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Comparative Safety Analysis of a Two-Lane Two-Way Mjor
Highway, Using IHSDM and a Portuguese Procedure

ABSTRACT

The Interactive Highway Safety Design Model (IHSDigla software tool for evaluating safety and opienal
effects of alternatives in highway projects, whishavailable through the US Federal Highway Adntiaison
(FHWA). IHSDM can be applied in the design of neighways and in the major redesign of existing highsv
The software contains five modules, intended fer é¢haluation of measures describing relevant aspédhe
expected safety and operational performance ofgaway design. Three of these modules are potentiall
relevant for use outside the US: the Crash Prexdidtlodule, the Design Consistency Module, and tredfit
Analysis Module.

A procedure for the detection of inconsistent hamial curves in single carriageway rural roadshef t
National Road Network and the improvement of tisailety records was developed at the National Labigra
of Civil Engineering (LNEC) for application in Padal, using driver behaviour and safety data ct#iéin the
national context. The procedure may be applied matcally using the dedicated software PERVEL —
Dangerous Curves Detection System.

Within the context of the redesign of a dangerdretch of single carriageway two-lane highway ia th
mountainous area in the North of Portugal, openafiand safety data were collected and used ianhéysis of
its safety performance. Both IHSDM and the Portsguerocedure were used in this analysis. This wastal
the fact that speed profiles in PERVEL are caladatonsidering horizontal geometric characteristicky,
hindering its direct application in roads in mountas areas, whereas relevant IHSDM modules inslinth
horizontal and longitudinal profile characteristitdSDM is suited for application under North Aream traffic

conditions, which forced the recalibration of peutar parameters for its application at the relé\rRortuguese
road stretch.

In this paper a comparison is made between theltseshtained using both procedures, in what
concerns the detection of inconsistent horizontaes and dangerous non-intersection sites. The mailes
arising from the calibration of the crash predistinodule to the Portuguese context are described.
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INTRODUCTION

Horizontal road curves increase the difficulty nivdr tasks, as compared to straight sections,ribating to a
higher risk of lane departures that may lead tadkea collisions and collisions with roadside obktac For
instance, during the five year period 2003-2007e1tban 28% of the accidents registered in Portigaigle
carriageway roads occurred on curves, resultinghame than 29% of the total number of fatal andoseyi
injuries in that type of roads. These high numbafrsaccidents on curves correspond to an increagben
accident risk at curves, as well: Portuguese maad links had an overall accident rate on curlias is almost
50% higher than on tangents @.

Visibility (how easy it is to perceive that thesed curve ahead and at what distance), readaitity
easy it is for a driver to evaluate the curve getoynén order to adopt an adequate behaviour) dnddsg
resistance (as resulting from friction coefficieated macrotexture) are some important characesitiat have
significant impact in safety at curve8).( Roadside characteristics (especially the extsteaf dangerous
obstacles in the vicinity of the carriageway) algodamportant, as regards run-off-the-road accidenterity
outcomes.

Curves on rural roads are geometric features tlagt generate visibility, tracking and vehicle stpil
problems that may contribute to violate driverspestancy. From a safety point of view, it is imjpoit to
detect those curves where these driver expectantatiens may occur (the inconsistent road curvesyrder
to alert the unfamiliar drivers, or to improve roedaracteristics in the proximity of those curvBgveral
methods have been proposed to address this Bs04.%) and are briefly mentioned in the next chapter.

In this paper a comparison is made between thdtsesbtained with the use of two such methods
within the context of the redesign of a dangeroBsksh stretch of single carriageway two-lane roadhef
Portuguese National Road Network (NRN). Both, theedactive Highway Safety Design Model (IHSDM),
developed by FHWA, and the Dangerous Curves Dete@ystem (PERVEL), developed at LNEC, were used
in the safety analysis of this stretch of mountagooad. Speed profiles in PERVEL are calculatatsiciering
horizontal geometric characteristics only, wherealevant IHSDM modules include both horizontal and
longitudinal profile characteristics. On the otlwand, IHSDM is suited for application under Nortimérican
traffic conditions, which forced the recalibratiaf particular parameters for its application at tedevant
Portuguese road stretch. However, several sucdeggilications of IHSDM outside the scope of itearof
development have been reportedt¢ 7). As the analysed road is in a Portuguese mouwnairarea, and
longitudinal profile characteristics affect traffspeed, it was decided to use both systems indhsistency
analyses.

