0.09605 .
sqrt (ss_max) 0.1734 0.3548 0.489 0.62504
I LT 300 1.9804 1.1513 1.720 0.08540 .
sqgrt(ss_max):I LT 300 -0.8257 0.5142 -1.606 0.10836
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.” 0.1 '’ 1

(Dispersion parameter for Negative Binomial (0.3802) family taken to be 1)

$997 YOVPA 259 995 P2 MNYNIND NAY DTIND MNYHIYN

L2V 2N, NYNNN N9 DN NYNN NOT TIT YOPI MYNIND NMINNXN DY DOWAVNN DNINYNA -
;9290 TN MDY IV SPAIN DT

S IYNNN N9 PYY DY N9W YOPA MNNNN 190N -

DY UKD N 2.75 TY DWW aMI NOTHIN OY N MNXNN 90N ,0W AN NYawn 1D -
T MNNNN 90N /N 2.75 HyN HIW aMI NaNIN

;I OPAIN DN TIA MDY DY TP NINNN 190N -

7 300-1 YT MWD PN DT TWUND 2290 T8 MIdWA 1YY DY N9 MNNND 190N -
9901 ,(r LT 300=1) D 300-D JOP IWIN PN DPTI IWND NNT NNWY (1 LT 300-0)
TPIN NNN Y IAPNN IYOUNT DX GPYNY NN 390 T8 MDY P9y DY T NMIRNN

.DMpPYa

PAY YOPN IMAND NPV P PN NN DRV WK ITINN MDY IR NNIDN 3.4 1YV
MINNM 99002 Y

simple-slope analysis Sv oxsn °
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*COLS5 - 2591 %95 12 MWNINN NN DY YOPN MIMIND NYIYN .3.4 NHIV
Table 3.4. Effects of road section characteristics on multiple-vehicles collisions

,slope - nyawn o1pn ,INYNN NN 100 MNYN
(p-value mpnam nna) P0INTT DX GO ONIN
0.46 lg_x | ,AADT ->ny nynn no
(p<0.005) x=100*AADT Jwx> 15799 99N
0.34 Sh to w RN AL E AR
(p<0.02) sh_to w<=2.759wN>
-0.68 sh_to w M LYNNN DIV AN
(p=0.28) sh_to w>2.759wNo
-0.175 log(rh_min) M W OIPAN OV
(p=0.096)
0.17 sqrt(ss_max) % 370 TS MDY
(p=0.62) 9173 IN /1D 300 YIYIN OPAIN DT IWND
(1_LT_300=0) v
-0.65 sqrt(ss_max) % %270 TS MDY
(p=0.076) 1 300-1 YOP >IWIN PN DT TWND
(I_LT _300=1)

DNY YNNI MNNN 990N DY *

SNGS - 797 ¥V T°N% 299 MNNN I2Y Y7190 (2)

YN, AN DY NYIYN NRYNI 1T NNIND ND DY 2 IXRIN DINNID ORMNY PONN DTN

INNDI ;)0 19D .21 AN DY /) 3.25 TIVD DO MNWH NIMIXRNM DY MNYN P PN NN

SV ) 2 TV PO INWN NIMRNM DY MINYN P IWPN NN TURD 0w NI DY NYavn

,)92) NMINND PAD 2IYIN OPIN OPTI (DNIND) 12 ODPDW IWPa PNIAND 1N L9002 .5 aM)

MINND PAD TITN TN 2NN DY HHPIVNN PINN (OMIND) P2 HP OO qupa

2197 - SNGS5 - 7°0 257 MNINXN MM ORMNY 2D MVNI TN

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept) -2.23042 1.40450 -1.588 0.11228
lg x 0.28897 0.16626 1.738 0.08221 .
sh to w 0.66736 0.21405 3.118 0.00182 **
pmax (sh to w - 2, 0) -1.33726 0.43456 -3.077 0.00209 **
log(rh_min) -0.13173 0.06584 -2.001 0.04542 *
log(rside_est) -0.06791 0.32950 -0.206 0.83671
lane w -0.35427 0.36959 -0.959 0.33779
pmax (lane w - 3.25, 0) 0.64748 0.90444 0.716 0.47406
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 Y’ 1

(Dispersion parameter for Negative Binomial (0.6553) family taken to be 1)

$797 YOUPA TINS 259 MNNN NAY HTIND MNYHPYN

9V AN ,NYNNN NA) DN AYNN NYT TIT YOP TN 257 NNIRD Yy DIWOWNN DINVN -

; 2T AN, THITNOTI 2NN PIAVINIPIN OPTI

; VNN N9 PDY DY NDIY YOPI MNNKNN 190N -
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NININ DY UKD /N 2 TY DIV AN NOTHN DY NOW NIIRNN 19010 01 AN NYIWn 1)) -
5 T NMINNN 9901 /N 2 HYN 5IW AN

