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Figure 1.1. Safety barrier location on the road side: Main characteristics of barrier installation
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PNAD ITYN DIV DMMIN DD .DPADN DOYTIN INDRMN DNY NMIND MDY [ INUN
MNPVIN MPYN DNIPMN DN DOYLPI NINNN YIVDN XNMYHYN DTIN DYP DNN : NINY
DINYIN 0NN NMINVIAN MPYN DNIPNII DN DOYVPI MNKNN XND OMNX NN DOWTNN

4 P92 DN MNINWN-2I1 NINNINN

N MNNNN MYNINN P2 VP ININ JONXI IPNN NRMNY 0120107 DO TINN THD DY
OPMNVLIN NOYIND MINAY TDIDON NIIWNA .1PYIDD NIIWYN NYNIA ,OWTNN MPYHN
MIPNN NMYY NIDIN DY TINVIN NN IURD 0NN NN DWTIND MPYNI viddwn
DYDY 7N2Y NYNIA 1PDITIN NN .DPYNRN PN TNINRD W NNWD WTN NPYNn DY Npinm
259 MANYN DY TN 257 MNNNA PNODNN THO HY - NPODON-THN DT : DNV DIPN
TH0 O N 259 OY MMNMNNN NIMXRN2 POODNN THD YY - NPODON-YTN O¥I971 ;73D

.5 9792 DX NDIYIN NIIWNNN DIRNND DI DY NIRNN 9952 NIODNN

PMNOVIN MWD YN MIPON PSM IPNNN ONNNNY DD NN NN DY 6 P9
NOND ONINA L, YTNN TN MNVAN MpPYN DY NYHoYON NPRTIM
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M99 999 .2

DXNIN DXINDNIY MMOVIN MPYR DY N2IYN SIPNNI TPHRNN TEPNKPHN MIADN PO
MPTNI ,NINND NVYA INDIONIY DOWTNN MNVIN MPYNI YINIWN ONWYDL DD
MYTHN ,DX90N D¥INDN) DOYTH DINND ,IPNN MNNTH DIRINN 390 IPON .MINTPNNN
NPNTIN NPNA 1PDNM D9 : NI DRYNY NPIDNMNN MININ DNAY ,27NINY 9PN
; DWTNN MNPLIN MPYN YV 193957 NPRTIN YOIN VT ; MNPVAN MPYN SV MM
DIDAY NPMNI MIIWN ;TITI MNVIAN NNT NBYS MNVIN MPYH YW BN/IN NIIWN

J12) DMIPNN MPYNI WIDIWY DIPTNN

VIDIWY Y9595 PINN YNV DMYYY DIPINM NPMNI MOIYN NNONN DY WIT DV 1PDa
)2 1D 27NN IN NOPN DOVTNN DIPNN MYITL YTHYY NORD - DVTNN MpPyNa
DNYPN DIRYN XIND ,MININKRD DMWY 1DIYIY NIV MIPNN DY DIRYNND DINIIN P02

MNVIN MPYNI VIYD

£ MNDN IPDA NNXINM MYINPNN MDD INNDIY NPNIDN
s TIPYNN MIMANND NYIAPY NTNN DY TN DI -
NYNI MIAID ,MNRND NN N MNPIY NTNND MNPVIN MPYN DY MDY MOV -
; HNYO2N MPYN SYW TIPON M)
; MINYVIN MPYNI VIDYD DXPTSN DIDMIAD NPMND MOIWVN -
; NN MPYN DY NIDIYIN NPNTIN NPNID MINDIT -

N3N MPYN DW DIVWITIN DIIMINNT NINIT NPNIND MWD -
MPYNN 2NN NYAPY NNN YN N8N 2.1

89/106/EEC 1N2o0P7 TN M2APYI NN MPTNA YSIND DOWTINND MPYNI VIV 7aynn
MIIND MPTHN NN NN RN NVPPT 1989 nwn (Construction Product Directive)
IWUN DMININ P TN ,OD52 TPNIINR NOTIN MITIAYD) VI NI MTIAYA YHNYNY ,TINNXA
technical ) ©»DVL DXY91N2 WapIw (essential requirements) NPMNN MYITH DY
harmonized ) ©MYVNNY ONPN ON 1T IWPNA DMOVN DXVIMNN DR (specifications
NONY ONPRD TINNI NN NMTHY 90D SYPNND TINONA DMYINDD (standards
YoYDL, TINIIN DTN NTIAYY 12N DINNA DXVWTNN DIPNN DM DY MYI5IN NPNTON

PVIMYY NNMON RY ,DOWTHN MPYNID 12Y0N

VA TIVIY ,MNPVIN MPNN 1IN TINRPIIIND TN PNRN NPPNN M1N HY GMunn 0191
.(1995 ,Circular 451) nyn»0an »pnnd MYTNN DNPNN HY DMOIWN MYIT T ,1995
NN MNPNN DY DIVY1I) MYOIITI 7NPIAPYY-) HTPNHNNIN PN DNNTI NNIND MDD
DMININN DY INT MDN NV TOX OIPNND NPPNA PXDNNINN POIN D WITIN
DHRNN L(ONPNNN DY POINHN DTIPAN IPY) TITA INY NN MNPV ,NVYD DIYIND
DMPMNN ONIPNNN JY AN NNHIND NIMZY 72T DY IND) 0MMWN DMIND P2 INY 1M

Nova
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D) 122 ,WNNNN 2577 INY DMINID P WX ,MNVIN MPYN DV UIN NT MNAL TNNN
D972 MNNRNDN XMYNYN PINA DXANYN PN MNVIN MPYN 90-N NNV NNNIY NTIY3
20%-52 DX2MYN PN IRT MMLIN MPYH ,(1997) Schoon >95 .NAYPNR M1 TP MPNNN
MIAPYI DIIWINNDNN 20%-1 INPDY DONINND 20%-5D 1D 1) DOYIN DY NMINNIN
2.1 1520 - MNNN 0D7T2 NMINNN

TINN ,MNPVIAN MPYH MAIYH DY NNIRN DOVINM DN DY NN NN .2.1 1YV
.(1997) Schoon : 7P1) AN MPTH ,MNN DXIITA DIOYINM NININNN Y9

Table 2.1. Percentage of injury accidents and of casualties in accidents with safety barriers,
out of the total accidents and casualties on motorways in selected countries. Source: Schoon

(1997).
(%) ©9IN YN DITAVIND (%) OONIN (%) DOV DY NN A Laja)
23.3 21.2 22.7 (MM59) Nnba
23.9 17.7 20.0 [EAlA2R
- oo *19.7 AUIARD)
-- -- 185 naIN
21.2 19.1 20.3 TI9MN
7292 PR MNINN D0O*
M) PN+

ND - DMINKX MNPV MNIPNNI) DOWTNN MNPVIN MPYNI YINIWA MPIXDNNIND TONN 0PN
1012 PAYPNN TINNI L2011 AN .NNIND TN (T DINDD DITINY ,NNP NPNN N
Initial Type - ITT ) ypNNN ©DIPV-IX HY NYWRN NN DY EN 1317-5 1PN Dv N7 9pnd
NPYN 0XT 95 ,ARNIND .(notified body) NN 7151 91 >7¥) ITION DN MYNNNA | (Testing
NI DTV XDD AUNRD P PNRN PN INTNY NN ITIPON NN NN NIYRNDD DTN DIpn

SR MPTNA INDND WX XY JPNIN

DNPON M) NN MNPVAN MPYN DY MDY MY 2.2

: ©MOIVD 7aYNY NLWYN DY NPINDD TDINK YaN TITN T2 MNOPVIN MPYN VIV TNSN
WOV 1Y Y29 P 00N DONINND ANNIND .ADYM NMA) NODID N/ DDIWON MINSDIN
PN 259 NMIND N ONPY KON DLW TIND2 , NMY NIDIN MNIA DP9 DY MNNNIN
DIVIN TN TS YV INDD RON A¥HNN NYANH ,TON> 259 MNNN YW 1 Nyan ,90-N nnwa
mMpyn mpnn Mapya (2004 Elvik & Vaa ;1998 . ETSC :nx9) obya man myna
PINA CIINNTHN MNNRNN MNIWA G IMNND NN NP 7PN 1Y, MNdPVIN
NMINDD SMYRYH PON YNN ,TNY0N-YT TIT DY NTINNA 1PNy mMoan Npyn Nt

DTN 9190102 NYNNN DY NMIVIINT MY ,NTININ NONN

AT INYIY NN . T192 PTI MINNND TN DI DY NN HY HNONIVI DY MININNAN 157 PN °

.D9) DY NNNIXNN 190102
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MINND NN MNIY DY MNPVAN MPYN NYOYNY MNO0N MOIYN .2.2.1

Sy MNLIAN MPYN NYOVN YW MINIDN MDD W (2004) Elvik & Vaa-y (1995) Elvik
DWW DAIPNNN ORNNDND DY MODAND NMNO0HNN MOIWNN . INIMIN MNNNN NINYOY

(meta-analysis) Y0D>0VD NYPY NVOW MYXNHNI MY M MNVD MPTNH

1956- DOMIYN P2 MNWN MPTNI 1DIYIY NIIWN MPNN 32 YW DIN¥NN DD (1995) Elvik
19202 NMIXIN RN NIIVN NIRIIN .DOMNMVA DIVPOX YIIY 232 7'MV IDNNYN NOPWI ;1993
P21 O MYNYN 19IND DTN NTINT MNPV NPYN NIPNN D TNDY 1N 2.2 NYavN 2.2
SV N DTV NN TITH T MM NPYN THPNN )2 1D .NPDVPN NIINNN 190N NN
DTI9D2 NPYHRN HPNN ,NNRT DY TN DO DY MNNND Y95 HW 1) NMYVPN NIINNN

.T252 PRI APOYA MNIN AU NPYNI NMYDNNT MINYIY NN NN

Elvik & Vaa ,n77x %9101 mNdva mpyn : 1130 NOIN NPNN HY MmNl moey noyna

NPNN YV HMNPLA VPN NN LEIVIK & Vaa »5 .1adw-y1 noayn Yy 0ox9nn (2004)
,INDD NININD NNPYN VPAN DY MNNNN MNYIYA NPWN VPN NN 2OV NN NN
:PPNDD
Net effect = Change in the probability of accidents X Change in the outcome of accidents
NMIVINNN MMNDYA 10% SY NODIND NINOAN NTION2 NNV NPYN NMIPNN ON ,NONTD
NPYN NIPNNN AIVNN VPIND MIN ,NPMYLPN MNNNA 40% DY NTPY ININ TN NPYNI
: TP NPIDLPN MNNNN HY MNMVIN
Net effect on the number of fatal accidents =1 - (1.10 * 0.60) = 1 -0.66 = 34%
PDLVPN MNNNA 34% SV DT N
PN MNNDI MNPV MPYN : PO NPNN DY DMNODN D1PNMINML DIVPIN .2.2 NPV
(1995) Elvik : 17pn

Table 2.2. Summary safety effects of restraint devices: safety barriers and crash cushions.
Source: Elvik (1995)

Per cent change in measure of
safety effect
Proportion of
Type of Measure of statistical Lower Best Upper
Type of guardrail installation safety effect weights 95% | estimate 95%
Median barrier | New installation | Accident rate* 0.1858 +25 +29 +32
Fatal accidents§ 0.0028 -14 -32 46
Injury accidents# 0.0466 +4 2 -7
Replace old Accident rate 0.0693 +31 +37 +44
Fatal accidents 0.0011 -24 +10 +61
Injury accidents 0.0303 21 -26 -31
Guardrail New installation | Accident rate 0.0121 -18 27 -35
Fatal accidents 0.0336 40 44 48
Injury accidents 0.6074 -51 -52 -53
Replace old Accident rate 0.0000 NA NA NA
Fatal accidents 0.0005 +2 4] -66
Injury accidents 0.0059 21 -33 -43
Crash cushion New installation | Accident rate 0.0007 -74 -84 -90
Fatal accidents 0.0005 -46 -69 -83
Injury accidents 0.0034 -60 68 -74
NA = Not available
The statistical weights sum to 1.0000

*Number of accidents per million vehicle kilometres of travel.
§Conditional probability of sustaining fatal injury, given that an accident has occurred.
#Conditional probability of sustaining personal injury. given that an accident has occurred.




TATN T2 DIPNINN MNVIN MPYN MY MNIDN MDD DN (2004) Elvik & Vaa
MNPV NPYHN TIPNN D NOX MINJIVN TN N .NNKNNA 2.4 -) 2.3 MINDIV - NTI9H)
DY NMNNN Y952 47%-) NMYLPN NMINNA 44% SV NPNND NTPY NNNN TITH TN
NMNNA 43% S NPNAM DD NONN NTINNI MNPV DPYN NIPANY TV D)
20 DY MXNNN DY DXODIANND NYN DINNNDND .09 OY MNXNN 9952 30%-) NPIVVPN
%100 ,1967-2000 DNV DWW 7NN ,MTNY ,PYIVDIN [, ONN ,A7NIND DMIPNN
NN PINIT ,MTINY ,MIONN,ANIND DIPNN 22 DY MIRNIND DY), TS MPYN DY oMy

DTN MPYN HW oMY 1235 ,1956-2001 DIV 12V

DIPN2 NTY9 NPYN NI INY WY NPYN MIPNN 1D 2.3-2.4 MNDIVA PNIANY 11 3D M
Dy NMNNNN Y932 NPNAM N NNNN L2129 DY ,NTINA 1 TITH TS )N,V NPYN
DM
NNO0N NN - TITN TN MNVIAN MPYN DY MNPV MDY .2.3 NYAV
.(2004) Elvik & Vaa : 1pn

Table 2.3. Summary safety effects of roadside safety barriers. Source: Elvik & Vaa (2004)
Percentage change in probability of iINGury

Accident severity Types of accident effected Best estimate | 95% confidence
interval

New guardrail along embankment

Fatal iINGury Running-off-the-road -44 (-54, -32)

Any iNGury Running-off-the-road -47 (-52, -41)

Accident rate Running-off-the-road -7 (-35, +33)
Changing to softer guardrail

Fatal iINGury Running-off-the-road -41 (-66, +2)

Any iNGury Running-off-the-road -32 (-42, -20)

NNIDN NIIYN - NTINAT MNOVIN MPYN DY PNV MDY 2.4 NIV
.(2004) Elvik & Vaa : 1pn

Table 2.4. Summary safety effects of median safety barriers. Source: Elvik & Vaa (2004).

Percentage change in probability of INGury
Accident severity Types of accident effected Best estimate | 95% confidence
interval
Median guardrail on multi lane divided highways
Fatal iINGury All accidents -43 (-53, -31)
Any iNGury All accidents -30 (-36, -23)
Accident rate All accidents +24 (+21, +27)
Type of guardrail in median
Fatal iNGury Concrete +15 (-18, +61)
Any iNGury Steel -35 (-43, -26)
Any iNGury Wire -29 (-40, -15)

DOWpan (2004) Elvik & Vaa ,0wn DAPpNNa 1098w MNSIND 1290 NPIApyn mMind
NMOLWYAN NYHN APY , NN YAPNNY DPNMINVIAN DXVPIND KV DM DIIIWVNIN IPNONY
NMLYAN NYNHN NIPDIV DMIPNNNN 1D PINT DPMNPVIN DXVPANT NIIWNY NYNIVY
MYNINN DY YIVYND 015 PRV DNINNN 1% PON DY PNIYNA NNYPY ONI NINLIANND
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NN ,NYNNN NA2 D1V NI ,MPYNRN TIPNN 7957 NN MINNY NOIPNI MNNNN
ISIND MO ,NOYHOIN MNNRNN

D39y DPNN AUNY MNTPNNT MPTHIL ININKY INDNIY MDD MNPRY PIND v
(2008) NCHRP 617 : 115 mnwna 019wn M0 139 MNNNA 1T YNTPN HY DMNODN
99010 Y MOTIYNN NNTNNN - (2009) Elvik et al ,m57v0wxa (2010) Austroads 270 N2

MNVIN MPYN MDD DIWTN DIITNIN INYNDI KT - MDINDIAN PDNIN DY DTIPN

DYII8N YY TONVY NPPD NI 27NN YW (2008) NCHRP 617 apnna ,NonTH
MIPNN NPPOY NN IYN ,NVYI DYIAND TPNVYNN MNPV NIY MNNNA DT MNDTPNI
NPNDI MNNNN NN DY DHYN NN NODIXD 1D 111 MYITIN NPNDA DMITY NIIWVN
DORNNND NPPDA DM MK MNNNA NTP OMDTPND DTN PADY NI DY ,MINN
DMNIPHN DXNIND DHPNRNNN DXIPNNT MXTY MIN NT IPNNA ,DIYNNNN MY MIIYND)
2VNY DRNNA WA YN MOV DINTN MDN DY WIT OWVIN |10 1) ,NPPININ NN -
19550 NNINI MAYNNN) DT MNdPVIN DINNA NN MIPNNI DDIPNN DOVITIVDN

9 NYNN PN OMWA YNINND DI NYOINI

MITY/MIPNN 22X0 TPNYN M NY 35 N2Y MDY MIIYN PWIAPNN IRPIINND IPNNA ,57ND
LUR (2004) Elvik & Vaa Sv ©IXNNDNN IR VONND RPN IPNND ,MNVIAN MPyN DYV
MIDN YIND 1D 27NINIY 1IN TN OIY WY 295 1099 DIPNN HY DXODINN 1IN
NITY RYNI MDD MW ,TINM) DOVTN MMV MPYN DY THPNINM MDY MDD

LDOVTNN MPYNI DI MPYNN

02NV MPYN IN0 YV oMmddys .2.2.2

TI990 MPYN Sv NP 1Y (2005) Gabler et al ,Anixn 90 (1997) Ray and McGinnis
MPNNN VNI ,TIPON NKI HY DNNNI DOINNINRD MPYNN .2717INI VIDIWA DONPHNN
D17 DANVH 2N YN DI DIPNNN MY .NMNNI DTIPAN 19N NLYWI DI

227NN MINYLIAN MPYN DINNA DOV

W 1719 0y 1799 TPY0 : 19 SMN0an mpyn H¥ ana N v TWIND 270981 T
(2002 , AASHTO) 0525 mipym Noa mpyn ,(Thrie-beam) nuSiwn NP oy NT99 Mpyn
NPy (BRIFEN ,CASS :115) 05315 mpyn 9901 V39 ,NON MPYN N2 ,NNT DY TN

MINN APYNN MIPNN DY VN VIV SNRIWI DO OPN (Ontario Tall Wall) qwni o2
,INY OO ONDNN WP D129 NYIN NYAN INPN NDIRN OORPIIIND MPYNIN NNMND

(1997) Ray and McGinnis »7y 129w MY1PPON Y DMIPIYN DINSDND DY WaSND DIPH v

:0M ,(2005) Gabler et al-

NN DM 5925 MPYNN NT ,MNNNI NMINXI NNMND NNIX) MNPV MPYN SND 1Y -
;130N DN DMWY 25770 DD

T Tipon M 012y NCHRP 350 n7y11 %99 mwnnn »Nan1a Y1y noN Mmpyn 6
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;YTIN DND0ND NTININ NN MNNN NYIND DI PN, 2D ,NTINNN MPYN -

,CASS :19) NCHRP 350 nyTn M7 ¥y AWR DWTNN MIPYNN DY DM 1)) -

SV PO NINP NMPN APY ,NNT .DM0N 119 DN (19wnn Thrie-beam 037 8 BRIFEN
YI2VNNY DOYHRN DN .MPNN MKIIND PINT MIYON 70N ,NXRYIND NVYWA DMPNN
MYNNNN NINNA NYN MPYN YW PIDN TIPON N9 9995 ,00NWn apyni Mpnna

MPYNNN PON DY NP 1M MOYY MIYTIN N»pP NVwa (2005) Gabler et al »ab 30 1>

IR MPYN YINOW NYNN NN N DT TN 19wnn Thrie-beam 037 : 1190 DwTNN

DXO7T HY DYLP MW NTIN MPYN TIPON MINK APYN DHNXYI 197y (2005) Gabler et al

Thrie-beam ©XYTY ©925 NPYN : MPYN MND NYY ONPNN APYNN DDV P NP THI MPNIN
MIANYN DY ,TNPNH MPT TINN MYSHNI T MNNRNN ONN NOOX .MV TUNN ,I9VNN
MYNNN OYIPR 12 27ND YTIIN ,APYNN THY TYNL .(NPINND SINN) TITH MY NIVWNN
YTPON MPYNN D NN DMIPIND MPON .NIVWNY NNNT NNX MINN PI ODINN ,MpPyna
TN IONT) NMVINNN MIAPYD NIVWND NMAN ITYPN TUNRD ,DOWPND 932 PIINNI

M MIPON PINN P (2579 D7D DOPII TN DIYONI MYNN

NIND ININA ,NTHDY PVAN DY MNPV MPYN MIY JY MHARNYN NI9¥N .2.2.3

TYNI NVIAN MNOVIN MPYN TIPON DY TPIIRNYN NN NI (2006) DINNY LIPN IPNNA
YTPNRNN DMOLDVVLON DXNINNIM NMINND ONN PN (W NON) NT99 NPy (NG Non)
MPYNI MUNNN MNINRN DD M2 .MPYNI IMIYINT MIAPYL NYION NININ 7N
MININ OV 259 2NYNI 7PN JNAYY 2000-2003 DAMIVWA NPNPY KON DIIVTN YOVP WIINY
DIV NN MYSNNIY ,NI0YNN DY NMINND OPONN YN MYNNNI : DNNN NIV Y8

DNINDT NMINIVN

MpYN DY NPIVNINN DY) 177 DY NMINN 81 DY DOV 1ODN) ,NIVWNN DY DNIPIIND
DONAN DY YOMNN OPYN . PV MPYN DY NMVYAINNL DY 136 DY NMINN 61 DV NTO9
=) VAN MPYNI NMIWINNN 2P 20%-d MPN (TN NMSVPY MYP) MNNNN NNINNA
Sv DN DPYN ,90N2 .(p=0.052 ,7N2» VYN D TaN) NTOIN MPYNI NMIVINNN 2P 12%
-9 PVIN MPYHNI NMIWINNN 2992 12%- 7PN NNIRNN MIAPYA (1IN IN) NIVINY DOV

(p=0.65 ,pNay XD Y 7aN) NN MPYNI AMYNINNN 2972 10%

YPONN JOON) JMVIAY D731 NIMRND DIINYN DIOYIN) 26 M MINDN NINIVN DIV MM
MPYNI MYNND MNXRNN 12-) NV MPYNI MYDND MNRNND PN 14 0NN ,NIVYNN
) NI (XN NITINN 97Y) NON DI 2772 DY NININ DY SNINNYN NN .NTY9
NPIYY DT MPYNI NMYNNNA DIOYINN 27P2 RPNT NNAXI MYNN DY 1N N 1IN
,INPNA TIN DOWYNR DY OIPN PN NTOON MPYNI NMIYIINNA DOHNN 27P2 .V MPYN
NMIYNNN DYINN 2P IUNRI NI 21DV PNV MNPIY TOI N NNN 1N NINY ST
NPIVMINNN 2PY DOINSNN TN 112X NN ,)D 1D .NOND DAIPN PN KD PVIN MPyNna
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1920 ,19) NN D292, NNPYYN DM932 ,WNI W NIWN NXIAPN NNWY 17990 Mpyna
NN PN 19DNI MY)ON

DINYIND DIIPNN DY TIND JOP DXTN 2PY NONX NINKIND NPNMNODN MY IPNNI ,NNT DY
DY NNINIVN DIV DIVINN DY NPY NAIXN NOVXY PNINDN NNINIVN DI THD DY
D0 DXAYNN DNINWNY MONMNN T0IN 1D 1D NIVYNN DY MNNNN PPOXNN DOVINN
MY MINMOIN MINNN VIV NPYND MPPN ,NPYNI MYIINN 2T NY0IN MIPNN D

J7231,215951 ©YONN

Y N L,N9P YN MINMNDN MNVIAN MPYNI AMMYNINNN 21 D PIN IPNN2 )0 M
MNIND OYIN VIV ,ANPN P2 ,NAN DY ANN .TPXIDN NITHINN 97§ NIVWHN NITHIN
SPINDT NNINIVN DY NIINRD DNNN MPYNI MVINND

NINA ININA ,DOUTINN MNVAN MPYN NIRTD HY NIYNY NN .2.2.4

55595 NPRTI NPITAY RYNL MNVYRI IPNN T ,NNIANNN TIVN 1NN 97y ,2006 M1
.(2007) ©INXY 5V - 7(DMIPNN) DXVTNN MPYNI DIV MNPV MPYN NAONN DY PYND
TPNN NPRTI NI MNNNN NN MM, MNVIN MPYN Sy M0 IPD T IPNN2
IWN P INRD (Road Safety Analysis Program) RSAP mion natya oowinn mpynn

AASHTO >y wvindwd NsomMm MNM02N MPYN MPNND PTNN NN IDNND NNMO

2D 7PN APNNNONINND P2

,(2006) TD 19/06 : 115 m1902 IN¥DIV MNP0IN MPYNI YIDIWH NNIITIWNN NPMINN D3 -

5¥ DNNNI NMTNN MNPVIN MPYRY MYTN (2003) RISER ,’(2003) RPS ,(2001) NRA
DH¥9 AN 1NN YT N YSINND NN MPYNN MIPNN TUNRD ,WTNN JPNN 29-DY 7PN Mn9
NN DYN MTHN 2,990 . MYNNNN MIN2NA TTOIY TIVD DRNNA NP OPDN IN) NN
VINTN NNINBN NNVIAND) TITN T ONAN PNINDY NLYA DNPMNN DIPNNN VY MYITN
NIYITON DY ANY MM NPIDY 220 NTPN MVLIAYNND DNYDD DNIMD NOY L(DP¥9N aMID

AW 2NN NMYD NON OININ

N NN XY 2004-2005 DMWY 57ND ,IPNNI NNV DOYIN DY MNNKNN NN 19 Yy -
DNV ,NNT DY .NPNPY RIN DTN OYVPA ,MNOVIN MPYNI NMVINT MNIXN MN*OVA
MYP) NNNNN NMINNN DY SONT JPIN AUND ,MNNND NININT A NNOYY NON
MYNNN MNNXN 1992 )1 ,2001-2003 NMIYD 2004-2005 DNV YWIOW-I1 DNNVNN (NMYLP)
,33%-34% -1 29%-35% SV DTN ONNV) ONIT DIY DY MYNNN NINN 17P2 J) NPyNa
DY MNNNN 2792 ) 259N M0 DD OY NIIRNN 293P 1N NPNAM NNON R NP (NHRNNA
A PYM 51-5 DY PODN DY NAYPNN MTNNNN NNMINDN MWW 77N T2 079 159

.Mmva

-390 11 ININNY ;2003 MIVHN XROPVI MM PN NN NMINYVAN MPYNI YYD NPMINN !
.(2009) RPS

25



SDPNVY KON DIITA TTIA 297 MNKN MN>IWA N NNONI 2004-2005 DHWA 30 WD -
DOy MMNN2 AT NI ; NV 10 HYn XWn 257 DY MNNNL (MPNIN LYNI) 30% YW NP
NP2 NNPNN WA NIN DNIWA 1I) 65 Y21 MNNNA (NPNAMN) 33% SV 1T ; DDIDVIN
259 OY) DXDIVIVIN DY TTA 27 NMNNN MMNOYA NTPN L(DWTND MMV MPYH SY

VA 19 6-7 S NODN DY NIVWPNN YD

MPYRN NIMBY NN NN YT PN, 1P INrD RSAPH niom nitya moayn mapya -
MINSIN NN N NPNDON-TNN O¥ITTN AY ,NINT MPYNN NIANND D1DIDVN DINNM
M) IYNN MNI2 D) DOVTNN MPYNI DIY MPYRN NAYNND (NMYIDI NPRTI) NPAYN

Snn 297 %95 20,000-10 N YW

(9N MIXXIN WIAPNN NPDON-YTN D¥IITN MY, INT DD -

2120 12 DYON-YIT YWD PIPINKD DTINN DY DMDIDIN MWINNN NIIN YTTH DY (1
,10% 1N (DXOIVIN + NPRYN) D771 157 195 NINNY ¥/HP 100 10 NINMNNH MMPINN
157 95 40,000 SyNY NYNN MNIA NPT DOVTNN MPYNI OO MPYNN NAONN

Na)alapal

DOV 792 2WNNNA) 30% SV NODINA NHINNN MIAPYA PIIN NN YTTN NN ONIPNN TWUNRD (2
-5 79 MPYHN NAYNNY NPRTIN 90 ,(27NINIY YNRND INY DN HNIWI DHPN 19710
.11’ 25795 30,000

NAYNN NPRTI DWW NT NN NMOHY DYV TD DY WIANN DXTAON 2597 DD DINX 9”7y MM (3
12 V20D N WIND 91D TIMIVNVND TN NYNTON G0 DT1D 159 D 15% Dyn .,Mpynn
.11 259555 20,000 NN NYNNN

PN DNMN DY NYOIN MPNNY TO2 MIAVNNNY ,PNDONY N NIMNN MDD NOHIND (4
DN DAY N NPNXTON 90 TV ,vw7Np 100 OIpNa w7np 110 NONTY ,AmMNnn Nima1)
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Figure 2.1. Examination of the crash severity indices versus ASI values.
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TIWIY P02 WIAPNNY VIMN NN AN YD DD NN (1998) SAFESTAR nnyt
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DM DDIY9Y M) N0 IMN TY 1 12-1 9 ,7.5 YW D7YY N9 NN TN, NHNNND D 8-
" 500 1y) DMLP DOPTI DY DYVPI TTH TWND INY TY

.(1998) SAFESTAR : 71 .,mmwn mTHa ,0591n10 9NN AMIY MYAIT 2.5 NDav
71NNV NPYN YWY NANN 29NN IPRY VYN NN AN NN : NYRYD NIVN DY DOINN

Table 2.5. Obstacle-free zone's width requirements in different countries. Source:

SAFESTAR (1998).

Country Motorway: width Express roads: width
obstacle free-zone (m) obstacle free-zone (m)

Belgium Wallonia 4.5 3.75
Czech Republic 45 4.5
Denmark 9 3 (9 mifv 290 km/h)
Germany 6 (10 if dangerous zone) 4.5 (7.5 if dangerous zone)
Greece 9 (19 near railway roads) 9 (19 near railway roads)
Finland 7 55-65
France 10 85
Netherlands 10 (f v=120km/h: 13 m) | 6
Norway 6 (if ADT >15,000) 5 (if ADT 1s high)
Portugal 35 35
Sweden 10 (if v =110 km/h} 10 (if v =110 km/h)

9 (if v =90 km/h) 9 (if v =90 km/h)

7 (if v =70 km/h) 7 (if v =70 km/h)
Switzerland 12.5 5
United Kingdom 4.5 45

1) In Denmark, the width is in discussion as a result of an audit concerning the design of the
roadside as example. The intension is that the process will be based on effectiveness studies.

