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Abstract

Tho Heawy Vehicle Limits Project for Teansit New
Zenland considerad 2 scenarios for increases in weights
amid for dimensions limits for Heavy Vehicles in New
Zoaland. Scenario A proposad an increase in gross com-
bingiion mass limits while maintaining current length
fmits fon heavy vehicles on all public roads in New
Zoaland. Ycenario B oonsidered increases in length and
grosg comliination mass limits for a spectfic network of
ronttes compriscd mostly of major state highways.

Thig paper outlines tho Geometrics Investigation
which constifutes pavt of the benefit fcost assessment
for Scenarin B of the Weavy Vehicle Tlimits Projeot.
The Goometrics Investigation sought! to estimate the
cogt of widening noads to accommodaie two trial ve-
hiclos, longer and heavier than cumently, allowed on
Now Zeakand roads. Tha amount of road widening re-
quired to accommodate longen vehicles is strongly de-
pendent. on thie assumptions used to determine whethen
widening ¥ necossary, Five different assumption sets
worn congicered such that estimates of the cost of road
widening for the necwork of noutes ranged between 18
million dollars and 282 million dollans.

1 TIntroduction

The Heavy Vichicle Limits Project was separated into
fwo partd] Sconario A proposns an increase in gross
combinafion masg fimitg for heavy vahiales on all roads
i New Zoaland and Scenario B considers changes in
mags and length Hmits on a specifio network of roufas
compriged mestly of main roads. The honefit /cost as-
aegament entailod

1. The Geomotrics Investigation congidered the cogt,
of widening curves and modifying roundabouts
on tho gpacific network of routes to sccommadate
the proposed longer vehicles (Secnanio B only).

2. The Safety Investigation soughs to ostimate the
safoty implications of a chanps in woights and
dimensionsg for Scenavio A and Seenario B,

3. Cogts for additional wear to bridges and pave-
ments under a change in weights and dimonsiong
regulatiions were estimatiod.

4. An cconomic analysts cstimatiod the bencfits of
improved diiciency due fio a change in weights
and dimongiony roegulations.

STIERNT, omall: pomillidon@itarns.ao.ng, Tha Goometrics In-
vestigation Invalved a team of peaptoe listod tn Milliken, 1049).

This paper outlings only the Geometnics Investigation
ofl thio Heavy. Vehiole Limils Projoct [Milliken, 1999].
The vehicles proposed in Scenario B argy 2.5 metres
wide, fihe same widthl ag is cureontly allowed. Howaver,
the trial vehicles proposed in Scanario B may aooupy
mors road width than currant vehicles in cortain situa-
“tions. This is because of an effact known as offfracking.
Offtracking is where the trailing axles oft a vehicle fol-
low. & diffenent, path to the front axle and is defined as
follows.

Definition 1 Offfracking is the moximum, ovar alf azles,
oft the distonce between tha path of the steen azle and
the neth ofl each other azle. An illustration is shown in
Figure 1.

Figure 1: Offtracking Hustration.

Offtracking can be calceulated at crawl speed, whare
dynamic effeats are negligible, or at highway speed
where dynamio effects cannod be ignored. To defier-
mine suggested maodifications to roundabouts, crawat
gpoad simulations wene nsed and o determine modi-
fications to ounves on the networle of routes, highway
apeod simulations wera used. Noie that offtracking can
alto occur on straights due §o cross-slope of the road,
croag-winds and transient dynmamics. Cfftracking due
to these offects is known as frailing infidelity. For this
study, tnailing infidelity has been ignored because the
offects are small compared to the offiracking due to
cornaring,.

Prior ta tho Meavy Vehicle Limits project, two pre-
vious stirdies weve done to assess weights and dimen-
gion's regulations in New Zealand
[Sleath and Wanty, 1998]. Both these stndies concluded
that the costls of upgrading bridges and geormetric mod-
Hications of the roads would outiweigh the benefits.




These prior studies diffor fronr thie Heavy Vehicle Lim-
itls Project in two ways

¢ Prior studies considered the modificalion of thie
entire State Highway network whencas the Hoavy
Vehiicle Limits Project considered longer vehicles
only on a specifio network of noutes.