;YD OPAIN DT 1YY BY TV MNINNM 190N -
S MILP NN NYOWNN D DN ,TITN TS 280 SW H9PIWN 1182 MDY DY T NIRND 1900 -

DY IWUND N 3.25 TY 22N AMD NOTHN DY TIN NMINND 1901 ,21>N) AMI NYIVN 12X -
2 MNKNN 90N /D 3.25 HYN 2>1) 2N NN

aAPY HTIN2 1NY) ON TN NPNM DPN N 2NN TITH TS A8 DY DINWNHIN NYOUn
MY No1) SNG5 5712 020NN ONNWNRN MPNAM 00 19N .POTINN DMDYN
.MIMY WYY NIRND NN DY NPON THNIN 190NN YW DO TINN 1N NNYD

P25 YOPN MIMONNI NPV P PN NN DINVIAN YR HTIND MDY NN NNOON 3.5 120
MINNN 9002 NPV

*SNG5 - )N’ 227 MNINR DY YOPN 229NN NYOWN .3.5 N7V
Table 3.5. Effects of road section characteristics on single-vehicle accidents

rs|ope - NYawn DTPN , TNV NN 200 MNYN
(p-value mpnam nn) YOINT DN 9N 22
0.29 lg_x | ,AADT ->ny nynn na
(p=0.082) x=100*AADT wx> 157°52 PN
0.67 ,sh_to_w M LYNNN IV AN
(p<0.002) sh_to_w<=2wn>
-0.67 ,sh_to_w M LY8IIN W AN
(p<0.05) sh_to_w>2 qwx>o
-0.35 Jlane_w M0 ,YNI0N 2PN AN
(p=0.34) lane_ w<=3.25wN>
0.29 Jane_w 20 ,YN¥100 XM NN
(p=0.66) lane_ w>3.259wNo
-0.13 log(rh_min) WD OPOIN DPTI
(p<0.05)
-0.068 log(rside_est) | TN T8 5W 550 wn Y
(p=0.84)

DNY YNNI MNNN 190N DM *

TDSS - 191 yU P2 MIN MINN 92y Y9N (3)

)2 105 .20 2MA DYTHN OY TP NMINND 990N YD NN DN OXMNY PYNN DTN
2.5 7990 Y MNWN NMINNN DT HNYN P2 VPN NN TUNRD 0 AN DY NYavn nn»p
- TN TS 2NN A0 TN NIMY OIYIN PN DT DNNWNN N’ d2X0 5 any b )

IMINRNN PAD NON OIMIND P2 MON-IX DY DOYIAND) OPPIND DXANIP DNPN

2170 - TDS5 - 171NN MNXND MNMD OXMNY YD VN0 TN

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept) -2.2205 1.2328 -1.801 0.07166 .
lg x 0.1041 0.1856 0.561 0.57499
sh to w 0.5195 0.1802 2.883 0.00394 *~*
pmax(sh to w - 2.5, 0) -1.3346 0.6636 =-2.011 0.04430 *
lane w -0.3461 0.2694 -1.285 0.19890



Signif. codes: 0 ‘***’ (0,001 ‘**’ 0.01 ‘*’ 0.05 ‘.7 0.1 7" 1

(Dispersion parameter for Negative Binomial(0.4215) family taken to be 1)

$797 VPR NINN MINN 912Y HTINNN MNYNPYN

2D 2N, NYNNN N BN NYNN NYT TIT YOPI MNNN NN DY DOWIWNND DNV -
;2N 2NN

; IYNNN NAYA 7PYY DY NYIY YOPA NMINNN 90N -

NININ OY IWNRD /N 2.5 TY 5I1W 2N NOTHIN DY NDIY MNNNN 1901 DIV AN NYIVN >0 -
;T NMINNN 901 N 2.5 HyNn DIv AN

2PN AMN2 7P0Y OY T MNNNN 190N -

NP N1 DTN O>PIADNN ONNWNRN MPNIM ,SNG5 My 57N> NmTa Nt DTN o)
.MINNID WYY MNXND IN) DY NYON TN 190NN DV DO TIND 1N NMYD

P20 YOPN MMANNI NPY P IWPN DX DIRVIAN IYR DTIND PNV NX NNODN 3.6 NYAV
IMNNN 90N NOY

*TDS5 - NY1IND MNINNN DY YOPN MIMINND NYOWN .3.6 1YV
Table 3.6. Effects of road section characteristics on severe accidents

's|ope - NYOWN DTPN , 7NV NN 20N MNYN
(p-value mpnam In7) >0OIN77 BX 9PN NN
0.104 lg_x | ,AADT ->ny nynn na
(p=0.57) x=100*AADT wxd 157°95 99N
0.52 sh_to_ w M LYNNPN IV AN
(p<0.005) sh_to w<=2.5wn>
-0.815 ,sh_to_w M LYNIN SV AN
(p=0.15) sh_to w>2.59wxo
-0.346 |ane_W AN R)a)alukaabBuin) ]
(p=0.20

DNY YNNI MNNN 190N DM *

TDTS - 197 ¥V P2 0919 DY MNINN N2Y YN (4)