D972 .MNVIAN NPYN NIAXND TNSM PITHN NN P IWPHND 92 DOVHNYN ,\PNVA
Ty N 12.5 YW 2N O9WWONN HWNN NN DY NLY SIWN DONWN DIV ,MPIN
MV PA NTION NOY D72 /1) 27.5 20112 DIIVWINHD SYNN IMNN DY /N 10 N3N NO9ON

7 NI NYOYI0N NAN IWUNRD N 20 TY DMLY DMWY OY N 5-D MINWHN NNIND IMN ,NYOIN
APIATHN YO MON»NN PN MPTI) /N

N AMAY MINT DYPND N 9 NNIAY WsN (1998) SAFESTAR »9y PR 1100 DI1DD
NIIN AR PRIVD AN NPND TYNNY (NPID0N-TN DIITL NI 6) MTINN DIITTA VOINN
MPpYN ST Sy DONIND NNIYY VNN MK OPP DY DWLPI VONT ,NT 7122 NMINNN
TN NN DT IMNIND 2PN TN /N 9 AN VY9N IMN DPPNN DN DMIPHNI,ONI .NMNVIN
N2 VO9NN NIN AN DIIIYN NNV 1D PIND YW . MNMA NPYN PPNNY XDNMIN M) N0
NYOXIVN NPNINA ORPINRD AASHTO >y asmvw 0D nmyt (1998) SAFESTAR >y

DY W) NNMIN (2005 ,11NI71N)
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Figure 2.2. A probability of leaving the road by vehicles to lateral offset depending on road
design speed.
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Figure 2.3. Leaving the road accident prediction model's update.
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MY 20 5V

MYTN D277 NYYHD NN DWTINN MPYNR2 widw 21NN TD 19/06 NN 1pnn 1 PIsd
NORY DX NOYN PR PN DN OY  DYPN ODTN DY DPRNA /NITY NPIIND
.DVWTNN MPYNI ONYOIN MPYNN NANN DV MDI5IN NPNTIN

7932993 MNVA NPYN NMPNNY Y9393 P18N .2.4.3

EIvik & Vaa-a n7n) 1729102 00y 1onwn mM9w Sy mby-noyin moayn ysa Elvik
PN >3 N¥NMY 2.6 NYIVA IO PN N NN WIWY MPyNn Mby MmN .(1°2004
DY 772 .NNXYOA 259 Y95 3000 YY NYIY TITA NYINN N TIWRD THIXTI NOND 1) DY NpyN
NN PYINND 7D TN VYD TP TIT FVMDIPY NAXND NIMNND 90N INY T NYNN NI

YPYNn

NYNNN N IWNRD TPIXTI NPOINK KD TITA TOIIN MYNND MNXN NYIND NPYRN NIPNN
.259°55 5000 Sy NOW MNP

(2009) Elvik et al - 1901 Y m57vnn o1 03 s
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(2004 ,Elvik & Vaa -1 x210) 0291 091N : MPYHnn MY TN .2.6 1YV
Table 2.6. Barriers costs' assessment: Norwegian data (sited in Elvik & Vaa, 2004)

Type of guardrail Unit cost: 1 km
Investment Annual maintenance

Steel, 4 m between poles, no blocking | 250,000 7,500-15,000

Steel, 4 m between poles, blocking 280,000 8,000-16,000

Steel, 2 m between poles, no blocking | 350,000 10,000-20,000
Steel, 2 m between poles, blocking 400,000 12,000-24,000
Concrete 750,000 25,000-50,000

Wire 300,000 20,000-40,000

NGO MPYNA NYPYN NNY 91 .2.4.4

.ONDN MR MNVIAN MPYNI NYPYN NIOND NN NV NS (2003) Lambert et al
NODY NMINDN MMM WY NOY [, DINNI DIDVD NMIDTY ITD NNIAD NIVAND NVIVYN
DNPIVIIP 90N DY NIAWNN N1NIN NVIVWA YXIAN NINNIND .MOY-NONN DN 2IWN
DM DOXVNHYN MNMVIN MPYN MPNNY DINND )INY ©015 .(multi-criteria analysis)
YTNI 9NV NNDDN MO TV DXNNNIA PN INN I TUNRD , 020771 NYI DY NPN NIPPON
NI MYXNNI NININ IAKIY NNIDN .TITA IYNNN NN NN YNTN YOPN TIR ,TITH

.2.7 N921V2 X% NIINND

(2003) Lambert et al : 295 .0N2)N DXINNI NNIDN NN NI IIND NONPO .2.7 NYIV

Table 2.7. Scale to characterize hazard severity levels in the sites examined. According to:
Lambert et al (2003)

Severity scale used to characterize the severity of an unprotected hazard at the candidate site

8-10 Permanent water hazards consisting of more than 0.61 m of depth, slope ratic much greater than 2:1 (indicating a high potential for
vehicle rollover), ﬁxedobjw&ﬂﬁmﬂauhdmgahmmlsofvehﬁl&(mnhasﬂwbﬂ“wexmoimhstamhrd
guardrails), or areas of incidence include high potential for loss of life or property

68 Water hazards that could potentially reach heights of over 0.61m during periods of flooding slope rﬁohhigacrthanll, potential
dangamhdoﬁeﬁs(m&mhmp«&mmwgmﬂsmammofws with diameters >0.1m)

4-6 Slope ratio about 2:1 (marginal possibility for vehicle rollover), a small number of trees with diameters >0.1m)

24 Slope ratio less than 2:1, few fixed objects (such as trecs with diameter >0.1m)

0-2 A:eahasaslopethatisnmlikelytohavevehiclerolkwmoocm,gnmdrailsplacedhemwil]likc}yposemofahamdthando

existing conditions, recovery zone adequate

: DOININ ONPIVIPN MYINNI OINMNIND NPT OIONNYNN DINN

D0 DYTYPHIN DMIVMIDIPN 1901 .1

0ND DTV NIIND NN DY DODN TP .2

L0009 NYNN NA-Y 1 PIVIP DY NDIINN ,NYYNID) N1NY DI TYPNN 2D7-10MDP 190N .3

-1 1 0I0P DY NYAONN) NIIND NNIT 1DV PNINY DXTYPHIN DMIVMDPN 190N .4
(2 0P

3 0P DY ND9ONN) NININD NNT DOV NNY DXTYPNHN 237 VMDD 190N .5
(2 )P0

290N MYy .6
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Data for individual hazard sites along a corridor of interest

.2.8 19202 NN DI DNIPIVIPN Y9 DY DINN 10 HY DIININNDT NNXTH

.(2003) Lambert et al :»a5 .DXYX1IN DNIPIVIIPN MYNNNI DINN 1PN NINT .2.8 NYIV
Table 2.8. Example of sites' characteristics by proposed criteria. Source: Lambert et al (2003)

Derived factors for individual hazard sites along a corridor of interest

Location Vehicle-kilometers-  Severity-kilometers-  Severity-vehicle-

Location  Length-of- Severity of obstacle, ADT ¢
need (km) slope, curvature, etc. (vehicles per day) protected protected kilometers-
0.061 4 258 protected
ll.:; 0.098 9 258 L1 15.8 0.24 62.9
L3 0.045 8 782 12 256 0.89 2300
L4 0:061 1 485 L3 35.7 0.37 286.0
LS 0.092 2 485 L4 29.6 0.06 296
L6 0.153 3 485 LS 444 0.18 88.7
L7 0.076 6 485 L6 739 045 2218
L8 O’S 18 9 1118 L7 37.0 0.45 221.8
Lo 0.01 8 3 1118 L8 579.7 4.67 5216.8
L10 0.515 10 531 L9 204 0.14 163.5
- L0 2736 5.15 273522
9190 Y AWND TN 0D USS 32.80 295 mavinn mndan mpyn Yv mpnnn by
Npynn Moy> USS 2000 Sw nooin 2»nn Npyn Nspa
219°010 MIVAR NI (DOYD OTINN 1-5 TINN) PPIVP 535,570 ©YHION NITIN INKD
DMNTH OAINRN Y5 ,91025 .US$ 55,000 : 1130 Y20 28PN NNONI DINDN DINKA
PN MYSNNI ,OONPTN NNVY IPXN 2VIND )90 INRDY DIPIVIPNN THNX DD MYNNNI
2.4 7N) TN DMPIVIPN DO HY NADWN
) NPT MIRHN DY DMAN JNINDD MTIN TN DIVWID NIMVNN DN NPTH NOWY
Y DY D 2DWA THOVINOY NPNY D01 N DO ,DMODUPMN0 DDVPYN MYININ
NPVIAN MPYHN NMPNND DINND NHOYI NN NINAY 79VNA DD
Index of Project Location
8 10 2 7 3 6 1 5 9 4
0 " " N
1
2
3
4
5.

Lowest, median, and highest ranking of each project (L1-110) across the five aliemate objectives.

.(2003) Lambert et al :»a5 . TN ©1IVIPN DI 97y DMINAIN DXINND DY DIDN NPT .2.4 VY
Figure 2.4. Final ranking of sites according to all criteria together. Lambert et al (2003).
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UIIN , D199 MNYV MPYN 18993 1D2 MIINNN MNDY NINA .2.4.5

YPIN YNNI ,NTON MNPV MPYN INID N2 MNXN DY Ny pTa (2007) Williams
NPRYN 02,1999 MV WIPRY NPMIDLP NMIRN 190N APY TITN NMIWI MIRT 7PN IPNNY
DTN 919012 2597 X952 WHNINN MMM MPYN I¥ID ,TITHN VD MT1D

25 Sphere) NTNY 220 NYALN DT NN NPINNNN NIANNN NVIRN NN IOON) NY IPNNA
NYIYYY PV MPYN DY DD NY MIID , 0D 190NN MPYN DIPMN PN DOT1 (M
;N> 299 NIND : DINIAN DIIMANNDT MY NINN DY DINN) IDON) .NTI MPYN DY DOND
; INVIAN NPYNY PIID GON ,NPAVYND P 7PN N2 NIRD ; MHNMVIAN NPYN XIM N2 NHINN
DT PN NNRND 2APY DXDMN NYON DY OINMN L)) IYT NN DXPN MY TIUNRD
DANN MOYI NMIND YIIN 1IN 12NN ,NOND DOIMINND MDY MNIND 14 INSD) 071D

DO NPYTA TINY - NPXN MDY, PNYND P13 ,159 N NN DINNN

TN NON NPYN X192 NI NMIXND MNYP PN NOUNNT NPYTAT NINNN YIINR DOV N¥N)
DMININN 2.9 NY2V2 .BSEN 1317 ypn »9 5y N2 nn9a (W) 1093 199 nnp oy Nipyn : 7251
APNN2 VNN NPYTAZ IINIY MNNNT YIIN MIMIND

APNNI NVNOHN NP>TAY IINLIY MNPVAN NPYH NI DY NIYMH MNNDN .2.9 1YV

Table 2.9. Typical accidents with safety barrier breaking that were selected for a detailed
examination in the study

Accident Approx costs Estimated
Reference Damage 1 position Damage 2 (damage only, e vehicle
- ‘ / final

Number not delay)
1 safety fence centre lamp column 6.030.28 e car
3 safety fence nearside bridge pillar 432.313.90 e HGV
4 safety fence nearside lamp column 6.478.16 f HGV
10 safety fence nearside gantry 12,944.86 e coach

WY NYNND DX1DOYN MDY : PN PPN NMDYD MADN NMDY NN DX NMIRNND NNKX DD
HY NMOYN D99 YO DY DN DX 2.10 NHAVA NNNND DIWNN MDY NHINNNN
INNDN

NPYNN X119 12V NMIRND YAIX DY MO NMDYY .2.10 1YV
Table 2.10. Detailed costs of the four accidents in which a barrier was broken

Incident Description
Incident 1: Incident 2: Incident 3: Incident 4:
_ Median Lighting Bridge Pillar Verge Lighting Verge Gantry Leg
Item of Cost Column Impact, Impact. Column Impact, Impact,
M4 M25 M25 M1
Total Cost of Repairs £12.216 £ 420,498 £06478 £112,519
Total Traffic Delay Cost £ 3.000 £ 1.000.000 £ 500 £25.000
Total Injury Cost £ 207.552 £1.612.383 £ 24404 £ 206,404
TOTAL INCIDENT COST £ 222,768 £ 3,032,881 £ 31,382 £ 343,923
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MINSIN /NYNNN DIRND MZY” NNAD MIVAN PR INDNIY MNNNN YIIN P2 NMWD HvAa
MoYo NNMYP NIRNN NIN IWURD ,NPYNN NDY 0N 0’27 DTN NMMON NIRNN
N92V2,3 NIPN DYDY 1 NIPN MY P2 MPOYN HTANN DX ,NNNTY ,I0NY 2359)) DIWVINN
AN Y9N TN ,25970 MPNN 2590 HPWN 1D 027 DININD NNIVP NYN)ON NIDIN .(2.10
YN MNNND TN ;2592 PPN OYNNN ,NNINNN MYNIND JAT ,NNINNN 2D VINN SV 7N
NPYN D NN NN T IRNIN .NTIN NPYND 12YN NRNNIY NPNVYNL D) YI9 ANYNN 217N

N2 5w nnHa N nTHon

119195 NN YYN (2007) Williams apnnn sxsmn by 1112

21909 NPOY PNPINN NMDYY IR ,INY MOYP 7PN NOX NDIRN SNPNRA DPYRM 1702
YN TN NMIRND MINND AN POV NOYP PO NPYHRY DNINN ,TTIRND .MMNS PN DYINN
,INTY ND NYNAN DY INDTN NYIVNNIY PN NN NION KD NPYNIY I2¥N DMINYI NYN9
IN DINVIN) M) TAID 1DID DY 257 MY NV NPYNI MYNNN DY NNT NIRNIAY O
DOAN NMDY D NN D 12YNY DY WINMY NPYRN SYN ToNNN 7PN 2590 ,(TINWN
TN ,INY DOV NYNI NININ APY ,INY MM P NOYP NPYNI MVNIND DY NIPNRI NHINNI

ST PR 5TIND NN

UMY Y0 DPYN NPAN YV NYYaY NN .2.4.6

DY IWPNN TN )1V NPYN MNINKD DMWY NMIPTN 1902 19V DMIPNNN INNNDND 9-DY
DY DT OYOP DY NITINNA TN NIN YN, TIN NNV D55 11OON

,Steinauer et al) BASt nmannd YoNIT97 10N T YY 1IN TIWIY IPNNA NONTY
;99 MPYN NNIYD TV PV MPYN DY DTIPAN JI9IN DY NN IRNYND NYNA (2004
oY NYXIA MPYNN MOIYN ONY P IRNYNND .INNI MPNN DT ,NPYNN PN TIND
DPINN ,MPNNY TITN APV DY MINNHNN XN NN D90 MOIYNN IWND Yod5 ©roa
,ININND MYNINN2 MNVYPN TITN OUNNYN DY AMIDYN DX ,)1D 1D, Mpynin Ndm
NPINNN MTIAY 2PY PITN PTONA 191 ,NIMNNN MIAPYA NYNNN dPPO APY PITH 1102

AMIMNRNN INKRD MPYNN PPIND) 7172

NYNN N9 DXININ DY ,0°997 Y0P 11-2 MPYNN TIPON MINN APYN YY DOIANN IPNHN
SV NP 53-2 - NVIAN MPYM NP 52-1 57ND OIPMN PN DTN MPYN IWURD 0V
MNNTI KON NMINNN D) PIAYNI INPDY ,IHYIN MNXNN NPPLDVLOY G0N DTN
DIPINT MPON .DISTIND NYNN ONINA NYNNN NMINOIT DY ITHN MINHIN ,)10) 7VwNRD
NINTD N2 NPMYNYN )N DX7112) YN ONA INIPND DWW I YTOIN MMV NNN
9N MIPYN DY INY MM MPNN MIXXIN NIND ,)POVIAN MPYNI VIDIWN IR MPITSNHY
D277 YV NTI992 NVIAN MPYN NIPNNY R¥NI OIPNNN NN THIXD NDIYON VINN NTIPIN
15995 65,000 DY NOW TITA NYNNN NI TYNRD ,NTI9N MPYN NNIYD ,INY NNONYHN MPIN

Ra}alaral

TUNI PV MPYN DY DTIPAN NRNYN NYXIA TPIINI MNINRD DNV TIVIY APYND IPNN2
MNRXIN M DY .M25 NPNN TIT DY NTINNT OIPMNY NTI MPYN IO (H2 Tipon nnaa)
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Y MTI9192 DHPMNI DN TYRD SNIYAYN D395 NIND OY DIWPNN NV MPYN ,IPNHN
DDANNA .NNMA 259195 25,000 SYN NYNNN YN OY , MDY NPNON-IT IN MIPNN 0¥I7T
IAN ) 11939 NN NN (Highways Agency) m9N1 D770 MY N3 APNN0 INNNN DY
SV DOYPNYN DVPNINN D52 (H2 TIPan NNIa) PV MPYN PPNNY W 1ad (2005 ,60/05

.11 15795 25,000 Sy NYNN YN DY MPNN OIITT HY DIPOYW IX MY ;1)

N MM 2 POIAN MPYN YW MPNNN NMDY 2D PN (2005) AN 60/05 7HON2 30 MO
DT OY IYPNND NVAN MPYN DY NIDNN T2 1T NN NRIIN DY TN ,NTI9 MPYN Nd
TNOYI MTIN GON NIDN MY 3D 10D .NYNNN 21 AMOYY TITH DY NPRNNN MINIINA
N9V DY H5395N POIND STNN DDNY NMINN MIANDN DINNNDY TITN DY MNPVIN NI

NS ;MY 50 PN N

MNGVAN MPYN HY DIVITIN DIINNN NN .2.5
AVNNN THTN 2IMARNA MYNA NPYNRN NPAN HNI NINAY YN .2.5.1

incremental benefit-) MYY-No¥IN >ON’ Sw MNNNWN NIIYN 12 DTN NMo (2001) Montella
-1 10 DNVIND TIPONT MNT .MINMAN NPYN YV TIPON NN NIPN2Y DD NN (cost ratio
Y2 YN WX SAFBAR momna a%vwn 57N (EN 1317 »9y1RD 1pnn 29 Yy H4 7y N1
Y9NV NMIPYNI MYNIND NN P20 DMV TIPON MNI2 MNPVIAN MPYN DY NdOAN N

Mak et al S¥ mNN 500-D INY-1 ¥T7H9) SYI91 MNNRNT MWNNNN ONIN .99 NNINNA
.(1986)

DYMANNN ,TITN ND PAY NPYNN 7Y DMNIDAIVW 25770 DD 190N PA WPN DTN 57N
NMINND MDY NIOIWNY .NPYHRN TIPAN NN ,NYNNN 259 N ,TITN DY OPI0NINDN
MY TIPON MNI2 ,MPYNn NIPNN NMBY .(1996) AASHTO Hv nvowin nunwn moonin

.2.11 192V XXM WAP)

.(2001) Montella :>95 .,mpynn npnn nmMbdy .2.11 1Yav
Table 2.11. Barriers installation costs. According to: Montella (2001)

N1 N2 H1 H2 H3 H4
Steel cost ($/m) 0.9 0.9 0.9 0.9 0.9 0.9
Weight (kg/m) 15 20 30 45 63 75
Assemblage cost ($/m) 12.5 12.5 12.5 12.5 12.5 12.5
Direct cost ($/m) 26 305 39.5 53 69.7 80
General costs and profit 25% 25% 25% 25% 25% 25%
Moving costs 5% 5% 5% 5% 5% 5%
Total cost ($/m) 33.8 39.7 51.4 68.9 90 104

OP 257 5910 ,259N 5 DY DN NYAY 11)D NAVIND NPYNRN 7Y 1570 NN MIANDN
N MHINDN ,0N0N TIT 102 PV 30 TV 5 P2 HPwNa RUN 25N 2P 1500-) 900 Hpwna
PN MVAINNN NY2 NIINNYNRN VPPN TINVRNIY IO NPIANDNN DID NN NN
SV DY DOVO MAVINKD NMIINDNN IWNRD ,NPYNN DY NNDN NN AN 1O
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- PN L,YWNP 130 Ty 10 P2 NNV MINYN NMININ NMPIND . MYNINNIN TON MPNHN
SPYN ,DIPYN OPTI 1ND PPN NN DODYNN SDX0AN DTN DY .MOYN 32.5 Ty 2.5 pa
2990

DY DYDY YN DYV DY M2 NN LN TIT ONIN NAY DY DTINN NNIN
N9 MYNA YA WONN .1:2 DY MW DY 01 6-1 4,2 NN NN ININ NN ,NXINTA
MNVIN NPYNRY NIDN TIPAN NNI NN .NYNNA D715 15779 HY HINKRDY TIT2 NYNNN
PN TN OY ,NMY TIPON MNID MOY-NOWNN YONd DY SARNYN NPNA YT TIN NYNIN

.2.5 9182 DR 1T NN INSNDN 4% NPNY N2 NV ; MV 20 NPYHRN

Selected Roadside Safety Barrier Containment
Levels, Embankment Height 2 m, Embankment Slope 1:2

ADT

Pyy (%) 10000 20000 30000 40000
0 N2 Hi HI

5 Hl1 Hl H1

10 H1 H1

15 H1
20 Hl
25 H1
30

Selected Roadside Safety Barrier Containment
Levels, Embankment Height 4 m, Embankment Slope 1:2

ADT
Pyy (%) 10000 20000 30000 40000
0 Hi Hi HI T
s HI HI @i WD
15 spnni
20 S HI
25 B - v

30

Selected Roadside Safety Barrier Containment
Levels, Embankment Height 6 m, Embankment Slope 1:2

ADT

Pyy (%) 10000 20000 30000 40000

0 HI Hi H2 TH2

5 H1 H2 H2

10 H1 H2.. H2

15 H2 Mo

20 |

25

30

ININ TI2Y MOIYNN DN NYNN FNINT MNOVIN MPYN YY MYITI TIPON NN .2.5 1PN
.(2001) Montella : 7vpn .1: 2 MW Oy /N 6,4 ,2 N2 NYND

Figure 2.5. Required performance levels of safety barriers in different traffic conditions. The
evaluations are for embankment conditions of 2, 4, 6 m height, with 1:2 slope. Source:
Montella (2001)
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PTNIN D725 259593 Y INY M2 HINK DY) TN N2 NYNN NI DY DXINNIA YD MNID 1N
NMAY TIPOn NnIY N TN L,(2001) Montella »9b .Any NMa) MPon NN MNPV NPYN
N9 DTN TWNND NYNNN 207D AN NN NPYNN DY AN

TIVY MNRNN MDY, MPYNRN MPNN NDY ,NYNNN MIMANNDT YN HTINN DY PMOIN N DY
ToNN2 DY APNN HY DIRNNNI NRYND IR L,ONINDIIN PDNN DIDDN 1PV INI TWUN)
90N 6 NAN2 NYDIDN 12 DY ,NINTY DMWY DINN ONIND DIINNND MPYNRN M0 NPN2
VIDOWY DTSN OYP 2D (NP0 TIT2) DO 259 995 GON 20 HYN TIT2 NYNNN PN O
NI DY TITA NYITI HE TIPANN N1nT,2IWNN MK 29 DY .H2 Tipan nnia mndwan npyna

25%. Dy NYIY NYNNA NPRYNN NYY TUNI 110122 2579 9ON 40 Dyn NYNNn

709K 7990 23RN MYN NPYNN TIPON NN NINAY MPNIN MND .2.5.2

MPNNY PINNY YN (2002 ,1996) AASHTO nynn nanand ©01 Nma (2009) Sicking et al
MMINNY ORNNA NPYNN SY NYITIN TIPONN NNID VI NIDIN >TD TIN ,MNVIN NPYN
, DDV TIT ONINT MY ,RSAP 1IN MYSNNI OXYIN DY IDDIND MIWNN .TITH
(B/C) moy-noyin ondn OTMIN DY NONDY NMIDHN TIPAN NN DPYHN NN IUNRD
TNYN MOY-NYIIN DN NAY ,IPNNRN IRINND NONT NNNN 2.12 1YV .DXNWN IDIPNNIY
N D) DY 1Y YD BN MNMYT P L4 ,3 1 1ND AN M) B/C o> a2y mxn) .2-H

(NVSNNY NYNNN MNA DY

MM TIPON NMNI2 MNMIN MPYNRI windwd prsnnw yan Sicking et al apnn »ssnnn

DV M) N¥ DY DXDIVDNI I2YTH TWYND ,TA01 MPNNN 0011 o»prn - TL5 , TL4 - any
PINM ,NON DONXINA ,MMAN TIPAND NN MPYNY 12NN .D2DM 1M NOND SXIN
192 NPYN P2 NINAD 1PV NYITI NYIND YN P2 NINANN IYNRI ,NIYNNN PN 532 VYND

LDDIVWON NYY TITN TN OPOIND MIND DY O»PN a2 Mavnnn > 7, TL5 nmwd> TL4
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2PN .2=B/C TWUNI ,07DN TIT ONIND ,NPYNN TIPON NN NPNIAY MXYNN .2.12 YAV
(2009) Sicking et al

Table 2.12. Recommendations on barrier performance level selection, in particular road
conditions, where B/C=2. Source: Sicking et al (2009)

(general guardrail use guidelines) *>95n NAPNRS NVYPMIN - X

Traffic Volume (1,000 ADT)

Wi
Functional Class L;(::_I:
o None TL-2 TL-3 TL-4 TL-5
Narrow 0-100
Freeway .
Wide 0-100
. MNarrow <20 =20
Rural Arterial .
Wide Any
MNarrow Any
Rural Collector/Local _ :
Wide <1 =1
_ MNarrow <20 =20
Urban Arterial )
Wide Any
MNarrow Any
Urban Collector/Local ) -
Wide Ary

(rolling terrain guardrail use guidelines) NY5N NS0 W NIPNY NPNIN - 2

Traffic Volume (1,000 ADT)

N . Widtl
Functional Class UI{ __l
455 Nome TL-2 TL-3 TL-4 TL-3
Marrow <25 =25
Freeway .
Wide <33} =33
) Marrow Any
Rural Arterial .
Wide Any
Marrow Any
Rural Collector/Local .
Wide Any
: Marrow Any
Urban Arterial .
Wide Any
; Marrow Any
Urban Collector/Local .
Wide Any

:2.12 NHaV5 MYN

2 51700 .(unobstructed zone) D¥9wWaN KD TITN TN HPAINR MN AN on width class” (1
N9 79 m 3.7 (freeway) nnn 79 0 5.5 DN Dya 721y (Wide) anad (narrow) a8 nnn
D°2770 I 1 1.5, 70971 TIPY N NINN INPY XY 7179 0 2.4 (rural arterial) mopay monpy

DPNPYN

TN TN, TP IN TIIN NN DINON NMINTITH VIWN DY 91PN N (general) ¥55510 NIPNPN (2
N1 55N P ;151 DY DY N 7.9 NaNa NOD JOon (severe slope) MmN R YITn
DX NIMITH M2 DY MIPHNA .2: 1 MY DY N 6.1 NN NYND yon (moderately severe slope)

.(rolling terrain) a NIpNY 77w H190NN NN IO ¥ 12 IN 1IN NNIA

4393293 ,H2/H1 1pan mn9a mpyna vinswn mORT nd9yn .2.5.3

NI MNOVIN MPYNRI VIDIWH PTSN NPNIAY P99 NN YT Nds (2010) Ehlers

SV HOMYN 190NNV DY TIVPI MINNND NN MMM .TIO»91 N2 nmyd H2/H1 Tpan
DOINN 90N P YPY» DX 0P NI MNLIN MPYNI T15 157 MYNNN MNNN
9PNNA ;)90 ONONITNR TIT NN ONINA 1S0N MV DY 2 P N0 ,NYP DVINM)
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NXNYN YT TN ,MNMIN MPYNI MYNNN DY DOOMPN DXIANN PTIAN MDD YT DA
N2 nmy> H2/7H1 Tpan mnaa mpyna mynnnm NPIVAN Moovn

: IR DIMAND MY 1IN NPNIAD DIVWININD

; DINVIN,IORYN ,DOYON : 27 OND 3 -

;H2 ,H1 N2 :mpyn 5w nimdba mnn 3 -

IPYN NYNY 5 NPYNY TINDI NI DY NPYNRN TAINN : NNINNA 157 NNTMIND SN0 4 -
2592 YN0 DY TITY NN NNV NPYN DY) ;INK 2572 NYND KXIY TITY NN NNVM
ONN

MYNNNI MOWIN DWNIND .ONMN DLDWN DIRD 7Y 1ITNN YWNIN 95 NMMIINDNN
PO0N XY MM - A : DN DMANNN 2.6 7PN NN (E-A) 777N T¥2 DANN OND 5 5 NN
NN - D ;9wx 239 Paon X9 N - C; whn v Tinyd paon Nn - B ; won vy Tinyd
677NN 12 19D NINK TPYNI TIT OYN IWID MATPNNA NPy MpNN - E ;9w 235 paon
1119 ,3159 D 295 YaAPIV YININ 535 5355 TIY 1N 110 930 TUNRD ,NMINN DV 1IN MNI

NIYIN NN NYAPI ,TITN TN NPYNRN 28N NDY ININRND 257 NNMIND NO ,NPYN S NNdoa
(DONNINT DING 7YY NIINNN YV NPIVIN

YNONN TN L(E-A) 79T T8 HY DXAXNHN 5555 NMINN MNNRND NMDY NN 2WNY >T ,TYNna
9-5Y AYIN NNINRNN TIY TYUND ,259 MNMNN ND YO0 NNANDNA DN NMINN NIMIN YD DY
Yapnn ,Axdmd (N2/H1/H2) npyn Sv nnddan nmnaia oy nnonn L(1-6) nmnn nnd
v MSVINN 2 DOXWI9NN 1WIN |, TWNNA .(accident cost matrix) NMNMNNN NPIDY DY NMINYAV

.MODMN MNKRNN IMPY SY 0nNna N2 mpynd onda ,H2/H1 mpyn
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.(2010)
Figure 2.6. A - E situations of barrier's location on roadside for accident scenarios' definition,
in the study by Ehlers (2010)

,OMPNN NPMYYY DAY DMWN MPYNI YIDY Y WpnnYy MNP NOONN 91020
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N2 DMPYNN 920 PXT8NY YT WATI IUR OINDIPNN NMINNN 190N GO0 MNNDNT .2.13 NHav
.(2010) Ehlers 9pnna ,H2 yw~ H1 mipynd

Table 2.13. Examples of the minimal accidents' number threshold required to justify a
transition from N2 to H1 or H2 barriers, in the study by Ehlers (2010)

H1 npyn> N2 npynn 9aynd wamin MNNNN 90 - X

Reduced accident costs | jncreased Increased Minimum threshold of the annual accident ru;u:nber per| Minimum threshold of the accident r\uml:erplaril.!!)l:iI
Roadside, H1-n2 Y replac. costs | replac. costs pier or bridge for cost-effectiveness ~ piers or bridges and 10 years for cost-effectiveness
condition| €/accident MIN H1-N2 | MAX H1-N2 |For MIN replacement costs|For MAX replacement costs| For MIN replacement costs | For MAX replacement costs
2) 2}
Delta MIN | Delta MAX € € Delta MIN | Delta MAX Delta MIN Delta MAX | Delta MIN | Delta MAX | Delta MIN Delta MAX
CALCUL. a b @ d c/a c/b d/a d/b c/a*1000 |c/b*1000 | d/a * 1000 |d/ b * 1000
A 13866597| 20615967 0.00010 0.000067 0.00023 0.00016 0.10 0.07 023 0.16
B 3317264] 10571776 0.00042 0.00013 0.00097 0.00030 0.42 0.13 097 0.30
C 13866597| 20615967 1380 3202.50 0.00010 0.000067 0.00023 0.00016 0.10 0.07 023 0.16
D -857220 -945779 Mever Never MNewver Never MNever Mever Never Mewer
E 2723540 6805014 0.00051 0.00020 0.0012 0.00047 0.51 0.20 118 047

General note: The smallest accident rates of each roadside condition are marked green, the biggest orange. The smallest and biggest accident rate threshold of
each containment level is marked with a darker green and orange

1) Taken from Table 46 at page 102
2) Taken from Table 49 at page 105

3) The minimum threshold of the annual accident number, X, was calculated as follows:
0 < NPV = —PVeosts + Plsencrits (3

cost-effectiveness is reached for NPV = 0; see Chapter 2.3.1, page 19
the reduced accident costs, thus benefits, have been calculated per accident, hence

X = PVincreased installation costs

PVreduced accident costs

H2 npynd N2 npynn 92yn5 vi1n mNNNN 9o - 2

Reduced accident costs | |ncreased increased Minimum threshold of the annual accident number per | Minimum threshold of the accident number per 100
Roadside H2-n2 Y replac. costs | replac. costs pier or bridge for cost-effectiveness ' piers or bridges and 10 years for cost-effectiveness 3
condition €/accdent MIN H2-N2 | MAX H2-N2 | o piN replacement costs| For MAX replacement costs|For MIN replacement costs | For MAX replacement costs
2) 2
Delta MIN | Delta MAX € € Delta MIN | Delta MAX Delta MIN Delta MAX | Delta MIN | Delta MAX Delta MIN Delta MAX
CALCUL. a b c d c/a c/hb d/a d/b c/a*1000 |c/b*1000 |d/a*1000 |d/b* 1000
A 13977975| 20781557 0.00063 0.00042 0.0012 0.00078 0.63 0.42 116 0.78
B 7635159 22584693 0.0012 0.00039 0.0021 0.00072 1.15 0.39 251 0.72
c 13977975| 20781557]  B80O 16170 000063 | 000042 0.0012 0.00078 063 0.42 118 0.78
] -713808 -450416 MNever MNever MNever Never Never Never Never MNever
E 4831563 11552909 0.0018 0.00076 0.0033 0.0014 1.82 0.76 335 1.40