Prior studies used only low speed offtracking for
vehicle simulations so thet dynamic effects wene
ignored. The Heavy Vehicle Limits Project usced
simulations that permitted non-zero lateral ac-
cclaations which reduca inboaxd offtracking.

2 Preliminaries

The Geometrics investigation required thie specification
of a network of routes for Soenariy B, where an increase
i mags and lenpth limits were proposed. Only highly
trafficked roads were considered for Scenario B to at-
tampt to keep the bencfit/oost ratio high.

The resulting network of routes is shown in Figure
2
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Tigure 20 The Network of Rioutes for Scenario B

Two teial vohiches, lonpger and heavier (han thingo
cutrently permitted on New Zoaland roads, were con-
gidered for wse on the Scenario B notwork off roufes.

Tho two trial vehicles were a 25 motre long, 62 tonne B-
train and a 21 metre long, 62 tonne B-train, A honch-
nurk tractor-gemi-trafler that mects curront woighty
and dimengionsg requirements was wod for comparison.

The reason for congidering widening on the netwaork
of rautes is safety. Theorefore, the Safety Investigation
[Milliken ot al, 1999] and the Geometrics investigation
are intarrelated. Thus, a vanga of poszible road widoen-
ing scenarios was considared in the Geomotivica Inves-
tigation. The amouut of road widening spacificd for
a cunve on thie network of roules depandad an tha as-
sumptions that were made to ascertain whethior widen-
ing was nocessary, Five sets of assumptions were con-
gidered:

Original Alssumption 1

While the current wetwork of roads is gen-
erally. satisfactory only for cxisting vehicles,
in practice it is unlikely that cormer widen-
ing would be undertaken where the calcu-
lated required widening is less than o me-
tres (equivalent to § metres on each side of
ke road) where o = 0.25.

Fram Alssumption 1, if a curve was found to require
widening by an ammount less than 0.25 metires then #
was assumed thiat widening would not be carried out.
However, ifl the offiracking of a trial vehicle was found
to be significantly greater than the offbracking of the
worst of the berchmark vehicles then Assumption 2
speoifled the required seal width for such a curve.

Original Alssumption 2

I @ carner. is such that a trial vehicle takes

up significantly more noad width than the

henchmark vehicle representing the exist-

ing fleet. (Assumption 1 specifies o metires

as significant) then thle amount of road widbh
is unsatisfactory unless two trial vehicles,

travelling im oppasite divections, oan pass

with B matres clearance between their swept
paths while each' vehicle remains at least

metires from the edge of the road, where

B="%and v =04

The half metre provided atl the edge of the road
was chiosen to allow for two effectls; firstly, driver vari-
ation and, sacondly, avoidance of excessive edgebreak
probloms for unkerbed roads. The 1 metre clearance
allywed Between swopt paths off oppasing vehicles was
provided to allow fon driver variation. Note that, if
there was to be provision for oyolists, at least 1.5 me-
tros clearance betweens the path of a trick and the edge
of the road would be requined. Since a negligible pro-
portion off tha routes will have provision for cyclists,
tha cosil of this widening has been ignored.

Original Assumptions 1 and 2 were such that the
‘spanc’ space Detwoon vehicles and to the edgo of the
raad wase minimal, tharefors, four allernative scts of
assumptions were also considerad:

C



» Alternative Assumption got 1 was the sanie ag tho
Original assumption set cxcept that « = (.15,
A=2andy=1

o Altiernative Alssumption sob 2 was

Alternative 2 - Assumpition 1

While the current network of roads is gen-
erally satisfactory only for existing vehicles,
in prectice, it is unlikely that corner widen-
ing would be undertaken whera the calcu-
lated widening is less than « metres (equiv-
alont, to § metres on sach side of the road).