>N 2N DY NYOYN NRNNI XD N DNIND ND DY D NIXIN DNNID OXMNY PYNN Y 1N
MINYN P2 IYPN NN TWUNRD ,5IW 2N DY DYV NIRNNI 1D ,NNT NMYD LTINS MDY Hun
12 ODHY AWpa PHAND JN )10 N0 DWW AN DY D 2.5 TV Y DnVN DMINDM N
TS MY (N DT YNY) P OOV WP 10T MINRNN PIAY MWD OPOIN DT (DNIND)

.09 300 T¥) YOP PN DT NN NMINNN P2V 220

2N - TDTS - D)9 DY NIIRND NI OXMNY IND VNI DTN

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept) -2.67023 1.20524 -2.216 0.0267 *
lg x 0.32069 0.12517 2.562 0.0104 ~*
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lane w -0.09385 0.18511 -0.507 0.6122
sh_to w 0.41261 0.12642 3.264 0.0011 ==
pmax (sh to w - 2.5, 0) -1.10848 0.43830 -2.529 0.0114 ~
log(rh min) -0.12029 0.08245 -1.459 0.1446
sqrt (ss_max) 0.31394 0.28094 1.117 0.2638

I LT 300 2.04287 0.93554 2.184 0.0290 *
sgrt(ss_max):I LT 300 -0.91520 0.41758 -2.192 0.0284 *
Signif. codes: 0 “***/ (0.001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 ' 1

(Dispersion parameter for Negative Binomial (0.4824) family taken to be 1)

$T97 YOPA DY) DY MNIND 92Y ORMNY JTINN MNYNRYUN

LN AN ,NYNNN NS DN NYNN NOT TIT YOPA DY) DY MNINN YY DIWIWNN DINYN -
290 T VIDY PN SPAIN DPTI DWW 2N

S IYNNN N MDY DY NDIW YOPA NMINNN 190N -
; TPONY MIVP NYOYNN YD DN ,2PN) AN DY DY TV NMINNN 190N -

NININ OY IYNRD /N 2.5 TY 5w AMI NOTHN BY N2W NMIXRNN 1901 ,2IW 2N NYIWN 1230 -
5 TV MNNNN 190N ) 2.5 HyN 5w AN

;I OPAIN DY TIA MDY DY TP NINNN 190N -

7 300-10 YT MW IPNIN DPTY TWRD Y290 T WA 1YY DY N9 NNINND 190N -
9901 (1 LT 300=1) D 300-D JOP WD PN DPTI IWND NNT NNWY (1 LT 300-0)
PIN NNN YV MIAVPNN NYOUNT DX GPYNY NN 390 T8 MDY P9y By T NMNIRNN

.DMpPYa

DONYND DMYT - DWW DY NMINND TO MY - NY DTN DYAVYNN DINVHN ,I"ND
7252 IPIVHINNN NIY DTN 7PN ROYW DM 2NMD MNWND VY19 ,COLS5 5STina DXy IvNn
.(COL5)

P25 YOPN MIMINNI NPV P PN NN DIRLIAN YR STV SNPOY NN NNOON 3.7 120
MINNM 99002 NPY
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*TDT5 - D393 DY NMIRN DY YOPN MMINND NYIVN .3.7 NJ20
Table 3.7. Effects of road section characteristics on injury accidents

,Slope - nyswn oTpn MDY NN 200 MNYN
(p-value mpnam nm) H0INTT DX GO ONIN
0.32 Ig_x | ,AADT -1 nynn no
(p<0.02) x=100*AADT qwn> 15799 9PN
-0.094 Iane_W AR )alalabinh Bnin) |
(p=0.61)
0.41 ,sh_to_w nL,YNNN 9w NI
(p<0.002) sh_to w<=2.5wNo
-0.70 sh_to w M LYNNN DIV AN
(p=0.064) sh_to w>2.59wNo
-0.12 log(rh_min) D W PN OV
(p=0.14)
0.31 sqrt(ss_max) % 370 TS MDY
(p=0.26) 9173 IN /1D 300 YIYIN OPAIN DT IWND
(1_LT_300=0) v
-0.60 sqrt(ss_max) % %270 TS VIV
(p=0.052) M 300-1 YOP MIWIN PN DYTI IWUND
(I_LT _300=1

DNY YNNI MNNN 990N DI *

ALLS - 797 y0Pa MNNNN TO 913y I799910 (5)

YN, AN DY NYIYN NRYNI 1T NNIND NO DY 2 IRIN DINMD ORMNY PONN DTINN
NS ;) 10D 2N 2N DY /N 3 TN O MINWN NMIRNM DT NN P IWpn NN
SV M 2 TIAVD Y MINWHN MNKRNM N3 MINWN P IWPN NN GUND ,0W 27 DY Nyavwn
1) ,0NA WD OPAIN DT HY NYAWN NINYN) RO MNNNN TO DY ,NNT NNIYY 5w 2N
12OV WP 191 MNXNN PAY TIIRD 2290 VDY (-1 Y122 wNY) P2 129N WP PHand

.09 300 1Y) YOP YPOIN DT NN NMINNN P2 1290 TN MDY (-1 123 ¥IIW)