General note: The smallest accident rates of each roadside condition are marked green, the biggest orange. The smallest and biggest accident rate threshold of
each containment level is marked with a darker green and orange

1) Taken from Table 47 at page 103
2) Taken from Table 49 at page 105

3) The minimum threshold of the annual accident number, X, was calculated as follows:
0 = NPV = —PVosts + PVpeneris (3)

cost-effectiveness is reached for NPV z 0; see Chapter 2.3.1, page 19
the reduced accident costs, thus benefits, have been calculated per accident, hence

¥ = PVincreased installation costs

PVreduced accident costs
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MN»PY ,OVTNN DNPNN 19-5¥ MNVIN MPYN DY TIPAN MNID MYOIT PXN N PYD

DIRYIN NPNN 2.14 NYIV .27NINY NPR NMPTHN ,MNVIN MPYNI VIDOYD NPMINI

PN ONN DN MPTN NMDIONNY DTN DIPH/NPAIN NPXTAN DIAPNIY

IDIWIY NYNI DXMIN DIDNDR/NPAN MPPON )0 M DN DTNV TIPS TITPN

V8D 2.7 99N .RISER ,SAFESTAR :110 »9)PRN TINNI DMIPNN DOPAMIS NN

N, MINVAN NPYN DY TIPON NN NPNLD DINPIVN DY KON VIV, NINT

IINN MPTH SY DIPH/NPMIN MNM0IN MPYN SY TIPON MNIY MYAIT .2.14 NYav

Table 2.14. Safety barrier performance level requirements in guidelines/standards of other

countries

MPYN DY TIPAN MNIY MYIT VI YT NPN [ARapA)

MND ,NYNNN N ,TITN NN Mona ,H4a w H1/ H2 w ,mooa nmy — N2 | TD 19/06, 2006 MONN
L(NPONONIVIA NMIND DY 1IN MNPIY) 1151 TITN T8 ANOD
N IN (WP 80) NYWD 910 50 DY NN MPNN DY 09777 WP

Sy AYNAN SN Y , MDY NPNYON-IT /MPNN 0977 Sw n119ma - H2 | TAN 60/05, 2005

7911 25995 25,000

;17191 717 7831 ovoa i - N2 | NRA TD 19/09 TN
H2 - 9ny may 190 by D2asna

;7777383 | RPS, 2009 1279

M Y N >
< NYRYN DY NYNN NI WP 50 DY) 191 MPNNY HYWIHY T8Y M) N0 RAL Info 2/2005

H1 —nvxwn Svonon 855 ; H4b  H2 — nnnva 3000
3000 < NPRWN Y YN N W7HP 100 DY 191 MPNNY HYIHY T80 197D
H1—nvnwn Svonon N9 ; H2 — nnmea
500 < NPRWYN HY NYIIN NI TN M) JON NMYPNNY WY T8O 11970
N2 — nvrnwn SvHONon XOY ; H1 — nnpmea
D02 NN — (2591 OYONY NIPD 2577 SYDNY M) NIPD) *D2ANNN IM2
.N2
.H4b ,H2 — 0>w3 723 5y 1711902

mova 1 - N2 | Guide, 2010 7099
H4 - o N0 DY, H2 - (191 9w) y1ny) DINdYWR DMINY 290 ) \PNY

;N2 - nT9m w777 T8 ova iy | SRA, 2004 PTY
NMIYD) AN MM TIPON 137,10 1D . H2 - N0 » 1IN NdNY IN W) 923 DY
NI ,0N .NPRYN DY M) HINN,M2) NYNN N YW 0NN NN (N2
NOYTY DY TPNT TN DIPYA NN NN (H2 Hyn) Tn1na mnmay 1ipon
NPRYN HY MM NMIPNN TN 215N PITN ,Npyna

S (70 1) Ha (1 1y 1m) H3 (m»Tn 5) H2 (1 n97m) H1 — mein o172 | SAFESTAR, 1998 -7 YONRY

TN 2 — DN DNPN 97y MYT NN 13

5) M8 TN ,(MPTH 9) Y¢AHY T8O MDD APY INY NMAY TIPON NN HayN NN
TN 3) MY NYNN NI ,(MPTN 4) NPRYNI DY M) DINX (1T
:NPNPY XY DT NPOID TIPON NN
PO, P Ta - Hl
9Y 0) NITH MPTHN Y2 IYUND PR, DTNV 7270, TIVP9 ;7752 - N2
.H2/H1 mnna viow

N2 —15»s | RISER, 2003 nypo

H2 — 150 -3 Dvmn

wIp 70 Syn NIMN MPNN DY 09772 N2 —mTNv m»In7

NNPN

IPPMY DO T2 DA nmn - TL3 | AASHTO (2002)™ MIN

MON2 INA NPRYN SV NYNN N MYNA NYAPI 6 TY 4-10 NN DY M
NPYNN NPTH MOOWNA

(2011) AASHTO nyrna oy nmnwa 1 nwn
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Vulnerable Areas

Hazards

:2.14 19205 MIYN *

:(2009 ,RPS) n31n930 n1nInNm 97y N1o0N N0 NITIN
L(NM2) NNI2 DIX9)) DD DIMNNY YN : NI ,TITN T8I NNOD Y9 sy 785 7112 N (1)
; MLVIINNY DNYNN D21 ,(TITY D¥2PN) NPNN NIAT,OPDIPV NIPN) TIND NAX DIIINNN NLY

Y1577 NYDIY IN DX 990 NOYOND DYDIYS DYV : D, TITN TN MIDD DD sy 785 Noor (2)
NTNNY OIPNN , M IAPHN 0377 ,012 N2d7 30-H INY BY NI MPDN (711D D2aAPN2) DMINN
; WY NN

82 DOV DWON  MITY MY ,DONY DD DDWOIND DNYNN 13597 WO M) N0 (3)
;s IVINY

(T T8 ©1N NSV DY) DAV HNDA OITINY : PO DONWIND ONONN 73777 WONS N2 (4)
YNNN L(1: 3-D 59N MY N 3 5N NN MNDN MO0, MOyN ,1: 3-H 519N MW BOY NN TNN
STT9 92PN MVIAp MIMYP MmN (VN 1-N OYPIY) O

Risk Level 1 yes
High Danger for Third Parties in Distance AE?, Vinax I i JHigh risk to runlﬂ.l ADT-HGV L @
e threshold | "| off the road threshold
+ chemical plants %
«very crowded areas
* high speed railways with speeds > 160 km/h, ADT-HGV @
parallel to road no threshold
* structures not designed to withstand a collision @ o
no
Risk Level 2 l
yes | yes ADT-HGV yes m
Danger for Third Parties in Distance AE?, e.g. Vinax threshold
+ ways for pedestrians and bicyclists, which are threshold no @
highly frequented and parallel to road L
* railways with more than 30 trains per day, Vios ¥ ADT | yes ADT-HGV yes @
parallel to road threshold threshold | no threshold
* roads with ADT > 500 veh/day, parallel to road I—; no m
no
yes YES
i | 7 I | ADT High risk to run| Yes ADT-HGV prens @
threshold threshold off the road threshold
| no no no no
»\_none
Risk Level 3 ves '@ @
High Danger for Occupants in Distance A%, e.g. Venax [ y= ,@
* rigid continuous hazards threshold
= rigid point hazards
* noise barriers Vi yes :
threshold N2
no
= »(none )
Risk Level 4 ves L
Danger for Occupants in Distance A%, e.g. Vinax I yES N2
« point hazards, which are still deformable but do threshold
not break away no .
= crossing ditches Voo ¥ ADT | yes ..( N2 )
* cutslopes going upwards (slope > 1:3) threshold threshold | o -
+ embankment slopes going downwards (depth > l [ »(none )
3 mand slope >1:3)

no
yes - =
« waterbodies with a depth > 1m, white water Venax I_.l ADT I_.lH'Sh risk to runf yes
threshold threshold offthe road |
no

‘ no no
»{_none

YNIN YD, MNMA NPYN DY TIPON NN NINAD DIPIVN DY RON VIVAD RNONT 2.7 TP

no

2(2009) RPS %35 ;M1 ,nynnm 7110

Figure 2.7. Example of full details of considerations for safety barrier performance level's
selection, according to road and traffic conditions, in Germany, according to RPS (2009)

.(2010) Ehlers Tynmn m9onxn xon 2
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MPYN S¢¥ TIPaN NRIY PODIN NYWITIY PPONY 1) 2.14 NYAVIY DONSHNN TRD Y
DIPINND YN 29-9Y TL3 IN 29NN 1PN 29-9y N2 X0 NPNPY 9N D771 MNVIN
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AN MM MPNN NMDY DY OOMIN 21D, ITUNRI 27NN IN NN
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NI NORY PNPRN TINNRL N NN .ONWTNN MPYND 12yNnn DY NN 1DIYI NPNXTID
,NIN2N MPYNA YINIWD NPNIN Z7DNPNY NITY 19Y MNTHN 217 ¥ MVINDI R MNNON
L N07Y Yy - EN 1317 - w1nin >9y IR 1pnn M1 NHNX DXNIN D¥DNDN DIRNNY NIVNIA

2 MDA DY 1MYIY5N NPNTIN NIRY DY NNTPIN MTTHINNN NI

,(2006) TD 19/06 : 1125 mM1902 IXSNIY MNPVIN MPYNI YINOWD NIITIYNN NPMINN Y52
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AN YYD MPTHN 21,1000 MVNINNN NN TTMY TIYD ONNNA NPynd PPN IN)
YYITN NINN NNVIAND) TATN T2 NN PNINDI NLYA DNPMND DIPNNN 2PVY MYITN
OXNXIN NITON DY ANY MM NMBY 12)D NITPN MLIAZNND DD KDY ,(DPyIN AMID
MYNY NON MNTHA NNMPN NIYTIND RN NT ANNY MWAN 9207 .JWON 2NNDN N!IYY NON
oY MYOITI DXTNIVY DNPNND YINOYW MYNNNI NN P ,MIVIN GUR MMV DY Mvdy

.DY2»NNN ONIPNN

P71 ,0INY0 797 ININ NNVAN YTI TIN MNVIAN MPYNI YIDIY OIRY PITNY NN DY IYPN2
N2 199 PN NLY MYNNNI TITN YT NANTIN WONT ,197D VYN NN NITON 2»NN
725 79550 MYNYN NHNMP INMN D NLY NIDIND NN NIANIN IN NOID

Y12V8N DIV APYN MIPNNA BN Y2, DOWTNN MPYNI VIO SW MO N8P NOYPN apy
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2991, MNVIAN MPYN MDY MINK MNON NNIYD MNOVIAN MPYN NIPNND OIPTIN
Mpyn SY DMYN DD VINOYD DTYIN DNIN ; MNXN NIMINYT MNMOY DINNNY
1IN NONPH MNVIAN MPYNY ,27NINA TN NNPNA N ,OIRINNN 21 29-DY .MNVIN

.D¥)9) OY MNNNN MINXIYI NN NTNNY NPNID IMVHWNA

NYNA (MY, TPPONY MIPPINRN NYHIN ,IPOYI) MIPTH 190N NONPHN NWIN 97y
MOIYN Sy NDOINN N ONDN INNRD NONMNN MNPVIAN NPYN TIPNNY DI PINN
Mo NPYNN XYY INNIND NININ ,DIWINT MUNNN /TITN NDIY NHIXRND MHIANON
DYTIN) NON DY .APYN NPRNM MIPNNY MYITIN NMOYN NNIYD MIDNIN MNNNN
NNDNM DOYIPNRN NN XNNL ,NYINNN DTN NI ,2IWINM TITN NMIVNINDI IWNNNI
NYMIN MIANONN .(NPND TP NV 0PI PN TNR) MOITON NOIWND NININ
NPPLOWLO THD DY IN ONIN DTN MYNNINI MW NPYNRN KDY NMANN MNNNN
MRNIN DY ; MOY-NONIN DN DY DXNNNI MOIAPNN NIV MIXXIN .NLYA IDNIY MNNNN

2NN NININA DMWY INNLY DRNNA MY MM YNID XD MDDIN NIIWNN

2552 Mipynin MpNNY OR8N NYIAPY DY02 MYHNYN mMY5YIN NPNXTIN MOIWN 110
TIPON MNI2 MPYNI VINOWD YII5D PTNND WIND JNN 0V NIIYN MNIN NNONI 90N
DMNDNN ,257N 9D NOAMID MIIANDNN MOIWN NX 25U TIN DTINN Td TN .MMNION

9DY DINDINND MPYNNIY NPVIPN NPININRN NN OXNNA ,DINYN

NPYN NNIYD TYN) 1O NPYN : NI DIDNDN DY NVLY IXINA NIPNNY NPYNN NO NINID
NY9D 13D NOWN .APYNN NN TNIND PHIDIN NPRTOIN DY NDPN NN YSIAD 1M NI
NPIOY ; MIPYNN NPT DPRNN ,MPNNT TITH MY DY MIRXIN : 11D DIRVID MON»NN
MIAPY2 DYNNN PP APY PITN YTOIND ,NMINNN MYNINNA MNVYPN TITN SVNNUN HY
MOIYN .(MNNN INKRD MPYNRN ONPINY) TIT2 NPRNNN MTIAY 2PY PATN YTOIN) NN
NV MPYNY 3 POIN I NVIAN MPYN NIAY (NPDNINR,71INT)) MNTH 90N 1D NIND
TITOYOP SY M MTINA : ND OMINDN NYNM NLY ININ OO TIPIN MNIN DIV PINd

19192 259555 25,000 Dy : 10D ODYTI NYNN YN D1PAYNN DI

2004-2005 DY MNXNN NN NN NN YN ORIV TIVIY DXTPN IPNN IXRNNDND 97y
MNNN NMNYOWA NP NNANY RO DRIV NYNTPY KON DIDITA (MNP DIV NNd)
NODN DY) MNKNN NIDIND NI NNINI 19 ,NON DIV, NNT DY .,MNMVIN MPYNI MYNINN
725 NWH 259 MAIWVH DY T2 259 NNINN MNOWA ,JD MDY (MY [ 1PD) 51-5 HY Ty
MPYNN NIPNN MAPYD MDD (MW W PN 6-7 DY TN OON DY) DXDINVINY
MYMNN NMIRN 9002 DT P 191 NMINNND NIDINA NP MIAXY 1N DOWTNN

.Ipyna

IPNNN INMND TIWY DVTNN MPYNI DIYON MPYNN NIONN NPXRTD MM D01 DY

-)7 DA TOINTI MPYNN NAYNN ¥ POIN ,MIPINRD RSAP MO MYSNNI PONRIWN

100 0 NY>0IN NN DNAY NNHNYA 259 DD 25,000-1 NOYNY S NYNN MNIa OD»9ODN

TIPON NN VTN NPYN P50 W NDN W D799 NpyNn 12 INNYD ONINA ,NINT 1N WP

NAYNN MHYO2 259 1D 25,000-1 TiNI NYNNN N DN O1NYON-1T OXW151 30 D (H1
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YT RN P NPYIRN N0 O [ MNWN TN ,NPYN YOP NINNND NmIYY 99 JWUND
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Table 3.1. Safety barriers characteristics in the 2010 road survey
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Table 3.2. Example of concentrated information from the final file — total length (km) of safety barriers in the sections of roads No 1 and 2, on the roadsides

TITN T8 ,2-) 1 DY dYOPI MNVIAN MPYN SV (17P) 9919 TN - 20N NIPNN 12170 YPNHY NPINT 3.2 NY20

NT79 npyn 7@ pra1o viNel (n"'7) D*AIO 7 NIFYN IR ' TX

NT79 njzyn 7@ D10 LIN'BI (N"7) D'AIO '©7 NIPYN X © IRNY TX

EURO EURO
T n"p n"p [oa joa nTo a10 nTo [1oa [1oa nT9 nT'9
yop n7nnn 910 nnixn nnix Ty n'yupn qym EURO EURO W aNX | D0'yupn Y EURO EURO 210 W NX
Y 97nnn
N-1-10 0.0 4.6 nrm nna 97nn Ty 11 2.4 15 15
N-1-20 4.6 6.4 nna 97nnn DN'9Y 97Nn Ty 1.8 0.3
N-1-30 6.4 13.1 DN'9V 97NN [INIA 2 97nn Ty 1.8 4.7 0.1 0.7 5.6
N-1-40 13.1 14.5 "2 2 97nnn T17 99nn TV 1.0 13
N-1-50 14.5 18.9 717 97nnn Ny 2 97nn TV 2.5
nT79 nT7o
S-1-52 18.9 33.6 |AY 2 97nnn |NV7? 97Nn TY 11 EDSP 6.1 4.8 EDSP 2.0
nTo
S-1-60 33.6 38.5 [NV 97nnn XN WY 97nn Ty 4.8 0.2 3.1 EDSP 13
N7 N7
S-1-62 38.5 44.2 XN WY 97nnn vaIY 97nn Ty 0.5 0.7 EDSP 4.3 1.3 DDSP 4.3
N7 N7
S-1-70 44.2 51.0 YIIY 97nnn 787N 97nn T 1.0 1.1 EDSP 4.7 1.1 0.4 DDSP 4.8 0.3
MY - X1 TY TY
S-1-80 51.0 57.7 7810 97nnn DN 3.0 0.3 2.7
N-2-20 21.9 24.0 nI7"2 nnixn nY'on 97NN TV 1.6 0.1 0.2 OBB nT7© 0.7 0.5
N-2-22 24.0 24.7 n1'on 97nnn NY7¥IN INIX TV 0.7 0.1 0.2
N-2-30 24.7 26.4 "3 NNiXn 1NNV 97nn TV 0.3 0.8 0.2 0.6 0.8
nT7o nTo
N-2-40 26.4 38.0 INNnY 97nnn 2719 97nn TV 0.2 0.6 11 EDSP 8.5 0.3 0.8 2.0 1.1 EDSP 6.3 0.2
nTo
N-2-50 38.0 43.8 2719 97nnn N1 97nn T 5.0 0.2 1.0 EDSP 4.5
nT7o nT7o
N-2-52 43.8 51.0 N1 97nnn ‘XY 97nn TV 0.2 0.4 EDSP 6.0 0.2 0.2 EDSP 6.2
nT7o nT7o
N-2-60 51.0 58.7 'X)' 97nnn NA7IX 97NN TV 0.6 OBB 6.6 0.2 EDSP 6.6
nT7o nT7o
N-2-62 58.7 61.7 N27IX 97nnn nno'p 9vnn TV 0.3 EDSP 1.9 0.2 EDSP 2.6
nT7o nT7o
N-2-70 61.7 75.5 nno'p 97nnn APy NIT 97nn TV 1.9 EDSP 10.0 3.1 2.6 EDSP 4.5
nT7o nT7o
N-2-80 75.5 89.5 Apy* [NIT 97nnn n'Ymy 97nn T 0.2 EDSP 12.1 4.8 EDSP 5.8
nT7o nT7o
N-2-90 89.5 99.2 n'7ny 97nnn DNTN9'N 972NN TV 0.1 6.7 EDSP 0.5 0.1 6.7 EDSP 0.6
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Table 3.3. Example of concentrated information from the final file — total length (km) of safety barriers on the sections of roads No 1 and 2, on median.

(n"p) 7112 ATON Apyn C

(n"p) I'n' nppyn CR

(n"p) "xwn npyn CL

T n"p joa joa nT'79 nT'79 [oa [1oa nTo nTo [1oa [oa nT9 nT'9

yop a7nnn | qion"p | oo | ywm | EURO EURO ai0 W | anx | oyovpn | qwm | EURO EURO a10 W | anx | nwvpn | qum | EURO EURO 210 W | anx
N-1-10 0.0 4.6 2.9 0.6 1.3 15 0.3
N-1-20 4.6 6.4 0.5 13 15 0.1 0.1
N-1-30 6.4 13.1 0.7 1.0 34 13 5.6 0.4
N-1-40 13.1 14.5 0.3
N-1-50 14.5 18.9 0.3 0.2
S-1-52 18.9 33.6 10.5 5.3 5.3
S-1-60 33.6 38.5 4.9 4.9 4.9
S-1-62 38.5 44.2 4.6 0.2 5.7 3.2
S-1-70 44.2 51.0 4.4 24 6.8
S-1-80 51.0 57.7 0.8 1.7 2.2 0.6 OBB nT79
N-2-20 21.9 24.0 0.6 OBB nT7© 14 0.6 OBB nT79 14
N-2-22 24.0 24.7 0.7 0.7
N-2-30 24.7 26.4 0.5 1.7 1.7
N-2-40 26.4 38.0 0.7 | 10.9 11.6 11.6
N-2-50 38.0 43.8 5.8 5.2 5.8
N-2-52 43.8 51.0 4.2 0.5 4.4 7.2
N-2-60 51.0 58.7 0.7 3.5 2.1 | DDSP nT179 0.3 0.5 | EDSP nT179 1.7 0.5 | EDSP nT% 1.7
N-2-62 58.7 61.7 3.0 0.3 0.1 0.3
N-2-70 61.7 75.5 15| 118 0.3 0.2 0.2
N-2-80 75.5 89.5 13.5 14.0 14.0
N-2-90 89.5 99.2 5.1 15 15
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Table 3.4. Total length of safety barriers on roadsides on the whole network — according to 2010 road survey.

D'a10 '97 (N"R) Nipyn NIX :|'A* T D210 '97 (n") Nipyn 1IN 78NY T
EURO- TN
loa loa a1 |loa Jloa nT'9 IR
D'vupn wnl EURO | WnT79 ANX | DWupn | qum EURO | W10 NK **13an
TIX
770
21.3 40.9 400.6 | 2160.3 26.8 28.9 46.5 367.3 | 2130.9 24.8 484.9 n"p
%
TIXN
06% | 1.1% | 11.1% | 59.8% | 0.7% 0.8% | 1.3% 10.2% | 59.0% | 0.7% 13.4% | *nwin

n»P 3514 - NYIA DWYOLPN DI HY SN TN *

DTN OTN NV P2 **

2010 D597 9P Y - NYIA NTINN NMNPVIAN MPYN DY 55D TIIN 3.5 NHAL

Table 3.5. Total length of safety barriers on medians on the whole network — according to 2010 road survey

(n"@) 772 nT9N npyn C (n"@) ' nTon npyn CR (n"p) 'xnw nTon npyn CL
EURO- T
Jloa Jloa nT'79 nT79 Jloa Jloa nT7o nT79 Jloa [loa nT'79 nT7o TIX
D'yopm qwni | EURO W | anx | owopn | ywm | EURO W | nx | owopn | ywna | EURO W KR | *rann
TMNIX
770
17.2 | 515.5 39.4 | 146.9| 29.3 6.0 | 845 51.0 | 206.8 0.4 14.4 | 45.8 49.5 | 204.9 0.0 92.6 n"p
%
TINN
1.3% | 40.4% | 3.1% | 11.5% | 2.3% 0.5% | 6.6% | 4.0% | 16.2% | 0.0% 1.1% | 3.6% | 3.9% | 16.1% | 0.0% 7.3% | *nwan
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D802 1992 NOV (45% < barrierd%) mpyn S Ma) HNX DY DTN SYOP (5)
W NPYN 1PN NON DWOP 2112V KXY NIV NPXTIA 757 A8 118 ,DNTIPN
(7772895 NI IWN VI MPYN DY DYLP SV DXTTA OIPN PN) WD

2107 28195 TN MNPVIAN MPYN DY NI MNDN DY DXIVTN OYVP (6)

NPMN NON DYLPI) PN 7NVPV SYOP”’Y DITEYIN - DIIVT OYVP 1Y 1-3 DIaNNN
WOPIY DTN - DITT YOP NN 0-) 4,57 DANHKIY Ta L(DOWTNN MpPYnn
SANPA

D277 TN MNPVIAN MPYN ANN TITP - NT TONN DY INND XONT NN 3.6 NYAV
251 1701 DY Y0P MY

CL ,CR,C-my119m

DMINT PN MPYNN 2NN NPD YD MWD 1TO ,MTI9N DY DOYVPI MPYNN 28N NPDD
$PN2 VNN ,OMINDN DTN PN T NIIYNA,NNT DY .TITN YT YD NINY NOND

TOIND 3TN YOP 992 ,awvIN) (Any barrier ) NTI9H92 NINMOAN MPYN DY 2290 TN -
; CR/CL mpyn 12291 7R 9199 (C) 772 Npyn

LT YOP 953 ,avinn ("EURO Length max”’) EURO Mpyn DY 22910 TN ,NNMYT 191N -
.EURO »omn CR/CL mpyn 229 TR 9199 EURO »non (C) 7712 Npyn TR

709 X19) 71PN - NTI992 PO MPYN - 777 A8 ,0I7TN XT8N 5>TAND )0 M -

721950 S$0P”7Y DXTNYIN - DXITT OYOP 1IN MPYNN SV 1-3 ©2a8NmN ,MTIN DV NIPNI O)

- D977 WOP 1Y 0-) 4,5,7 DAIAXNNY T ,(DOWTNN MPYHRN NPMN NONR DYOPI) IPNNI

SN YOPYD DTN

MMVIAN MPYN 2NN TIPP - IMTIMN NPT PONN DY AHND NHONT INAN 3.7 NYav
.2-1 1’00 D¢ O¥0Pp May NTI9N2

;91 ©XNPD XNV DI SYOP HY NITINNAY DIDTTH T8I MPYNN 2ANND ANaN oo

YOP - MY MIYNRYN | DTN MPYN I8N YOP - M NIYNRVYH | - T MPYN 28N
MNPV CL/CR/C - NPV R/L
NPV YOP 1 NPV YOP 1
NPV YOP 2 NPV YOP 2
NP YOP NIO W - NIV YOP 3 NP YOP N0 W - NPV YOP 3
(5 199) NP2 YOP 4 (5179) NP1 YOP 4
(W mpyn) nmipra yop 5 (W mpyn) nmpra yop 5
(Va2 MPYN) NP yop 7 (Hva MpyN) NP1 yop 7
MPYN NIY - NNPr2 Yop 0 MPYN NXOO - NP YOP 0

DYMN .NITI9N) OXTTN MPYNN 2NN 13D DOYLVPN NPD MIXNN DY TINMX TV 02D

PN NYN DANN TUNRD L(DIDOV SYVPY DI THYIN) 1-3 DXANND THOWD 2WNI TIT YOP : XN HDON

97y 1-3 DXNNI INNYMIVY DWOPN NPV DY NANIN NYXI 1MV .NT99192 IN 971 T8 IN
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Table 3.6. Example of roadside safety barriers' status encoding for sections of roads No 1 and 2

EURO - % EURO
Any barrier | - % barrier | — Length max 1ixn % FINAL-LR
27> i - TotalR I IR - 1Nixkn % 7¢ 1N IR oy yopn aXN Al'o -
n"p ,mTX Nipyn v 2w 77D 7Ix - Totall nipyn v oy yopn ,0'YUTN NIpyn nipyn nipynn
rkod n7nnn | qio n"p nnixn nnix Ty n"p n"p 7xnv X Nipyn n"p ,1x nipyn n"p o'wIn yom

N-1-10 0.0 4.6 | nrayn'p 97nnn nna 97nn Ty 35 3.0 35 76% 0 0% 5
N-1-20 4.6 6.4 nna 97nnn DN'9Y 97Nn Ty 1.8 0.3 1.8 100% 0 0% 5
N-1-30 6.4 13.1 DN'9V 97NN [IN1I2 2 97nn Ty 6.6 6.3 6.6 99% 0 0% 5
N-1-40 13.1 14.5 "2 2 97nnn T17 99nn TV 1.0 13 1.3 93% 0 0% 5
N-1-50 14.5 18.9 T17 99nnn |NY 2 97nn TV 0.0 25 25 57% 0 0% 5
S-1-52 18.9 33.6 |AY 2 97nnn |NV7? 97Nn TY 7.2 6.8 7.2 49% 5 33% 2
S-1-60 33.6 38.5 N7 97nnn NN WY 97nn Ty 4.8 4.6 4.8 98% 3 63% 1
S-1-62 38.5 44.2 XN WY 97nnn vaIY 97nn Ty 5.5 5.6 5.6 98% 1 23% 8
S-1-70 44.2 51.0 YIIY 97nnn 787N 97nn Ty 6.8 6.6 6.8 100% 1 16% 8
S-1-80 51.0 57.7 7NN 9nnn | DMYUN Y - )yl Y Ty 3.0 3.0 3.0 45% 0 0% 0
N-2-20 21.9 24.0 nI7"2 nnixn nY'on 972nn TV 1.6 15 1.6 76% 0 10% 4
N-2-22 24.0 24.7 n1'on 97nnn N"7¥IN INIX TV 0.7 0.3 0.7 100% 0 0% 5
N-2-30 24.7 26.4 "3 NniXn NNy 97nn TV 11 1.6 1.6 94% 0 0% 5
N-2-40 26.4 38.0 INNNnY 97nnn 2719 97nn TV 10.7 10.4 10.7 92% 1 9% 3
N-2-50 38.0 43.8 2719 97nnn Nan 97nn T 5.0 5.7 5.7 98% 1 17% 3
N-2-52 43.8 51.0 N1 97nnn X' 97nn TV 6.6 6.6 6.6 92% 0 6% 4
N-2-60 51.0 58.7 'X2' 97nnn NA7IX 97NN TY 7.2 6.8 7.2 94% 1 8% 4
N-2-62 58.7 61.7 NA7IX 97nnn nnoyp 9vnn Ty 2.2 2.8 2.8 93% 0 10% 4
N-2-70 61.7 75.5 nNo'y 97NN Ay NIT 972NN TV 11.9 10.2 11.9 86% 3 19% 3
N-2-80 75.5 89.5 Apy* [NIT 97nnn nYny 97nn Ty 12.3 10.6 12.3 88% 5 34% 2
N-2-90 89.5 99.2 Ny 97nnn DNTN9'N 97NN TY 7.3 7.4 7.4 76% 7 69% 1
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Table 3.7. Example of median safety barriers' status encoding for sections of roads No 1 and 2

Any EURO
- TotalC — barrier - % barrier Length % EURO FINAL-

2w 790 NI -TotalCR -TotalCL 17N IR 1Nixkn % TIX - max 1ixn % - -C_CR_CL

nipyn v 790 NI v 790 NI nipyn v oy yopn 7¢ nn oy yopn 7w axn aro

n"p DT M Nijyn XNV Nipyn ,NToN nipyn nipyn nipyn NTI9N NiFyn

rkod n7nnn_| 910 n"p nnixn nnix Ty n"p,nToMm | n"p,nTona | n"p ,nTona n"p nT19N0 n"p,0wIn 0'vIn yom

N-1-10 0.0 4.6 | nrayn'p 97nnn nna 97nn TV 0.0 35 3.1 35 76.1% 0.0 0% 7
N-1-20 4.6 6.4 nna 97nnn DN'9Y 97Nn Ty 0.0 1.8 17 1.8 100.0% 0.0 0% 7
N-1-30 6.4 13.1 DN'9V 97NN [I"NI2 2 97nn Ty 0.7 5.7 6.0 6.7 100.0% 0.0 0% 7
N-1-40 13.1 14.5 N2 2 97nnn T17 99nn TV 0.3 0.0 0.0 0.3 21.4% 0.0 0% 0
N-1-50 14.5 18.9 T17 99nnn |NY 2 972nn TV 0.5 0.0 0.0 0.5 11.4% 0.0 0% 0
S-1-52 18.9 33.6 Ny 2 97nnn |NVY 97NN TV 10.5 5.3 5.3 15.8 107.5% 0.0 0% 7
S-1-60 33.6 38.5 |NVY? 9'7nnn NN WY 97nn Ty 4.9 4.9 4.9 9.8 200.0% 0.0 0% 5
S-1-62 38.5 44.2 XN WY 97nnn vaIY 97nn Ty 4.8 5.7 3.2 10.5 184.2% 0.0 0% 5
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.DIIX DI TONO0N-TN TITOWLVP 252 INNND) .TPDON-TN TIT OPON NPNOON
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YOP OV TITN N0 TIY VRYND NPNDON-IT DXI7TD NPNIN TIT OYOP 918D VOIMN ,NNIND
NI 19015