The main issues arising from the calibration of ¢h@sh prediction module to the Portuguese context
are described, as well. Finally, main results fritra simulation of operational consequences regulfiiom
proposed speed management safety interventiormesented.

GEOMETRIC CONSISTENCY EVALUATION

In psychological studies, expectancy is the prodsssvhich the response of a person to a set ofuitiim
defined according to a selection of concepts aedddhat he/she has learned previously. Expectanthe
tendency of a driver to react to a situation, asnewr a set of information in a systematic waedohon his/her
past experience. Geometric consistency is the agreebetween the characteristics of the geomedsigd of a
road and the unfamiliar driver's expectatio (

Several methods for representing driver expectamclfor evaluating the design consistency of a road
were developed by researchers. In some cases, eggonindices derived directly from the design
characteristics of the road layold &nd 16) are used; other methods require the estimatidmje¢tve or
subjective) of driver workloadB( 16, 11, and13). However, the most used methods rely on selguaeameters
of the unimpeded speed distribution (usually therage or the 85th percentile are used), and on thew
change from road section to road section1@®,17, 10, 11 and 12). Their application requires the use of a
procedure for estimating the unimpeded speed prafibtng the road. Unimpeded speeds are obserst un
very low traffic volumes.

In the evaluation of the design consistency of dhalysed IP4 road stretch two methods based on
unimpeded speed were used: IHSDM and PERVEL.

IHSDM is a suite of integrated computer programs gapporting decisions regarding geometrics
design aspects of single carriageway roads, takimgnsideration both operational — especially ¢hadated to



Cardoso J. Let. al. 4

traffic capacity — and safety9), With this software it is possible to make queative comparisons of the
expected accident frequency of alternative roadigdes IHSDM, which is available from FHWA
[www.ihsdm.ory may be used in the design of new roads and énrédesign of existing ones. The suite
comprises six evaluation modules: the policy revievash prediction, design consistency evaluatiaffic
analysis, driver/vehicle and intersection revievack module corresponds to a unique evaluation petisp
and was designed to generate appropriate relasratignal and safety performance indicators.

The policy review and intersection review moduletomate the process of checking road geometric
design characteristics against relevant AASHTOgtepblicy. The other four modules are especialijesiufor
use under North American traffic conditions. Howevtheir application under other traffic conditiois
possible, provided adequate recalibration of setectlevant parameters is made. This is especalbjicable
to the traffic simulation model (based on TWOPA}he traffic analysis module and to the accideatljgtion
model of the crash prediction module.

PERVEL is a computer program for the detection ahgkrous horizontal curves, based on the
consistency evaluation of the road’s horizontagratent 2). The program was developed at LNEC, and uses
driver behaviour (speed) and accident predictiodetofor curves and tangents on Portuguese raadtagsify
horizontal curves in five consistency classes. pitaetical application of the method involves selstaps: the
division of the road in curved and straight elersefmespectively curves and tangents); the calauatif the
unimpeded speed profiles of the road (one for eliattion); the estimation of the increase in aenidrisk on
each curve (as related to the expected accidektifri# was a tangent), which is used to calculate
inconsistency factor (FH); the calculation of thepected deceleration rate on drivers’ approachattheurve;
and the calculation of the consistency class fahezurve, based on the calculated FH, the valuespeéd
reduction and the expected deceleration rate.r@riter this classification are summarized in Table

TABLE 1 - Classification of Horizontal Curve Consigency (2)

Inconsistency Factor FH)

Consistency Speed ) Type of Road
) Deceleration
Class * Reduction . .
With With
paved shoulders  Non-paved shoulders
o) <5 km/h >-2ms? <25 <15
A <3.0 <20
B > 5 km/h <4.0 <3.0
C <8.0 <6.0
D <-2ms? > 8.0 >6.0

* For classes ‘O’ to ‘C’, all three criteria (‘Spgteeduction’, ‘Deceleration’ and=H’) must be
fulfilled; For class ‘D’, ‘Speed reduction’ and gnbne other criterion (‘Deceleration’ oFH’)
have to be satisfied.

