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As part of a Performance-Based Standards (PBSanads@rogramme for heavy vehicles in
South Africa, a need was identified to design, niacture and operate a number of PBS
demonstration vehicles in order to gain practicgbegience in the PBS approach and to
quantify and evaluate the potential infrastructuneservation, safety and productivity benefits
for road freight transport. To this end, two PB®$ndeastration projects were implemented in
the forestry industry; the vehicles were designed manufactured to comply with the Level
2 safety standards of the Australian PBS systenis phper presents a summary of the
monitoring data compiled during the first nine nm@ntof operation of the two PBS
demonstration vehicles, which were commissioneNamember and December 2007. Initial
results indicate a number of improvements in pertorce of both PBS vehicles compared
with the baseline vehicles. This has resulted énapproval of 30 additional permits for PBS
demonstration vehicles in the forestry industrymeoof which will incorporate additional
modifications in order to further improve safetydgsroductivity performance.

Keywords: Performance-Based Standards for heavy vehiclead Rransport Management
System (RTMS), heavy vehicle productivity, heavhiete safety, payload, vehicle dynamics
simulation, road wear
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1. Introduction

In most countries throughout the world, heavy vighicse on the road network is controlled
predominantly by prescriptive regulations. Theseulations, in many cases, differ
significantly from one country to another. Effoits various parts of the world to achieve
regional harmonisation and effective road use Heacelimited success. Another approach is
to consider performance-based standards (PBS);his tase standards specify the
performance required from the operation of a vehah a network rather than prescribing
how the specified level of performance is to beiexaddd. This approach allows more
flexibility for vehicle designers to utilise innowae solutions and the latest available
technology to meet the required performance stalsdaith improved safety outcomes and
more effective use of the road infrastructure. PI&S approach also allows a more optimum
“match” between the PBS vehicle and the road infuature (roads and bridges) which it
uses. Heavy vehicles operated under a PBS framearerkypically limited to travel on a
subset of the network to ensure protection of tedrinfrastructure and acceptable safety
levels. As a result of initiatives in Australia, Me&Zealand and Canada, the application of
performance-based standards in the heavy vehictersa South Africa was identified by the
CSIR as a research area warranting funding becalutiee potential benefits in terms of
transport efficiency, road/vehicle safety and thatgxtion of road infrastructure.

2. PBSdemonstration vehicles

As part of the PBS research programme, a need demdified to design, manufacture and
operate a number of PBS demonstration projectsointiSAfrica in order to gain practical
experience in the performance-based standards agpfor heavy vehicles and to quantify
and evaluate the potential safety and productivepefits of this approach for road freight
transport. To this end, two PBS demonstration ptsjecommissioned by Mondi and Sappi,
have been implemented in the forestry industry.r@tpes of these vehicles are required to be
accredited through the Road Transport Managemerdte8y (RTMS) self-regulation
accreditation scheme (Nordengen and Oberholzeg;28@ndards South Africa, 2007). The
two PBS vehicles were designed and manufacturednmply with Level 2 of the Australian
PBS system (National Transport Commission, 2007gblogeret al, 2008). Further research
work is planned to develop an appropriate PBS fraonke for South Africa.

The vehicle performance standards that have beshtosdesign the two PBS demonstration
vehicles cover high and low speed directional awod-directional manoeuvres such as
startability, gradeability, acceleration capabijlitsontal swing, tail swing, slow speed swept
path, tracking ability on a straight path, stabttaver threshold, rearward amplification, yaw
damping and high speed transient off-tracking.

The Sappi PBS vehicle has an overall length of 87 nd a maximum combination mass of
67 500 kg. The Mondi PBS vehicle has an overalgilenof 24.0 m and a maximum
combination mass of 64 100 kg. These PBS vehidegpare with the baseline (legal) vehicle
of similar configuration, which has a maximum owetangth of 22.0 m and maximum
combination mass of 56 000 kg. All the axle andeaxhit loads of the PBS vehicles comply
with the requirements of the South African NatioRalad Traffic Act. The layout of the
baseline and the two PBS vehicles are shown inr€igtand the PBS vehicles are illustrated
in Figures 2 and 3.
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Figure1l: Layout of the 22 m baseline (legal), Mondi (24 m) and Sappi (27 m) PBS
demonstration vehicles
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Figure3: Sappi PBS demonstration vehicle
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3. Monitoring of PBS Demonstration Vehicles

Monitoring of the PBS demonstration vehicles comoeehonce the vehicles had been
commissioned. Data including payload per trip,rage trip speeds, kilometres travelled per
month, average monthly fuel consumption, mainteaatwsts and records of incidents and
accidents are collected on a monthly basis.