TITD YVP HY YNINND 022N 1900 99 HY 17T OYVP 190N NP NPYTA D

2 OY IPONY TIT YOP ,RONTY DMWY DOYOP NNN DX2571D NPNY DD AIPNNIA TITN SOP
(DDW 1901 N1DNA IIRY) YXINN DY) 1901 1NN TIT YOP DY .0¥1N) 3 DY IPHNI DX
.DXPONN-NN 9 TIVND YOUInn

ININNN DXIN 90N 1 DY TITN MYOP NP9 IR MND NN NP>TAN NIV

TATNOYOP 'ON | Y¥NIN DIN)'ON
283 2.0
65 2.0-3.0
1.0 3.0
27 3.0-4.0
99 4.0
33 4.0-5.0

1 5.0
4 5.0-6.0
9 6.0
15 6.0-8.0
1 8.0
3 8.0+

4.0 DY YyIMN 1900 DY TIT OYOP 99 ,002>N) 2.0 DY YXINN 190N DY TIT OYOP 283 : INNND)
DDV Y90 1RV YXINN D221 1901 DY TITN OYOP 1N TWUNRD 0¥
PN I900D TITN YOP 222N DY YXINN 1901 TIY PRYND XNODN

DN YNIIN N> DIV AN YNINN OHNNPY DIV AN Yy TITOYVR NYNA LN

710 3.0 DY NOWHIOKR YYD THTA D apn

NPYTAN NIVN (N 4.0 DYN) DOXPIN DOYNIND DYDY YAPNN TIT IYOP DY DININD 19DNY
DY DOWYLPN .APINY 920N NINND MODIZ , 1IN NN DWW 2N TIT OYOP PN PNAD NN
: 0N DN OITY

1 4.70 PO 5 yNmN 2Ny L4 NNap 10 yop 471 wead

1 4.24 P 9w ysnm AN L4 N8P 10 yop 13 vad

1 4.70 P DWW Ysnm anyy L4 N8P 70 YO 4 vad

1 5.07 HNDY DY Y8 AN L4 NXap 10 yop 471 vad

0 4.77 DNV DI Y8 AN L3 N8P 10 yop 34 vad

0 4.66 DNNDY DWW YINN AN L4 NP 20 YOP 1 v1ad

0 4.19 DNNY DWW YSINN 2N ,2 NXIIP 22 YOP 41 1D

PPN Y DNMN D022 DK DY PRYND VIMN DINY NIIND 120N KNI XD
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9PNNN FYVPI MNINNN 2N D1V .3.5.3

N2 ,ATPN P2, IWON WK DXI90NN D10 TV, IPNNN SYOPY MNKNM 1IN NIANN INNY
DOY9TINN M HNOXILID NN TIYNY )0 19D) IPNNNI YR 7Y TINPYIIN NYIN MDD NX
(1NN NONH MINIRN 11D BMP ONN) DX PA0NHN

TY 70 ¥25 534 0P TY 65 ¥AD 1 1ND DIMNDN WA OYLP TN NDINTY 1PN 1 NPrTAa
YIIND DNV NON DI YD T1ID) 27NN NIIYN 51N NP2 .1 574,651 DOV ;33 NP
,DOMANNDN VTN HYA ,MINK DN 271N YV D771 P01 DYDY XY 11D )09 PFI
DNIPMN 12 OPONIAY M) DOWTNN MPYNN NYIYN MNM IDNNY> NI NONI DOV Y0P
DTN NWONN IPNNN DY DINMN DDA NON DY NOYON N IO 10D .(DOWTNN MPYHNN
MNNXN TN 2357 MNNKN NIYI) DPONI PPN DMVDIVVLD DIVYP MY NDIDN NX NDNDN
FNNNDND INY NN MNNN ,DOYOPN NIYIN-IN APY) MNMIN NNPN 1) NPYNI MWD

PPNN S 0NN

3.9 152V .APNHNN OYLPA 2010 NIYA INYIIY NNINNN 120N IR MINNN 3.9-3.10 M2V
DOYLPN MXIAPN TANX Y2 ,APNNY WAPIV DMNDN 10 595 ,MNNNN MI9DN DY DIDPD NNIAN
WOPA NMNNNN MO0NY VP NN 3.10 NYAV (MNP YOP - 4 NPV SYOP 1-3)
LNONTY  MIND I . MPYNRN MRS NN DYOPN DY DMNYN DIMINNDN 9D ,NINPIAN

: DN NNPIAN NP DODIVN OIWOPN D

;171992 NTO9 MPYNI T NTHI MPYN DY -

;1 TI997 V2 MPYNI T NTI9 MPYN DY -

LYNNDND MIPYN XODY T8 NTH9 MIPYN Oy -

LUNNDND MIPYN RO T8I MPYHN LYN DY -

YNNNRI MPYN VYN TN MPYN VYN N NTI9 MPYN DY -

LMY PYN DY YOPN TIIND 45% TY7 IV 3.10 19202 "NIPYN LYNY)
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(NP2 Y0P - 4 21DV OYOP 1-3) PN OYLP MNP ,IPNNY INIYW MNNNT PN 10 799 ,2010 MW NIINNN M90NY DI .3.9 1YV

Table 3.9. Summary of the 2010 accident numbers according to the 10 accidents types selected for the study and the study's section groups (1-3
treatment sections, 4 - control sections)

2270 'A10 75 NIAIYN 0y NIRIKNA 7'7D

,OILIVIX IV 4 Jyn XUN NI D2UYNN 2DIN *7ON TAX NINDYT 1 T2 101 NNIXN
VPV IX ,NTIAY 207 ,7'VT OIAIVIX

T'N' D nnixna 79 | nNmMn NN TN’ DN
N'77) -T'n' 200 0'yao1 Dy 0'yao1 Ny N'77) - T'n' 20N nnixna 791 NININN NNIKN
NI'IY2IND | NIFIYAIND NNIXN Yo X7) Ny X74) NI'IYAIND NI'IYaINN nNIXN | X7%) n'yaol ny X77) D'yaol oy
npyna (npyna nnmn (h"ma ("ma npyna (hpynma nnNmn (2"na nytao (2"na nytao
N
ao0n
'yop COL_su SNG_su SNGS_su AlLLacc_su ALLaccS_su HCOL_su HSNG_su HSNGS_su HALLacc_su HALLaccS_su
group N7 m m m m m m m m m m
1 44 12 19 5 152 19 2 1 0 22 1
2 37 17 39 9 284 42 0 4 1 38 10
3 67 5 21 5 122 25 2 1 0 24 8
4 349 62 184 42 1075 163 0 12 3 151 30
"no 497 96 263 61 1633 249 4 18 4 235 49
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Table 3.10. Details of the 2010 accident numbers according to the 10 accident types selected for the study, in the control section subgroups defined

MPYNN 28N 299 WAPIY NNPIAN SWOP MIAP-NNI ,IPNNY 1IN MNXNI MND 10599 ,2010 MW MIINNN 2190NY VIS .3.10 NYAV

according to the barriers' status

2570 210 7D NIDIYN DY :NAIKNN 7')

,10 4 2un Rwn XIN DIYNN 207N Y701 TNX NINDYZ 112D 207 NNIRN
11L70 ,NTIAY 201 ,1'VT OIVIX ,01AIVIX

T'N' 100 NNmMnN NRIKN T'N' 100 NNINNN 7' NNIXN
X77) | -TN*2dY | Dy NIIRNN 9D D'vasl Dy N77) -Tn' a0 D'va91 DY oy nNmn
NIMYAINN NINYAINN NNINN X77) D'wao nyao X79) NIMYAINN NI'NYAINN NNIKN nyo X77) | N77) 0'wao
npyna (hpynma nnmn (2"nanyno (h"ma npyna (npyna nnimn (0"na | ("nanynae
N
a90n
'yop SNGS_s AlLLaccS_su | HCOL_su HSNG_su HSNGS_s | HALLacc_su | HALLaccS
group N7 COL_sum SNG_sum | um ALLacc_sum m m m um m _sum
CL/CR/C=4,5 nT179 nijtyvn
R/L=3-4-5 n7179 nipyn 43 23 38 2 226 20 26 5
CL/CR/C=4,5 n179 nijtvn
R/L=0 nipyn vyn 5 3 5 25 3 3
CL/CR/C=4,5 n179 nippyn
R/L= g1 y1n 'k 4 1 1 1 11 2 1 1
CL/CR/C=7 pva njryn
R/L=3-4-5 n7T79 nipyn 52 19 47 10 257 30 3 2 32 6
CL/CR/C=7 poa njryn
R/L=7 jlua npyn 1 3 1
CL/CR/C=7 poa njryn
R/L=0 nipyn vyn 1 1 14 3
CL/CR/C=7 poa njryn
R/L=p y1n 'R 2 1 1
CL/CR/C=0 nijzyn vyn
R/L=3-4-5 n179 nipyn 17 2 14 2 90 7 3 16 2
CL/CR/C=0 nijzyn vyn
R/L=0 nipyn vyn 13 4 9 55 3 6
CL/CR/C=0 nipyn vyn
R/L= g1 y1n 'k 1 1 3 1 1
CL/CR/C=pm yTn 'K
R/L=3-4-5 n779 nipyn 166 9 56 22 333 85 4 1 54 15
CL/CR/IC=pm yTn 'K
R/L=7 j1ua npyn 1 1
CL/CR/C=jpn yTn 'K
R/L=0 nipyn vyn 43 1 11 5 56 12 1 9 1
>"no 349 62 184 42 1075 163 0 12 3 151 30
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059201 097 MO .4

NINNN MLV 4.1
Hs .N

aNN 5V OIMI MM YN ,DYOPN MNPV NN DY DOWTINN MPYNN SY NYawn mmd 15
MPYNN NN NYAVN aNIN MNA 2010 NIV ,NNPXAN OYOPY 21DVN SYVLPI MNVIN
NDP0N DY WAWNN MPYNT MIXYDOT NN GPYNN 20N NINWN 17 MO YT RI2D 1D DOWTNN
DYIVAN D PIADN HY DIPMYIVN NXR DIVID ¥ MPYNN NNWHD NYAWN ND )3 10D .IINND

ST O DOIVMIND DIIMAND ,TIT N0 Y0P TIX,NYNNM AN : D DD

DM 10-5 DNMNN DINMN NN ,0MNVN OMIWPN DWTNN NMIPYNN NYOVN NN )INAY >Td 90N
DY NMINM MNY NIDIN NN MK ,MNXRNN 9721 TON? 2157 MNXRN MAID ,0°577T NMINN SV
YMIYNYN 5TAN OMP ONN :NIRY NI 1TV 1DV DXMINNIN DD .0MY 157 N0 MIANYNH
NMINND MO DMNX N DOVYTNN MNOVAN MPYN ONPMN DN OYOLPI MNNNN MMANNI

DN MNMVIN MPYN DNPMN DN DYLPI

NNPOYOP 349-1 NV HOYLVP 148 MITD WD YYLP 497 DY DN DDA 1IN NNWN-2I71 MNID
M2 ,NTY 42 57N DD MANN 4.1 ND2VA XN - NN IV MTYN NPV - DN 1IN
.2010 MIVA ,y0UP2 MNINNN YI90N DNY DMYN DNINYN IN NINIIN MTY 10

$IPNN WDIVY IRSIND DINWN NYOWI POND

12997 "0 DD DY - NMIRNN DD - N

npyna nmwnnn - ALL_BAR .1
(MpYP2 NMWNNN KD2) ToN> 257 MNNN — ALL_SNG
NN NMINN - N> 257 - ALL_SNG_SEV
(95999912 NYMN9 XHY) DOYIN) DY NMIRNN Y95 - ALL_ACC
D)7 799172 YN NOY , D00 BY (NYIDLP+ MYP) MNHN NINN - ALL_ACC_SEV
TN 257 Oy MNNRNN OD5 - 1+2 - ALL_BS

MIMINN MNNNN DY 0NN PYNN - 5/4 =P_ACC_SEV

:TAD 2D PMNN -2

- NERV, B NI VPR N

u

Npyna nmwnn - HGV_BAR .1

(MPYN2 NMWNNN KDY) ToN> 257 MNRN - HGV_SNG

MDA TN 257 MNNN - HGV_SNG_SEV

9)7 791N NYNO ROY ,0O¥9) DY NMINNN YOS - HGV_ACC
23779102 NYN9 ROY ,0°¥)9) DY MNNN NNXRN - HGV_ACC_SEV
TN 257 OY NMNIXNN D95 -1+2 — HGV_BS

NN MNRNN DV oNN PoNN -5/4 = P_HGV_ACC_SEV

NouR WiN
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DONNNN DD DIND 4 + OTIP TNHNY DD MID 10) MINN NV 14 1N NNV 1D OV v

TN POIN NNNN MNYN DI : GON MNWN NIN VSN DNNWNRNNI TR D1 .(DIDIN MO DY NI

TIINS JPINNN ST YAPNN O UMY RN 190 IR L(AADT) nynnn noxay (LENGTH) yopn

2_L_V_sg” DRy + MNwn Dv-2 IMIDN NI NINWYN D NNV 2181 DN Yopn

*MIND IDIDIY MITYN NNOWI - ONNIN MM 4.1 DAV

Table 4.1. Data structure — List of the fields that were analyzed

nol
yxinn
nxny 07-09
‘n'yop ,0"n%7 TN nnikn 79
1-3 97X X77) 0'vaol ny oy nnmn
Road- 4 190 | ,yop IR -IT DN Ly b} NI"YNN NI"YNN nyno X477 nynao X477 nwam
Section nipa n"p 1="710'"m o npyna (Dpyna | nnmn- TN a0 1" 1"
ID GR LENGTH | R TYPE | AADT | ALL BAR | ALL SNG | ALL SNG _SEV | ALL ACC | ALL_ACC_SEV
7D 210 yxINn
NNIXN )7
oy 2 ,0n [9IX YXINN yxinn
TN D'ya9] IT 1) n770 | ann yxmn ann
12NN N77) hba] N'77 Dy NNmn vxinn | 3 n'7170n 2 ,1m R nvom nvon yxImn
nr nrYann -t nyae | X977 nwam 19o0n n 3,non | (N7 n"p) n"p)L ann
npyna (npynma | nnmn 1"na | 2"nanyaoe D'am (n'7170n (narxn 'n n (T n, L7
HGV
HGV_ | HGV_SN SNG_ | HGV_ | HGV_AC Tt Ln_ | RD_TYP TYP_STT | Pv. Wt R | Pv.Wt L | Sh_Wt L
BAR G SEV ACC C_SEV mean _mean _mean _mean _mean mean
W7 TIx mix
‘“mamn V7
210 yXInn yxinn) yxinnn
L mnuo v 210 yXIMn | 71v 210 yxXInn W7 TIX 30% N77
yxinn | 71v 210 yxmn S0 X7 (1 uxInn R1%7v% | X7R (1 m1o X77 yxinnn NI'oxXNN nnxp
21w 2NN Jo X7 L (1 7170 2 7w ann 2 'm0 X% 7170 2 9170 oI'TY NIXp ((mpman TX VID'Y
,L mno SN 0 2 3,770 | ann yxinn ,R mno 7N 170 7170 3 7N 791X 7OIR OI'TY | ,'0I7102K
n (N'm 170 3 (N'm 72170 'n ,R7vy 'n | (X'm "% 3 (X'm 'n ,'0i710aX | 'n ,'0I7102X %
InNSh_Wt | SH_TYP_L LnSH_TY Sh_Wt R INSh_Wt | SH_TYP_ | LnSH_TYP_
_Lmean mean P_Lmean mean _Rmean | Rmean Rmean RH_TM RH_MI SS_ T™M
[mix
[TIX ani'r [TIX
i “numn ani'r
NN W7 IR yxinn) nann
yxinn) TR ‘mnamn 30% yxinn)
30% WY yxinn) nI'oxnNn 30%
NI'oxXNN uximnn 30% W7 ik | (npman W7 IR NI'oXNN 1 NIR
(ninan N7 nroxnn | X977 yxmnn orm | X77yxmmn | (nnnan nipyn v
TX VI9'WY NIxp (npmin | oorT Ny | i IR 1[N yio'y EURO 7w 1 X
,JOI7102K | DIX OI'T DIX OI'M Y DIX | ,'017102K DIIX VID'Y DIIX | NIpyn axn ,NTI9N2 axn EURO nijyn
% 'n mp 'n oMy | 'n,'0i710ax 'n % ,arn % ,arn nT119N n"p TX NIFYN n"p ,0TINa
C EURO
FINAL- Length FINAL- LR EURO
SS_MA RVP_TM | RVP_MI RVN_TM RVN_MI | GP_TM GP_MA | C CR CL max LR Length max
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DX71PN NN A

MPYN NN NN XVIANY MINWNT PAD IRIIND DNYNA P NPIINP NN MNMN DY DTPIN 21OvI
955 UND ,1-4 DIYN NN YAPN ,GR 219010 MNWN (NP2 X D190 NP - GR) mNvan
MINWNY INRNINN NNWN P2 NOAVN TPXONP ;)9 .7IND HYMVN TITN YOP 5 ,INY M) 1DV
PIPAD HY IXONP I NOD DY 7PNONMP 1AVIN DDV MDY DY NYIANN NIRYN 91900
ST NPIDON-TN DIITT NIAY 210N MNWNI IRIND MNYN DY (RANKS ,0077D 2 7189 NP)

[(D>¥25N D MY DNV DIYP DIV DAPNN XNDNNNN NN TIND NPNOON

MNWY P25 GR MNWNN P25 WP DY (NOINND TN WANN ,2170) NPAPY PN XD NININND
TO MY 22PN WP ,IPOYA ,NON) NPIVON-ITH DIDITAY TV ,NPODDN-TNN D¥DIT2 NMINNN
ND MINSIND DXIPNN N2 TWUND ,(TAD 257 NIMINNI) MPYNI NN N1AY YOOV WP, MNINNN

MpPNam YN

TN rpart  NOYPNA WIDY TIN DTN NN PO NYY) ,0>1IADNN DINWNN NYswn nIand
SITY -TN DOYOPD TI9 MRMN DDOTIND .DMION DINWN 19010 NIy R mdN S rpart n19o
7252 OMYN DMNVYH MY MIAY  LIIDMYON-YT 7T MAY MIRNINN Y .DYHON
IUND ,0NYDD DMOVMDT DPIDN ONNWN NN (ALL_BS LV sg-y ALL_ACC _L_V_sqg)

LDDTINN MY INNNIY DYADNN P2 PN KD MPYNN NNWYN

Generalized - GBM »95 (Variable importance) ©»nwnn m2own NYapd NVIw1a NYNRNYN ,TYNNA

MIVY VAPNN ,TPNYON-ITY - TN I, INDN HNWN 95 Ay L *Boosted Regression Modeling
- NINMN TYNRNY DONWN 1IN ,NON NINSINT AWNNNA .INNA NN MDWNN DY DINWNN
.D>1P200 OYTIN NINNN

DOND NMINAY DIMPNYN DIINWYN 1% .)

YIN2Y DXIWNN P2 PN DN, TPRND) NOTIN MDWN NNOP ,THN ,MNNN TYHND 1IN1IY DINWNRD
.DXTPNN DXMNMI NPVLDVVLD NN Y

DINYNN 920NY DTN NIAD DMHNINIVIY DITHRYIND IWDIVY DNINWNI DX N8N 4.2 1YV
DNPOON-TNN D972 ,(NMINNN MI9DN) DMONN

4 J H. Friedman (2001). “Greedy Function Approximation: A Gradient Boosting Machine,” Annals of
Statistics 29(5):1189-1232.
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Table 4.2. Variables candidates for explanatory ones in models for single-carriageway roads

nWNRYNn

ONNWNN

(3.3 979 NN ,0-7 DX2XN) MPYNN I8N 97y BT SWOP NP
YOPA DVTNN MPYNRN TN

DOVTNN MPYHRN NN Y 1-4 DOYOVP MNP
N2Y90 191N

YoM 1N

TIV NP - DWW AN (*)

TIV NP - DIV ND (**)

n2W NP - v AN (*)

N2W NP -0 NO (**)

PN DPTI

TN MDY

NP IIN OPTI

VP MIIN OPT

NN DY

Factor (FINAL_LR)
LR_EURO_Length_max_L
Factor (GR)
TYP_STT_mean
Pv_Wt
Sh_Wt_Lmean
SH_TYP_Lmean
Sh_Wt_Rmean
SH_TYP_Rmean
RH_MI

SS_MA

RVP_MI

RVN_MI

GP_MA

:4.2 N92VY MWD

£ PN DAMYN DNNYN NI, TITN TN MY NN DMIMINNM (**)-1 (*) 1270 DY DINWNN NN (1

Sh Wt IR sum = Sh Wt Lmean+Sh Wt Rmean ;

SH TYP LR sum = SH TYP Lmean+SH TYP Rmean ;

;N5 12 LR_EURO_Length_max_L mnwnn (2

LR _EURO Length max L= LR EURO Length max/LENGTH

DM D190 - Sh_ WE_LR_sum ; nyD>m amA - Pv_Wt : 5w 0»¥12>) £0¥2°57 D) 1PT2) qoN1 (3

DINYNN 920NY DWOTIN NMIAD DMOHNINIVIO DITNRYIND IWDIVY DNINWNI DX N8N 4.3 NHav
DPNS0N-1TH D77 L,(MNNNN 990N) OMONN
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Table 4.3. Variables candidates for explanatory ones in models for dual-carriageway roads

IMYNYNN

ONNWNN

(3.3 P79 NN ,0-7 DXANND) TN MPYNN 2NN 97y OI7T OYOP NP
(3.3 P19 NN ,0-7 DIANN) NTI9NI MPYNN 2NN 97y DIITVT OYOP N¥IIP
T8I VTN MPYN TIN

179902 DOVTN MPYN TN

DOVTNN MPYHRN NN 2aY 1-4 DOYVP MNP

D213 190N

N290 19N

YoM 1N

TIV DIP - LIV AN (*)

TIV NP - DIV ND (**)

N2W NP - v amA (%)

N2 NP -9 ND (**)

TV DIP -39 DIW AN (***)
NOW NP - 9099 W AN (***)
TIAV D7D - 90N DWW ND (**+*)
N2W NP - 999 DI ND (**+*)

PN DT
TN DY

MNNHP IR OPTI
MYP N OPTY
NN NDY

Factor (FINAL LR)
FINAL C CR

LR EURO_ Length max L
C_EURO Length max L
factor (GR)

Tt Ln mean
TYP STT mean

Pv_Wt

Sh Wt Lmean
SH TYP Lmean
Sh Wt Rmean
SH TYP Rmean
InSh Wt Lmean
InSh Wt Rmean
LnSH TYP Lmean
LnSH TYP Rmean

RH MT
SS_MA
RVP_MI
RVN_MI
GP MA

:4.3 19205 MIYN

OMINWN 1), TITN YTN DY NN DIIMINNDD (****) (***) (**) ,(*) Y120 DY DINWNN NI (1

: DOMYN

Sh Wt LR sum = Sh Wt Lmean+Sh Wt Rmean ;

SH_TYP_ LR sum

SH TYP Lmean+SH TYP Rmean ;
InSh Wt LR sum=InSh Wt Lmean + InSh Wt Rmean;

LnSH TYP LR sum =LnSH TYP Lmean + LnSH TYP Rmean

1PN 9197 172y OVWTNN MPYNRN THIX NX DIIMINNN ONINWNN (2
LR EURO Length max L= LR EURO Length max/LENGTH
C _EURO Length max L= C EURO Length max/LENGTH

.0 0190 - Sh_Wt_LR_sum ; nyo» 2N - Pv_Wt : v 0»12>) 2557 D) P72 9ON1 (3

029301 02N NIN’S .1

DONYNIN NN P90 NN 0N LSAS DY GLMSELECT n97819 19tya 1) OO1nn
aNYY DY DM DX OWIOY TOY TY DNOY NPNPRIVIN ,3.2-3.3 NINDIVI DY DOVNONIN
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maywn nrna Yy omann STEPWISE »non nn»n Nvnnvn N2 N7PN12N .Nyom anmM DY
(not significant at the stay significance level) ©pn21 DPXY DTINI DLVPONN IYND ,TPNNDN
significant at ) N©3Y DXPNI TN PXTY DTN DIRY DOPNN DOVPIN) ,NIONY DITHVIN O

.ND”20 OV BN (the entry significance level

TONN T HY INN DTN DY NHRNNN VY DIPIVIIP 190N 1awIn STEPWISE-n bv abw Yo
(D»IWAN DYND DTN DYDY 1ODPI) DNPIVIP IND NVIYYI NWPNWN DX .STEPWISE-N
: DN NON DNYPIVIP .ONNYHNN NN TONN DPOD

Schwarz Bayesian information criterion (SBC)
> (i — i) - predicted residual sum of squares (PRESS)
=1

.Akaike information criterion (AIC)-y

90N 1T NIPNA LN INAY OINWNRNN PON ,DDTIND NN DOPMYNYN DIVYP N0 TNND
NWNN oW Ny C_ 1noon

©59°201 DY NINON DINYHN 4.2

4.4 NY2V .NPNYON-TNN DYITTI INNIND NNWND NNMNY DXIADNN DYHTIND DN VNN /N NOD)
MND) INNIND NNWN 29D HTIN HHT INNNDIY DYIPADNN DNNWNN  DINNNDND DD NN NPNN
LDOWTNN MPYNRN NYAYN Y2)D DODTIND NPIWHWYNI (MINNN

: NPODON-THN DIDVTIV NINIY YN 4.4 1HAVN

92y OOTINT DXPIADNN P2 WD MPYNN MINWN (2590 MND Y5 DY) MNNND Y95 MnMa -
595 ,(MpPYNA NPIVINN DD1D) TN 259 DY MNNXNN DY, MPYNI NPIVIND XD TN 299 NDIND
P2 22PN WP R¥ND) D NON ODTINT ,NNT DY (X7 001N NMIRN XHY) DOYIN) DY NINNN
TVT T2 OPWTNT IDPY07T SY I 71907 790202 ,0100 .NIMNNN PAY DOWTNN MIPYHRN NINSDIN

29977 20 59 OY 1IN NO0NS 71990 XS

555 M2y - 7291 TNX DTN OPIADNN P2 NN MPYNN MNNWN ,T1D 257 MNXN MMM -
MINNDIN P2 ODOY WP KRNI DT DTN 290 (MPYNI IMIVIINND D91D) N> 157 DY NMINNN
P SV An» 7727 79020 8y ,1-3 7330 O2Y0P2 100 MINKRNN PAY OWTNND MpynRn
W) 022w77 Y0 BY O2Y0P77 IPWS 930 357 WA BV 7202 397 JIDINS J1N9 198 , 00V TNi7

6%

N¥D) DWTNT MPYNRN MPNN MAPYL 0770 MNNNA NIDNN ,NPV0N-TNN 829942 ,JNON
,PYT DIVIVIN,DIIVIN IV 4 Dy RWN) 02435 399 995 MA9IN DY TN 259 MININD 1P TIP3
JOPN TN NYNNN N DY NMYIYN D170 INRD 1VIAPNN NON DIRNND .(MOLPIV IN,NTIAY 259

80



NYOIVON-TNN DT NNNIND NINWNY INNNINY DIPIADNN DYHTIND DIV .4.4 1YV

Table 4.4. Summary of the explanatory models fitted to accident frequencies on single-carriageway

roads
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Table 4.5. Summary of the explanatory models fitted to accident frequencies on dual-carriageway

roads
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Table 4.6. Summary of the one-parametric regression models fitted to the relationship between the
new barrier variables and accident frequencies, on single- and dual-carriageway roads
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-YT 7T YOPA TN 257 NDN MINNN NMIRN DY NN 190N NIIWNY PI0N YT 5.1 NHav
TATN YT VTN MPYNN TN MON 10N

Table 5.1. Explanatory model for the evaluation of severe single-vehicle accident numbers expected
on a dual-carriageway road section, depending on the new roadside barriers' length

Parameter Estimates
Parameter | DF | Estimate Standard Error | t Value Pr > |t|
Intercept | 1 0.000246 0.003168 0.08 0.9382
C LR EURO Length max L | 1 -0.006306 0.003353 -1.88 0.0618
RH MI | 1 0.000005676 0.000002652 2.14 0.0337

Oy (ALL_SNG_SEV - 71> 259 Dy MMNN MNNXN) YOPA NN MNNRNN 1901 27N DTN THO DY
:19N9 TV DOWTNN MPYNN MNON

ALL_SNG_SEV,in = LENGTH * AADT * [0.000246 -0.006306 * (LR_EURO_Length_max/ LENGTH -
0.2515613) + 0.000005676 * RH_MI ]?