Calculation of unimpeded speed profiles in PERVEL made considering horizontal geometric
characteristics only, which hinders the direct agion of the method on roads in mountainous aredth
steep grades may exist in considerable amountaaf length. This disadvantage dictated the interetsting
the use of IHSDM in the safety assessment of théyaed stretch of 1P4.
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IP4 CHARACTERISTICS AND SAFETY INTERVENTIONS AND DE VELOPMENTS

Geometric design characteristics

The IP4 road is located in the northern part oftiyal and was the main northern link between ttenih

populations and the coastal cities until the en@@®5. The studied stretch of IP4 is part of thanaztion

between two major Portuguese cities. From the Imdginto km 58.8, the route is a motorway; the stddi
stretch, from km 58.8 to km 101.9, is a single iegeway road. Due to its location in a mountainaresa, the
studied stretch has a set of particular designacieristics that seriously affect its safety levels

The analysed stretch of IP4 is a two lane singleiageway road, with an additional lane for slow
vehicles in almost all its ascending gradients. §keeric cross section is formed by a 3.5 m laneach
direction, an additional 3.0 m lane in alternateclions for slow vehicles, and paved shoulderk &i6 m (one
lane direction) or 0.5 m (dual lane direction).

FIGURE 1 IP4 - section with climbing lane.

The horizontal layout (114 curves and 110 tangeh&s also some peculiar attributes. Horizontal
curves account for 69% of the stretch’s length, arabnsiderable number of those have small raditsund
78% of the horizontal curve radii are smaller tH0 m and 40% smaller than 240 m. These values are
specified as the Minimum Absolute Radius for 100/kkifd20 m) and 80 km/h (240 m) design speeds in the
Portuguese Road Design Standat®.(Furthermore, the majority of the curve and tarigdements are short,
making the horizontal layout dangerously sinuoush@rizontal curves have spiral curve transitions.

Regarding the IP4 longitudinal profile, some aspeigserve to be pointed out, as well: 65% of the
road length is in gradient steeper than 5%; andréicplar section of 11.5 km has 95% of its lengilith a
continuous gradient higher than 6%. Additionallye tmajority of the vertical curves have radius $enaghan
the minimum stipulated by the Portuguese road destigndards.

The studied stretch has flexible pavement in alléhgth. In 2004, when the pavement was 5 yedrs ol
a set of road surface characteristics measurenvestis carried out at the IP4 studied stretch. Anraye
pavement texture depth of 0.72 mm was then obtaiitidsand patch tests, and skid resistance bet@&emd
51 BPN were obtained with the British pendulum.tésthe beginning of 2005, a new wearing course laal
out and delineators were installed at the centre [Figure 1), which had a considerable contrilsutio
improving the road safety levels.
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FIGURE 2 P4 - section with climbing lane suppressd.

Traffic flow and speed

Traffic data for the studied I1P4 stretch was cadcfrom results of the road network traffic cenansl from
traffic counts used for pavement design purposhs. Average Annual Daily Traffic (AADT) at km 86.6aw
11300 vehicles in 2005; near km 100.0, it was 17@&ficles. Heavy goods vehicles (HGV) accountedafor
considerable percentage of traffic: the yearly agerwas 8.8%. From August to December this rat® loaer,
due to a higher number of cars travelling for hajisl Also, mention is made to the fact that the HGV
percentage varied considerably during the weel&%@uring business days and 4.5% on week elfj)s (

The studied road stretch is an interurban road wigeneral speed limit of 90 km/h for cars; sifee t
beginning of 2005, 80 km/h local speed limit sigmsre installed at selected horizontal curves, dusafety
reasons. In this study, automatic speed measuresmeme carried out in 6 different locations, betw€etober
2005 and April 2006. At each location speed wassmesl in a horizontal curve and in the contiguaungént.
Supplemental measurements were carried out at éfgenring, mid point and end of a typical stretctihwi
additional climbing lane.