Alternative 2 - Assumption 2

The cunnont network of roads is only just
wide encugh to accommadate the current
Heell, Therefare, any increase in vehicle off-
tracking would require an increase in road
width,

o Altornative Assumption set 3 was of the same
format as tha Oripinal Assumption set but with
=005 4=2andy=1

« Alfornalive Assumption set 4 was of the same
format as Alternative Alssumption setl 2 butl with
& = .05,

Under the Qriginal Assumption set and Alternative
Asgumpiion gots T and 3, widening is not necessary if

¢ the increase in swopt path for tha new vehioles is
losa than some throshold value o or

» thie amount of spare road space whon two of the
trial vohicles pass, while travelling in opposite di-
rections, I8 greator thian al Chooshiold value 34 2.

Conversely, Alfernative Assimption sots 2 and 4 spec-
ify thiat widening i nof necossamy ifi and andy ift the
inerease in swept path for the inial webicke is less than
a throshold valie o

TFor roundabout modification, it wag assnmed thaif
any incrcase i offtracking will requine a correspond-
ing modification to cach roundaboutl on the network of
routes.

3 Method

Awgassing the cost of modifying the netwonk of routos
for Sconario B to accommaodate cachl of thie twa trial ve-
hicles required defermining thic amount of cunve widen-
ing required and caleulating the cost of raundabiont
modifications.

Firat, we congider the modification of curves on tha
noiwork of rowtes. Tt was assuncd thay, for the pur-
poses of determining appropriate geomaoirio modifica-
tiong, a curve could be characterised by thvee parame-
torg) lenpth of the eurve, minimum radivg of anrvatune
of he curve and geal width, Widening waa then spoe-
ficel in accardance with one of the Assumpetion sofg
pregented in the Preliminaries.

It was nocesaary fo. develop a relationship hotwoon
rading of curvature and offfracking for the frial vohi-
cles and for the bonchmark tractor-semi-trailer. Highl
speed simulations were done for 90 dogree aiurves with
a nange of mininaum radii of curvature. The 90 degroe
ourves were congtructed from a Cornu spiral which is
il recommended shape for a curve JAustroads, 1997).
A sequence of 90 dogree curves based on Cornu spicats
are shown in Figure 3 '
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Figure 3» Saquence of 90 degree curves constructed
from (onnu spinals.

Simulations were done for each of the trial vehicles
and the benchmark tractor-semi-trailer at & range of
speeds between the advisory speed for the curve and
half tha advisory speed for the curve’. Il tunned out
that, in each case, the maximum offtracking was in-
board and, therefore, occurred at half the advisory
speed.

Riemark 1 For a given vehicle, offtracking is a func-
tion of plan geometry of thie curve and the history of
latoral accelaration. Since the maximum offiracking
oeourned at half the advisory speed (where the lat-
eral acceleration is 0).055¢) and suparelevation does not
change tha plan geometry ofl a cunve then maximum
offtracking is roughly independent of superelavatior:.
However, the spaed vequired to achieve a lateral ac-
celeration of 0.055¢ does depend on the superelevation

angle 8
vy = 4 [0} HgRE i1

where v, and np are the speeds for the suparelevated
road and the flat noad, respectively,

Thee simulabions resulled in offiracking vensus cur-
vature relationships for the twa trial vehicles and the
banchmark tractor-semi-trailer. The amount of cunve
widening required depends on the offtracking of the ap-
propriate trial vehicle and the diffarence i offtnacking
betwoen thle trial vohidle and the benchmark vehicle.

'The advisaty speed for a curve is such thal the masxinmum
fateral acceleralion axperienced is 0.22g




This information is showw in Figures 4. amd 5, respec-
tively.
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Tigure 4: Maximum swept path versus curvature for
25 metre (solid line) and 2T metre (dasbled line] trial
vehiclos.
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Figure & Difference in Offtracking batween toial ve-
hicles and henchmark vehicle versus cusvature. Solid
linen 25 motre trfal wehicle, dashied line: 21 metre vo-
hitcle.