237 - ALLS - DMINND TO MM ORMNY 2D MUNI0 DTN

Coefficients:

Estimate Std. Error z value Pr(>|z])
(Intercept) -0.39608 0.94556 -0.419 0.675299
lg_x 0.35138 0.08885 3.955 7.66e-05 ***
lane w -0.91520 0.28535 -3.207 0.001340 **
pmax (lane w - 3, 0) 1.06313 0.42510 2.501 0.012388 *
sh to w 0.39956 0.11306 3.534 0.000409 ***
pmax (sh to w - 2, 0) -1.00725 0.22767 -4.424 9.68e-06 ***
sqrt (gr_max) 0.17516 0.08200 2.136 0.032673 *
sqrt (ss_max) 0.32357 0.17862 1.811 0.070074 .
I LT 300 1.35241 0.62228 2.173 0.029758 *
sqrt(ss_max) :I LT 300 -0.63424 0.28856 -2.198 0.027952 *
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 Y’ 1

(Dispersion parameter for Negative Binomial (0.6662) family taken to be 1)
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$797 YOPA MNNNN TO N2Y ONMNY INNIN MNYHIYN

2N, 257 3N ,AYNNN N9 DN AYNN NOT TIT YOPI MNNNN TO YY DWW DINVH -
290 T VIOV AN TNR NOY W

; IYNNN N9 PYY DY N9 YOPA MNNNM 190N -

NININ DY TIYUNRD /N 3 TY 2N 2N NOTIN DY TIM MNINRNN 1901 ,2°N) AN NYAWN 230 -
; 12 NMINNN 901 N 3 Dy >N AN

NININ DY IUND /N 2 TY DY AN NOTHIN DY NIIY MNINNN 190N 21 AN NYIVN 1) -
5 TV NMMINNN 901 13 2 HYN D AN

£7390 TN NDOWA MHY DY N9 MNIRNN 190N -

M 300-D 9YTH I OPOIN DT IWUND 1270 TY MW 1PYY DY N9 MNNNN 90N -
q901 (1 LT 300-1) D 300-1 JOP I PN OPTI IWND [ ANT NOWY (1 LT 300-0)
TN NN DY TPAPNN NYOUNN NN GPYARY NN 29 T8 MW 7YY DY T MINNN

Rablaiiv)Val

INSDIY DOWIWNT DNINWNY NMYT - NMNNRNN TO N2AY - 11 HTINA DOYIYHNN DNINWNN 2
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Figure 4.1. A relationship between the geometric characteristics and expected number
of multiple-vehicle collisions, on a low-volume road section.
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Figure 4.2. The form of relationship between the geometric characteristics and the
number of multiple-vehicle collisions, expected in 5 years on a low-volume road
section, using a "multiplier" method
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Figure 4.3. A relationship between the geometric characteristics and expected number
of single-vehicle accidents, on a low-volume road section.
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Figure 4.4. The form of relationship between the geometric characteristics and the
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section, using a "multiplier" method
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Table 4.2. Accident modification factors of single-vehicle accidents associated with
changes in the values of geometric characteristics of a low-volume road section
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Figure 4.5. A relationship between the geometric characteristics and expected number
of severe accidents, on a low-volume road section.
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Figure 4.6. The form of relationship between the geometric characteristics and the

number of severe accidents, expected in 5 years on a low-volume road section, using

a "multiplier" method.
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Table 4.3. Accident modification factors of severe accidents associated with changes
in the values of geometric characteristics of a low-volume road section.
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Figure 4.7. A relationship between the geometric characteristics and expected number
of injury accidents, on a low-volume road section.
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Figure 4.8. The form of relationship between the geometric characteristics and the
number of injury accidents, expected in 5 years on a low-volume road section, using a
"multiplier" method.
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Figure 4.9. A relationship between the geometric characteristics and expected number
of total accidents, on a low-volume road section.
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Figure 4.10. The form of relationship between the geometric characteristics and the
number of total accidents, expected in 5 years on a low-volume road section, using a
"multiplier" method.

136



NNINND 1901 0 191D
5% MmN VID 1Y T AN Y KD AN 0'0a

1.1 oo e P et B LTS Pommme oo e P memmmmmmeeees -
. i 1 1 1 i 1

0.8 | i : :
2.5 3 3.5 4 4.5 5 5.5 6

% ,'20'n NN VI9'Y

M 300-1 9YTY PPN DT ININI 1WA *
TN DY 1Y NMIYY YOP MNAXN NNINNT 190N TO Y91 - )