On curves, the average speed of cars varied betd2&m/h and 73 km/h; for heavy goods vehicles,
average speeds were slightly lower (51 km/h tomthlk The 85 percentile speed fluctuated between 70 km/h
and 90 km/h for cars, and between 68 km/h and 8 Kor HGV. Measured standard deviation of the dpee
distributions were high, ranging from 13 km/h tokt/h (coefficient of variation around 0.27). Omgants the
average speeds of cars varied between 53 km/h @ukdh/h, the values being slightly higher than onves.
For HGV, average speeds ranged from 52 km/h torn/hkThe 8% percentile speed of measured speeds had a
minimum of 75 km/h and a maximum of 96 km/h forssdor HGV, values ranged from 69 km/h to 84 kndh f
heavy vehicles. The standard deviations and theesponding coefficients of variation measured agémts
were similar to the ones measured at curves. Qveahpliance with the maximum speed limit was hagh
curves: on average, only 7% of the measured spgedshigher than the speed limit. However, in scwwes
non-compliance percentages were much higher, suttea?5% measured at 78.6 km.

Regarding the sections with the additional climbisage, measured mean speeds on the right lane were
similar to values on single lane sections. Howewverthe left lane, speeds were significantly higfére 85%'
percentile for car speeds was 92 km/h in daytime @& km/h at night. Furthermore, one out of foursca
exceeded the general speed limit. As expectedptnlanes the maximum speed was measured awaytfrem
beginning and the end sections of the climbing.lane

Accident characteristics

Data on registered injury accidents for the perRD0O to 2007 was used in the safety analysis of the
investigated stretch of IP4. In this period, altafa587 injury accidents, 73 fatalities and 12ti@és injuries
were registered in this stretch of road; injuryideots accounted for almost 40% of all registerszidents.

In Portugal the whole 1P4 road was notorious feriad safety performance, until the end of 2004; th
was especially due to the analysed road stretctd (@bthe total road length), where 67% of all IRtidents
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occurred. The majority of accidents (72%) occumetiorizontal curves or were related to them. Besidoad
design and traffic characteristics, prevailing vaeatplayed a role in the IP4 safety performancestvd the
registered accidents (75%) happened when the pantemss wet; and the injury accident rate in raingnhs
was twice the corresponding figure for the reghefyear.

Between 2000 and 2004 head-on collisions were tbgt serious accident type, representing 57% of
all fatal and serious injury accidents. This carnelplained by driver behaviour on the IP4 roadeegly in
what concerns speed choice, as a significant ptiopoof head-on collisions was preceded by lossasftrol.
Detailed analysis of all injury accidents that ared between 2002 and 2005 showed that in sevarajetous
curves a high percentage of uncontrolled vehick®84 to 87%) invaded the inside roadside area sashed
there with obstacles and other vehicles. Since 200%najority of accidents are ran-off-road acctd€b3%).

Safety interventions

Between 2000 and 2004 several safety interventivese implemented on the IP4, namely as regards
maintenance of pavement surface characteristicy@ad markings. In 2000, all intersections weressitied

by interchanges, safety equipment and signing wemewed and strict police enforcement was appleedaf
short period 20).

In 2004, climbing lanes were suppressed on sontearistretches (with short sight distances),
delineators were installed at the centre line, andew pavement was constructed, significantly imiog
skidding resistance on wet conditions (Figure 2jisTast intervention was partially successfultres number
of expected accidents was reduced from 312 in #mog 2001-2003, to 114 in the period 2005-200Kinta
into account the AADT increase between the two tpeeods, and assuming that the accident risk woeld
constant, 327 accidents would be expected for 0@5-207 period. Benefits were obtained especially o
curves, as the expected number of accidents waseddrom 186 (2001-2003) to 66 (2005-2007), whidd
would be likely, under the above mentioned assumpti

COMPARATIVE RESULTS OF IHSDM AND PERVEL

In 2005, a complete safety analysis of the P4 stadged, in order to identify remaining deficierscind plan
an integrated set of engineering and enforceméaiviantions on the infrastructure that might furthreprove
the safety level of the road9).