Straight lines were fiitod to Figures 4 and 5 giving
( 2) and ( 3} for the 25 mefre B train and (4] and  5)
for the 21 metre B train,

D = 628R™" 247 (2}
& = 432R7" (3]
D = 522R 4245 (4)
§ = 220R™" (5)

whivre T i3 thie swept path of a vehicle and d g tha dif-
frrence botwoon thie swapt path of the trial veliclo and
the swopt path of thic benchmark tractor-semi-trailos,

The coat of widening a curve of arbitrary length
by 0.% metees, 1 metre or 1.5 metres was estimated for
mountainous, rofling and flat tereain, Thig infermaticn
wag then wsed with ( 2), ( 3), (1), ( 5), cack of tha

Asguniption gots outlinod in the Proliminaries and tho
BRAMM database to determine the cost of modifying
curves an the network of routes to accommodate cach
of the teial vohicles.

Mow, consider rouwndabout modifications.  Threc
noprosentative roundabouts wore chogen and the cogts
for modilying fhese noundabouts wore defermined, Tt
was than assumad {haf the modiications required for
an: arblitrary roundabowt wore a fundvion of contral is-
fand diametier only. While this asaumption will proba-
bly not give an accurate estimate of tha cost of miodi-
fication for each roundabout, it should provida a good
astimate for the total cost of modiflying roundabouts
on the network of routas.

.| To determine thie modifications to three roprosen-
tative roundabouts, we first sitnulated the banchimark

tractor-semi-tnailer turning right and then furning feft
at thie roundabout. The two frial vehicles wore alsa
simulated turming right and tunming left at the round-
about. The simulatiions were such thiat the front axle
of. each vahicle followed the same path. An cxample
plot of one of the simulations is shown in Figure 6.
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Rigure 6: Bxample low speed simulation.

Supposo the difference in offiracking hetween the trial
vehisle and thle benchmarl vehicla on the right turn
manceuvra is denoted §,. Similarly, the difference in
offtracking between thc trial vehicle and the bench-
mark vehicle for tibe left tum manceuvre is denobed .
Modifications to the roundabout are as follows

o the radiirs of tihe non-mountable past of the cen- «
tral istand of the roundabout should be neduced \

by 8, and a mountable karb should be constructed
in place of the cxisting Kerb.




» the non-mountable pan of thie eutaide kerb shoarkd
be moved out by 4; and a mountable kerl built
to replace the existing now-mounteble korh,

These modifications are shown in Figure 7.
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Piguro 71 Madifications to Roundabouta.

Estimates of thia costs of miodifying each of the three
representative roundabouts wero determined. To esti-
mate the cost of modifying a roundabowt of anbitrany
central igland diametor we interpolated between the
cogis for modifying each of the three vepresentative
roundabouts. The costs for modifying the three repre-
gentative roundabouls ara shown in Figure 8
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Pigure 81 Costs for modifying reprasentalive ronund-
abouts for the two trial vehicles in unban/industrial
rones and rural zoneg. Solid line: 21 melra vehicle,
daghead line 28 motre vehicle.

Remarkd 2 Bath the low apeed and Wighway apeed
models wged here have beon vafidated. Validation of
the highway apecd modal involved coporimental data
from a road trial donce wging & 26.5 motre 62 fionna
R-trair, The road trial was slso used fo get an im-

Trial vehicle longth 2om | m
| Original Assumption set 44 it}
Alternative Assumption set I' | 132 45
Alternative Assnmption set 2 | 234 | 63
Alternative Assumiption set 3 | 162 114
Alternative Assumption set 4 | 262 191

pregsion of what a longor vohiclo fooks and foeks Bke on
New Zeaband roads.

4 Resulils

The estimatied cost of modifying alf roundabouts en tho
notwork of notteg bo accommiodate the 28 motre trial B-
trairr was 1.5 miflion dallars, Similarly, thie cstimatiod
cost was 1.2 million dolfars for Lhe 21 metva B train.

Bstimated costs of modifying ourves an e network
of routes ta accommadate cach of the tiial vohicles un-
der the five assumption sets arc shown in Table 1,

Table 1: Cost ofimodifications to curves on the network

of routes (millions of dollars).