2PN TIVY DOVTNN MPYNN R YOPI NANN NNINND 190N ,NNT NMYD
ALL_SNG_SEVjitowt = LENGTH * AADT * [0.000246 + 0.006306 * 0.2515613 + 0.000005676 * RH_MI J*
3 TIWY OVTNN MPYNN IPNND NMITIN MNNNA DTN HINK NN
% reduction = (1- ALL_SNG_SEVi/ ALL_SNG_SEVjithout) * 100
TP TONIN MNNNN 1901 IWND

ACC saving estimate = ALL_SNG_SEV,itnout * % reduction

MPYRN MNONY MTIN, TN 259 DY MNNNN NNINNA NODINN NIIWNND DININDND 1NN ) NID) .A
SV OMNMN D02 PIY DOWTNN MPYNRN DY NPNDON-1TN DIIITN OYVPN TNX D1 ,DOVTNN
Apnn

1P 202.1 2700 INNN) NON DYOP TN 07D 529 HW HD1D TINA ,NOND DOYLP 112 INND) ,57ND
DOYLPA (TN 259 DY NNNN NMINN) NAXN NMINNN 90N ,NDIYN 97y .DWTHN MPYNn SV
SY 5910 NODIN PADNY NN ,DOWTNN MPYHRN DY 1.07 ,00WTNN MpYNn XY 1.67 : 1N ,Nva YN

.36% S¥ N7 IN MY MNNN 0.6

2IND YOPN MR (MINDIN NNINNA NIDNN) IXRXIND MYIXT NN DINRINND NN T NI )
DIMNNN I90NY NINID M) .OWTNN MPYNN THX PPN OPTIN ,NYNNN N ,YOPN TN
, 00 DOVTNN MPYNN DY AN 537X TR ,INY DITH YOP THIXR,INN D7) YN N OY N2 TONIN
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Figure 5.1. Dual-carriageway road: a reduction in severe single-vehicle accidents, a year, due to
new roadside barriers' installation, depending on daily traffic volume and new barriers' length
(example for 10 km section length).
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M1APY1 TN 257 DY MINNNN NMINNA NIDINN PH2 MOY-NIWNIN DN NIIYNN DININN .5.2 1YV
(D»D19PV OONIN NAY DXVWIN) TPNDON-IT TIT YOP TN, DOVTNN MPYHN MPNN

Table 5.2. Findings of the cost-benefit ratio evaluation based on severe single-vehicle accident

reductions due to new barriers' installation on roadsides of dual-carriageway road sections
(calculations for typical conditions).

nOYIN | MaVNN MY 9901
1)1 N120NN PN HY DOND [ DT NN 990N 7900 7291 TN
O0NN mpynn ,MOoN) ,MNNN2 MNNN MNNN mpyn Sv YTOIN
NMNNI owINN mno»a mPoNa | KXOY 79N oy M9y EURO o1 AADT | 79
MPYN NNIYH) 20 - (v191) Mpynn Mpynn mMpynn mMpynn D782 PN | 9D 9ON | yop
BCR | mw 20 ,(onw v DWTNN DWINN DWINN DWINN nrp m 157 | nrp
0.21 202,123 948,414 0.008 18% 0.043 0.036 2.0 2,000 25.0 10.0
0.20 467,233 2,371,035 0.018 42% 0.043 0.025 5.0 2,000 25.0 10.0
0.19 618,591 3,319,449 0.024 56% 0.043 0.019 7.0 2,000 25.0 10.0
0.17 807,553 4,742,070 0.032 73% 0.043 0.012 10.0 2,000 25.0 10.0
0.22 207,199 948,414 0.008 9% 0.087 0.079 2.0 2,000 25.0 20.0
0.21 498,961 2,371,035 0.020 22% 0.087 0.067 5.0 2,000 25.0 20.0
0.21 680,778 3,319,449 0.027 31% 0.087 0.060 7.0 2,000 25.0 20.0
0.20 934,466 4,742,070 0.037 42% 0.087 0.050 10.0 2,000 25.0 20.0
0.21 404,246 1,896,828 0.016 18% 0.087 0.071 4.0 2,000 25.0 20.0
0.20 934,466 4,742,070 0.037 42% 0.087 0.050 10.0 2,000 25.0 20.0
0.19 1,237,181 6,638,898 0.048 56% 0.087 0.038 14.0 2,000 25.0 20.0
0.17 1,615,106 9,484,140 0.063 73% 0.087 0.024 20.0 2,000 25.0 20.0
0.34 323,396 948,414 0.013 18% 0.070 0.057 2.0 2,000 40.0 10.0
0.32 747,573 2,371,035 0.029 42% 0.070 0.040 5.0 2,000 40.0 10.0
0.30 989,745 3,319,449 0.039 56% 0.070 0.031 7.0 2,000 40.0 10.0
0.27 1,292,085 4,742,070 0.051 73% 0.070 0.019 10.0 2,000 40.0 10.0
BCR OWTN NYA N'Y 2 =—e=—DWTNn NN N7 5 =—@—owTn nipyan’y 8
0.45
0.40
0.35
0.30 —_—
0.25
0.20
0.15 /
0.10
0.05
0.00 T T T 1
20.0 25.0 30.0 35.0 40.0 45.0
137 72 91k ,AADT

mMapya , ToN? 257 DY MMNNNN MNRNA NIDINN I MDY-NONN DN : THNDO0N-IT TI1T .5.2 1PN
912y NOYT) DOWTND MPYNN TN NYNNN NN MONI ,TITN YT DOWTNN MPYNN MIPNN

(MY 20 -5 2vN 7P 10 TN YOP

92




Figure 5.2. Dual-carriageway road: cost-benefit ratio based on severe single-vehicle accident
reductions due to new barriers' installation on roadsides, depending on traffic volumes and new
barriers' length (example for 10 km section length, calculation for 20 years).

=17 D297 YT¥A OVWTNN MPYNN NIPNN M2APY2 TN 257 DY MINNNN NMIRNA NIDNN 1NN
59555 NPNRT NYAPY NPPADN NN NT NIDN DY MYIDON NOWIND .M WX NPNOON
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N9Y2) (LENGTH) yOPN T1IN2 POIN WK (ALL_ACC) DO¥)9) DY NIMINNN 190N - ALL_ACC_L V_sq
; WY RXIN 1910 IR L(AADT) NyNnn

IWN (LR_EURO_Length_max) 777N 7821 ©WTNN MpPYNn TN N - C_LR_EURO_Length_max_L
TIY 90N J2APNNY TIY 990) 11D I2Y )90 NN 2107 ONNY (LENGTH) yopn 71N POIN
;(0.2515613 Sw yap

NP - 9 DWW ND DYDY NY DY DIDD NNNNN M9 DY NOD YTOIN - C_LnSH_TYP_LR_sum
11999 92y 191 NN IWKN (LASH_TYP_Rmean) N2y 1P - 299 5I¥ 101 (LnSH_TYP_Lmean) T3y
Y022 YOP YOO DNPY MM DIY NDY 2D PN (2.73251 DY Wap TIY 10N Yapnny Ty Don)
9190 127 950 ND JH0N 717 QUND ,YOPN TIIND 009 DWW N0 YSINN DN APNNN DY DNNIN
N9 DD 13 N

,TPD0N-YT TIT YOPA *DOWIN DY NMNKRNN D7D SV MY 19010 NIIWNY 20N DTN 5.3 NHav
TITN TN OOWTINN MPYNN TIHINI MHN2

Table 5.3. Explanatory model for the evaluation of expected number of total accidents with
casualties on a dual-carriageway road section depending on the new roadside barriers' length

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value Pr > |t|
Intercept | 1 0.170983 0.009240 18.50 <.0001
C LR_EURO Length max L | 1 -0.037368 0.014966 -2.50 0.0135
C LnSH TYP LR sum | 1 -0.017175 0.005974 -2.87 0.0046

5)7 79N NYN9 NMIND NHD*

mMNoN) 0y (ALL_ACC - D¥)9) DY NMIXNN Y93) yOPA MNIANN NMIRND 190N ,NY DTN TI0 Dy
:19N9 TV DOWTNN MPYNN
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ALL_ACCin = LENGTH * AADT * [0.170983 - 0.037368 * (LR_EURO_Length_max/ LENGTH -
0.2515613) - 0.017175 * (LnSH_TYP_Lmean + LnSH_TYP_Rmean - 2.73251) ]

19199 TIWY DOWTINN MPYNN KDY YOPI NANN NMIRND 1900 ,NNT NNWY

ALL_ACCyitost = LENGTH * AADT * [0.170983 - 0.037368 * (LR_EURO_Length_max/ LENGTH -
0.2515613) - 0.017175 * (LnSH_TYP_Lmean + LnSH_TYP_Rmean - 2.73251) ]

£ TIVY DOVINN MPYHRN MPNNY NMITIN NMNINNA DTN DINN
% reduction = (1- ALL_ACC,in/ ALL_ACC,ithour) * 100
:771 TONIN NNIRNN 79010 IUND
ACC saving estimate = ALL_ACCithout * % reduction

,DOWTNN MPYNN MNONY MTIN ,00)9) DY MNXN NIDNN NIIYNN DINNNN 1NN ) NID) .a
PPN SV DMMN DDA PNHY DOWTINN MPYNN DY NPIZON-1TN DYITN MYOPN TAN 511

DOWOP TN NP 523 DY DD TN L(NDIYN YNID DIVANNDN) NOND DOYLVP 110 NS 571D
MINNRNN D) MNAXN NNINNN 190N ,NIIYN 97y .DOWTNN MPYNN DV NP 196.1 37ND INNN) NON
NN L,DWTINN MPYNN BY 470 ,0WTNN MPYNN ROD 552 10N ,NIVIA ,NOX DWYOLPI (DY) DY
,MY YOPY MOONIN MNNNN 1901 .15% SV N7 IX NIV NINIRN 82 HY K15 )1OON Pavnvy

MNN 0.015-4.5 NNV MNWN

2IN YOPN MIMANNDD (MININ NMINRNA NIDNN) IXRXIND MYOXT NPNID DIRNNND NN T NI )
DY N9 TONIN NMINNN I9DNY MNID 1N .DOWTNN MPYNN TNN 09 DIV N0 ,NYNNN NN
DY 19 TONIN NIMXNN 90,10 10D .OXWTNN MPYHN DY 9N DT THINY 9NV D¥T) NYNN N9

7NOND DIDD-D 195D RO-10) 3-5 1-1 929 DIV N MDY NN DIV NV

MMIANNI DOWTNN MPYNRN MINDND MTIN MIDNIN NIXRND MONT NPT NNPYTH NN 5.3 N
mMapya owI9) DY NMINND 9952 NODNNY MINID I .07P 10 TN TIT YyOP MY ,Yopn
.DOVTNN MPYNN TN TITI NYNNN NI 7PDY DY NNY ,TITN YTNI DOWTNN MPYNN MIPNN

NI 90N NAY ,DOVTNN MPYNN TIPNNN MOY-NOMIN ON> NIIYNN DIRNNND N8N 5.4 1OV .4
,(1-3) M99 51V ND 2957 795 9ON 20-40 DY NYNN N NP 10-20 YOP TN : DDV NWN
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.1.11-2.51 nMVA ,MA) 7PN MDY 510 NOYIN DN - IRTI 7PN DIV NNV
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DM TIVY MR I 97P 10 TIIND TIT YOP N2Y ,YOPN MIMINDL ,DOVTNN MPYNRN MIPNN
DONINMN Y92, 7K IWUND ,DOWTNN MPYNN TIND) TIT2 NYNNN N MDY DY N9 MOY-NOIN

94



TNIN DY DXANNN 92 OIIYT PN MOY-NONN DN IIIY I NN .1 Dy Ny BCRN Ty NN1wv
(DNYT NYNN N2 HONINI) NP 5-9 HY DOWTNN MPYNIN

MNNN2 PIDNN P2 MYY-NIIN DN MWD - NADN NPITI NIIYI PINKD R¥NNN Y
DIV MINIY M) 5.5 0% - D7 20 TINA TIT YOP N1AY DOWTNN MPYHNN NIPND MAPYI NINN
,DOVTNN MPYNN TN TITA DYNNN NN DY DY N2 MOY-NOVIN ONXN TIY NON OIPNI
DX2NNN 932 OMIYT PN MOY-NOMIN DN 239y DN 1 DY N BCRN 77y 1N OXNIND D3 IWND

(N!DYT NYNN N9DY MNINI) NP 5-15 SW DOWTNN MPYHNN THIN DY

DWTA NYN NP 2 —e—0'WTN NIpYn N'g 5§ —=—nwTn nipymn'p &

4.5

o —
s
1:5 / //
1.0 /

Ni1Y1 NPOoN1 NIRIKND 1901

0.0 T T T T 1
20.0 25.0 30.0 35.0 40.0 45.0

107 " IR L AADT

mMapya ,mva (037 791N NYN XOY) DOYI) DY NMINNN D532 PNOON : INDON-IT TIT .5.3 1N
912y NONT) DOVTNN MPYNN TN NYNNN NN MON ,TITN TN DOVTNN MPYHRN MPNN
007 10 TN YOP

Figure 5.3. Dual-carriageway road: a reduction in total accidents with casualties, a year, due to new
roadside barriers' installation, depending on the daily traffic volume and new barriers' length
(example for 10 km section length)
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Mapya DY DY NMNRNN D952 PNIDNN PH2 MOY-NOVIN ON> NIIWNN DIR¥NDN 5.4 1DV
TOPLON-YT TIT YOP TN, DOVTNN MPYHN TIPNN

Table 5.4. Findings of the cost-benefit ratio evaluation based on the total injury accidents' reduction
due to new barriers installation on roadsides of dual-carriageway road sections

noOWIN | PAVND MDY 7900 TN
192 NH2VNN mpNnYY MNNN N7 NN 290N 90N 510
O0NN mpynn ,MOoN) ,MNNN2 MNNN MNNN %% No mpyn
NMNNI oVTNN mnona mnona N9Y 9N oy Moy -39 EURO AADT | 77w
MpYN YY) 20 - (v191) mpynn mMpynn mpynn mMpynn VTN D782 WO PN | ,yop
BCR | mw 20 (0w Y DWTNN DWTNN DWTNN DWTNN DOYN nrp a5y | nrp
1.74 1,363,375 784,207 0.7 8% 9.3 8.6 2.00 2.0 25.0 10.0
1.42 1,115,885 784,207 0.6 9% 6.3 5.7 4.00 2.0 25.0 10.0
111 868,394 784,207 0.5 12% 3.9 34 6.00 2.0 25.0 10.0
142 1,115,885 784,207 0.6 9% 6.3 5.7 4.00 2.0 25.0 10.0
157 2,688,748 1,714,207 14 22% 6.3 4.9 4.00 5.0 25.0 10.0
1.57 4,140,457 2,644,207 2.1 34% 6.3 4.1 4.00 8.0 25.0 10.0
1.44 1,129,346 784,207 0.6 5% 12.6 12.0 4.00 2.0 25.0 | 20.0
1.62 2,772,884 1,714,207 14 11% 12.6 11.1 4.00 5.0 25.0 | 20.0
1.65 4,355,844 2,644,207 2.3 18% 12.6 10.3 4.00 8.0 25.0 | 20.0
1.64 6,372,226 3,884,207 3.3 26% 12.6 9.3 4.00 12.0 25.0 | 20.0
1.62 7,813,838 4,814,207 4.1 32% 12.6 8.5 4.00 15.0 25.0 | 20.0
1.25 2,150,999 1,714,207 1.1 22% 5.0 3.9 4.00 5.0 20.0 10.0
1.88 3,226,498 1,714,207 1.7 22% 75 5.9 4.00 5.0 30.0 10.0
2.51 4,301,997 1,714,207 2.2 22% 10.1 7.8 4.00 5.0 40.0 10.0
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Figure 5.4. Dual-carriageway road: cost-benefit ratio based on total injury accident reductions due
to new barriers' installation on roadsides, depending on traffic volumes and new barriers' length
(example for 10 km section length, calculation for 20 years).
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Figure 5.5. Dual-carriageway road: cost-benefit ratio based on total injury accident reductions due
to new barriers' installation on roadsides, depending on traffic volumes and new barriers' length
(example for 20 km section length, calculation for 20 years).
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,DUTNN MPYNN NN DY YOPA NN NIRNN 190N NIIWNY NPNINN NN WIOIYW N3 DTN
DOVTINN MPYNN NMIN IR RVIAND D12 WIINM DWTNN MPYNN RID MNAXN MNNNN 1901
DMINNA POONY

PN MOYON-TN TIT YOUPA 725 257 DY TN 257 NMIXRN 190N NIIWND IPNNI DRMNY I TINN
971N DMINNN VI PYND .HGV_BS_L_V_sg : N D72 IRXIND NMINWN .5.5 NY202 H8ND

YOPN TN PHIN MWK (HGV_BS) 715 257 DY TN 157 NMNN 1900 - HGV_BS_L V sq
WY RYIN 190 INNDY ,(AADT) NYNNN NS (LENGTH)

DY DOYOP - 1-3 ;T8 MPYNR N9Y DOYOP - 0 : T8 MPYN 280 NINDNRN DYOP NP - FINAL LR
NN DY INPN YOP - 3 ,7NPI MNON DY - 2,037 MHNON DY - 1) DWTINN MPYNI NN
5S¢ MOLP MNDN MY 4 NNIAPN DIYLPI TWRD ,NNPX IYOP) DAY MPYN DY DYOP - 4-5 ; (N2

£ (7252 DI MPYNN INYN) 5 NXIAPN DYOPIY TIVa ,DOWTNN MPYHRN

IWUN (LR_EURO_Length_max) 777N T8 DWINN MpPYHNN TN N - C_LR_EURO_Length_max_L
T 0N DAPNNY TIY D) DI 1Y L1910 INKRD 51D NN (LENGTH) yopn TN PHIN
.(0.2515613 Sw yap

,TPD0R-TN 7T YOPA 72D 259 DY TN 207 NNIND DV NAY 1901 NIIWYNY 120N ITIN 5.5 NJ2v
TITN TN OVTNN MPYNN MNINI MONI

Table 5.5. Explanatory model for the evaluation of the expected number of single-vehicle accidents
with heavy vehicles on a single-carriageway road section depending on the new roadside barriers'
presence

Parameter Estimates
Standard

Parameter | DF | Estimate Error t Value | Pr> ||
Intercept | 1 0.027385 | 0.006471 | 4.23 <.0001
FINAL_LR 0|1 |-0.002523 | 0.009563 | -0.26 0.7921
FINAL_LR 1/1 |-0.061318 | 0.016566 | -3.70 0.0003
FINAL_LR 21 |-0.032707 | 0.014271 | -2.29 0.0227
FINAL_LR 31 |-0.067167 | 0.016439 | -4.09 <.0001
FINAL_LR 411 |-0.010844 | 0.008369 | -1.30 0.1962

FINAL_LR 5/0 |0 . . .
C LR EURO Length max | 1 | 0.091750 | 0.014610 | 6.28 <.0001

- 725 259 0y TN 257 NMIRN) POON-TN TIT YOPA NAXN MNNNN 90N |21 ITIIN TIO DY
19192 7YY (HGV_BS

DXVTNN MPYNN NN DY 1 NXIAPN DYLPI
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HGV_BS wi, = LENGTH * AADT * [0.027385 -0.061318 + 0.09175 * (LR_EURO_Length_max/ LENGTH
-0.2515613)]

DXVTNN MPYNN MNIN BY 2 NXIIAPN DXYOPI

HGV_BS wi, = LENGTH * AADT * [0.027385 -0.032707 + 0.09175 * (LR_EURO_Length_max/ LENGTH
-0.2515613)]

DOVTNN MPYHRN MNDN DY 3 N¥APHN DIYOPI

HGV_BS wi, = LENGTH * AADT * [0.027385 -0.067167 + 0.09175 * (LR_EURO_Length_max/ LENGTH
-0.2515613)]

DMYON MPYHN DY 4 N¥APH DYLP

HGV_BS = LENGTH * AADT * [0.027385 -0.010844 + 0.09175 * (LR_EURO_Length_max/ LENGTH -
0.2515613)]

DMYON MPYNN BY 5 NNIAPN DOYLPI
HGV_BS = LENGTH * AADT * [0.027385 + 0.09175 * (LR_EURO_Length_max/ LENGTH -0.2515613)]°
Mpyn X550 0 N¥IAPN DYLPI

HGV_BS = LENGTH * AADT * [0.027385 -0.002523 + 0.09175 * (LR_EURO_Length_max/ LENGTH -
0.2515613)]

119195 TP 1-3 MNIAPN DYOVPA OVTNN MPYNN RID YOPI NANT MNNNT 190N, NINY NMYD
HGV_BS yithoust = LENGTH * AADT * [0.027385 - 0.09175 * 0.2515613]
D TIVY DOVTNN MPYNN MPNNY NITIN NINND DTN HINN

% reduction = (1- HGV_BS i/ HGV_BS yithout) * 100

oy ,1-3 MNIAPN DOYLPI ,T25 2159 DY TN 2157 MNNN NIVINN NIIYNN DINRINN 1NN ) NODI
=TN ©WLP 82 5NV VI N NIIWYNA .DOWTNN MPYNN RHY ANNN NI DXWTNN MPYNN MINDN
LDOWTNN MPYNRN YV NP 242 9700 INSN) NYN DOYOP Y182 0P 531 DY YD1 79I, 079000
YN TN 112 DXVTNN MPYHRT NININA MNAXN MNKNN 190N DIYLPNIN 1% PHNIY NIRIY 1N
MPYNN MPHNN HMNOVA NYIIN ONTNY 1N XD 1T DTN 1D [IMYD . MpPyNn NOO a8na

NYON-1NN 09971 DIYINN

NN MNNNA APPN MOTPNR 5.5 1YV HTINN MNTPNI AN DX DN NON DINNNN
MPYNRN TINR APY MNRNA D1THN DTPN NNIYY INY 01 1-3 MNIAPN DYOPY MIPNVYND
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12 DN Y L1910 INRDYT MPYN DY DIYOLPN MXIAP 29D) ) NDIA DINRINNM PN THD DY .OWTNN
NNYN) DOWTINN MPYNN DY MAPNN IMINNY TNDY 1N (YOPN TR DOWTND MPYNN TN
;9N OMPNI POy

;YOPN TIND 0.61-0.62 5 MPN DOWTNN MPYNN THN TWND ,1 N¥I1IPa
;YOPN TIND 0.33-0.35 5 MPN DOWTNN MPYNN THN TWND |2 N¥IIPI
SOPN TN 0.6-0.7 5 MPN DWTINN MPYNN TN TWND ,3 N¥I1IAPA

NDY YOP N OWTNN MPYNRN MNDND MITIN TONIN NMIRNN 190N ,NON DIPNA D) ,NNY DY
DWTNN MPYNI VIDY HY NPHIYON NPRTIN NINDIND PPo0N

0190 .5.3

,DOUTNN MPYND NMINDM APY NMIRNA PIONN NIIYN MIAPYL NNV OMIPNN DYDY NIy
90 RN MOY-NOVIN DN OIWINY DI NYD

DXVUTNN MPYHNN TIPNN MIAPYA TN 257 DY MINNNN NNINNA NOONN ,NPNION-YTN D¥II72 -
5255 NPNTI NS5 722900 77PN N3 )NION DY NIDIYIN NOVIND .M ION

NN DOWTNHN MPYHNN MIPNN MIAPYA DI OY NMINNN DD NODNN ,NPIDON-YTN 007371 -
DOVTNT PV TPNT 2Y 1129555 NPNTD SV V2380 MY NION DY 1MO555N0 NOVIND M)
NYY YNNI (0P 2 Dyn) DOVTINN MPYNN YV DNON TNND SNN 1D WD .IP21o0opn-)17 022972
MPNN THIND WP NOD ,NNYT MDY-NONN DN DApNN DOWINN MPYNN NIPNND ,0N0N NYNN
THPMNVIAN NOVINN DTN L(DMOIVdV MPNN 2ANN) VNN MININ ONINA I .OWTNN MPYHN
DIV IURD ,MPYNN MPNND NYITIN NYPYNN DTN DY TN DD OWTNN MPYNN MIPNNN

MPYNN MIPNN THIND Y DN DININD)

DOWTNN MPYNN NINDNA MNASN MNNNN 990N ,DOWOPNN 9% PONA ,NPIYON-TNN D971 -
) XD AT 9PNNA 0DIMD ORMNY DTN 299,990 . MPYNN KoY 28102 GUNND 9N M) 7N
DPODON-TNN D772 DXVWTNN MPYNN NIPNNN PN NOYIN DX TND

TV ,N9%93 H9a50 NSWIN NOAPNN MIMIYON-1TN 09972 DOWTNN MPYNN MPNNN NN
MPYNN MIPNN DY 5°9559) HHYMNIVA NPRTIT MNNN INSNI XY NPNYON-1HN 099710 NV
.DWTNN
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PPN MIPOM DI .6

995 .6.1

992 DMIPNN /DXWTNN MPYNI YIDYW DYTPA NNMN NNANNN TIVN YW NPPTHN ,NINND NWY2
NPNPY NON DTN YW NPINNY NITY S0PMNI92 D) .DOWTN NYIYD YOPNI9I ,INIWI DIITTN
LD MPYNN DX MTTN DX9NN DOWTNN MPYRN 09775 MINDN 192NN 7y 092100
TINN DWY1Y NN XN TR NI NPADD NPWHYN MNOP DOWTNN MPYNT 12¥NN NPPTNY

SN 09772 MNYDAN NN NNSYNY DINNY NMoN

NOMIND IR PNA DOVWTNN MPYNN NIPNN DY VNN YN NORD NN DT IPNHN NIVN
NOM D272 ,,MNVIAN MPYN DV YINN NTN DY YIDIWI INDIDNND NMYIANN NPIITIM NPMINVIN
ORI NYNPY

PN NVIY .6.2

MPNNA TPPNNY THINKPN MNAD IPO TV ,NYUNIN 2DYWA DX 1901 PN IPNNN WX
LNDI9NNY MNVAN MPYNI YINIY IRYNA DXNIN DXINDNI) DWTN MNPV MPYN DY NN
DXPI NPMND MIIYN NNONN DY WXIT DYIN IPOI .INTPNNND NN, MNINKD DNVI

LDOYTNN MPYNI VIIYD Y9553 PINN WY DMUYY

NOT) DYD9TN NYIL DOWTNT MNVIN MPYN INNN DY Y10 NITON PNOIN TIV) IPNND »NYN 25wl
DV MNP YAIN INT 27300 NOIWN YW 2010 DDIT IPDN DN NINI MDD NMYNNINI .NPNY
.DOWTNN MPYNN NN 95 ,NYIA D¥I7T Y0P

MOPN YY YN 0N DWTIND MPYNN DY DI SOPN 919 PON NIV Hanvn Twnna
W NYAVN MND 1N DY L399 95-INRY DN DXNINI) YN DD 1N ND ININ .OMPNN
DY DYOPA NMNPVAN 28N DY X2NTY MDD YNID VOIMN ,DOYVPN MNPV NPT DY DIWTNN MPYHNN

.2010 MV ,NMP2 Y0P NNIYD DXVTNN MPYNN

NN GPYNRN ADN MINWN 7Y NV PO NIAD NI DIWTNN MPYNN NYOWN 2NN NNl
MYV D0 WITI MPYNRN INWN NYSWN MNNTY ,NNT DY .NINND )1DY0N DY WaWNN) DNINSIIN
DOMINNDN ,TIT N Y0P TNNR L(NYNN ONI) NHOYNN NN N DINK OMIWIN DMPIDN HY
MNPVIN NMPYN DY MIYIR NYAYN MM TN DY  MINK DN .TITN DY OPIVMINDN
SV NNOYN NYITY MIMN DIV ,)PY .DOYOPN MIMIND DY MNNWN-17 NN Y8IY W DVTNN
MOON TAD YY NNWYI 1T NNOYN .IPNNI MITHNY DXITN OYOP 9D DY DPIVNINDN DIINNDN

27301 NOIWNN GON YT I
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MMM .0 PADN DOYTIN INRMN DNYD MNNND ONDY ,IPNN2 TIIY MHNUN-190 NMnda
;R 1o YW rpart 08PN NIV DININI WY DPIADNN OINWNAN NYIVYN NNy DX TPNn
PNID YTYN NN 95 .SAS Sv GLMSELECT »m717189 m7tya »a oo mnn .GBM niomn
MMVIN MPYN DIPNN 0N DOYLPI MNNNN DN NMYNIYN HTIN OMP DNRN : NINY

DY MNMIN MPYN DIPMN 0N DYLPI NMNINNN IND DNMIN NNWY OWTINN

DOVTIND MPYNN MNDN P2 OYOY WP ININ DYDY ,APNN2 INMOY DMPI0NN DDTINN Pan
NOWIND MN2) MDIYIN NIIYNA 1YY NIIYN NYXIA NONX DYTIN NITYL .AMINNN MYNINMN
NIPNN NPIDY NIDIN DY TN NN TUNRD ,DNIVON NNDIYD DOWTNN MPYNI WIdIWN NdNINVIN

DPYNRN MN TNND W NYD WTN NPYN YW NN

9PNNN INYNN .6.3
APNNN HY DMIPIYN DIRNNNY DI PND

DNINNPINN MIF0N INSNIN

TPMNI NN DOPADN PNV DIPNN DN DIV DYIYA D XN MIGDN ONN¥ND MM N
NINNDN D NONY PR TINNA ITN NN .DOWTNN MPYNY 9aynn DY 11112 NYDIYD NYNTID
170N ,MNPVIAN MPYNI YIOYY NPNIM ONPN DY NITY 109 MPTHN 217 YD OPVINDI NI
oy NATPM MTTNN KOO ,EN 1317 - wTnn 291NN 1PN MIYITY NYN DN DIINDN DIRNNY

AT MY HY 955910 NPNRTON NONY

MNOLIN MPYNRD MYOITN NNODI INKNIY MNPVIN MPYNI YINIWY NNITIVNN NPNINN Y51 .2
YT TIN YNIANND DD MPYNN MPNN TN ,WTNN 1PNN 29-DY TIPON NI DY DXNNNI MITHN
M»TNN 217,300 MYNINNN NN TTNIVW TIYD DORNNA ,NPYNY OPON IN) KON DP¥9 AN \NNn
NNIND NNVIAND) TITH TS SN PNINDY NLYI DIPMND DIPNNN VY MYITH NN 1OYN
NN DONIN NITON YW NP MMAXN IMDYD P8 2D DX PN 1T ROYY L(DO¥on amaD v Th
SV NI1OY MVYND NYN MINTHI NNMPN MYTIND N8N NT 289D MWIN 9201 WO ANNDN NYD

.DYXYNNN DNPNN MYIITI OXTNIWY DIPNNT VDY MIYNNNI AN P2 ,MIVIN TV ,MNd01

N99YN MIPNN 1I2VSN DIV MDA ,09IVA DIWTNN MPYNI VINOY DY MON NINP NNPN IPY )
, N0 HY DXWTNN MPYNN DY DNYIYN 20 MNI2 NNPDN NPDN DXIVIND PNV DINNND DY
,2A7DIND ) NN JN L, DINRNNIND 21 29-DY [ NINY DY .ONYON MPYNN DY INNYNL TINM2
MY NININ NTNND NPNAIMY TPMYNYN IMIN NONYN 5552 MNMAN MPYNn MpNnd

MINNN
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(D) MPTN I90K02 NYDIPN MMV NPYN TIPAND PIXN NPNAY MDY NPRTI NIIWN .7
NDD NN DMWY 5522 MM NPYN NMIPNNDY NONMNN NNID NN ,NINT OV .(MDIN 271N
Y0 MAT MNN MOYMN NOND DAWINA 2570 VYN NN NITON DY NNYN N NPYN

.DYDIPV TITININD,PMIHYM MINND MIANONN

TIPON MNIA MPYN MMHPNN NVPRTI PNIAD »TD 1MOI5D NIIYN DTN INM DIPHN 190N .N
VINDOYD PINNN 27NN IWNIY NI MO 297 .MV NYNM TIT NN ,INY MM
YN 7292 MPNNN 00772 DYPNN - TL5 ,TLE - 9nY MM THipan MmN mNdvan mpyna
NPYIYI MIIYN IPNNA DI NN NIIDI JIDN PITH ONIN DY NM2) MNOY DY DINYONI 121N
DY .1PYIYI NPRTI I0N 9NN 1IN 07T YP¥2 HI/H2 mpyna widw » Ky ,TI0»9a Y81
MY WX YTINY 23T 1 D DIDNDN DXANNI TPNTI NNNNI HIZ/H2 Mpyna N2 mpyn nadnn NNy
TIT DXNINN DIVID MATIPNNA ;NPYNN TIPNNY PION NI NN DY IV dYTINY 29T ; woN 11N

NN PURY

YWRIY IPNNA TIYI OWTNN MPYNA ONIWN MPYNRN NAYNN NPRTI NINAI I NNYT D37 NN )
NN NNN YT TIN,MIPINRN RSAP 130N NItya TV MnNN (2007 ,0INKNY 1950V%)) DXTPN
TONTY MPYNN NAONN 1D XN¥N) .NIND MPYHN NIAKND OMDIVLN DINNMT MPYNRN NMDY
NYOIN MMPNN ONAY 1D 159 195 25,000-1D NOYNY HY NYNN MNI DONMHON-IT DXW1d]
VTN NPYN P15 TL2 1n9210w W o0 ¥ 1199 Npyn P2 IRNYD ONINA NN 9N v7Hp 100
0192 259 Y95 25,000-1 TN NYNNN N DN DMNYON-1TN OMI51 )5 MO .(H1 Tipan nnHa
1ONN NON DINSNN .10%-1D M) 7PN D720 259 195 NN TYND TINTID AINSND) MpPyHNin Navnn

.(2005) MMM - INIW NIDMPN NPNIND WIAPIY MIPYNRN TIPON MNIY Mw1a

MPAPH MNSIN INSND) NI NPODVON-TNN DTN Ay POONXIYN APNHNN IMNI [ NNY DYD
=N AN OV ,MMIA) NYNN MNIA O) ,DOUTNN MPYNI DNIYON MPYNN NAONNY (MDD NYPNTI)
ATL3 npynd TL2 Npynn 9ayn 1N MN®2A TWRD) 11919°2 159 %95 20,000

NPYRN N TNNY NIDODON NPNTON YW NPH NOIYN NYNIA (MPUIN ,719H7)) MPTNH 99001 3
,TPNN MDY 19993 NHN MDIYNA .DTINNA ,NTO NPYN NNIYD PN NV MPYN WINOY Ay
VAT YTOANA ,MMINND MYNINND NMNYPN TITH OWHNNWN DY MDY ; MIPYHRN PPN Npinn
MINNN INRY MPYN MNPXND) TIT2 NPRNNN MTIAY IPYI NININNN MIAPYL NYNNN SPPo 2Py
MTINA :ND DIHMNDN NYNN NLY ONINA OOTIPAN MNIN DIV PINY VI MPYND D NI