The PERVEL system was used for evaluating desigisistency and, due to the longitudinal profile
characteristics of the analysed IP4 stretch, it wis® decided to use IHSDM (version 2.08) for thens
purpose, attempting to take into account the imibeeof steep and long grades on speeds and spefddsr
Furthermore, IHSDM was also used to check the drpeeffect of rearrangements in the cross sectpault
on the speed differential between cars and truldisyegrades, especially at dangerous curves acarats with
restricted sight distance.

Table 2 presents the comparison between the 85tleqt#le speed measured at selected curves and the
calculated speed using both PERVEL and IHSDM. Aseeted, PERVEL overestimates the traffic speed; the
agreement between measured and IHSDM speeds,igXagpt at km 86.200, a curve with very low berdmn
on the uphill approach. Experience has shown tha&x&reme speed reduction in poor alignment elesnentot
consistently well represented by IHSDRP).
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TABLE 2 Comparison between calculated and measuresbeed at selected curves

Station Length seifie Speed (km/h) Difference in speed (km/h)
i) (i) (M Measured PERVEL IHSDM  PERVEL IHSDM
59.200 71 -230 86 92 90 6 4
68.200 322 -230 70 91 87 21 17
72.900 281 -220 81 88 86 7 5
79.100 206 -230 90 91 091 1 1
81.000 142 -230 80 91 87 11 7
83.900 119 190 86 93 84 7 -2

Design consistency

Horizontal curves are categorized in five classsfg the PERVEL system (Table 1): class ‘O’ curdesnot
pose any driver expectancy problem; class ‘A’ cariequire small reductions in the unimpeded speleds
‘B’ and ‘C’ curves require higher speed reductiqas the design stage of new roads they should bely
accepted in exceptional cases); class ‘D’ curvesdangerous, as they introduce exceptionally higted
reductions or they force very strong deceleratimes upon the driver. In this case, those unfamiligh the
road will have difficulty to recover from perceptierrors that may occur in these unusual situations

Three relevant curve safety indicators are genératith the IHSDM consistency module. One is
related to the deceleration rate needed on theoapprto the curve, by comparison with the maximum
comfortable deceleration rate; the other two aeeddiculated design consistency measures. Onenseabure
is based on the relation between design speed pahtong speed on the curve, and generates fowibbes
outcomes: Condition 1, if 3V gesign< 10 km/h; Condition 2, if 10 km/h <g¢-Vgesign< 20 km/h; Condition 3, if
Vg5-Vesign > 20 km/h; Condition 4, if W.sign > Vgs. Conditions 1 and 4 do not generate safety coscélhe
second design consistency measure is based oel#tiom between the operating speed on a curveoartte
preceding road element. Three outcomes are possibtalition 1, if Vs tangeritVas cure< 10 km/h; Condition 2,
if V85 Tangen'tVSS curve= 20 km/h; Condition 3- if VS Tangen'tVSS curve™ 20 km/h.

Running PERVEL on the analysed IP4 stretch resuttesbven ‘A’ class curves, eight ‘B’ curves and
only one ‘C’ class curve. Several other curves (@&)e classified as ‘A’ class curves on one travgltirection
only (the other direction being ‘O’ class).

The IHSDM design speed consistency measure waanabysed, as it is dependent on applicable road
design standards. As a result of running IHSDM,adtrall curves on the analysed 1P4 stretch wergsitiad as
operating speed “Condition 1” curves; only two @swere classified otherwise, as “Condition 2".HEigpads
elements (three tangents and five curves) preseateedleration rates higher than the maximum comifitet
deceleration rate.

IHSDM operating speed “Condition 2" curves corresped to one PERVEL ‘B’ class and one ‘A’
class (one direction only) curves. No relation i@snd between the deceleration rate indicator aBREL
consistency class classification.

A comparison was also made, between the obserfetly davel on each horizontal curve (periods
2001-2003 and 2005-2007) and the consistency messintained using both classification proceduresthis
effect, the expected number of accidents on eaath eiement was calculated, using the statisticrnecended
by Abbesset al (21) to account for randomness. Then the correspondixgected accident rates were
calculated, taking into account the AADT in eaclneént, during the selected periods. Two sets ofrtad
elements were considered in the comparison: thmesles with an expected accident rate greater toable
but less than four times the average expected excigte for the whole analysed road stretch; &edroad
elements with an expected accident rate greaterftha times the average expected accident ratthéowhole
considered road stretch.