Rlemark 3 Curve widening on State Highway 6 he-
tween Blenheim and Graymouth and State Highway;
67Al to Cape Foulwind constituted a disproportionately
large costy over half the cost of modifying ourves on thie
network' ofl routes in accordance with the original as-
sumptions to accommodate the 25 metre B-train was
for these roads. This is beoause these roads already
have narnow. seal width.

Rlemark 4 THe Geometlrics Investigation outllined here
has been campleted and the Heavy Vehicle Limits Project:
is nearing completion.
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Safetty Investigation for the Heavy Vehicle Limits Projoot

Plawl Millikon *

Ahstract

This paper outlines part of thle Transit New Zoaland
Heuy Viehicle Limita Project, the Safety Investipation
PMilliken et al, 1999]. The objjective of thie Safety, In-
vostigation was o assess the safety implications, for
heavy vehicles, of the changes in weights and dimen-
gions negulations proposad in Scenarios A' and B which
are deseribed in the  Geomefirics Investigation
{Milliken, 1999}, The results of the safety investigation
were presented a3 estimated numbers of fatal, jury
andl non-injuny hoavy vehicla arashes.

Tor the safety inwestigation, it was specified thiat
trangportation of goods, measuned in tonne kilometres
of payload transported hy heavy vehicles, would be in-
dependent ofl Hhe changes in weights and dimensions
regulations. This means fhat an increase in weight
and for dimengion Hmits would cause a reduction in the
number of kitonvetras travelled that is invemsely, pro-
portional to tho incraase in average payload. Allso, a
change in weighlts and dinyensions regulations may af-
foct hicavy wohicle crash wates, langely becanse increas-
ing thic payload and centre of gravity height of a ve-
hicle veducos e resistanae to rollaver. Tha cffect of
fhe ostimatod reduction in kKilometres travelled com-
bined with Foasvier b less saffe vehicles was to prodict
fhiat there would be Tivdle alfect on the total number
of trick crashes. The ancerlainty, associated with esti-
mating numbers of truck erashos is high and diffiautt to
- determine, so, the results for the Safety Investigation
ate inconclhugive.

1 Iniroduction

This papor cuthines thae Safefy

Vihicle Limits Project [Milliken ot af, $999] which seeka

to asuess the safoty implcations, for tnucks, of the
chianges in heavy vehicle weights and dimensions reg-
ukations proposed in Scenarvios A and B. A numiber of
gimilar studiog of Heavy Viehdcle Safety Have been done
in  New Pealand  and  abroad, for example,
[Mucller of al, 1099],  [Ervin and Guy, 1986]  and
[Saccomanns and Shortrecd, 1996].

The broakdown, by crash iype, of fatal hoawy we-
hicle crashios in New Zealand for 1996 are shown in
Tigures 1 am 2.

STERNYT, emadl: p.millibon@iiorna,co.ng, tHa Safely investi-
gabion [Milllkon of al, 1999] atso dnvelved Tim Munellar, Doug
Tlalia, Plolor HBaas, Joln doPlonl and Tlave Waniy (TDIC]
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Figure I: Fatal Heavy, Vellicle Crashes in New Zsaland
in 1996, separated Hy crash type.
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Fignre 21 Breakdown of the ‘other’ category ofl fatal
heavy vehicle crashes for 1996.

To estimatle numbens of heavy, vehicle crashes under
a changa in weights and dimensions regulations, vehi-
ale performance parametens wera used. Two of these

Tnvestigation of the Heavy performance measures are Static Rollover Threshold

(IR and Dynamic Tioad Thansfer Rlatio (DLTR), de-
fined as follows

Deefinition 1 The Static Rollover Threstiold (SRTY s
the mazimam level of steady state lateral acceleration
o velicle con talerate without overturning. It is wsu-
ally expiressed in g, whers g is the acceleration due to
gravity.

SRT is typically found by a quasi steady-state sim-
ulation; the vehiale’s steer angla is inoreased slowly (at
2 degrees per sccand) until the vehiole rolls over. The
SRT is the lateral accelaration at the time when all
wihecls on one side of thle vehiole {apart from the steer-
ing wheels) have lifted offl the ground.