3.1 Payload

During the monitoring period, the Sappi and Mon8iSPvehicles had average combination
masses of 65 397 kg and 64 248 kg respectively aosdpwith the corresponding baseline
vehicles of 56 178 kg and 56 063 kg. The averagetinlyp combination masses for the Sappi
(PBS 1) and Mondi (PBS 2) demonstration vehiclesshown in Figure 4.
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Figure 4: Average combination masses per month of the Baseline, Sappi (PBS 1) and
Mondi (PBS 2) demonstration vehicles, Nov 2007 to July 2008

The average payloads of the PBS vehicles duringrnitweitoring period were 45 590 kg and

45 226 kg compared with the corresponding payladdfie baseline vehicles of 38 844 kg

and 38 101 kg. This represents increases in paybd®.9 % and 18.7 % respectively. The
Payload Efficiency Factors (PEF) of the Sappi anthtd PBS vehicles (based on average
payloads and combination masses) were 70.6 % add@@ompared with the PEFs of the

baseline vehicles of 69.2 % and 68.4 % respectiaglghown in Table 1. Figure 5 shows the
payload and combination mass consistency of thei$pS vehicle.
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Table1;

Payload Efficiency Factors for the Mondi and Sappi PBS and baseline

vehicles based on aver age payloads for the period Nov 2007 to July 2008

o | Temes [ paece | per oo
Sappi PBS vehicle 65 397 19 230 46 167 70,6
Mondi PBS vehicle 64 248 19 010 45 238 70,4
Sappi baseline vehicle 56 178 17 300 38 878 69,2
Mondi baseline vehicle 56 063 17 700 38 363 68,4
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Figure5: Variation of combination mass and payload of the Sappi PBS vehicle

The Sappi and Mondi PBS vehicles transported arageeof 2 953 and 2 301 tons per month
compared with the baseline vehicles of 2 462 aBd88Ltons, representing increases of 19.9 %
and 18.7 % respectively. The average speeds oS#ppi and Mondi PBS vehicles were
46 and 51 km/hr compared with the baseline velsipbeds of 50 and 52 km/hr (Table 2).

Table2: Average speeds and maximum and minimum lead distances for the Mondi
and Sappi PBS and baseline vehiclesfor the period Nov 2007 to July 2008
Aver age speed Lead distance (km)

(km/hr) Minimum Maximum
Sappi PBS vehicle 46 183 220
Mondi PBS vehicle 51 153 175
Sappi baseline vehicle 50 183 220
Mondi baseline vehicle 52 153 175
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3.2  Fud Efficiency

From a productivity perspective, fuel efficiencydse of the most important parameters to
monitor. This section describes the performancehef PBS vehicles compared with the
baseline vehicles in terms of fuel efficiency.

Figure 6 shows the average monthly fuel consumpiétOOkm) for the Sappi and Mondi
PBS vehicles and the baseline vehicles. Duringpéreod May to July, the Mondi vehicle
was operated from the Underberg area (close tDthkensberg mountain range) where steep
gradients occur, hence the increase in fuel consampThe Sappi PBS vehicle had an
average fuel consumption of 61(4.00km for the monitoring period, which is 4,1 % n@o
than the baseline vehicle (52,/.00km). Similarly, the Mondi PBS vehicle had arei@age
fuel consumption of 59,5(/100km, which is 4,3 % more than the baseline \ehic
(57,1¢/100km). As mentioned in Section 3.1, the averageeases in payload for the Sappi
and Mondi PBS vehicles compared with the baseliebicles for the same period were
19,9 % and 18,7 % respectively.