Cardoso J. Let. al. 9

Table 3 presents the number of road elements &f eatsistency class (PERVEL) and each condition
(IHSDM) that have less than twice (*-*), betweeridgvand four times (‘2x’), and at least four tim(es<’) the
expected average IP4 accident rate. Both IHSDM @iond2 curves have at least twice the averagedaoti
rate. Six ‘A’ class and six ‘B’ class PERVEL curv&sowed accident rates below double the averaghdéadiP4
stretch; however, with the detailed analysis ofdext data it was detected that several accidefsed to road
curves were located by the police as occurringpogénts, nearby the relevant curves.

TABLE 3 Number of elements per road consistency aks and expected average accident rate

Accident rate level
Consistency

Procedure Class 2001 - 2003 2005 — 2007

4x 2% - 4% 2% -
A 1 0 6 0 2 5
B 2 0 6 0 0 8

PERVEL
() 0 1 0 0 0 1
ax 2 4 41 2 3 42
Condition 2 1 1 0 0 0 2
IHSDM

Deceleration 0 0 8 0 1 7

* ‘A’ class in one direction only.

Table 4 presents the number of road elements ofem gxpected accident rate level that belong to a
given consistency class (PERVEL) and each cond{tie8DM).

TABLE 4 Number of elements per expected average eident rate and road consistency class

Consistency Class

Accident
Period rate PERVEL IHSDM .
level angent
v A B c a* 0 2 Dec -
2x - - 1 47 15 1 - 19 7
2001 - 2003
4x 1 2 0 2 14 1 - 18 11
2x 2 - - 3 37 0 1 4 31
2005 - 2007
4x - - - 2 9 - - 11 6

* ‘A’ class in one direction only.

As mentioned before, the number of accidents regist on curves is smaller than the number of
accidents related to horizontal road curves, asraéwf these accidents are registered by the @al&chaving
occurred in adjacent tangent elements.

Road elements with high speed differential betweerars and heavy goods vehicle

The operations module of IHSDM was used to detgetches where great differences between car and HG
desired operating speeds might be expected to .occur



Cardoso J. Let. al. 10

Two sets of low hourly traffic flows were used,dimulate low traffic conditions, in order unimpeded
speeds were obtained: 100 vehicles per hour, neguit the identification of 13 km of road where MGpeed
is more than 20 km/h lower than the speed of @ad; 500 vehicles per hour, resulting in the detectif 3.7
km of road where HGV speed is more than 20 km/Felaivan the speed of cars.

In the period 2000—-2004, the average expected extcidte on normal stretches (0.450 accidents per
million vehiclexkm) was half the average expectedident rate (0.849 accidents per million vehicleslon
the stretches detected with the lowest hourly itrafliow. However, in the period 2005-2007 the agera
expected accident rate on normal stretches (0.t8@ents per million vehiclexkm) was (almost 40%gher
than the average expected accident rate (0.138eadsi per million vehiclexkm) on the stretches cletd with
the lowest hourly traffic flow, which is not in amdlance with existing references7f. The low number of
expected accidents during the period 2005-200%thén13 km stretch where high speed differentiaks ar
expected to occur, may partially explain these Itestdowever, under specific circumstances, suchmas
passing zones with long visibility distance, HGVyntntribute to reduce the desired speed of caeyi

Comparison between Crash Prediction Module resultand expected accidents in the three year period
2005-2007

The crash prediction module (CPM) was used to edérthe safety effects of the suppression of clwlénes
at selected road stretches (which was implememe2005). Only the roadway segment accident prexficti
algorithm was calibrated to the Portuguese accidet#, as there are no intersections on the IP#/smth
stretch (only interchanges).