For oambination units, which are entirely roH-coupled,

the SRT ig calculated over the entire combination. Tor
tiuck-trailees the SRT is determinad separately for the



trafler and thio frudk, This is becauso thoy are not roll-
couplad so one portion of the combination can overturt
withiout the other, the unit with the worst (lowest) SRT
is the SRIT value recorded for thie combination. Figura
3 shows a typical path for a simulation ueed to detor-
mine SKT.
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Tigure 3: Manoouvre to determine SR

The DIUTR is determined by simulating the vehicle
combination in a Iane change manoevne, The vehicle
path, if loflowed preciscly, results in a lateral accel-
cration time history of the form of a single-cycle sine
wave with poak aceolerations of 0.15 g at the prime
movor's contre of gravity. The time batiween left and
vipht acccloeation peaks ig 3 seconds. Higure 4 shows
tha DITR manocuvre.

Definilion 2 Dynamic Hoad Tronsfer Ratio {DITR)
ts @ maasure of, dyamic rall stability, ond ia glven by

Fa— Fuy S
DLTR =2 __# 1
I+ I { )

wliare Iy ts the sum of el vertical tyre forees along the
feft hand sida of the vefiicle (excapt the steer axle), ond
Fyn 18 the corresponding sum for the right hand side.

Teavelling along a fat, siraight road, & vehicle will
hiave & DITR. of zere. At thie limif when all wheels
cxcept, thie stoeer axvle on one sida of the vehiole Lift, thio
DITR ia 1".

For combination unity, which are entinely. roll-coupled,

the DITR, is caleitated ovar the endire combination.
Tor truck-trailers, the DITR 15 deserminad sepanately
for thio fraiter and thie fruck. This is becanse Lhey are
not roll-coupled, that is, one portion of the combina-
tion can overturn without the other. The worst (high-
est) value B vecorded as the DUTR for vhe camhinahbion.

tlearing axles an {rucks lond to Hawa lowen rofl stiffress
{ihlan ofbor avies amd, tHovaloro, stooring whinels Hifl oM afkes the
rallavar Lmii of & vollicta Is reactied

Figure 4: Path of vehicle fon lane obiamge manoeuvre
to detlermine DLTR.

.2  Preliminaries

The Safety Investigation separated beavy vehicle orashes
by cnash type. Crash tiypes included rollover and loss of
cantrol crashes, crashes atl intersections and overtialing
or flane chanpe crashes. A previous  study
[Mueller et al, 1999] found relationships between the
performance measunas SRT and DLTR and the relative
rollover and loss of control orash rate. These relation-
ships are shown graphiczaily in Figures 5 and 6.
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Figure 51 SRT versus relatiive crash rate,
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Figure 61 DITR, wersus relative crash rafie.

The surve shown in Figune 6 has heen extrapolated




for DLTR valites abova about 0.8, so, in thiy regior,

Neaat, it was agaumed that exactly fwo vohiclos {call

the relationship is aven more uncentain thim for other  fhem vehicle 1 and vehicle 2} are involved in cach over-

DLTR. values.

Other types of heavy vehicle crashies wera belisved
tic be lass strongly related to velielo perforniance than
rollover and loss of control crashes, however, wo at-
templed to find relafionships betweernr vehiclo perfor-
miance measures and crash nates for other orash tyjpies
as well. Thie treatment! of the different dypes of cnash
are outlined in the method.

3 Method

120 vehicles were simulatied for the Safety Investiga-
tion of the Heavy Vehicle Limits Project. These sim-

taking crash. This gives four possible permutations:

1. Vehicle 1 and vebicle 2 are frucks

2. Vihicle I is a fruck and vehicle 2 i a light vehiclo

3. Vehicle 1 is a light vehicle and vehicle 2 i a fruck
4. Vehicla 1 ard vehiale 2 ara Figlt vehieles.

Sttuations 1, 2 and 3 are overtaking arashos invalv-

ing a truck. The total mumber of vekicles involvad in

overtaking crashes will ba denoted  and tha numbler

of trucks involved in overflaking crashes m. Adsu, the
it

probability of vehicle 1 being a truck is p = 7%, Thus,

ulations gave performance measures including Static  the number of overtaking orashes involving & trucki, Cr