NNIXNN 901 o 11D
4% ' TX VID'W Y 1 AW Y XN 21NN 0'0l

0 . 0 i :I :I i i :I :I :I i i :I :I i

% a0 TY VI

1 300 TY ,)OP OYTI MNIAY DIWNN *
TN DY 7Y NNIYY YOP NI MNNNN IODN TO 991D - 7

YOPA NAXN MNNNN 90N TO 12T DMIVNINNDT OIMANNI ¥ITY P2 IWPN NN .4.10 1PN
YN - 799571 NVYVA 0NV 5-1

Figure 4.10 - cont.
DIVNININ DINANN BINIYY DINYPN NN MY INTPN .4.6.2

= NNINNN TO2 NPWN MITPN NXR DOONN ,NON NINDIVD ONDIN OV TR 4.5 NINDIV
VIDY DIV 2N, 2N DOIVNINDN DIMANDN DY OMNMPYO DNWPN - AMFD
WON TIVNN THINWN PANNT IWRD AMFN DX IXIN 1YV DD .NNNNND TS MDY TIIND
INOIN PN DI .(MTIYA IXIN) TN 1T XINY WTNN TIVD (MY I8I1NN) INY JOP NINY

137



5S¢ DWINN D979 ©NWPN AMFN D9y NN ONT 797 NN MDY NN P3N 1909
AN YV DNON ¥ TIVA MYND AMFN 79y NN NS NMIPY 95 TURD 7PNYNN PPIND

AT - OMMPLL NBYY NN (YOP PPN DPTI ONIND) T MDY NITINY MNIY 1)
92PN (MY YR AMF) AN PIN XML NDOW UKD W1 NNIYS UTNN 2802 ,MINN
NP 0P TN MDY DY WM AN 1DV MIAPYI

N7 UKD L(1-n 0PN AMF) YMinNda MW NN THRN XD DIV 2N NININ ,NINY NNWY
MNNND INY ADYTY N ;7D 2 HYN DIV AN NIANINA NANI U1 2NN NN, NNINNA
2.0- )¥N 289N DY 22N AN NN L) 1D DIV AN DY N NITH NANIN MIAPYL MHvIN
VI NNINN2 X290 NDW 2 DN L,(1-n 1OPN AMF 5apnn) MINNN 280 DX NI9WN N 2.8
MINN NYIND NN INY DTN /) 3.0 DY WO 281N DY TN NININ ;0 3 TY NANINA

= TR DY MVPN - TIONN MY TWURD  NMIRN 7PDY0 NN TR DY NOTHIN 90102
WNT ) ,4.10 NYAVA DNXINN DIIIYN NNWD D9NN AMFN MY DY) MNNNL DT N
(N220V2 33N TN XPON 1 NNPY W YTNIND NYIAPS

DOIMANNDN I OMOYO ONWPN - AMFN - DINIXNN T2 M»Yn DY 4.5 NHav
TOT YOP OV DMIVNININ

Table 4.5. Accident modification factors of total accidents associated with changes in
the values of geometric characteristics of a low-volume road section.
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Table 4.6. A summary of impacts of infrastructure characteristics on occurrences of
various accident types, on low-volume road sections
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Table 4.7. Example 1: evaluation of expected changes in the numbers of various

accident types, following road infrastructure improvements
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Table 4.8. Example 2: evaluation of expected changes in the numbers of various
accident types, following road infrastructure improvements
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English summary

1. General

This study aimed at identification of relationship between the geometric and other
characteristics of single-carriageway low-volume roads and accident numbers and types,
under Israeli conditions. The study included the following steps: a survey of international
literature on the study's topic; study's database preparation; data analysis and development of
explanatory models. Furthermore, using the models quantitative tools for engineers were
developed to be applied in the processes of new roads' design and/or improving existing
roads. In addition, recommendations were provided for implementation of the study's findings

in the processes of design of low-volume roads in Israel.
2. Literature survey

The literature survey conducted in the study referred to these issues: definitions of low-
volume roads in different countries; design guidelines on various characteristics of low-
volume roads, in different countries; findings from the development of explanatory models on
the relationship between traffic volumes, geometric and other road characteristics and
accident frequencies on single-carriageway roads, with the emphasis on low-volume roads; a
summary of Israeli research findings on safety of single-carriageway roads and single-

carriageway low-volume roads. The literature survey demonstrated that:

* Concerning the definition of low-volume roads: in all countries, a low-volume road is a
rural single-carriageway two-way road. Among the countries, differences exist in the upper
values of daily traffic volume for the definition of low-volume roads. In some countries,
several hierarchies of low-volume roads are defined by different ranges of average daily
traffic volumes. The spectrum of values of traffic volumes on such roads ranges from 100 to
6,000 vehicles per day, where in the majority of countries, this range lies between 400 and

2,000 vehicles per day;

* As to design guidelines for low-volume roads: due to minor traffic volumes, the budget for
building and maintenance of low-volume roads is typically low and, thus, bottom design
values for such roads are low compared to similar values for single-carriageway roads with
larger traffic volumes. The design values that are customary to reduce are: the design speed,

lane width and shoulder width;

* Concerning quantitative models for evaluating accident numbers: numerous examples of
models for predicting accidents on rural single-carriageway roads were found. For the
development of these models the geometric characteristics of road sections, traffic volumes,

and traffic accident data were used. Using statistical methods, the influencing characteristics



were identified and a quantitative expression was found for the effect of certain variables on
accident numbers or rates (accidents per vehicle-kilometers traveled), on a road section. Other
models examined the influence of design values of one or more design components on the
expected average accidents rate obtained from a basic model. Design components which were
found as influential in such models are: lane width, shoulder width, a combination of lane
width and shoulder width, a ratio between paved shoulder and unpaved shoulder, shoulder
type, lack of super-elevation (with relation to the design guidelines), curvature, design

consistency and grade.