Average Fuel Consumption per month ( €/100 km)
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Figure6: Average fuel consumption per month for the Sappi (PBS 1) and Mondi
(PBS 2) demonstration and baseline vehicles, Nov 2007 to July 2008.

The average monthly fuel consumption in litres/@rfne. fuel efficiency) for the PBS and
baseline vehicles is shown in Figure 7. These &iglare based on average lead distances of
218.2 km for the Sappi PBS and baseline vehicles 255.0 km for the Mondi PBS and
baseline vehicles. The average for the Sappi PBS8cleefor the monitoring period is
5.76(/tonne, which is 13.2 % less than the averageHerbiaseline vehicle of 6.@&onne.
Similarly, the average for the Mondi vehicle is &@onne, which is 12.1 % less than the
average for the baseline vehicle of 4(@&®nne.
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Average Fuel Consumption per month (I/ton)
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Figure7: Average fuel efficiency per month for the Sappi (PBS1) and Mondi

(PBS 2) demonstration and baseline vehicles, Nov 2007 to July 2008

3.3 Fud savingson a contract basis

Based on the average fuel consumption of the lmeesahd PBS vehicles, the fuel savings on a
contract basis can be estimated for the two PB&sh The Sappi PBS vehicle is operating
in a fleet of 12 vehicles on a 300 000 tons pewuanoontract and the Mondi PBS vehicle in a
fleet of 18 vehicles on a 400 000 tons per annuntraot. Table 3 shows the estimated annual
fuel savings for these two contracts and the péagenreduction in fleet size, assuming that
the fleets of both contracts were converted to 1085 fleets. In both cases, the reduction in
the fleet size would be approximately 17 per cemt the combined annual savings in fuel
approximately 486 000 litres representing an ansaalngs of ZAR 5.4 million (US$ 0.72
million) at a diesel price of ZAR 11.17 per litre.

Table3 Fuel consumption of the Mondi and Sappi PBS and baseline vehicles for
the period Nov 2007 to July 2008
. Fuel Annual Fuel Annual Fleet size
Contract size . . . . Fleet .
(tons/annum) consumption S:.:wmgs price savings Size reduction
(€/annum) (litres) | (ZAR/E) (ZAR) (%)
Sappi baseline 300 000 1998 404 12
Sappi PBS 300 000 1727 5964 270 808 11.17 3024 P27 10 7 16
Mondi baseline 400 000 1 844 597 18
Mondi PBS 400 000 1629 119 215 477 2 406 883 1% .7 16
Totals 700 000 486 285 5431 809
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A savings in fuel efficiency also results in a retion of CQ emissions. This is calculated on
the basis of 2.63 kg of C(per litre of diesel burnt. Assuming that a PB®igke fleet is
operated for a 700 000 tonnes per annum contfeeteduction in C@emissions would be
approximately 1 280 tonnes per annum. Extrapaato the transportation of 3.5 million
tonnes of timber per annum using PBS vehiclesdlstee medium-term target in the forestry
industry in South Africa) would realise a reductionCQO, emissions of approximately 6 400
tonnes per annum.

34  Safety Performance

Improved safety performance is one of the key aohsa performance-based standards
approach to heavy vehicle design and operationsidBe complying with the Level 2
performance standards, a number of features weogparated in the design of one or both of
the forestry PBS vehicles to enhance their safetijopmance including:

* ABS and EBS (Electronic Braking Systems)

e Air suspension

*  Pneumatic straps (self-tightening) for load secunem
» Lift axles

e Underslung drawbar

e On-board load cells for payload control

*  Central tyre inflation

*  Vehicle tracking system

*  Anti-rollover devices

e Special driver training

During the monitoring period under consideration,accidents or incidents were reported for
the two PBS demonstration vehicles. However, these vehicles and the combined

kilometres travelled during the nine-month peri@d{ 450 km) are insignificant in terms of

generating meaningful road safety statistics. Dapaiesenting at least 5 million kms should
be available before more meaningful results caolained.