Data on ADT, carriageway and shoulder widths wesalable for two lane single carriageway roads
of the NRN, allowing for a Level 2 calibration pexs 22). As there are no available inventory data on
alignment (horizontal curvature and grade) or #reain characteristics, the percentages of roagtheim flat,
rolling and mountainous terrain were estimated @ lasis of the road district. The calculated vdbrethe
calibration factor for highway segments (Cr) wag98. No changes were made to the default values for
shoulder type, driveway density, passing lane, simidhazard rating and other geometric paramdtersever,
spiral transition are consistently used on Portagumad curves. Crash type and severity distribstioere
calibrated using data (2000-2005) for the NRIS) (

The results obtained with the crash prediction nedii IHSDM were compared with the expected
number of accidents per road element derived fregistered accidents during the three year peridb 20
2007. Some differences were observed, as desdrilied following paragraphs.

The total number of injury accidents estimated Wi{8DM was considerably higher that the observed
number of accidents (286 vs. 114). This was mogoitant for curves (156 accidents vs. 36) thartdogents
(130 vs. 78). The mentioned 2004 safety interventimy explain these differences, as the resultwygut of
the road differs considerably from the layout dfiest NRN single carriageway roads that were usedCfM
calibration. It is expected that a disaggregatidnsimgle carriageway roads by category (trunk road,
complementary route and regional road) may imprthee CPM calibration, even though each calibration
procedure will be based on fewer roads.

A comparison was also made between the distribuifexpected accident densities (crashes per km)
in the period 2005 and 2007 and the densities =l using IHSDM. Two relevant levels of acciddansity
were selected for the comparison: stretches witidaat density greater than four times the aversggdent
density on the analysed IP4 (“4x"); and the stretctvith accident density greater than twice butelothan
four times the average accident density on theyagdlIP4 (“2x”). The results are presented in Fegiwhere
the axis marked “Expected relative densities” cgpmnds to the ratio between the expected accidamities
and the average expected accident density, cadculaith registered accident data; and the “IHSDMtree
densities” axis corresponds to similar ratios, @fes calculated with the crash prediction module.
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FIGURE 4 Comparison of accident densities on horntal curves.

It is relevant to note that the distribution of IBI® accident densities does not contain stretches
classified as “4x”. This might be expected, asrtigglels represent only the influence of the mostirigmt and
enduring systematic accident factors and do nairparate the influence of several temporary facttris also
noticeable that almost all IHSDM curves classifeed“2x” or above correspond to curves where theeebeul
number of accidents was classified as “2x” or abdVeerefore, results from the CPM are useful inghwiori
detection of dangerous curves, leading to few falssitive cases; from Figure 4 it can be conclutted a
significant number of curves with high expected bemof accidents (‘2x’ or above) was not identifesisuch
with IHSDM (there was a significant number of falsgatives).

CONCLUDING REMARKS

Results from the application of the design conaisgeprocedures tested in the analysis of the 43Rd4rstretch
showed that detected inconsistent curves are, ihdegsociated with higher accident frequencies than
remaining road elements. This indicates that boticgdures are successful in helping designersteztsafety
problems related to geometric design consistentygnwdesigning new roads or redesigning existing.onke
results obtained also showed that not all dangemuses are detected by any of the tested procedure
highlighting the fact that the topic of safety oariaontal curves is not restricted to the issueg@bmetric
consistency.

Consideration of both horizontal plan and longihadi profile characteristics is advisable when
evaluating the design consistency of roads in nenaus terrain.

Application of the IHSDM crash prediction modulesuied in a significant overestimation of the
expected accident frequencies on IP4 road elemantspite of considerable effort spent on calibrgtthe
algorithms to Portuguese accident characteridticemains an open issue if this disadvantage neamitigated
by using a more complete evaluation of each roadcétes’ terrain, by resorting to alignment dataiorply by
developing specific calibration factors for eachdalass. It is expected to address this issuetume work, as
soon as more complete inventory data on existingoNal Road Network roads became available. leigebed
that the integration of accident prediction modéted to the Portuguese context would enhanceusiedulness
of this module.

Results obtained with the application of the CPMndastrated its effectiveness in the detection of
dangerous road curves, stressing the merits afsitsat the design stage. Furthermore, by settingnaparent
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standardized way for estimating expected safetgléesthe crash prediction module meets the need fool to
support decision making on alternative design tiefar a road.
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