* As to Israeli research findings: a study of rural single-carriageway roads with four digit
numbers found that accident rates on such roads are high compared to those on other rural
road types. The study also found a relationship between the number of injury accidents on
such roads and traffic volumes and the index expressing the geometric complexity of the road.
Another study found a relation between the increase in the design consistency of the road and

the accident rate reduction.

A recent study on the safety level of low-volume roads in Israel defined a low-volume road as
a road with traffic volume of up to 3,000 vehicles per day. Based on accident data on such
roads, a model was adjusted for predicting the number of severe accidents according to traffic
volumes. For each road section, a safety measure was calculated according to the deviation of
actual accident number from the predicted accident number. Using this measure, safe and
dangerous road sections were found, compared to the average accident number on such

sections.

In total, in the world, there is knowledge and statistical experience of developing various
models for assessing accident numbers on low-volume roads, based on accident data, traffic
volumes and geometric characteristics of such roads. However, the composition of the
explanatory variables remaining in the statistical model for predicting the number of accidents
is not fixed but varies depending on the definition of sections analyzed, data availability, the

scope of the data examined, analysis objectives, etc.
3. The study's database

The literature survey revealed that among various countries, differences exist as to the upper
value of daily traffic volume defining low-volume roads. Among the various countries, the
spectrum of values of traffic volumes on such roads ranges from 100 to 6,000 vehicles per
day. In the majority of countries, this range lies between 400 and 2,000 vehicles per day,

where road sections with such low traffic volumes are rare in Israel.

Based on a discussion with the National Roads Company (NRC), low-volume roads in Israeli

conditions and the study's road sections, respectively, were defined as follows: (a) single-



carriageway roads under the NRC responsibility; (b) with daily traffic volume below 3,000
vehicles (as a rounded figure); (c) situated both within and outside the "green line"

boundaries.

Following the analysis of the Central Bureau of Statistics' files and matching the data with
information from the NRC Safety Management System, on the Israeli rural road network 164
road sections of this type were found, with a total length of 1451 km.

For the study's road sections, detailed data were collected. The information on geometric and
other road infrastructure characteristics came from the "2010 Road survey", which was
carried out by the NRC and supplied the data to the NRC Safety Management System (SMS).

Accident data and traffic volumes were extracted from the Central Bureau of Statistics' files.

Within the SMS, the data on road characteristics were collected for segments of about 100
meters in length. For the study's purpose, the SMS segments were combined into short road
sections of about 1 km in length. For each short section all the available characteristics were
produced, through averaging, across the segments that comprise it, or using another rule as
described in Chapter 2 of the report. Having dropped the segments which did not satisfy the
study's definitions and having produced the infrastructure characteristics, the study's database
included 1365 short road sections, with a total length of 1235 km. The data on accident
numbers, on each road section, was collected for five years, 2006-2010, according to several

accident types.

4. Developing explanatory models for the relationship between section characteristics

and road accidents

Various univariate and multivariate analyses were conducted on the data collected in order to
develop explanatory models for the relationship between low-volume road characteristics and

accident occurrences. The explanatory models were fitted to five accident types which are:

a. Multiple-vehicle collisions (based on the "road accident” (RA) files) - according to the
model fitted in the study, variables that affect collision occurrences are shoulder width,

minimum horizontal radius, maximum horizontal grade, traffic volume and section length.

b. Single-vehicle accidents (from the RA-files) - according to the model developed, variables
that affect such accidents are shoulder width, minimum horizontal radius, roadside conditions,

lane width, traffic volume and section length.

c. Severe accidents (fatal and serious together) - according to this model, variables affecting

severe accidents are shoulder width, lane width, traffic volume and section length.



d. Total injury accidents (from the RA-files) - according to the model, variables affecting
injury accidents are lane width, shoulder width, minimum horizontal radius, maximum

horizontal grade, traffic volume and section length.

e. All accidents (based on the RA- and "general injury" files together) - according to the
model developed, variables affecting all accidents are lane width, shoulder width, maximum

vertical grade, maximum horizontal grade, traffic volume and section length.

Every model estimates the expected accident number, on a road section, in five years (the

annual value is a fifth of the estimate obtained using the model).
Table A summarizes the findings across the five models. It can be seen that:

- The effect of various infrastructure characteristics is consistent across the models, though,

the number of explanatory characteristics varies between the models;

- In all the models, as expected, an increase in traffic volume brings to an increase in accident

numbers;

- An initial extension of shoulder width, up to 2-2.5 m, is associated with increase in

accidents. However, further shoulder widening, above 2-2.5 m, brings to accident reduction;

- An initial extension of lane width, up to 3-3.25 m, brings to a reduction in most accident
types. Further extension of lane width, above 3-3.25 m, is associated with increase in single-

vehicle and all accidents;

- The increase of minimum horizontal radius is associated with injury accident reduction,

including multiple-vehicle collisions and single-vehicle accidents;

- The value of maximum horizontal grade affects multiple-vehicle collisions, injury accidents
and all accidents, where, in all cases, accident numbers increase with an increase in this
characteristic's value, under the conditions of large horizontal radius, but decrease under the
conditions of small horizontal radius, below 300 m (i.e. a positive effect of super-elevation

under the conditions of sharp horizontal curves was observed);

- The improvement in roadside conditions contributes to a reduction in single-vehicle

accidents, yet, the extent of the effect is relatively low;

- The vertical grade affects all accidents only (from the RA- and "general injury" files

together), where higher positive grade is associated with accident increase.