During the design phase of the PBS vehicles, twtheftransport operators that transport
timber for Sappi were required to replace obsoleteicles. The new designs, although not
PBS vehicles, incorporate a number of the featofethe actual PBS designs. The total
number of new vehicle combinations was 43, and @hsport companies had historical
accident/incident records. Figure 8 shows the gafitistics of the old and new fleets from
October 2006 to July 2008. The average numbenaxdénts per month reduced from 3,1 per
month (based on 7 months of data) prior to thedhiction of the new fleets to 1,1 per month
(15 months of data) after the introduction of thewnfleets. Important features that were
adopted from the PBS vehicle design included thewbar dimensions, position of the

drawbar coupling and suspension type.
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October 2006 to July 2008.

4. Assessment of Road Wear Effects

In order to assess the relative road wear betwleerPBS and baseline vehicles, the CSIR
Pavement Design Software MePadsd?ADS, 2008) was used. MePads is the electronic
version of the current South African Mechanisticyitncal Design and Analysis
Methodology (SAMDM) (Theyseet al, 1996). It is anticipated that a methodology Vi
developed using this approach, which could becoare gf the PBS assessment process in
South Africa. The software combines a stress-stcamputational engine with pavement
material models developed at CSIR. Pavement lafgersl expressed in terms of the number
of repetitions of an axle load until failure. Layie is based on the typical linear-log damage
functions (or “transfer functions”) obtained (analibrated) from experience and also on the

results of Heavy Vehicle Simulator (HVS) testing the various pavement types carried out
in South Africa since 1975.

The SAMDM approach is used to estimate the Loadiviaigncy Factors (LEFs) of each
vehicle under static loading based on the critipavement layer life approach. The
philosophy of “Equivalent Pavement Response - Ealait Pavement Damage” (EPR-EPD)
is used rather than reducing a vehicle to a sikgjeivalent Standard Wheel Mass (ESWM),
or to an equivalent Standard Axle Load (ESAL). Wiie EPR-EPD approach, no “fixed
equivalencies” are used per se, and each vehicleomsidered with its full axle/tyre
configuration (i.e. tyre/axle loading and its asated tyre inflation pressure) as input into the
SAMDM and the road wear caused by the freight Jehis directly estimated for the
pavement type under consideration. With the EPR-BRjyoach the stresses and strains (i.e.
mechanistic pavement response parameters) aretlyglinetated through the associated
transfer functions for pavement damage to layer éihd hence “pavement life”. With this
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approach, the pavement life is considered as legogl to the “critical layer life”, i.e. the life
of the structural layer with the shortest life e pavement structure.

The Load Equivalency Factor of the vehicle (LER/kalculated as the sum of the ratios (for
all axles of a particular vehicle) between theicait layer life of the pavement determined
from the Standard 80 kN axle with four tyres (twoalsets) at an inflation pressure of
520 kPa (i.e. the bearing capacity of the pavemeinjded by the critical layer life under
each individual axle load and its associated tyesgures. This was done for each vehicle in
question for eight typical South Africa pavemensidga types, two of which are shown in
Figure 9. An average wear cost was calculatedherlt cases (8 pavement types, wet and
dry conditions) for each of the baseline and PBiSdles. In addition, the effect of increasing
the wheel spacing of the dual tyres on the drawrager was also investigated. The standard
wheel spacing for dual tyres is 350 mm. Road veests for the Sappi PBS vehicle with
wheel spacings of 400 mm and 450 mm on the tralgem and tridem axle units were also
calculated.

Eg\;_%rgent A Poisson's Elastic Moduli (MPa) Eg\;_%rgent B: Poisson's Elastic Moduli (MPa)

Ratio Phase | Phase Il Phase Il Ratio Phase | Phase Il Phase Il

50 AG* 0.44 2000 1800 1500

50 AG* 0.44 2000 2000 1500

150 G1* 0.35 450 450 350 150 G1* 0.35 250 250 240

150 C3* 0.35 2000 2000 500 150 C3* 0.35 2000 1700 160

150 C3 0.35 1500 120 110

/ 150 C3 0.35 1500 550 250

SUBGRADE 0.35 180 180 180 SUBGRADE 0.35 90 90 90

Figure9: Examples of the eight road pavement structures and their material
properties used for the mechanistic analysis for the PBS road wear
compar ative analysis (* classification according to TRH14, CSRA, 1985)

The average road wear costs (in South African gdatseach vehicle type are given in Table
4. Taking into account the different permissiblexmaum payloads on each vehicle, a road
wear cost per km per ton of payload transportetbrickm) was also calculated for each
vehicle. These are also shown in Table 4 andgargi10.