1191952 257995 25,000 Sy : 100 DXDITH NYNN YN DIPIAVNN DY TITIVVP DY MY

,DOVUTNN MPYNI VINPWN NPMINLI MSYIN N TWR) DRIY TIWIY DYXTPN IPNND IRNNDND 97y .N
MUDND MNXN MNOWI DT RSN RO ,(2004-2005) ¥IN2 DNIPNN DY NMYNRIN DNV
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N7 NNOXI 1D, NN DNV, NNT DY .MNTIP DNIY NNWY ,NPNIY KON D¥D772 MNMAN Mpyna
MNNN MNIYA DT NNANI )0 1D .MIVA 1) 51-5 DY PDONI NOIWINY MNXNN NININ2
LD .MIVA DM 6-7 DY PIODND NOIINY DXDINVINY 713 XWN 157 MIANYN DY 7712 199
DMIKRN 990102 DMMIRND NN DT> OY NIVYPNIN NIXD YXIND DXVTNN MPYNN Npnn

725 259 DY MPYNI MYNINN

NI NDI0IAN NYIITIV YN 27NINDY NN MPTHA INDIONNY NNITIVD NPNIN NPYTIN .0
1PNN 29-Dy TL3 IN 291NN 1PNN 29-Dy N2 NN NPNPY NON 02772 MNVIN MPYN SV TIPan
NNIY - ANY MM MYOAT MNOP NPNZON-YT/MPNN DXIITH 1D PHNT IWUNRI IPPINND
DYTNYHN MIYITIVTNIN (MONIN,TIDN ,11I1DT)) MNNDN MPTHA 10 MD .H2 X HI o1 Tipan
MM MYOIT IWIAPI MPTHN 22,9002 .H2 1NI - NTI9NI MNOPVIAN MPYN Y TIPAN MNP
TIPON MV - 7T DN PITH,TN DIPY PWIOY T8O M) NP0 DY DXINNA DNIPMND MPYNY 1IN

H4 H2

TIPAN NI NYITI NPNODN-TNN 0’I7T2 :(2005) DNIWI NPMIND 7Y D) N¥MIN DT DY)
MNID MYOIT MNMP OXPHPNND NYNN NLY OXINA TIWRD HI - NPN50N-1TN 05972 N2 Mool
H4 H2 - anvy mnmay mpan

APNNH HY DINININ DIV

NYNPY RN OIITN NWIL 273N NN DY 2010 D977 IPDN DIINNI NN N MIAPYA .X
MpPYN) OOVINN MPYNT NMINON DY MNY MNI2 ,0°977 S0P DY MXIAP YIIN MM ONIWAI
20 YN MNP (EURO

;NT7902 X 782 ,EURO Mpyn SV mMa) TN M) NN XY¥N) DN OIIT 30D - 1 NP
;77992 X 782, EURO Mpyn HW M) TN M2 HNN RN DN D¥IVTOYOP - 2 NNIIP

N 782 ,EURO mpyn S¥ mon> M1y THIN TR T NN RN DN D¥I77T Y0P - 3 NP
;1799102

DDYTN OYOP AN - 4 NNIP

DYINN MPYN MO DY) DXITTN MOP TN TUNRD 72190 S0P YITNIN 1-3 MXIAPN DIV Y0P
JNMNPIAOYOPD ITNIN (MIPYN NI N

SV NP 429-5 57N INNNDI NON DOYOPI IUND NP 841-D 1PN JI9VN MOP DY HDON TINND
NYI 93 5V 55100 THIRN .NTIN DOWTNN MPYNN DY 17D 87-1 DIIVTN YT DOWTNN MPYNN
SV NP 93-5) ©YITTN YN DOWTNN MPYNN DV NP 485 -5 DY NP 3634 PN IPNN DYVLPN

TI992 DOWTNN MPYNN
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INSDIY DXITTN OYLPN I PON MNAY ION PN DVWTNN MPYHNN MPNN MNPN DY yNHN .2
NON MNP, MPYNN MIPNN MNPN DY YN VTN DY .DMTIN DOWTNN MpyNin oy 2010 mva
DIWAN TP N 3995 NN

NN DY IMI NN YD VOMN ,DWOPN MNPV NN DY DOWTND MPYNRN NYAVN N1N1AY )
MPYNN NYawn >ama N MnNM1a 2010 MY NNPXIN OYOP NNWY DPVN YLPI MNVIN
N0 DY WAWNN MPYNT MINKDIN NN GPYNN 20N MNWND 7Y N2 YT K1Y N1 DOWTNN
D901 DMIVAN DXPIADN HY NMYIVN HIVID WITI MPYNN NINWN NYAUN NMY  NINT OY .MINND
119993 ,)95 TN DY DPIVMINDIN DIIMANNDN ,TIT ND ,YOP TNXR,(NYNN 2NI) NN NN : D
JADN) 92D DMWY IPNND 1INY DIIVTN SYOP DI DY DOIVMINNIN DIMINNDN DY NNOUN
VTN NN THD DY NNYY) DMIVMINDTD DIMIANNN NNV .MINMVIN MPYN MXNDIN DY DN
DIMNN MAID ,0°577T NNINN MO 10 DY DN 1DONI DOYVPNN TAX 935,901 27NN NIIWNHN

DMV 257 70 MANWYN DY MNNM NNY NN MNI2 MNNN ,MNNNN D951 TN> 259

-1 D190 OYOP 148 MY ,¥1AD SYVP 497 DY DINN) DDA 191N IPNNA MINYN-2I70 MND ,57ND T
NN 90N DY MTY 10 MIAID ,MTV 42 57ND ,YOP 537,595 DMNMN MIAN NNPIOYOP 349
NOD) TN 257 NMMINRD 263 ; MPYNI MVNINT MNNN 96 : NI IPNNN SYOLPA 57N ,2010 NMVA
249 0ONN L(OX7 XN NYNO XYY , 000N HON) DOYIN) DY NIMNKN 1633 ;(MPYNI NMWINN

AMYPY NMSLP) MNNN NMNN

0277999 MIN’OM DINSNIN

(DNYY DADOUN NODINA ,DX02 D 10) MNNN OND 14-D 9NN RN DMPADNN OOTINN
NYaVN NYNIA ,D¥WTINN MNSL .01 28 : I'ND ; TIMIDON-YT-) IODON-TN : TIT N NV MY
DYNNN N DY MYIYN D10 INNRD N5V DOYLPN MNP NN DY DXWTNN MPYNN DNYN DY

.DOYLPN HY DMIVNINNIT DIININNDN KV MIYIN NYIYNI MIAYNNN YT TIN ,YOPN TN

:9D NI DN MNMNY DP20NN DY TINN THD Sy

MPYNN SY NP AYTY NN ,15970 N0 DD OY NINMNN MDA ,PNHYONR-9Nn 99971 .N
12 IR DOVTNN MPYNN THIXR DN ,0O5TIND 2112 .NNINNA PNIOND NNIN RY TN T8 DOWTNN
YR DY YIANN GUN DNON DTINN MNNND 9901 PAY DT PIAND P 22PN WP RN 07110010
259,V DIDVIN ,DIDVIN IV 4 DY NWD) 722 257 OV 702 227 THIND NIY DT 7PN ODdY
N5 Y DXWOLPN MXAP O) PN NMINND DXPADNN ONMINNN P2 N HTINA .(NVPIV IN ,NTIAY
WIANNY NN 010V DINTPN DIAPNN (DI1DVN FYLP) 1-3 MNIAPN DYOPN NIY IR ,MPYNN

DY MPYNN DY DOYOP NNIYD NNINN NINY AN DY

105



955 PYHNA ©XPADNN P2 IWNN MPYNN NDNYN  NIMNNN DD MMM, NPHYON-111 09973 .2
YOOV WP .TIAPY NNMN KD TN 257 NNINN DY MPYNN NNUN NYavn [ NNY 0y .00
TN Y RN NMIRND PAD TITN T DOWTND MPYHRN TN P2 (PNMY 1P IN) Pnam
DY MNNNY DTN P2, NNT NNWD .TIT YOPI D29 OY 1ININIT 599 1A 702 257 5¢ 11 1mn
DY .DOYX9) DY MNXNN KD NIY - 7292 TN DTN DXPIADNN P2 NN MPYNN MHNWN ;715 159
NNYD) 92D 1YY 2590 OND 9D DY DOV DY NINRNN 5952 D15 NYYNY N NIINN DD, NNY

.DOYTNN MNVIAN MPYN DV NYIVN

7555 NO9YNN DINNNN

THD DY NYXIA 0NN NNWD ,DOVTNN MPYNI YIDWN NXMNMIAN NOYIND DY 195951 NIIWNN
IN DOWTNN MPYNN TR PA PN DO VP ININ TUR) IPNNA NRMNY DX20HN OO TINN
:TION DMIPN NWIDY IN2Y NYNIA NPDISIN NIIYNN .NMIRND MYNIND PAS ONINDN

; PN 259 DY NN MNRNA NIODNN ,NPNDON-1TN 0772 (1

; D) DY NMINRNN D932 NODNN ,NPNDON-YTN D¥I77A (2

0 4 DYn Nwn) 710 257 MIANMYN DY TONY 257 NMIRN2 NIDNN ,NPNYON-TNN D771 (3
LMOPIV N ,NTIAY 257, DINVIN,DIDVIN

L, DOVON NNWY L DOWTNN MPYNRN NMINON 2PY MNKRNA PNODNN MWD 1YY MYIDON NOIWNN
MDY) MOY-NOIN DN NIDIYM DI NNIYD DOWTNN MIPYNRN NIPNN PH2 MYY NIDIN MDY
0 NI DN DMPHNN DYDY (NN HPXDI50 NINDHNA ,MOYN NIDIN NNMIYD NIMXRNA )ODNN

MpYNN MPNN MIAPY2 N> 257 0¥ MMNMNNND IINRND NIONN ,NPNYON-1TN 09973 .X
DY YOI NYNTI NOAPD APrAYMN NN NT NOON DY MIDIDON NONINN ,1DY .M N DOWTNN
MY MNAXN (PN 257 OY TMNMNN NMIRN NON) NMIRND 190N TO ,NONTY .OOWTNN MPYNN
9910 NODIN POV NN ,DIVTNN MPYNN DY 1.07 ,00WTNN MPYNN KDY 1.67 1PN 91901 Yyopa
7 529 HW D510 TIINA D190 dYOP 112 YN N99YNA) L36% DY T IN,IVA  MINNN 0.6 YV

(DTN DOWTNN MPYNN DV 1P 202 DY

TN, AYNNN NI ,YOPN TN : N YOPN MIMINNY (MNNN PNIDNN) IRXIND MY NPNIN
LN VT YOP TR ,INY 21T NYIN NDY DY NDW TONIN MNNKNN 1901 7D YD) OWTNN MPYNN
YOPY NNMINNA YMHYN NIDNN NNV DIXIND DI ,NNT DY .OOWTNN MPYNHN DY AN 97T TN

.0.008-0.063 Y¥ NNV \OP MN

TN : NI OPDIPV 2WIN OXIN T9DN N1AY ,DOWTNN MPYNN MHIPNNN MOY-NOVIN ON> MOIWYN1
20 X 10 7Y 2-1 DOWTINN MPYNN MIPNN TN ,257 595 9O 25-40 30 YN N 17 10-20 YopP
.0.17-0.34 NNV 7993 1PN MOY-NOYIN DNYN DMPNN D2 53 XNNIL(YOPN TN MON) NP
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DOVINN MPYNN MIPNN MIAPYI DN DY MNNNN Y951 NODNN  MPHYon-11n 0993 2
DOVTNN MPYNN MPNN DY 59555 NIRRT DY NY NN DT )NION DY NPDIIN NOWIND M) R¥N)I
POOON-TN DT

219P01 YOP NIV MNANN (D37 791N NYN XIY DIYIN) DY MNNNN DI NDN) NIINNN 190N TO
NMNN 82 HYW K910 NODN POOV NN ,DOWTNN MPYNN BY 470 ,DXVTHN MPYNN RID 552 7N
SV NP 196 DY NP 523 HYW HDID TIINA 010 dYOP 110 PN N NIIYNI) .15% S DT IN NIva
MND 0.015-4.5 NNV MINWN ,MVA ,YOPS MODNIN NIMIRND 190N .(ONPTINI DOWTNN MPYNN

TN : NI OPDIPV 2NWIN ONIN 90N N1AY ,DOWTNN MPYNN MHIPNNND MYY-NINN DN MOIWYN2
153N 8 TY 2-1 DWTINN MPYNRN MIPNN TN ,297 99D 99N 20-40 >0 NYNN N ,107P 10-20 YyOP
MOY D19 NOVIN DN - ORTI 7PN DIVN NIV DIIPNN D2 D KXNI L(YOPN TN MHYNIA) NP

.1.11-2.51 nMva ,mMa) N

N9 NN (NP 2 DY) DOVTNN MPYNRN DY DNDN TINRND DNN ,NPIDON-ITN 0¥D7T2 )0 1D )
IPNN THIXD WP KDY ,NMT MOY-NOVIN DN’ DAPNN DOWTNN MPYNRN MPNND ,0M0N NYNN
OPMNVIAN NIIND 5T L(DPDIDV MIPNN 2ANN) 2NN NMININ ONINA IO . DXVTHN MPYNN
DY IUND ,MPYNn MPNNY AYITN NYPYNN DTN DY TN DWW DOWTNN MPYNN NIPNNN

PYNN MPNN TIINRD PY DN OINNND)I

DOVTNN MPYNN NMININA MNANN NMIRND 190N ,D0PNN 1) PHNI NPNYON-TNN BY97a .7
95 MY . MPYNN KOY 28N TWUNND INY 112X 7P (T2 257 MANIYH DY TNY 157 MNNN NON)
DOVTNN MPYNN NIPNNN MNP0 NDWIN DTAY 1N KDY IPNNI DNMD OXMNY DTN

DPOOON-TNN 00772

: YN DMIPNIA NNNN) NPITON-TNN DT DOWTNN MPYHN YW NdPAPHN NN D

;YOPN TNIND 0.61-0.62 5 MPN DOWTNN MPYNN TN TWUNI 919701 S¥OP S¥ 1 N¥IAPa
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.DWVTNN

YPNNRN MIPON .6.4
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NYNM NLY ONINT IWNRD | HI - NPNMSON-1TN 025972 ,N2 MDD TIPIN NN NYIT NPIYON
H4 [H2 - 91y mma) Hipan nimnao myeaT mn»p 03 nnn

MAINKD MPTHA NIN XD WTNN TN MNM2N MPYND 1avn DY 1OPYI55N NPRTIN NONY .2

(N X H1) 90 MM HPon MNI2 MNVIAN MPYNI VDY DY 1539510 PINNIN NIRY .3
TIPAN NN MPYNI YINIWI 19NN ,27Y NN DIPNN MIXXIN .02 DIPNN 190N NPT
DONIN NADINA ,DXNYD) N2 NYNN NI ONINA ,INPA NMAIN NPDIPNNN DIIIT MDA INY MM

ANPRYN DY 192 DINX ;20N PNITH) DPHNN

TIPON NN NMINMVIAN MPYNI WINIYD Y9353 PTINN DAPNN ,DXTPN MONIY 1PNNA ,NMIT 191N 4
NYPINNY (NN 259 595 25,000 YY) NI NYNN NI DY DMNHDN-YTH DIIITN N2Y INY DM
M) HINN OY TN AN T NYNN NI BY DMDIVDN-ITN DXIIT2IX (AN v7NHP 100) MM NYOI

.(10% 5Syn) NYNN2 D>713 25790 YW

-YTN DYOITA DOWTIND MPYNN MPNNND NN TPMNML NOVIN DN SNOVN IPNN2 D) .5
MpYNN DY DOYLPA DI DY NMINNN DD 15% YW DT DY MNP ,NYIASN IWUNR ,NPDON
NOOINY DN NMINND NODINN DY SNONN ID3001 TIVN NPNA .DMINK DIWOLP NNWD DOWINND
.1 590 MDY-NONIN DN HY NANN ,2APY I9IND , DXWTNN MPYNRN DY NPNNM MPNN 2APY NPMDYN
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DRIV NPNOON-1TN D77 MNMVIN
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NMY9YDN-TNN 09972 MMINNY MIRMNY DY12301 DN /N NAD)

MINNN YYs
APy MMWIND - ALL BAR .1
===dep = ALL_BAR_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read
Number of Observations Used

285
281

===dep = ALL_BAR_L_V _sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr>|t]
Intercept | 1 0.002087 | 0.006433 | 0.32 0.7459
Sh Wt LR sum | 1 0.002029 | 0.001657 | 1.22 0.2219
C GP MA |1 -0.003156 | 0.002338 | -1.35 0.1782
Sh Wt LR sum*C GP MA | 1 0.001934 | 0.000707 | 2.74 0.0066
dep = ALL_BAR_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> [t
Intercept | 1 0.009711 | 0.002312 | 4.20 <.0001
dep = ALL_BAR_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.002087 | 0.006433 | 0.32 0.7459
Sh Wt LR sum | 1 0.002029 | 0.001657 | 1.22 0.2219
C GP MA|1 -0.003156 | 0.002338 | -1.35 0.1782
Sh Wt LR sum*C GP MA | 1 0.001934 | 0.000707 | 2.74 0.0066
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(MPyRa MMYNINN RYY) PNr 259 - ALL_SNG .2
===dep = ALL_SNG_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

285
281

Number of Observations Read
Number of Observations Used

===dep = ALL_SNG_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.042843 | 0.005810 | 7.37 <.0001
CGP MA|1 0.004375 | 0.002274 | 1.92 0.0553
dep = ALL_SNG_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.046410 | 0.005533 | 8.39 <.0001
dep = ALL_SNG_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> [t|
Intercept | 1 0.045463 | 0.005878 | 7.73 <.0001
C_LR_EURO_Length_max | 1 0.033467 | 0.014191 | 2.36 0.0191
CSS MA |1 0.000598 | 0.000365 | 1.64 0.1025
C GP MA |1 0.007163 | 0.002385 | 3.00 0.0029
C_ LR EURO Le*C_ GP_MA | 1 0.018938 | 0.007027 | 2.70 0.0075
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mamn -ndasy - ALL_SNG_SEV .3

dep = ALL_SNG_SEV_L_V_sq :select=PRESS

The GLMSELECT Procedure

285
281

Number of Observations Read
Number of Observations Used

dep = ALL_SNG_SEV L _V_sq :select=PRESS

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.019829 | 0.003843 | 5.16 <.0001
dep = ALL_SNG_SEV_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.019829 | 0.003843 | 5.16 <.0001
dep = ALL_SNG_SEV_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> [t|
Intercept | 1 0.019526 | 0.003832 | 5.10 <.0001
CSS MA|1 0.000461 | 0.000257 | 1.79 0.0748
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===dep = ALL_ACC_L_V_sq :select=PRESS

The GLMSELECT Procedure

Number of Observations Read

285

Number of Observations Used

281

===dep = ALL_ACC_L_V_sq :select=PRESS

The GLMSELECT Procedure
Selected Model

959 99973 NYNA XYY DIW9) DY MNINN 995 - ALL_ACC 4

Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value | Pr> |t
Intercept | 1 0.135729 | 0.015950 | 8.51 <.0001
FINAL_LR 01 -0.020773 | 0.028450 | -0.73 0.4659
FINAL_LR 11 0.069013 | 0.039523 | 1.75 0.0819
FINAL LR 2|1 0.094254 | 0.039479 | 2.39 0.0176
FINAL LR 3|1 -0.006279 | 0.027714 | -0.23 0.8209
FINAL LR 4|1 0.039642 | 0.024749 | 1.60 0.1104
FINAL_LR 5|0 0 . . .
C_TYP_STT mean | 1 0.044542 | 0.023513 | 1.89 0.0592
dep = ALL_ACC_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error tValue | Pr> [t|
Intercept | 1 0.154210 | 0.009267 | 16.64 | <.0001
dep = ALL_ACC_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.135729 | 0.015950 | 8.51 <.0001
FINAL_LR 0|1 -0.020773 | 0.028450 | -0.73 0.4659
FINAL_LR 11 0.069013 | 0.039523 | 1.75 0.0819
FINAL_LR 2|1 0.094254 | 0.039479 | 2.39 0.0176
FINAL_LR 3|1 -0.006279 | 0.027714 | -0.23 0.8209
FINAL_LR 411 0.039642 | 0.024749 | 1.60 0.1104
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Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> |t
FINAL LR 50 0 . . .
C_TYP_STT mean | 1 0.044542 | 0.023513 | 1.89 0.0592

939 995903 NP XYY DI¥I0) DY (MNYVP+ MYP) MmN - ALL_ACC _SEV .5
===dep = ALL_ACC_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 285
Number of Observations Used | 281

===dep = ALL_ACC_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr > |t
Intercept | 1 0.056348 0.005837 9.65 <.0001
C_TYP_STT mean | 1 0.033844 0.014202 2.38 0.0178
C RVP_MI| 1 0.000009398 | 0.000005547 | 1.69 0.0913

dep = ALL_ACC_SEV_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.054004 | 0.005690 | 9.49 <.0001
C_TYP_STT mean | 1 0.035840 | 0.014201 | 2.52 0.0122

dep = ALL_ACC_SEV_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> [t|
Intercept | 1 0.052763 0.005994 8.80 <.0001
C_TYP_STT mean | 1 0.015545 0.018053 0.86 0.3899
C_RVP_MI | 1 0.000008993 | 0.000005964 | 1.51 0.1327
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Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> |t
C_TYP_STT m*C_RVP_MI |1 0.000028627 | 0.000012754 | 2.24 0.0256
C GP_MA|1 0.005158 0.003065 1.68 0.0935

(MOPYIY NINOIN) PN 259995 -1+2 - ALL_BS .6
===dep =ALL_BS L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 285
Number of Observations Used | 281

===dep = ALL_BS L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr>|t]
Intercept | 1 0.060441 | 0.007964 | 7.59 <.0001

dep = ALL_BS_L_V _sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error tValue | Pr> [f|
Intercept | 1 0.061238 | 0.007866 | 7.79 <.0001
C_LR_EURO _Length_max | 1 0.055967 | 0.019355 | 2.89 0.0041

dep =ALL_BS_L_V_sq:stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> |t
Intercept | 1 0.064430 0.008040 8.01 <.0001
C_LR_EURO_Length_max | 1 0.051586 0.019439 2.65 0.0084
C_ RVP_ Ml |1 0.000013833 | 0.000007804 | 1.77 0.0774
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===dep = P_ACC_SEV :select=PRESS

The GLMSELECT Procedure

Number of Observations Read

285

Number of Observations Used

281

===dep = P_ACC_SEV :select=PRESS

The GLMSELECT Procedure
Selected Model

5/4 =P_ACC_SEV

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.004504 | 0.068127 | 0.07 0.9473
SH TYP LR sum |1 | 0.041176 | 0.018074 | 2.28 0.0235
dep =P_ACC_SEV :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error tValue | Pr> [t|
Intercept | 1 0.155048 | 0.016702 | 9.28 <.0001
dep = P_ACC_SEV :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> [t
Intercept | 1 0.004504 | 0.068127 | 0.07 0.9473
SH TYP_LR sum | 1 0.041176 | 0.018074 | 2.28 0.0235
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$735 259 MNNRD
APy MMVIINN - HGV_BAR .1
===dep = HGV_BAR_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 285
Number of Observations Used | 281

===dep = HGV_BAR_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr>|t]
Intercept | 1 | 0.000663 | 0.000469 | 1.41 0.1588

dep =HGV_BAR_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value | Pr> |t
Intercept | 1 0.001133 0.000491 2.31 0.0218
C RH M| 1 0.000002502 | 0.000000871 | 2.87 0.0044

dep = HGV_BAR_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value | Pr> |t
Intercept | 1 0.001133 0.000491 2.31 0.0218
C RH M| 1 0.000002502 | 0.000000871 | 2.87 0.0044
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(NPyNa MMWNINN ROY) PN 3599 — HGV_SNG .2

===dep = HGV_SNG_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 285
Number of Observations Used | 281

===dep = HGV_SNG_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr>|t]

Intercept | 1 0.003399 | 0.001391 | 2.44 0.0151

dep =HGV_SNG_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> |t

Intercept | 1 0.003399 | 0.001391 | 2.44 0.0151

dep = HGV_SNG_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> [t

Intercept | 1 0.003399 | 0.001391 | 2.44 0.0151
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MN 1’ 259 - HGV_SNG_SEV .3
===dep =HGV_SNG_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

285
281

Number of Observations Read
Number of Observations Used

===dep =HGV_SNG_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 | 0.000618 | 0.000618 | 1.00 0.3182

dep =HGV_SNG_SEV_L_V _sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 | 0.000618 | 0.000618 | 1.00 0.3182

dep = HGV_SNG_SEV_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> [t|
Intercept | 1 -0.001995 | 0.001556 | -1.28 0.2009
Sh Wt LR sum | 1 0.000771 | 0.000421 | 1.83 0.0686
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73 NI NYY DII9Y BY MINN Y93 - HGV_ACC .4

dep =HGV_ACC_L_V_sq :select=PRESS

The GLMSELECT Procedure

285
281

Number of Observations Read
Number of Observations Used

dep =HGV_ACC_L_V_sq :select=PRESS

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.015054 | 0.011252 | 1.34 0.1820
Sh Wt LR sum | 1 0.006615 | 0.003048 | 2.17 0.0308
dep =HGV_ACC _L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.037482 | 0.004480 | 8.37 <.0001
dep = HGV_ACC_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard

Parameter | DF | Estimate | Error t Value | Pr> [t
Intercept | 1 0.015054 | 0.011252 | 1.34 0.1820
Sh Wt LR sum | 1 0.006615 | 0.003048 | 2.17 0.0308
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97112 NP9 NOYY DIV9Y By MmN - HGV_ACC_SEV .5
===dep =HGV_ACC_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 285
Number of Observations Used | 281

===dep =HGV_ACC_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr>|t]
Intercept | 1 0.010561 | 0.002268 | 4.66 <.0001

dep =HGV_ACC_SEV_L_V sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.010561 | 0.002268 | 4.66 <.0001

dep = HGV_ACC_SEV_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> |t
Intercept | 1 -0.005037 0.009317 -0.54 0.5892
SH_TYP_LR sum | 1 0.004543 0.002457 1.85 0.0655
C_RVP Ml |1 0.000004299 | 0.000002227 | 1.93 0.0546
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dep =HGV_BS_L_V_sq :select=PRESS

The GLMSELECT Procedure

Number of Observations Read

285

Number of Observations Used

281

dep =HGV_BS _L_V_sq :select=PRESS

The GLMSELECT Procedure

Selected Model

1+2—-HGV_BS .6

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 | 0.006415 | 0.003270 | 1.96 0.0508

dep =HGV_BS L_V_sq :stop=SBC

The GLMSELECT Procedure

Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.006949 | 0.003148 | 2.21 0.0281
C_LR _EURO Length_ max | 1 0.037550 | 0.007746 | 4.85 <.0001

dep =HGV_BS_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model
Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value | Pr> [t
Intercept | 1 0.027385 | 0.006471 | 4.23 <.0001
FINAL_LR 01 -0.002523 | 0.009563 | -0.26 0.7921
FINAL_LR 111 -0.061318 | 0.016566 | -3.70 0.0003
FINAL_LR 2|1 -0.032707 | 0.014271 | -2.29 0.0227
FINAL_LR 3|1 -0.067167 | 0.016439 | -4.09 <.0001
FINAL_LR 4|1 -0.010844 | 0.008369 | -1.30 0.1962

FINAL_LR 5/0 0 . . .