Table A. A summary of the effects of infrastructure characteristics on various accident
occurrences, on low-volume road sections

Explanatory

Accident change following an increase in variable value

Variable Multiple- Single-vehicle | Severe Total injury All accidents
vehicle accidents accidents accidents
collisions

Daily traffic Increase Increase Increase Increase Increase

volume -AADT,

thousand vehicles

Average shoulder | Increase Increase Increase Increase Increase

width, m (shoulder (shoulder (shoulder (shoulder (shoulder
width up to widthupto2 | width upto width up to width up to 2
2.75m) m) 2.5m) 2.5m) m)

Average shoulder | Decrease Decrease Decrease Decrease Decrease

width, m (shoulder (shoulder (shoulder (shoulder (shoulder
width above width above 2 | width above width above width above 2
2.75m) m) 2.5m) 2.5m) m)

Average lane -- Decrease Decrease Decrease Decrease

width, m (lane width up (lane width up

to 3.25 m) to3m)
Average lane -- Increase -- -- Increase
width, m (lane width (lane width
above 3.25 m) above 3 m)

Minimum Decrease Decrease -- Decrease --

horizontal radius,

m

Maximum Increase -- -- Increase Increase

horizontal grade, (where (where (where

% minimum minimum minimum
horizontal horizontal horizontal
radius is 300 radius is 300 radius is 300
m or larger) m or larger) m or larger)

Maximum Decrease -- -- Decrease Decrease

horizontal grade, (where - (where (where

% minimum minimum minimum
horizontal horizontal horizontal
radius is less radius is less radius is less
than 300 m than 300 m than 300 m

Roadside -- Decrease -- -- --

conditions, a

weighted score

Maximum vertical | -- -- -- -- Increase

grade, %

5. Quantitative tools for engineers

Based on the models developed, quantitative tools were built enabling to demonstrate the

relationship between the geometric characteristics of low-volume roads and expected accident

numbers. Those tools are:

* A graphical presentation of the quantitative relations between each one of the road

infrastructure characteristics and accident rates;

* Evaluation of accident modification factors associated with changes in the geometric

characteristics of road sections.




Quantitative tools were built for each one of the five accident types examined in the study and
for each geometric characteristic of road sections that was found to influence accident
occurrences, according to the models.

The graphical presentation of the relations was conducted in two ways:

(1) The relation between the values of a specific road characteristic and accident frequencies
is presented using two graphs that were created by calculating two example cases, assuming
certain values of other road characteristics;

(2) The shape of the relation between the values of a specific road characteristic and accident
frequencies is presented using the "multiplier" method, where for each change in the
characteristic considered a relative change in accident frequencies is shown compared to a
certain value of the characteristic which was chosen as a basis for the calculation and for

which the "multiplier" value equals "1".

In order to present the findings using the "multiplier" method, typical values of road section
characteristics were selected - the baseline values, as follows: lane width of 2.8 m; shoulder
width of 2 m; the weighted score of roadside conditions of 1.5; minimum horizontal radius of
200 m; maximum horizontal grade of 4%; maximum vertical grade of 5%. Thus, the graphs
created using the "multiplier" method showed a relative change in accident frequencies

following the characteristic changes compared to the baseline values.

The full set of the quantitative tools for engineering applications is presented in Chapter 4 of
the report. This quantitative knowledge about the expected changes in road accidents,
following the change in road characteristics, may help for making decisions in the design

stages of a new road or in improving an existing road section/black spot treatment.

6. Recommendations for integrating the study findings in the design processes of low-

volume roads

The models developed by the study for measuring the relationship between the geometric
characteristics and accident frequencies on low-volume roads can serve as a basis for
selecting road section parameters, both during the design and road maintenance processes or

black-spot treatment.

In addition, following a combined consideration of the models' results, literature findings and
boundary values of geometric characteristics from the rural road design guidelines,
recommendations on preferable characteristics of low-volume roads were provided, as

follows:

Vi



- Extending the shoulder width on low-volume roads to 3.0 m. To save costs, the extension of
existing paved shoulder of 2.0 m wide is possible, using a gravel shoulder (not asphalt-
paved);

- Extending the lane width on low-volume roads to 3.2 m;

- Reducing as much as possible the use of horizontal curves with radius below 300 m. In

cases where the horizontal radius is less than 300 m, install warning signs for drivers;

- Examine the gaps between the existing road conditions and the guidelines' recommendations

related to the super-elevation values on curves. Once a gap is recognized, act to reduce it;

- Similarly, examine the gaps between the existing road conditions and the guidelines related

to forgiving roadsides. Should there be such a gap, act to reduce it;

- On existing roads, where there is a deviation from the guidelines regarding vertical grade,

install warning signs.