Table 4: Road wear costs (in SA cents) for three baseline and the two PBS vehicles

Vehicle Descripion Combinaion| Payload | average Road | “\U2H00
(c/ton km)

Baseline: 5-axle articulated 43200 28150 296 10.6
Baseline: 6-axle articulated 49200 3190pD 299 9.4
Baseline: 7-axle rigid-drawbar 56000 38400 324 8.4
PBS 1 (Sappi) 65400 46200 375 8.1
PBS l1a (400mm wheel spacing 65400 46200 337 7.3
PBS 1b (450mm wheel spacing 65400 46200 324 7.0
PBS 2 (Mondi) 64250 45200 375 8.3
PBS 2a (Steer axle — 7 200 kg) 64250 45200 363 8.0
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Figure10: Average road wear costs in cents per km per ton of payload for the three
baseline and two PBS vehicles calculated from M ePads.

Figure 10 shows a comparison of the baseline ar&l\RfBicles in terms of road wear in cents
per km per ton of payload. These results showttieb- and 6-axle baseline vehicles are the
least efficient in terms of road wear (10.6 andc&nts/ton.km). Both the PBS vehicles (at 8.1
and 8.3 cents/ton.km) are significantly more efintithan these baseline vehicles (by 23 and
13 percent) and are slightly more efficient tham Thaxle baseline vehicle, despite the greater
payload and combination mass of the PBS vehickesurther reduction in road wear of the
PBS 1 vehicle can be achieved by increasing theelhdpacing of the trailer dual wheels (to
400 and 450 mm). This modification improves thedregear efficiency of the PBS 1 vehicle
by 9.9 and 13.6 per cent respectively. It shouso ke noted that the steering axle load (single
tyres) has a relatively large influence on the reaar costs of the vehicle combination. The
PBS 2 vehicle has an average steering axle loati5®0 kg. By reducing the steering axle
load to 7 200 kg (the same steering axle load bkshal baseline vehicles and the PBS 1
vehicle) and maintaining the combination mass a2®2kg (i.e. a slight load redistribution),
the road wear cost reduces by 3.6 per cent toehts per ton km of payload.

5. Conclusions

An initiative to identify and evaluate the potehtisenefits of introducing a performance-
based approach to the design and operation of heggles in South Africa has commenced
with the implementation of two PBS demonstratiorojgets in the forestry industry,
commissioned by Mondi and Sappi. Operators of thvebécles are required to be accredited
through the Road Transport Management System (RT&¢8)egulation programme. The
two PBS vehicles were designed and manufacturednmply with Level 2 of the Australian
PBS system. This paper summarises the monitoesglts of the two PBS vehicles and
respective baseline vehicles. Observed improvensatsummarised in Table 5.

Based on these improvements, the KwaZulu-Natal Beyat of Transport has approved 30
additional permits for PBS demonstration vehictethe forestry industry, some of which will
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Tableb Summary of measured operational, safety and infrastructure consumption
improvements of the PBS demonstration vehicles

Performance indicator M easur ed result

Payload Average improvement: 19.3 %

Payload Efficiency Factor Increase from 69.3 %Q® P

Tons transported per month Average increase: 19.3 %

Fuel consumption Average savings: 12.7 %

Fuel savings (based on 700 000 tons/annum contrac®85 000 litres per annum

Fleet size Reduction of 17 %

Incident/accidents* Reduction from 3.1 to 1.1 pemith

CO, emissions (based on 700 000 tons/annum contracgdudlion of 1 280 tons of G@er annum
Road wear Reduction varies from 2 to 23 %

* Based on a fleet of 45 new vehicle combinationsriperating a number of PBS design features

incorporate additional modifications in order torther improve safety and productivity
performance. By December 2009, 15 of the new P&ficles had been commissioned. The
primary purpose for increasing the scale of the RB3ect at this stage is to enable the
generation of sufficient data to adequately evalubaé safety performance of heavy vehicles
designed and operated in accordance with a PB®aqipr
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