Rottaver Threshold (SRT), Dyramic Load Transfer Ra-
tio and Low Speed Offfracking {LSOY. Vehicles con-
giderad wera B-trains, tractor-semi-trailers and truclk-
traifers, A range of lengths and axle loads were consid-
crad, amd load densities wera cither suoh that the vehi-
ches wore simultaneonsly ‘grossed out’ and ‘cubed out’
or tho load was of constant. density. The suspensions
wore ofthlor nmulti-leaf stael springs or ain springs. The
gimulation regults and vehicle weights and dimensions
wore ted to estimate crash vates for the 120 vehicles

ils

Cr = C (92 +2p(1 — 1) @)

where ¢ was the total numben of overtaking crashes
for 1696. C' also satisfles

C=2n (3)

since it was assumed that 2 vehicles are involved in
each overtaking cragh. Therefore, it was estimated that

thiaf were simulated. For the estimation of numbers of  thie total numben ofl vehicles crashed in injury overtak-

truck crashes, foun categorics of crash type were con-
giderad:

& rollover and loss of comtral crashes
» ovoerfaking crashes

« craghes at inforseotions

o ‘other’ crashes.

Roftover and logg of confirol orash rate was esti-
mated for cach of thio sinulated vohicles using the rela-
tionghipg ghiown: in Figures § and 6. This was dono by
taking th'e maximum of the estimates of rclative crash
rate from thicse fwo cieves and muliplying by the aver-
age roflover amd loss of control apagh vate per kilometne
for Heavy vebicles in 1996 JLTSA, 1997]. In 1996, there
wore 15 fatal vollover and loss of control crashes and
144 injury roltover anid losg of contvol erashes.

To eatimato the number of overtaking arastios per
kilamctre for cach of the simubned vehicles, we at-
tempted to find a relationghip between crash rate por
kitometre for overtaking craskos and the distance re-
quited to overtake a vehicle. The distance required to
overfake a vehicle is thie ovartaking distanca and is the
total distance covered from the fime when the following
vehiclo decides to overtake until the tinle at which the
avertaking vehicle putts back into the toft lane. Typioal
gpocds and accolovations were agsunicd for the oven-
taking and overtakenr vohicles. LTSA crash stabisfios
[LTSA, 1997} were wsed fo find thie overtaking crash
rate por kilomaotre for heavy vehicles and for light vehi-
cles: thiore wore 67 averfaking crashios invalving srucks
and & tofal 379 ovortaking craghes in 1996,

ing crashies was n = 758 and the proportion of these
vehicles that were trucks was p = (.0927 a0 the esti-
mated nmumben of trucks orashed was sy = 70.3. Since
trucks travel o distance of Dp = 1.85 billion kilome-
tres pen yean [Baas, 1999} the injury oventaking crashi
rate par mitlion Kilometires for trucks was 0.038. Sim-
Harly, the total distance travelled on the roads each
year. is I = 30 billion kilome{res, so the injury over-
taking crash rate per million kilometres was 0.027. A
stnaighti line was fitted o these two points using typical
overtaking distances for light vehicles and heavy vehi-
cles. This function was used flo estimate the overtaking
crash nate for oach of the simulatied vehicles based only
on vehicle length!.

Remamk I Haavy vehicles ond light vehicles are dif-
ferent in numerous ways. Therefore, finding a relation-
ship Hetween crush rate for overfaking and lana change
croshes and nahicle length By interpolating between light
vehicle erash rate and Keavy vehicle erash rate i3 unre-
Liable. However, this mebhod was used beconse ib was
beliened ib gave a hefter astimate than the allernative of]
simply asswming that overtoking and lane change orash
rate #x indapandent ofi vehicks weights and dimansions.