C_LR_EURO Length_max | 1 0.091750 | 0.014610 | 6.28 <.0001
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5/4 = P HGV_ACC_SEV .7

===dep = P_HGV_ACC_SEV :select=PRESS ========

The GLMSELECT Procedure

285
281

Number of Observations Read
Number of Observations Used

===dep = P_HGV_ACC_SEV :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr>|t|
Intercept | 1 -0.041130 | 0.057051 | -0.72 0.4716
SH TYP LR sum| 1 0.029419 | 0.015135 | 1.94 0.0529
dep =P_HGV_ACC_SEV :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate | Error t Value | Pr> |t
Intercept | 1 0.066429 | 0.013952 | 4.76 <.0001
dep = P_HGV_ACC_SEV :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value | Pr> |t
Intercept | 1 -0.041130 | 0.057051 | -0.72 0.4716
SH TYP_LR sum| 1 0.029419 | 0.015135 | 1.94 0.0529
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TV N-1TN 0972 MNNNY MNMNY 0952019 077 /2 NAD)

MINNN YYs
npyna mVINN - ALL BAR.1
===dep = ALL_BAR_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = ALL_BAR_L_V _sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value Pr>|t|
Intercept | 1 0.019094 | 0.002771 6.89 <.0001

dep = ALL_BAR_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF Estimate Standard Error t Value Pr> |t

Intercept | 1 0.019094 | 0.002771 6.89 <.0001

dep = ALL_BAR_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF | Estimate Standard Error t Value Pr> |t
Intercept | 1 0.019552 0.004137 4.73 <.0001
FINAL C CR CLO| 1 -0.014690 0.008402 -1.75 0.0822
FINAL C CR_ CL1| 1 -0.006882 0.013324 -0.52 0.6062
FINAL C CR_ CL2| 1 0.014299 0.025667 0.56 0.5782
FINAL C CR_CL3| 1 0.015827 0.014158 1.12 0.2652
FINAL C CR_CL4 | 1 0.036107 0.014158 2.55 0.0117
FINAL C CR_CL5| 1 -0.001260 0.006502 -0.19 0.8466

FINAL C CR_ CL7| O 0
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(NpyNa MMWNINN ROY) PN 259 - ALL_SNG .2

dep = ALL_SNG_L_V_sq :select=PRESS

The GLMSELECT Procedure

Number of Observations Read

212

Number of Observations Used

174

dep = ALL_SNG_L_V _sq :select=PRESS

The GLMSELECT Procedure

Selected Model

Parameter Estimates

Standard
Parameter | DF Estimate Error t Value Pr > |t|
Intercept | 1 0.044353 0.005559 7.98 <.0001
C LnSH TYP LR sum| 1 -0.007970 0.003491 -2.28 0.0236
dep = ALL_SNG_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF Estimate Error t Value Pr > |t|
Intercept | 1 0.044353 0.005559 7.98 <.0001
C LnSH TYP LR sum| 1 -0.007970 0.003491 -2.28 0.0236
dep = ALL_SNG_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
D Standard
Parameter | F Estimate Error t Value Pr>|t|
Intercept | 1 0.044353 0.005559 7.98 <.0001
C LnSH TYP LR sum| 1 -0.007970 0.003491 -2.28 0.0236
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mMmn— 1 a59 - ALL_SNG_SEV .3
===dep = ALL_SNG_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = ALL_SNG_SEV_L _V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D Standard
Parameter | F | Estimate Error t Value Pr > |t|
Intercept | 1 | 0.000246 0.003168 0.08 0.9382
C LR EURO Length max | 1| -0.006306 0.003353 -1.88 0.0618
RH Ml | 1| 0.000005676 0.000002652 2.14 0.0337

dep = ALL_SNG_SEV_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D Standard
Parameter | F Estimate Error t Value Pr > |t|
Intercept | 1 0.006026 | 0.001517 3.97 0.0001

dep = ALL_SNG_SEV_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Parameter | DF | Estimate Standard Error | t Value Pr> |t
Intercept | 1 0.000246 0.003168 0.08 0.9382
C_LR_EURO_Length_max | 1 -0.006306 0.003353 -1.88 0.0618
RH MI| 1 0.000005676 0.000002652 2.14 0.0337
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D)9 999703 NYO XYY DY) DY MNNN YYs - ALL_ACC .4
===dep = ALL_ACC_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = ALL_ACC_L_V _sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D Standard

Parameter | F Estimate Error t Value Pr > |t|
Intercept | 1 0.489703 0.085746 5.71 <.0001
FINAL LR 0|1 -0.249018 0.084632 -2.94 0.0037
FINAL LR 1)1 -0.252361 0.084576 -2.98 0.0033
FINAL LR 2|1 -0.206658 0.084487 -2.45 0.0155
FINAL LR 3|1 -0.272817 0.083939 -3.25 0.0014
FINAL LR 4] 1 -0.229051 0.082726 -2.77 0.0063
FINAL_LR 51 -0.228182 0.082560 -2.76 0.0064

FINAL_LR 710 0 . . .
TYP_STT mean | 1 -0.047538 0.022698 -2.09 0.0378
C_LnSH_TYP_LR sum | 1 -0.036762 0.008192 -4.49 <.0001
CSSMA| 1 0.032381 0.009248 3.50 0.0006
C LnSH_TYP L*C SS MA | 1 -0.020075 0.006441 -3.12 0.0022

dep = ALL_ACC_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D Standard
Parameter | F Estimate Error t Value Pr>|t|
Intercept | 1 0.170983 0.009240 | 18.50 <.0001
C_LR_EURO_Length_max | 1 -0.037368 0.014966 | -2.50 0.0135
C_LnSH_TYP_ LR sum | 1 -0.017175 0.005974 | -2.87 0.0046

dep = ALL_ACC_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value Pr > |t|
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Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value Pr>|t|
Intercept | 1 0.155161 0.040821 3.80 0.0002
C_LR_EURO Length max | 1 -0.034075 0.014795 -2.30 0.0225
TYP_STT mean| 1 0.013272 0.035247 0.38 0.7070
C LnSH_TYP LR sum| 1 0.026496 0.021726 1.22 0.2244
TYP_STT m*C_LnSH TYP | 1 -0.036623 0.017957 -2.04 0.0430

939 999903 NYO XYY DY) DY (M2NYVP+ MYP) Mmn - ALL_ACC _SEV .5
===dep = ALL_ACC_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

212
174

Number of Observations Read
Number of Observations Used

===dep = ALL_ACC_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Selected Model

Parameter Estimates
Standard
Parameter | DF Estimate Error t Value Pr > |t|
Intercept | 1 0.288595 0.046314 6.23 <.0001
FINAL_ LR 0] 1 -0.227551 0.041886 -5.43 <.0001
FINAL_ LR 1] 1 -0.229314 0.041533 -5.52 <.0001
FINAL_ LR 2| 1 -0.200173 0.041465 -4.83 <.0001
FINAL_LR 3| 1 -0.210638 0.041262 -5.10 <.0001
FINAL_ LR 4] 1 -0.213884 0.040743 -5.25 <.0001
FINAL_ LR 5] 1 -0.217062 0.040831 -5.32 <.0001
FINAL_ LR 7] O 0 . . .
Tt Ln_mean | 1 -0.012814 0.005157 -2.48 0.0140
C PvWt| 1 0.008764 0.002783 3.15 0.0019
dep = ALL_ACC_SEV_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Parameter | DF Estimate | Standard Error | tValue Pr> |t
Intercept | 1 0.025727 | 0.003328 7.73 <.0001

dep = ALL_ACC_SEV_L_V_sq :stop=AIC

The GLMSELECT Procedure
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Selected Model

Parameter Estimates
D Standard

Parameter | F Estimate Error t Value Pr>|t|
Intercept | 1 0.301226 0.045651 6.60 <.0001
FINALLR 0] 1 -0.215906 0.041397 -5.22 <.0001
FINAL LR 1] 1 -0.226786 0.040637 -5.58 <.0001
FINAL LR 2] 1 -0.200967 0.040592 -4.95 <.0001
FINALLR 3] 1 -0.211748 0.040455 -5.23 <.0001
FINAL LR 4] 1 -0.212708 0.039877 -5.33 <.0001
FINAL LR 5/ 1 -0.213195 0.040034 -5.33 <.0001

FINAL LR 7/ 0 0 . . .
FINAL C CR CLO| 1 -0.023060 0.010186 -2.26 0.0249
FINALC CR CL1| 1 -0.008006 0.014833 -0.54 0.5901
FINALC CR CL2| 1 0.018684 0.028472 0.66 0.5126
FINALC CR CL3| 1 0.014211 0.015994 0.89 0.3756
FINAL C CR CL4| 1 | 0.033578 0.015677 2.14 0.0337
FINAL C CR CL5| 1 -0.009827 0.007419 -1.32 0.1872

FINALC CR CL7| 0 | O . . .
Tt Ln_ mean | 1 -0.015598 0.005246 -2.97 0.0034
C Pv Wt| 1 0.010289 0.002822 3.65 0.0004

PHYas by -1+2-ALL BS.6
===dep = ALL_BS_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep =ALL_BS_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
Parameter | DF Estimate Standard Error | t Value Pr> |t
Intercept | 1 0.200436 0.029892 6.71 <.0001
SH TYP_LR sum | 1 -0.026458 0.006042 -4.38 <.0001
RVP MI | 1 -0.000008620 0.000003978 -2.17 0.0316

dep =ALL_BS L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
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D Standard
Parameter | F Estimate Error t Value Pr> |t
Intercept | 1 0.180146 0.028691 | 6.28 <.0001
SH TYP_LR sum | 1 | -0.025771 0.006098 | -4.23 <.0001

dep =ALL_BS_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D
Parameter | F Estimate Standard Error | t Value Pr > |t|
Intercept | 1 0.200436 0.029892 6.71 <.0001
SH TYP LR sum | 1 -0.026458 0.006042 -4.38 <.0001
RVP MI | 1 -0.000008620 0.000003978 -2.17 0.0316

5/4 =P_ACC_SEV .7
===dep = P_ACC_SEV :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = P_ACC_SEV :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D
Parameter | F Estimate Standard Error | tValue | Pr> ||
Intercept | 1 0.028886 0.025327 1.14 0.2557
INSh_ Wt LR_sum | 1 0.018568 0.007023 2.64 0.0090

dep = P_ACC_SEV :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF | Estimate Standard Error | tValue Pr > |t|

Intercept | 1 0.078881 0.030268 2.61 0.0100

INSh_Wt LR_sum | 1 -0.026470 0.017072 -1.55 0.1229
INSh_. Wt L*InSh Wt LR | 1 0.006770 0.002349 2.88 0.0045

134



dep =P_ACC_SEV :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

D Standard

Parameter | F Estimate Error t Value Pr>|t|
Intercept | 1 0.145366 0.060060 2.42 0.0166
FINAL C CR_CL 0| 1 -0.085897 0.041724 -2.06 0.0411
FINAL C CR _CL 111 -0.076484 0.062741 -1.22 0.2246
FINALC CR CL 2| 1 | 0.012975 0.119672 0.11 0.9138
FINAL C_ CR_CL 3|1 0.069670 0.065620 1.06 0.2899
FINAL C_ CR_CL 4| 1 0.055235 0.067401 0.82 0.4137
FINAL C_ CR_CL 5| 1 -0.066934 0.031681 -2.11 0.0362

FINALCCRCL 7[00 . . .
C Pv Wt 1 0.013780 0.006007 2.29 0.0231
InNSh_ Wt LR sum| 1 | -0.076397 | 0.050470 -1.51 0.1321
INSh_ Wt L*InSh Wt LR | 1 0.021404 0.006881 3.11 0.0022
C LnSH_TYP_LR sum| 1 | 0.090513 0.077542 1.17 0.2448
InNSh_ Wt L*C LnSH TYP | 1 | -0.034440 | 0.014370 -2.40 0.0177
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$735 259 MNNRD
APy MMVIINN - HGV_BAR .1
===dep = HGV_BAR_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = HGV_BAR_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF Estimate Error tValue | Pr> |t
Intercept | 1 0.000390 | 0.000390 1.00 0.3187

dep =HGV_BAR_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D Standard
Parameter | F | Estimate Error t Value Pr> |t
Intercept | 1| 0.000390 0.000390 1.00 0.3187
dep = HGV_BAR_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
D Standard
Parameter | F Estimate Error t Value Pr>|t|
Intercept | 1 1.348194E-20 0.000561 0.00 1.0000
FINAL C CR CLO| 1 -1.65524E-20 0.001140 -0.00 1.0000
FINAL C CR CL1| 1 -1.65524E-20 0.001808 -0.00 1.0000
FINAL C CR CL2| 1 -1.34819E-20 0.003483 -0.00 1.0000
FINAL C CR CL3| 1 -1.34819E-20 0.001921 -0.00 1.0000
FINAL C CR CL4| 1 0.009694 0.001921 5.05 <.0001
FINAL C CR CL5| 1 -4.32485E-20 0.000882 -0.00 1.0000
FINAL C CR CL7| 0O 0
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(MPyNa MMYNINN XYY) 9n% 259 — HGV_SNG .2
===dep =HGV_SNG_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = HGV_SNG_L _V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF Estimate Standard Error | t Value Pr > |t|

Intercept | 1 0.003118 0.001174 2.66 0.0087

dep =HGV_SNG_L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

D Standard
Parameter | F Estimate Error t Value Pr > |t|
Intercept | 1 0.003118 0.001174 2.66 0.0087

dep = HGV_SNG_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF | Estimate Standard Error t Value Pr>|t|

Intercept | 1 0.003118 0.001174 2.66 0.0087
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MN 1’ 259 - HGV_SNG_SEV .3
===dep =HGV_SNG_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep =HGV_SNG_SEV_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF Estimate Error t Value Pr>|t|
Intercept | 1 0.001116 0.000667 1.67 0.0964

dep =HGV_SNG_SEV_L_V _sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates
D Standard
Parameter | F | Estimate Error t Value Pr > |t|
Intercept | 1 | 0.001116 0.000667 1.67 0.0964
dep = HGV_SNG_SEV_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value Pr>|t|
Intercept | 1 0.001116 0.000667 1.67 0.0964
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===dep = HGV_ACC_L_V_sq :select=PRESS

73 NI NYY DII9Y BY MINN Y93 - HGV_ACC .4

The GLMSELECT Procedure

Number of Observations Read

212

Number of Observations Used

174

===dep =HGV_ACC_L_V_sq :select=PRESS

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF Estimate Error tValue | Pr> |t
Intercept | 1 0.036837 0.004226 8.72 <.0001
C LR_EURO Length max | 1 -0.016590 0.009315 -1.78 0.0767
dep =HGV_ACC_L_V_sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF Estimate Error t Value Pr> |t
Intercept | 1 0.036215 0.004238 8.54 <.0001
dep = HGV_ACC_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Parameter | DF Estimate Standard Error | tValue | Pr> |t
Intercept | 1 0.036837 0.004226 8.72 <.0001
C LR _EURO_ Length max | 1 -0.016590 0.009315 -1.78 0.0767
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===dep =HGV_ACC_SEV_L_V_sq :select=PRESS

47932 NP9 RYY BIYI9 By MmN - HGV_ACC_SEV .5

The GLMSELECT Procedure

Number of Observations Read

212

Number of Observations Used

174

===dep = HGV_ACC_SEV_L_V_sq :select=PRESS

The GLMSELECT Procedure
Selected Model

Parameter Estimates

D Standard
Parameter | F Estimate Error t Value Pr > |t|
Intercept | 1 0.016010 0.006220 2.57 0.0109
Tt Ln mean | 1 -0.002269 0.001372 -1.65 0.0999
dep =HGV_ACC_SEV_L_V _sq :stop=SBC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
D
Parameter | F Estimate Standard Error | tValue Pr > |t|
Intercept | 1 0.006050 0.001570 3.85 0.0002
dep = HGV_ACC_SEV_L_V_sq :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF | Estimate Error t Value Pr>|t|
Intercept | 1 0.016010 0.006220 2.57 0.0109
Tt Ln_mean| 1 -0.002269 0.001372 -1.65 0.0999
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1+2-HGV_BS .6
===dep =HGV_BS_L_V_sq :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep =HGV_BS_L_V_sq :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF Estimate Standard Error tValue | Pr> |t

Intercept | 1 0.005245 | 0.001997 2.63 0.0094

dep =HGV_BS L_V_sq :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF | Estimate Standard Error | t Value Pr > |t|

Intercept | 1 0.005245 0.001997 2.63 0.0094

dep =HGV_BS_L_V_sq :stop=AIC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF Estimate Standard Error t Value Pr> |t

Intercept | 1 0.005245 0.001997 2.63 0.0094

5/4 = P_HGV_ACC_SEV .7
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===dep = P_HGV_ACC_SEV :select=PRESS ========

The GLMSELECT Procedure

Number of Observations Read | 212
Number of Observations Used | 174

===dep = P_HGV_ACC_SEV :select=PRESS ========

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Standard
Parameter | DF | Estimate Error t Value Pr > |t|
Intercept | 1 0.059825 0.016625 3.60 0.0004

dep =P_HGV_ACC_SEV :stop=SBC

The GLMSELECT Procedure
Selected Model

Parameter Estimates

Parameter | DF Estimate Standard Error tValue | Pr> |t
Intercept | 1 0.059825 0.016625 3.60 0.0004
dep =P_HGV_ACC_SEV :stop=AIC
The GLMSELECT Procedure
Selected Model
Parameter Estimates
Standard
Parameter | DF Estimate Error t Value Pr>|t|
Intercept | 1 0.059825 0.016625 3.60 0.0004
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Road-
Section
40-50
3-40
40-60
90-10
90-108
2-90
2-80
1-52
42-22
85-20
77-20
4-210
4-220
70-100
90-110
1-60
25-20
79-18
4-274
444-20
4-62
65-78
453-10
531-30
2-70
85-2
553-10
40-102
4-50
40-90
60-50
89-10
3-60
40-100
4-54
4-218
70-80
5-60
44-50
1-62
4-158
4-80
4-170
4-290
4-100
60-12
40-110
1-70

9PNNI1 02991 YV P NNNINNA NITVINN NIIYNNI DININN /) NID)

YWOPA ,DXVTNN MPYNN NININY MTIN, TN 257 DY MNNNT MNNNA NOODINN NIIWN - N

221
14.9
131
11.3
14.9
9.7
14.0
14.7
5.5
13.0
8.6
4.4
8.5
8.9
3.8
4.9
10.1
7.6
6.0
6.6
35
4.9
4.8
4.0
21
7.1
5.7
5.4
6.0
5.2
5.7
4.6
3.3
3.1
2.2
1.6
1.4
3.7
3.9
0.9
1.2
17
0.7
0.5
2.4
0.6
2.6
0.7

255
25.8
35.4
7.0
16.5
33.7
33.6
59.9
19.6
43.2
19.4
33.1
26.9
30.9
16.6
76.2
215
27.9
52.0
17.4
55.5
41.2
24.8
19.4
58.9
41.4
37.3
52.2
47.5
43.2
21.3
23.6
12.4
46.7
60.4
30.8
44.1
35.7
45.4
77.8
80.6
148.5
40.7
48.8
160.0
18.6
46.4
72.4

LENGTH AADT RH_MI

799
1,014
700
1,545
753
1,647
1,797
1,511
647
1,086
1,035
1,534
1,143
802
1,330
769
769
434
2,109
1,745
671
2,432
581
1,313
869
679
416
573
691
779
441
391
325
1,137
866
770
1,449
941
822
582
959
1,045
3,001
1,704
1,063
1,043
636
578

LR EURO
Length max

14.6
13.7
11.5
9.8
9.0
6.7
48
48
46
46
45
4.4
4.0
3.9
3.7
3.1
3.0
3.0
2.9
2.9
2.8
2.6
2.6
2.6
2.6
2.5
2.4
2.4
2.0
2.0
1.9
1.9
1.9
1.8
1.8
1.6
1.4
1.4
1.4
1.3
1.3
1.3
1.3
1.2
1.2
1.2
1.2
1.1

max_L
0.66
0.92
0.88
0.87
0.60
0.69
0.34
0.33
0.84
0.35
0.52
1.00
0.47
0.44
0.97
0.63
0.30
0.39
0.48
0.44
0.80
0.53
0.54
0.65
1.24
0.35
0.42
0.44
0.33
0.38
0.33
0.41
0.58
0.58
0.82
1.00
1.00
0.38
0.36
1.44
1.08
0.76
1.86
2.40
0.50
2.00
0.46
1.57

IPNNA PV DVTNN MPYNN OY NPIYON-IT DT

LREURO C_LREURO
Length

143

Length ACC with  ACC without with/
max_L new barriers new barriers without
0.41 0.003 0.023 0.12
0.67 0.001 0.022 0.06
0.63 0.000 0.016 0.00
0.62 0.002 0.009 0.23
0.35 0.001 0.009 0.14
0.44 0.015 0.041 0.37
0.09 0.046 0.068 0.67
0.07 0.061 0.095 0.64
0.58 0.000 0.003 0.00
0.10 0.019 0.036 0.52
0.27 0.003 0.010 0.33
0.75 0.003 0.016 0.16
0.22 0.007 0.016 0.41
0.19 0.004 0.011 0.32
0.72 0.001 0.006 0.12
0.38 0.002 0.014 0.13
0.05 0.004 0.008 0.49
0.14 0.001 0.004 0.18
0.23 0.036 0.059 0.61
0.19 0.009 0.016 0.58
0.55 0.000 0.006 0.01
0.28 0.031 0.049 0.62
0.29 0.000 0.003 0.11
0.40 0.002 0.007 0.31
0.99 0.000 0.006 0.02
0.10 0.004 0.010 0.37
0.17 0.001 0.004 0.13
0.19 0.001 0.007 0.20
0.08 0.004 0.009 0.40
0.13 0.003 0.009 0.37
0.08 0.001 0.002 0.27
0.16 0.000 0.002 0.13
0.32 0.000 0.001 0.00
0.33 0.003 0.010 0.31
0.57 0.000 0.006 0.06
0.75 0.000 0.002 0.00
0.75 0.001 0.006 0.14
0.13 0.003 0.007 0.45
0.11 0.003 0.007 0.42
1.19 0.001 0.002 0.60
0.83 0.000 0.005 0.00
0.51 0.002 0.015 0.14
1.61 0.002 0.011 0.16
2.15 0.000 0.003 0.10
0.25 0.009 0.024 0.36
1.75 0.000 0.001 0.39
0.21 0.001 0.004 0.22
1.32 0.001 0.001 0.88

%

saving-

reduction estimate

88%
94%
100%
7%
86%
63%
33%
36%
100%
48%
67%
84%
59%
68%
88%
87%
51%
82%
39%
42%
99%
38%
89%
69%
98%
63%
87%
80%
60%
63%
73%
87%
100%
69%
94%
100%
86%
55%
58%
40%
100%
86%
84%
90%
64%
61%
78%
12%

0.020
0.021
0.016
0.007
0.008
0.026
0.022
0.034
0.003
0.017
0.007
0.014
0.009
0.008
0.005
0.013
0.004
0.003
0.023
0.007
0.006
0.019
0.003
0.005
0.006
0.006
0.003
0.006
0.006
0.005
0.002
0.002
0.001
0.007
0.006
0.002
0.005
0.004
0.004
0.001
0.005
0.013
0.009
0.003
0.015
0.000
0.003
0.000



Road- LR EURO

Section LENGTH AADT RH_MI Length max
2-40 1.0 149.2 1,832 1.1
34-10 1.1 205 2,260 1.1
35-20 05 156 863 1.1
70-50 0.6 48.2 1,282 1.0
4-90 1.1 160.0 906 1.0
40-140 23 291 1,660 1.0
41-22 2.6 487 624 1.0
2-50 1.0 108.7 2,352 1.0
4-150 1.0 130.0 462 1.0
444-26 6.0 405 670 0.9
85-10 1.0 414 1,389 0.8
5-10 3.2 200.0 1,192 0.8
443-10 31 207 425 0.8
4-60 6.9 938 1,142 0.8
4-180 50 36.7 428 0.7
4-110 2.2 1200 644 0.7
89-20 05 208 1,951 0.7
40-70 55 451 578 0.7
4-160 74 519 2,506 0.7
4-40 6.2 440 932 0.6
4-138 1.8 120.0 2,517 0.6
2-60 7.7 850 1,372 0.6
444-32 35 364 1,379 0.6
46-10 34 174 1,161 0.6
4-152 16 90.0 979 0.6
25-40 47 256 520 0.5
4-61 7.5 104.8 1,614 0.5
57-30 5.1 4338 1,483 0.5
2-52 72 865 868 0.4
25-50 10.3 193 959 0.4
232-30 8.3 7.9 551 0.4
41-10 31 634 542 0.4
41-20 0.6 555 787 0.4
722-10 52 318 1,316 0.4
77-1 88 220 1,696 0.4
4-30 1.2 377 591 0.4
4-130 1.4 109.0 1,145 0.4
4-280 19 518 589 0.3
40-80 24 440 670 0.3
90-94 58 252 856 0.3
4-20 87 243 888 0.3
57-20 28 545 1,379 0.3
402-10 21 479 1,000 0.3
443-30 39 608 580 0.3
2-62 3.0 589 1,442 0.3
4-140 3.7 120.0 1,138 0.3
65-95 1.3 45.0 322 0.3
60-40 47 398 2,599 0.3
3-50 7.7 235 1,160 0.3
90-60 1.1 6.9 2,323 0.3
40-39 6.8 385 1,214 0.2
77-2 31 214 1,069 0.2
42-30 52 515 609 0.2
44-90 26 60.0 1,497 0.2
443-40 22 471 771 0.2
60-10 1.8 35.0 842 0.2
2-20 2.1 160.0 1,587 0.2
35-30 1.3 240 623 0.2
4-200 1.3 380 613 0.2
25-30 100 223 748 0.2
40-130 16 33.0 292 0.1
75-60 39 731 988 0.1
35-10 56 152 1,133 0.1
4-22 09 398 481 0.1

LREURO C_LREURO

Length
max_L
1.10
1.00
2.20
1.67
0.91
0.43
0.38
1.00
1.00
0.15
0.80
0.25
0.26
0.12
0.14
0.32
1.40
0.13
0.09
0.10
0.33
0.08
0.17
0.18
0.37
0.11
0.07
0.10
0.06
0.04
0.05
0.13
0.67
0.08
0.05
0.33
0.29
0.16
0.13
0.05
0.03
0.11
0.14
0.08
0.10
0.08
0.23
0.06
0.04
0.27
0.03
0.06
0.04
0.08
0.09
0.11
0.10
0.15
0.15
0.02
0.06
0.03
0.02
0.11

ratio
Length ACC with  ACC without with/
max_L new barriers new barriers without
0.85 0.004 0.022 0.19
0.75 0.002 0.005 0.32
1.95 0.000 0.000 1.13
1.42 0.000 0.002 0.02
0.66 0.000 0.009 0.03
0.18 0.005 0.008 0.57
0.13 0.001 0.004 0.30
0.75 0.009 0.025 0.34
0.75 0.000 0.003 0.17
-0.10 0.005 0.008 0.69
0.55 0.001 0.004 0.23
0.00 0.032 0.047 0.67
0.01 0.000 0.001 0.38
-0.14 0.037 0.045 0.83
-0.11 0.002 0.003 0.63
0.07 0.003 0.008 0.40
1.15 0.000 0.002 0.10
-0.12 0.005 0.006 0.71
-0.16 0.092 0.099 0.93
-0.15 0.012 0.014 0.84
0.08 0.042 0.056 0.76
-0.17 0.055 0.061 0.90
-0.08 0.009 0.012 0.79
-0.08 0.003 0.004 0.75
0.12 0.004 0.008 0.46
-0.15 0.002 0.003 0.74
-0.18 0.088 0.095 0.92
-0.15 0.021 0.023 0.88
-0.20 0.026 0.028 0.90
-0.21 0.010 0.011 0.93
-0.20 0.001 0.002 0.88
-0.12 0.003 0.005 0.70
0.42 0.000 0.001 0.11
-0.17 0.013 0.014 0.90
-0.21 0.024 0.025 0.95
0.08 0.000 0.001 0.35
0.03 0.007 0.011 0.61
-0.09 0.002 0.003 0.65
-0.13 0.002 0.003 0.74
-0.20 0.006 0.007 0.90
-0.22 0.009 0.010 0.94
-0.14 0.012 0.014 0.86
-0.11 0.004 0.006 0.77
-0.17 0.005 0.006 0.82
-0.15 0.016 0.018 0.88
-0.17 0.027 0.031 0.88
-0.02 0.000 0.001 0.36
-0.19 0.049 0.051 0.95
-0.21 0.012 0.013 0.94
0.02 0.001 0.002 0.78
-0.22 0.019 0.020 0.96
-0.19 0.004 0.004 0.90
-0.21 0.007 0.007 0.91
-0.17 0.015 0.017 0.91
-0.16 0.003 0.004 0.82
-0.14 0.002 0.003 0.80
-0.16 0.035 0.040 0.89
-0.10 0.001 0.001 0.67
-0.10 0.001 0.001 0.67
-0.23 0.008 0.008 0.96
-0.19 0.001 0.001 0.79
-0.23 0.015 0.016 0.96
-0.23 0.006 0.006 0.97
-0.14 0.001 0.001 0.72
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%
reduction

81%
68%
-13%
98%
97%
43%
70%
66%
83%
31%
7%
33%
62%
17%
37%
60%
90%
29%
7%
16%
24%
10%
21%
25%
54%
26%
8%
12%
10%
7%
12%
30%
89%
10%
5%
65%
39%
35%
26%
10%
6%
14%
23%
18%
12%
12%
64%
5%
6%
22%
4%
10%
9%
9%
18%
20%
11%
33%
33%
4%
21%
4%
3%
28%

ACC

saving-

estimate
0.018
0.003
0.000
0.002
0.008
0.004
0.003
0.016
0.002
0.002
0.003
0.016
0.001
0.008
0.001
0.005
0.002
0.002
0.007
0.002
0.014
0.006
0.003
0.001
0.004
0.001
0.007
0.003
0.003
0.001
0.000
0.001
0.001
0.001
0.001
0.001
0.004
0.001
0.001
0.001
0.001
0.002
0.001
0.001
0.002
0.004
0.000
0.002
0.001
0.000
0.001
0.000
0.001
0.002
0.001
0.001
0.004
0.000
0.000
0.000
0.000
0.001
0.000
0.000
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LENGTH AADT

22.1
14.9
131
11.3
14.9

9.7
14.0
14.7

5.5
13.0

25.5
25.8
35.4
7.0
16.5
33.7
33.6
59.9
19.6
43.2
19.4
26.9
30.9
16.6
76.2
215
27.9
52.0
17.4
55.5
41.2
24.8
19.4
58.9
41.4
37.3
52.2
475
43.2
21.3
23.6
12.4
46.7
60.4
44.1
35.7
45.4
77.8
80.6
148.5
40.7
48.8
160.0
18.6
46.4
72.4
149.2
20.5
15.6
48.2
160.0
29.1
48.7

LR
EURO

14.6
13.7
115

LNSH_TY LnSH_TY C_LnSH_TYP
Length P_Lmean P_Rmean _LR_sum

1.9
19

1.08
1.02
0.92
0.68
1.91
1.28
1.27
3.27
-0.07
1.86
2.86
-0.73
1.24
1.04
3.21
1.64
-0.73
-0.73
1.43
1.45
2.97
0.51
211
1.27
2.06
0.54
1.70
0.86
0.44
1.58
-0.73
-0.73
1.60
1.62
1.27
3.05
0.93
3.27
1.81
1.74
3.27
1.27
2.77
3.07
2.79
0.47
3.16
1.27
3.27
0.47
1.97
0.05
1.67

IPNNA PNV DOWTNN MPYNN DY NPDON-1T

C_LR EURO
Length
max_L

0.41
0.67
0.63
0.62
0.35
0.44
0.09
0.07
0.58
0.10
0.27
0.22
0.19
0.72
0.38
0.05
0.14
0.23
0.19
0.55
0.28
0.29
0.40
0.99
0.10
0.17
0.19
0.08
0.13
0.08
0.16
0.32
0.33
0.57
0.75
0.13
0.11
1.19
0.83
0.51
1.61
2.15
0.25
1.75
0.21
1.32
0.85
0.75
1.95
1.42
0.66
0.18
0.13
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ratio
ACC with ACC without with/
new barriers new barriers without
10.6 14.8 0.72
6.3 10.2 0.62
8.1 12.6 0.64
1.5 2.3 0.65
3.8 5.4 0.72
5.7 8.2 0.70
10.0 11.8 0.84
111 13.6 0.81
2.4 3.6 0.69
10.3 12.4 0.83
21 2.9 0.72
7.0 8.5 0.83
5.6 7.0 0.80
1.0 1.7 0.60
3.9 5.9 0.66
4.3 5.0 0.86
6.7 7.9 0.85
9.5 11.6 0.82
2.2 2.8 0.80
31 4.7 0.65
24 34 0.72
2.7 35 0.78
1.1 1.6 0.69
1.6 3.1 0.50
5.1 6.2 0.83
5.1 6.2 0.82
51 6.4 0.79
6.7 7.8 0.86
5.6 6.7 0.84
24 2.9 0.84
34 4.0 0.85
1.2 1.5 0.79
25 34 0.74
2.0 3.1 0.64
0.9 1.6 0.58
1.7 2.2 0.79
4.0 4.8 0.84
0.3 1.1 0.32
1.1 2.2 0.53
3.8 5.7 0.66
0.1 0.4 0.19
0.1 0.6 0.19
5.0 6.8 0.74
0.0 0.2 0.17
1.6 21 0.76
0.7 15 0.43
1.1 24 0.45
0.3 0.6 0.58
0.0 0.1 0.11
0.4 0.9 0.41
2.2 3.8 0.59
1.8 2.2 0.83
2.4 2.9 0.82

%
reduction
28%
38%
36%
35%
28%
30%
16%
19%
31%
17%
28%
17%
20%
40%
34%
14%
15%
18%
20%
35%
28%
22%
31%
50%
17%
18%
21%
14%
16%
16%
15%
21%
26%
36%
42%
21%
16%
68%
47%
34%
81%
81%
26%
83%
24%
57%
55%
42%
89%
59%
41%
17%
18%

ACC
saving-
estimate



ID
2-50
4-150
444-26
85-10
5-10
443-10
4-60
4-180
4-110
89-20
40-70
4-160
4-40
4-138
2-60
444-32
46-10
4-152
25-40
4-61
57-30
2-52
25-50
232-30
41-10
41-20
722-10
77-1
4-30
4-130
4-280
40-80
90-94
4-20
57-20
402-10
443-30
2-62
4-140
65-95
60-40
3-50
90-60
40-39
77-2
42-30
44-90
443-40
60-10
2-20
35-30
4-200
25-30
40-130
75-60
35-10
4-22

LENGTH AADT

1.0
1.0
6.0

108.7
130.0
40.5
41.4
200.0
20.7
93.8
36.7
120.0
20.8
45.1
51.9
44.0
120.0
85.0
36.4
17.4
90.0
25.6
104.8
43.8
86.5
19.3
7.9
63.4
55.5
31.8
22.0
37.7
109.0
51.8
44.0
25.2
24.3
54.5
47.9
60.8
58.9
120.0
45.0
39.8
23.5
6.9
38.5
21.4
51.5
60.0
47.1
35.0
160.0
24.0
38.0
22.3
33.0
73.1
15.2
39.8

LR
EURO

LnSH_TY LnSH_TY C_LnSH_TYP
Length P_Lmean P_Rmean _LR_sum

1.71
3.27
-0.07
-0.73
0.14
0.84
1.62
-0.01
2.08
1.27
0.68
1.28
0.88
1.99
1.54
2.15
0.74
241
1.29
1.34
-0.05
0.89
1.24
-0.73
0.92
2.93
1.72
-0.73
0.27
0.96
1.93
0.49
2.58
1.52
0.49
-0.28
0.74
1.20
141
-0.28
2.04
1.79
-0.73
117
1.97
1.34
0.48
0.51
1.33
-0.73
2.04
0.45
1.69
0.80
2.22
2.72
1.27