In general, while reconstructing a road section, it is recommended to carry out a detailed
examination, using the tools presented in Chapter 4 of the report, in order to compare the

safety outcomes expected from various design alternatives.
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Figure 4.7. A relationship between the geometric characteristics and expected number
of injury accidents, on a low-volume road section

Figure 4.8. The form of relationship between the geometric characteristics and the
number of injury accidents, expected in 5 years on a low-volume road section, using
a "multiplier" method

Figure 4.9. A relationship between the geometric characteristics and expected number
of total accidents, on a low-volume road section

Figure 4.10. The form of relationship between the geometric characteristics and the
number of total accidents, expected in 5 years on a low-volume road section, using a
"multiplier" method.
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Abstract:

1. Objectives: This study aimed at identification of relationship between the geometric and other
characteristics of single-carriageway low-volume roads and accident numbers and types, under Israeli
conditions. The study included the following steps: a survey of international literature on the study's
topic; study's database preparation; data analysis and development of explanatory models. Furthermore,
using the models developed quantitative tools for engineers were built to be applied in the processes of
new roads' design and/or improving existing roads. In addition, recommendations were provided for
implementation of the study's findings in the design processes of low-volume roads in Israel.

2. Findings: A literature survey revealed that, among the countries, differences exist as to the
definition of upper value of daily traffic for low-volume roads. Among the countries, the spectrum of
values of traffic volumes on such roads ranges from 100 to 6,000 vehicles per day. In the majority of
countries, this range lies between 400 and 2,000 vehicles per day, where road sections with such low
traffic volumes are rare in Israel. Based on a discussion with the National Roads Company (NRC),
low-volume roads in Israeli conditions and study's road sections, respectively, were defined as follows:
(a) single-carriageway roads under the NRC responsibility; (b) with daily traffic volume below 3,000
vehicles (as a rounded figure); (c) situated both within and outside the "green line" boundaries.

For the study's road sections, detailed data were collected. The information on geometric and other
road infrastructure characteristics came from the "2010 Road survey", which was carried out by the
NRC and supplied the data to the NRC Safety Management System (SMS). Accident data and traffic
volumes were extracted from the Central Bureau of Statistics' files. For the study's purpose, the SMS
segments were combined into short road sections of about 1 km in length. Having dropped the
segments which did not satisfy the study's definitions and having produced the infrastructure
characteristics, the study's database included 1365 road sections, with a total length of 1235 km. The
data on accident numbers, on each road section, was collected for five years, 2006-2010, according to
several accident types.

Statistical explanatory models were fitted to five accident types which are: a. Multiple-vehicle
collisions (based on "road accident™ (RA) files); b. Single-vehicle accidents (RA-files); c. Severe
accidents (fatal and serious together); d. Total injury accidents (RA-files); e. All accidents (based on




RA- and "general injury" files together). Every model estimates the expected accident number, on a
road section, in five years. Summarizing the explanatory variables kept in the five models, it was found
that:

- In all the models, as expected, an increase in traffic volume brings to an increase in accident numbers;

- An initial extension of shoulder width, up to 2-2.5 m, is associated with increase in accidents.
However, further shoulder widening, above 2-2.5 m, brings to accident reduction;

- An initial extension of lane width, up to 3-3.25 m, brings to a reduction in most accident types.
Further extension of lane width, above 3-3.25 m, is associated with increase in single-vehicle and all
accidents;

- The increase of minimum horizontal radius is associated with injury accident reduction, including
multiple-vehicle collisions and single-vehicle accidents;

- Side-slope value affects multiple-vehicle collisions, injury accidents and all accidents, where accident
number reduces with an increase in side-slope, under the conditions of small horizontal radius - below
300m;

- The improvement in roadside conditions contributes to a reduction in single-vehicle accidents, yet,
the extent of the effect is relatively low;

- Vertical slope affects all accidents only, where higher slope is associated with accident increase.

Based on the models developed, quantitative tools were built enabling to demonstrate the relationship
between the geometric characteristics of low-volume roads and expected accident numbers. Those
tools are: (1) a graphical presentation of relations between each one of road infrastructure
characteristics and accident rates; (2) evaluation of accident modification factors associated with
changes in the geometric characteristics of road section.

3. Recommendations: The models developed by the study for measuring the relationship between the
geometric characteristics and accident frequencies can serve as a basis for selecting road section
parameters, both during the design and road maintenance processes or black-spot treatment.

In addition, following a combined consideration of the models' results, literature findings and boundary
values of geometric characteristics from the rural roads' design guidelines, recommendations on
preferable characteristics of low-volume roads were provided.

In general, reconstructing a road section, it is recommended to carry out a detailed examination, using
the tools presented in Chapter 4 of the report, in order to compare the safety outcomes expected from
various design alternatives.
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