Clrash vate for crashes at intersechions was assumed
ta be independent of sha weights and dimensions of a
hoavy vehidle. 1996 arash raties [LTSA, 1997} were usad

to represent enash rabtes at infersections for the simu- 4
lated vehicles. Just ag with avertaking and lane change ¢

crashes, crashes at intensections also involve mare than
ane vehlicle. The numbens of fatal and injury cnashes
invalving tricks at intersections in 1996 were 13 and
55 respectively, Far all velficles, the numbers of fatal



and injury crashes at intersactiong wore 248 and 3307,
pegpectively, Tt was assumed that exactly 2 weblicles arc
involved in each intensection orash and a meirbad gimi-
lar to that used for overtalling and lane chango crashes
was used to estimate the fatal and injury, orash vatos
at intersections as 7.5 x 10~2 crashies per kilometoc and
137 x 10~¥ crashes per kifometre,

Remark 2 Initially, we #irfed to relate crashas at in-
terseetions to vehicle length, Howevar, i was suspectad
the relationship would be adversely affected by the fuct
Hlat light vehicles Have a greater exposure to intersec-
tions, per kilometre than heavy vehicles. Sa, &b wos
assumed that croshes at inferseations are independent
of vehiale weights and dimensions.

The ‘other’ category, of orashes (crashes other than
rollover and loss of control crashes, overtaking and
fane chlanga erashes and orashes at intarsections) were,
targoby, asqumed to be independent of vehicle weights
and dimensions.

Hoavier vehicles cavsa more splash and spray in wet
weather [Ashbon awd Baas, 1998] so adjustments were
made to thic arash rates depending on the gross combi-
nation nass of cach vehicle. These adjustmentls made
vory litthe differenice to the estimates of crash rafies.

The Geometrrics Tnvestigation [Milliken et al, 1999]
congidered a range ol road widening scanantos. A conne-
gponding range of muktipliors wero aalculated to adjust
the erash rates of Lthe simulated vehioles for each of the
road widening gconariog in the Geometrics Investiga-
tion, Two provios sfludiea wore used as a basis for
this adjustment: an Australian study suggestod “a 1
metee fncrease in goal width (eithor as additional lane
width or ghlaulder seal) produced a 20 percent raduc-
tion in gccident rafes” [MceLaan, 1999]). Alsq, a New
Zealand study, currently in progress at TERNZ, shaws
gome ovidence to sugpest thall voads with a 6 metre
wide gealed carriagoway may bo as much ag 3 times
a9 danperons as roads that are 7 metras wide. Thene-
fore, it was agsumed that namowing tho road by one
mefre (or inercesing vehicle nJhracking by half a me-
tre) would cavse & threefold inercaso in heavy vehicle
cragh rate. Interpolating hobwean thage two points and
the status quo, a multiplicative adjustment was made
ta the eatimated crash rates for vhe stmulated vehicles
basged on the avorage widening for ourvos of radius of
ctrvature loga than 250 motres on che Sconario B not-
work of routes. Tho multipliors ranged Hobween 0.944
and 1.093, for the three sefs of widening assumptions
outlined in the provious paper and fon Hhia two trial
vohictes wsed for the Goomotrics Investigolion., Thi
muliipliors also. have o high lovel of asseciabod 1uncer-
tainty due to large wncertaintivs associated with the
data wied for thie intorpalation.

4 Results

The estimated numbery of fatal, injury and non-injury
hoavy vehicle crashes por avnum for Seohario A wera

fairly ingongitive to tho proposed changos in weight Hm-
itg. Thix was the result of two countor-cifecty) hoavicr
and more dangorous vehicles, but fower of thom. Sim-
itarly, for Scenario B, the cstimated numbors of heavy
vehicle craghics woere largoly unatfected by tho proposed
ctanges in weights and dimengions.

Remark 3 Estimating the safety implications, fon heany
vehicles, of the propesed change in weights and dimen-
stons regulations is difficult. Therefore, the uncerdoin-
tles nssocinted with the estimates of) orash rates in this
study are High. However, these estimales ware required
for. the benefit/cost assessmend for the Hoavy Vehicle
Limits Projeot so the results are a ‘hest attempt’ ot es-
timating the sofely implications, for heavy vehicles, of

" the changes in weights and dimensions regulations pro-

posed in Scanarios A and B.
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