C_LR EURO
Length
max_L
0.75
0.75
-0.10
0.55
0.00
0.01
-0.14
-0.11
0.07
1.15
-0.12
-0.16
-0.15
0.08
-0.17
-0.08
-0.08
0.12
-0.15
-0.18
-0.15
-0.20
-0.21
-0.20
-0.12
0.42
-0.17
-0.21
0.08
0.03
-0.09
-0.13
-0.20
-0.22
-0.14
-0.11
-0.17
-0.15
-0.17
-0.02
-0.19
-0.21
0.02
-0.22
-0.19
-0.21
-0.17
-0.16
-0.14
-0.16
-0.10
-0.10
-0.23
-0.19
-0.23
-0.23
-0.14
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ratio

ACC with ACC without with/
new barriers new barriers without
1.4 25 0.57
1.0 2.0 0.49
7.5 8.0 0.94
1.1 15 0.71
18.2 20.3 0.90
1.6 1.8 0.89
14.2 15.1 0.94
5.6 6.0 0.94
4.7 55 0.84
0.1 0.3 0.45
6.7 7.1 0.94
9.2 9.6 0.96
7.1 7.5 0.96
3.9 4.6 0.84
149 155 0.96
24 2.6 0.91
15 1.7 0.92
2.2 2.8 0.81
2.9 3.0 0.95
18.9 19.5 0.97
7.0 7.3 0.96
16.6 17.0 0.98
4.9 5.0 0.98
2.4 2.4 0.98
5.0 83 0.94
0.4 0.6 0.65
3.6 3.8 0.96
7.1 7.2 0.98
1.2 1.4 0.86
3.6 4.1 0.87
2.0 21 0.92
3.0 3.1 0.95
2.6 2.7 0.97
4.9 5.0 0.98
4.3 45 0.95
3.3 815} 0.94
6.4 6.7 0.97
4.3 45 0.95
10.4 10.8 0.96
1.8 2.0 0.91
3.8 3.9 0.97
4.0 4.1 0.98
0.3 0.3 0.90
6.6 6.7 0.99
1.4 1.4 0.97
6.5 6.6 0.98
4.5 4.6 0.97
2.9 3.1 0.96
1.5 1.6 0.95
12.1 125 0.96
0.6 0.7 0.92
1.4 1.5 0.93
5.1 5.1 0.99
1.4 15 0.97
5.7 5.8 0.99
15 1.5 0.99
0.9 0.9 0.95

%
reduction
43%
51%
6%
29%
10%
11%
6%
6%
16%
55%
6%
4%
4%
16%
4%
9%
8%
19%
5%
3%
4%
2%
2%
2%
6%
35%
4%
2%
14%
13%
8%
5%
3%
2%
5%
6%
3%
5%
4%
9%
3%
2%
10%
1%
3%
2%
3%
4%
5%
4%
8%
7%
1%
3%
1%
1%
5%

ACC
saving-
estimate



ID
781-20
40-10
4314-10
73-20
310-10
73-10
60-20
65-100
98-730
3-10
899-10
90-62
71-20
222-10
225-10
2499-10
4613-10
554-12
12-10
424-2
4311-5
90-44
70-110
85-28
65-110
4-302
35-40
65-98
5720-10
781-10
44-10
70-120
411-18
38-10
780-10
38-28

MPYNRN MNDN DY ,1-3 MNIAPN DYOLPI ,TID 259 DY TN 257 NMIXRNA PNIDNN NIIYN - )

DINMN DDA PNV NPIDON-TN D¥D7T OYVPI ,DOWTNN MPYNN RID A8NN NN DOWTNN
IPNNN HY

LENGTH AADT

3.3
11.9
1.9
5.3
11.0
6.3
5.4
9.9
15.9
4.1
3.3
3.2
8.6
33.9
14.8
8.0
25
4.5
115
5.2
15
13.7
2.8
10.4
6.9
4.0
14.0
11.1
3.1
4.0
10.3
12.5
10.5
10.0
5.2
4.6

24.2
0.8
3.1

19.7
2.3

15.5

11.0

17.2
14

12.9
8.2
4.3

11.6
3.0
2.0
1.0

15.0

18.5
15
4.0

12.0
4.0

36.6

314

24.7
9.7
8.0

26.5

11.2

30.4
8.0

28.2

15.0
8.7

17.6

13.9

NNNNMNNNMNNNNNNNMNNMNNMNMNMNMNNMNNNNMNMNNNRPRPRPRPRPRPRPPRPRPRPRPREPRPREPERRE

LR EURO

LR EURO
3.2 0.97
11.3 0.95
1.8 0.95
4.9 0.92
9.5 0.86
4.8 0.76
3.8 0.70
6.9 0.70
9.9 0.62
25 0.61
2.0 0.61
1.9 0.59
4.6 0.53
18.0 0.53
7.6 0.51
4.1 0.51
1.2 0.48
2.1 0.47
4.7 0.41
21 0.40
0.6 0.40
5.4 0.39
11 0.39
4.0 0.38
2.6 0.38
15 0.38
5.2 0.37
4.0 0.36
11 0.35
14 0.35
3.6 0.35
4.3 0.34
3.6 0.34
3.4 0.34
17 0.33
185 0.33

ratio

C_LREURO ACCwithnew ACC without with/
new barriers without
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Length max Length max_L Length max_L

0.72
0.70
0.70
0.67
0.61
0.51
0.45
0.45
0.37
0.36
0.35
0.34
0.28
0.28
0.26
0.26
0.23
0.22
0.16
0.15
0.15
0.14
0.14
0.13
0.13
0.12
0.12
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.08
0.07

barriers
0.0816
0.0086
0.0053
0.0808
0.0125
0.0162
0.0034
0.0082
0.0000
0.0001
0.0001
0.0001
0.0063
0.0070
0.0029
0.0008
0.0063
0.0168
0.0014
0.0016
0.0012
0.0033
0.0060
0.0155
0.0065
0.0014
0.0036
0.0064
0.0006
0.0017
0.0011
0.0035
0.0015
0.0007
0.0002
0.0001

0.0015
0.0002
0.0001
0.0019
0.0005
0.0018
0.0011
0.0032
0.0004
0.0010
0.0005
0.0003
0.0018
0.0019
0.0005
0.0001
0.0007
0.0015
0.0003
0.0004
0.0003
0.0010
0.0019
0.0061
0.0032
0.0007
0.0021
0.0054
0.0006
0.0023
0.0015
0.0065
0.0029
0.0016
0.0017
0.0012

55.12
48.94
48.28
41.75
26.66
8.97
3.08
2.59
0.00
0.06
0.11
0.35
3.40
3.72
5.29
5.39
9.09
10.88
4.46
4.04
3.72
3.25
3.15
2.56
2.05
1.95
1.74
1.17
0.93
0.74
0.73
0.54
0.50
0.42
0.14
0.12



ID
258-10
358-10
25-60
40-11
42-20
70-130
75-38
75-40
75-50
79-10
85-40
90-66
90-90
92-10
232-50
325-10
781-40
784-2
806-20
977-10
3412-10
4311-10
7276-10
9088-720
232-10
375-12
241-10
90-64
866-10
675-10
232-20
89-30
767-2
410-10
383-10
804-10
79-20
805-10
31-20
768-10
211-10
12-20
90-20
807-10
3-14
264-10

12
3.6
0.5
14
11
0.6
0.9
1.0
1.2
1.0
1.2
1.9
1.7
0.6
1.8
1.3
0.7
2.1
1.0
11
0.8
1.4
12
1.8
1.2
3.2
2.4
1.9
18
3.7
1.9
35
2.8
2.7
2.8
2.7
5.4
13.7
9.1
6.4
24.7
9.0
73.7
7.1
10.5
14.3

LENGTH AADT

4.4
1.8
3.5
1.3
22.1
8.3
24.6
32.8
22.2
22.4
19.2
13.7
9.6
6.4
6.6
3.5
14.2
12.7
7.0
5.0
4.3
10.9
4.0
4.5
8.3
5.8
8.6
9.1
7.2
15.9
6.6
6.6
8.1
21.0
7.9
6.3
23.1
8.0
14.8
15.7
3.5
0.8
6.3
10.0
17.5
8.9

WWWWWwWWwwWWwwWwwwwwowowowowowowwowowowwowowaowowwowowowowwowwwowwowwowowwow

LR EURO

LR EURO
1.2 1.00
3.6 1.00
0.5 1.00
14 1.00
11 1.00
0.6 1.00
0.9 1.00
1.0 1.00
1.2 1.00
1.0 1.00
1.2 1.00
1.9 1.00
1.7 1.00
0.6 1.00
1.8 1.00
13 1.00
0.7 1.00
2.1 1.00
1.0 1.00
11 1.00
0.8 1.00
14 1.00
1.2 1.00
18 1.00
1.2 1.00
3.1 0.97
2.3 0.96
1.8 0.95
1.7 0.94
3.2 0.86
15 0.79
2.4 0.69
1.9 0.68
1.6 0.59
15 0.54
13 0.48
2.5 0.46
6.2 0.45
3.2 0.35
2.2 0.34
7.8 0.32
1.7 0.19
8.2 0.11
1.2 0.17
13 0.12
15 0.10

ratio

C_LREURO ACC with new ACC without with/
new barriers without
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Length max Length max_L Length max_L

0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.72
0.71
0.70
0.69
0.61
0.54
0.43
0.43
0.34
0.28
0.23
0.21
0.20
0.10
0.09
0.06
-0.06
-0.14
-0.08
-0.13
-0.15

barriers
0.0044
0.0054
0.0015
0.0015
0.0203
0.0042
0.0185
0.0274
0.0222
0.0187
0.0192
0.0217
0.0136
0.0032
0.0099
0.0038
0.0083
0.0223
0.0058
0.0046
0.0029
0.0127
0.0040
0.0068
0.0083
0.0126
0.0130
0.0100
0.0073
0.0160
0.0011
0.0000
0.0000
0.0041
0.0042
0.0059
0.0518
0.0499
0.1261
0.0986
0.0993
0.0149
1.2873
0.1592
0.4874
0.3607

0.0001
0.0001
0.0000
0.0000
0.0005
0.0001
0.0004
0.0006
0.0005
0.0004
0.0004
0.0005
0.0003
0.0001
0.0002
0.0001
0.0002
0.0005
0.0001
0.0001
0.0001
0.0003
0.0001
0.0002
0.0002
0.0003
0.0004
0.0003
0.0002
0.0011
0.0002
0.0004
0.0004
0.0011
0.0004
0.0003
0.0023
0.0020
0.0025
0.0019
0.0016
0.0001
0.0086
0.0013
0.0034
0.0024

45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
45.04
36.54
33.91
31.24
30.55
14.67
4.94
0.00
0.02
3.89
10.15
18.85
22.43
24.58
50.54
52.96
61.99
111.90
149.65
121.05
143.18
152.99



LENGTH AADT

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

10.0
10.0
10.0
10.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

PPN HANNY MINNA PITVIND MY NN DINYNNM 74 NOD)

D977 %0PA ,DVTNN MPYNN MNINY MTIN TN 257 BY MNNNN NMINNA NIDN - X

DXVUTNN MPYNN TN PPN DPTI,NYNNN N ,YOPN TN MYNA ,NPNDON-IT

RH_MI
25.0 1,000
25.0 1,000
25.0 1,000
25.0 1,000
25.0 500
25.0 500
25.0 500
25.0 500
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 5,000
25.0 5,000
25.0 5,000
25.0 5,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
25.0 2,000
40.0 2,000
40.0 2,000
40.0 2,000
40.0 2,000

LENGTH AADT

10.0
10.0
10.0

10.0
10.0
10.0

10.0
10.0
10.0

25.0
25.0
25.0

25.0
25.0
25.0

20.0
30.0
40.0

LR EURO
Length max

LR EURO ACC with new
Length max_L barriers
0.20 0.010
0.50 0.005
0.70 0.002
1.00 0.000
0.20 0.003
0.50 0.001
0.70 0.000
1.00 0.001
0.20 0.036
0.50 0.025
0.70 0.019
1.00 0.012
0.20 0.210
0.50 0.183
0.70 0.166
1.00 0.143
0.20 0.036
0.50 0.025
0.70 0.019
1.00 0.012
0.10 0.079
0.25 0.067
0.35 0.060
0.50 0.050
0.20 0.071
0.50 0.050
0.70 0.038
1.00 0.024
0.20 0.036
0.50 0.025
0.70 0.019
1.00 0.012
0.20 0.057
0.50 0.040
0.70 0.031
1.00 0.019

ACC without

new barriers
0.014
0.014
0.014
0.014
0.005
0.005
0.005
0.005
0.043
0.043
0.043
0.043
0.228
0.228
0.228
0.228

0.043
0.043
0.043
0.043
0.087
0.087
0.087
0.087
0.087
0.087
0.087
0.087

0.043
0.043
0.043
0.043
0.070
0.070
0.070
0.070

ratio with/

without
0.69
0.34
0.17
0.03
0.53
0.11
0.00
0.12
0.82
0.58
0.44
0.27
0.92
0.80
0.73
0.63

0.82
0.58
0.44
0.27
0.91
0.78
0.69
0.58
0.82
0.58
0.44
0.27

0.82
0.58
0.44
0.27
0.82
0.58
0.44
0.27

% reduction

31%
66%
83%
97%
47%
89%
100%
88%
18%
42%
56%
73%
8%
20%
27%
37%

18%
42%
56%
73%

9%
22%
31%
42%
18%
42%
56%
73%

18%
42%
56%
73%
18%
42%
56%
73%

ACC saving-
estimate

0.004
0.009
0.012
0.014
0.003
0.005
0.005
0.005
0.008
0.018
0.024
0.032
0.019
0.045
0.062
0.085

0.008
0.018
0.024
0.032
0.008
0.020
0.027
0.037
0.016
0.037
0.048
0.063

0.008
0.018
0.024
0.032
0.013
0.029
0.039
0.051

-YT Y097 Y0P ,0OWTNN MPYHNN NMINOND MTIN , DP9 DY MNXNN D52 NOOIN - 2

DOWTNN MPYNN TN D9 DWW N0 ,AYINN NI MYNA ,NPIHON

LREURO LnSH TYP_L LnSH_TYP_R LnSH_TYP LR

Length max mean

2.0
2.0
2.0

2.0
5.0
8.0

2.0
2.0
2.0

1.0
20
3.0

2.0
2.0
2.0

2.0
2.0
2.0

mean
1.0
2.0
3.0

2.0
2.0
2.0

2.0
2.0
2.0

sum
2.00
4.00
6.00

4.00
4.00
4.00

4.00

4.00
4.00
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ratio
ACC with  ACC without with/
new barriers new barriers without
8.6 9.3 0.92
5.7 6.3 0.91
3.4 3.9 0.88
5.7 6.3 0.91
4.9 6.3 0.78
4.1 6.3 0.66
4.6 5.0 0.91
6.9 7.5 0.91
9.1 10.1 0.91

%

ACC
saving-

reduction estimate

8%
9%
12%

9%
22%
34%

9%
9%
9%

0.7
0.6
0.5

0.6
1.4
2.1

0.5
0.7
0.9



English summary

1. General

Over the last decade, the Minister of Transport's policy was to promote the use of new
generation/conforming-to-standard safety barriers on all Israeli roads, in new
construction projects. In addition, in upgrading and maintenance projects of rural roads
lead by the National Roads Company, new safety barriers gradually replace the old
ones. The policy of transition to the new barriers has substantial financial implications,
however, it was chosen for implementation, based on the expectation that it would
contribute to increasing road safety level in Israel.

The purpose of this study was to collect detailed information on the new barriers'
installations and examine the safety and economic benefits stemming from their use, on

rural roads in Israel.
The study included the following components:

a. A literature review that focused on evaluation studies of safety barriers and guiding

documents on their use that were published over the last years, in advanced countries.

b. Preparation of the study database that included the collection of and arranging the
information regarding the inventory of the new barriers on Israeli rural road network,
and, further, a completion of the information on geometric characteristics of the study's

sections, their traffic volumes, lengths and road types.

c. A multivariate analysis of the study data was carried out, where explanatory models
were fitted to different accident types. The analyses aimed to examine the question: is
there a difference between the accident frequencies on road sections with the new

barriers installed compared to similar accident types on other road sections?

In the models' development, the examination of effects of the new safety barrier
variables on section safety levels was conducted having neutralized the effects of traffic
volumes and section lengths and accounting for possible effects of section geometric

characteristics.

d. An economic evaluation was conducted, where the new barriers' safety benefits
related to the old ones were estimated, while those were compared with the additions of
installation and maintenance costs of the new safety barriers as opposed to the old ones,

over the device's life. For the economic evaluation, three of the explanatory models



developed by the study were applied, that showed a negative relationship between the

new barriers' presence and road accident occurrences.
2. Main findings of the study

A. Professional literature findings

- It was found from the literature analysis that studies providing quantitative evidences
as to economic feasibility of the transition to the new barriers are lacking. Furthermore,
in the European Union this inquiry appears to be irrelevant because most countries
updated their standards and guidelines on safety barriers' use, in order to adjust them to
the new European Norm EN-1317 requirements, without dealing with the question on
economic feasibility of this action.

- In all the updated guidelines on safety barriers' use, the requirements are defined in
terms of performance levels according to the new norms, where a barrier installation
should be conducted providing the barrier's working width. This implies that the
countries raised their requirements regarding the standard of the devices installed and
the free distances required on the roadsides, in order to provide the barrier's working
width, without a preliminary discussion concerning a justification of higher costs of

those arrangements, as opposed to the old ones.

- Due to a relatively short period of the use of new barriers in the world, the literature
has not yet accumulated evaluation studies with findings that would allow clear
conclusions as to the safety impact of the new barriers, especially compared with the old
ones. However, most findings, both in Europe and in the U.S., indicate that safety
barriers' installation in general has an important and significant contribution to a

reduction of road accidents and their severity.

- The economic feasibility evaluation to justify a barrier installation is common in a
number of countries (e.g. USA, UK). However, such an evaluation relates to the
installation of safety barrier in general, compared to an alternative of not installing a
barrier or arranging a clear zone instead, where the calculations themselves include
many assumptions about accident probability and its consequences, in typical road

conditions.

- In a number of studies, economic evaluation models were developed in order to
examine the feasibility of installation of safety barriers with higher performance levels,

in different road and traffic conditions. According to economic evaluations conducted in



the US, the use of safety barriers with higher performance levels - TL4, TL5 - is
justified on motorways only, mostly on carriageways with a high prevalence of steep
slope conditions and high embankments on the roadsides. An economic evaluation
study carried out in Finland, also found out that an all-embracing use of the H1/H2
barriers on roadsides of rural roads is not profitable. However, a replacement of the N2
barriers with H1/H2 ones was found to be beneficial in certain conditions, such as: in
front of weak bridge piers; in front of bridge piers with insufficient space for working

widths of flexible barriers; on sections approaching bridges that cross other main roads.

- A similar economic analysis that examined a feasibility of replacing the old barriers
with the new ones was conducted in a previous Israeli study (Gitelman et al, 2007). The
analysis was carried out using the American RSAP software, while entering the barrier
costs' data and typical cross-sections of barriers installations in Israel. It was found that
barriers' replacement is profitable on dual-carriageway roads with more than 25,000
vehicles a day and vehicle speeds of 100 km/h and above (while comparing the old W-
type steel barrier, having TL2 performance level, with a new H1-level barrier). Besides,
on dual-carriageway roads with less than 25,000 vehicles a day the barriers' replacement

was found profitable where the percentage of heavy vehicles is higher than 10%.

However, in the same Israeli study, for single-carriageway roads, the economic
feasibility of the replacement of old barriers with the new ones was not confirmed, even
under high traffic volumes, of over 20,000 vehicles a day (where the analysis

considered a transition from TL2 to TL3 barriers).

- In several countries (Germany, UK) a comprehensive economic evaluation over the
barrier's life, was conducted, on the use of slip-formed concrete barriers as opposed to
steel ones, on medians of heavily-trafficked roads. These evaluations included costs of
installation, maintenance and repair of the barriers; road-user costs associated with
accident occurrences, time losses due to traffic jams following those accidents and
maintenance works on roads (to repair barriers after accidents). It was found that slip-
formed concrete barriers have functional benefits under certain road and traffic
conditions, such as: narrow medians of straight road sections carrying out large traffic

volumes, e.g. over 25,000 vehicles a day.

- According to the findings of a preliminary study that examined the safety benefits

derived from the use of new barriers, during the early years of their installation in Israel



(2004-2005), a decrease in collisions with safety barriers on rural roads, compared to
previous years, was not found. However, in those years, a reduction in the severity of
such accidents was observed that was estimated as a saving of about 51 million NIS, a

year.

In addition, there was a decrease in the frequency of single-vehicle accidents involving
trucks or buses that was estimated to save 6-7 million NIS, a year. This means that new
barriers' installation in Israel was associated with a reduction in accident severity and in

the number of heavy-vehicle collisions with safety barriers.

- The examination of the updated guidelines that were published in Europe and the
USA, indicated that a basic requirement for the performance level of safety barriers on
rural roads is N2 according to the European Norms or TL3 according to the US ones,
where on a significant share of motorways and dual-carriageway roads, the

requirements are higher - for a basic performance level of H1 or H2.

Furthermore, in some countries (Germany, the Netherlands, UK) special requirements
were defined regarding the performance level of safety barriers on the medians - the H2
level. In addition, in most countries higher requirements were determined for barriers
installed in locations with high risk for a third party, sharp curves, steep slopes, etc. -
the performance levels of H2, H4. A similar approach was adopted by the Israeli
guidelines (2005).

B. The study's database

After mapping and analysis of data from the 2010 road survey, four groups of road
sections, with different presence levels of the new barriers (EURO barriers) were
recognized on Israeli rural road network. They are: 1 - road sections with high
percentage and high length of the EURO barriers, on roadsides or on medians; 2 - road
sections with moderate percentage and high length of the EURO barriers, on roadsides
or on medians; 3 - road sections with low percentage but relatively high length of the

EURO barriers, on roadsides or on medians; 4 - other road sections.

Road sections of groups 1-3 were defined as "treatment sections"”, where other road
sections on the network were defined as "control sections”. The total length of the
treatment sections was about 841 km, while on these sections about 429 km of new

barriers were found on roadsides and about 87 km - on medians.



In total, for the multivariate analyses, a database of 497 road sections was prepared,
including 148 treatment sections and 349 control ones. The data structure for the
analysis comprised 42 fields, including 10 fields with accident numbers, in the year
2010. Accident types for the analysis included single-vehicle accidents and total
accidents, accidents with various severity levels and accidents with involvement of

different vehicle types.

C. Findings from the models' development

The explanatory models were fitted to 14 accident types, on two road categories: single-
and dual-carriageway ones, i.e. 28 models, in total.

Based on the explanatory models fitted to the data, in was found that:

- On single-carriageway roads, from the analysis of accidents with all vehicle types, it
was found that higher presence of new barriers on the roadsides did not contribute to
accident reduction. In most models, in which new barriers' length remained one of the
explanatory characteristics, a positive relationship was found between this characteristic
and the number of accidents. The only model that indicated a negative correlation was
the model for single-vehicle accidents with heavy vehicles (trucks over 4 ton, buses,
vans, or tractors). In this model, among explanatory variables were the groups of
sections according to the barriers' presence, where for section groups 1-3 (treatment
sections) negative coefficients were received indicating an expectation for fewer

accidents than for control-group sections.

- On dual-carriageway roads, from the total accidents' analysis, it was found that the
new barriers' variables were among the explanatory variables in a substantial part of the
models. However, the influence of the barriers' variables on single-vehicle accidents
was inconsistent. A significant (or close to significant) negative relation between the
new barriers' length on the roadsides and accidents, was found for severe single-vehicle
accidents and for total injury accidents, on road sections. However, among the heavy
vehicle accidents’ models, the new barriers' variables were among the explanatory

variables in one model only - for total injury accidents.

D. Findings from the economic evaluation

The economic evaluation of safety benefits from using the new barriers, compared to
the old ones, was conducted on the basis of explanatory models that demonstrated a

significant negative relationship between the new barriers' length or their presence, and



accident occurrences. Those models are: (1) on dual-carriageway roads, the model for
severe single-vehicle accidents; (2) on dual-carriageway roads, the model for total
injury accidents; (3) on single-carriageway roads, the model for single-vehicle accidents

with heavy vehicles. In the economic evaluation it was found that:

- On dual-carriageway roads, a reduction in severe single-vehicle accidents associated
with the installation of the new barriers was not high. Thus, the economic benefits of
this saving were not sufficient to ascertain economic feasibility of the new barriers. The
number of accidents saved rises with higher traffic volumes, longer road sections, or
larger length of the new barriers. However, in all the conditions examined, the annual

accident reduction per section was low, in the range of 0.008 - 0.063.

In the evaluation of benefit-cost ratios for the new barriers' installation, in typical

calculation conditions, the ratio values were low, in the range of 0.17 - 0.34.

- On dual-carriageway roads, the reduction in total injury accidents associated with
the new barriers' installation was high. The economic benefits of this reduction
demonstrated the economic feasibility of new barriers' installation on dual-carriageway
roads. For example, the amount of the expected accidents in a year on the treatment
sections was 552 without the new barriers and 470 with the new barriers, producing a

total reduction of 82 accidents, a year, or a 15% decrease.

In the evaluation of the benefit-cost ratios from the new barriers' installation, for typical
calculating conditions, the ratio values were high, in the range of 1.11- 2.51. In addition,
starting from a specific length of the new barriers (above 2 km), the benefits from the
new barriers' installation rose together with the amount of the investment required,
where both values (of benefits and costs) were proportional to the length of the barriers'

installation.

- On single-carriageway roads, for a significant share of sections, the expected number
of accidents (single-vehicle accidents with heavy vehicles) in the case of presence of the
new barriers was higher than without them, making it impossible to demonstrate safety

benefits from the new barriers' installation on single-carriageway roads.
3. Study conclusions

1. The approach undertaken until now by the Israeli guidelines for defining performance

levels of safety barriers on rural roads, matches the international experience.
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2. The economic feasibility of the transition to a new generation of barriers was not

examined in other countries.

3. The economic justification of the use of safety barriers with higher performance
levels (H1 or more) was examined by a number of studies in the world. The results of
those studies, mostly supported the use of barriers with higher performance levels on
higher road categories, with high traffic volumes and, sometimes, under the presence of
more severe road and traffic conditions, e.g. steep slopes on the roadsides; a significant

percentage of trucks in traffic, etc.

4. Similarly, in the previous Israeli study, an economic justification was obtained to the
use of safety barriers of a higher performance level on dual-carriageway roads with high
traffic volumes (above 25,000 vehicles per day) and high travel speeds (100 km/h and
more) or on dual-carriageway roads with lower traffic volumes but with a high

percentage of heavy vehicle traffic (above 10%).

5. Also, in the current study, a clear safety benefit from the new barriers' installation on
dual-carriageway roads was found indicating, for example, a 15% decrease in injury
accidents on sections with the new barriers compared to other ones. The examination of
present economic value of accidents saved in relation to the additional costs of the new
barriers' installation and maintenance consistently indicated a benefit-cost ratio over 1.
This implies that safety and economic benefits found by the study support the transition

to the new generation of safety barriers, on dual-carriageway roads in Israel.

6. However, for single-carriageway roads, economic and safety benefits from the
installation of new barriers were not found in the current study. This, similarly to the
previous study performed in Israel that conducted evaluations using the American
RSAP software. Furthermore, the studies abroad that examined the economic feasibility
of the transition to higher performance levels' barriers, did not find indications on

economic feasibility of using the new barriers on single-carriageway roads.

7. Although there were no positive results about the efficiency of replacing the barriers
on single-carriageway roads, there is a place for further examinations of this issue. This
is due to various limitations of the evaluations conducted in the past and in the current
study and, also, accounting for the fact that despite the lack of evidences on economic
feasibility of a transition to the new barriers on these roads, it is common for most

countries to define the single-carriageway road barriers' performance as N2 or higher.
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8. Both studies conducted in Israel indicated that the new barriers' installation on rural
roads was associated with a reduction in single-vehicle accidents involving heavy
vehicles. In addition, in both studies new barriers' installations were associated with

severe accidents' reduction.

9. Moreover, the current study indicated a reduction in total injury accidents on road
sections with the new barriers compared to other ones, on dual-carriageway roads. It
should be noted here that the total accident reduction may stem from the additional
improvements in road characteristics which typically accompany the barriers'
upgrading.

10. In total, the current study presented a detailed picture of the new barriers' use on
rural roads in Israel and also demonstrated safety and economic benefits of their use in

Israeli conditions.

11. For future research of impacts of the new barriers on road safety in Israel, it is
essential to keep a complete record of barriers' installation periods, in order to allow for

carrying out "before-after” analyses.
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Abstract:
1. Objectives:

Over the last decade, the Minister of Transport's policy was to promote the use of the new
generation of safety barriers - those that met the requirements of the new standards in Europe
or in the US - on all roads in Israel, in new road construction projects. In addition, in road
upgrading and maintenance projects lead by the National Roads Company, the new barriers
gradually replace the old ones. The policy of transition to the new barriers has substantial
financial implications. However, it was chosen for implementation based on the expectation
that it would contribute to increasing road safety level in Israel.

The purpose of this study was to collect detailed information on the new barriers' installations
and to examine the safety and economic benefits stemming from their use, on rural roads in
Israel.

2. Findings:

A literature review demonstrated that studies providing quantitative evidences on economic
efficiency of transition to the new barriers are still rare. Mostly, the countries raised their
demands regarding the barriers installed and the free distances on roadsides required for their
performance, without a preliminary consideration concerning a justification of higher costs of
such arrangements as opposed to the previous ones.

The economic justification inquiry of the use of safety barriers of higher performance levels
(H1 or more) was examined by a number of studies. The consequences of those studies mostly
supported the use of barriers with higher performance levels on higher road categories, under
the conditions of high traffic volumes and, sometimes, under the presence of severe
conditions, such as: steep slopes of the roadsides; a significant share of trucks in road traffic.

Following the mapping and analysis of data from the 2010 road survey, three groups of road
sections with higher presence of the new barriers (EURO barriers) were identified on Israeli
rural road network. Those road sections were defined as "treatment sections", where other road
sections on the network (with other types of barriers or without barriers at all) were defined as
"control sections”. For all the sections, the information on geometric characteristics, traffic
volumes, section length, and road type was completed. In total, for the multivariate analysis, a
database of 497 road sections was prepared, including 148 treatment sections and 349 control
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ones.

Explanatory models were fitted to 14 accident types, on two road categories: single- and dual-
carriageway ones. Based on the explanatory models it was found that on single-carriageway
roads, a reduction of accidents due to the new barriers' installation was observed mostly in
single-vehicle accidents with heavy vehicles (e.g. trucks over 4 ton, bus, van or tractor), while
on dual-carriageway roads the new barriers' installation was associated with a reduction in
severe single-vehicle accidents and in total injury accidents.

The economic evaluation was conducted based on the three explanatory models that showed a
significant negative relationship between the new barriers' length or presence and accident
occurrences. In the economic evaluation, the current value of accident reductions due to the
use of new barriers as opposed to the old ones was compared with the additional installation
and maintenance costs of the new barriers as opposed to the old ones, over the device's life.

The economic evaluation indicated that: (a) on dual-carriageway roads, the reduction of severe
single-vehicle accidents associated with the new barriers' installation was not high; hence, the
economic benefit of this saving was not sufficient to demonstrate the economic feasibility of
the new barriers; (b) on dual-carriageway roads, the reduction of total injury accidents
following the new barriers' installation was high, where the economic benefit of this reduction
supported the economic feasibility of the new barriers' installation on those roads; (c) on
single-carriageway roads, on a significant share of sections, the expected number of accidents
(single-vehicle accidents with heavy vehicles) in the case of presence of new barriers was
higher than without them. Thus, safety and economic benefits from the new barriers'
installation on single-carriageway roads could not be demonstrated.

3. Conclusions:

The approach undertaken by Israeli guidelines as to the performance levels of safety barriers
required on rural roads, matches the international experience.

The economic and safety benefits found by the study support the transition to the new
generation of safety barriers on Israeli dual-carriageway roads. However, for the single-
carriageway roads, the current study did not provide evidences on economic and safety
efficiency of the new barriers' installation. A similar finding was in a previous study conducted
in Israel and in studies from abroad. For single-carriageway roads, this issue should be further
examined.
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