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PREFACE

The work reported herein was conducted during Stephen E. Samuels' period

as member of the ad hoc research group and when he was a Visiting

Research Fellow at the Road User and Vehicle Division of the Swedish Road

and Traffic Research Institute. The meritorious work of Mr. Samuels was

carried out under contract by the Institute. The views expressed in the

report are primarily those of the author and not necessarily those of the

Swedish Road and Traffic Research Institute nor of all members of the

research group.

Evert Ohlsson

Project Manager
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Optimum tyre selection project.

by 5.13. Samuels, B. E., M. Eng. Sci.
Visiting Research Fellow
Swedish Road and Traffic Research Institute
5-581 01 LINKGPING, Sweden

ABSTRACT

A research project to determine the various effects of modern tyres on

both road pavement life and road transport operation costs in Scandinavia

is being undertaken jointly by the Swedish VTI and the Finnish VTT under

the direction of the Swedish TFK. This Interim Report documents progress

on the initial stages of the project - the review and assessment of current

technology and the planning of a consequent experimental program. In

addition, the report is written to provide a focal point for discussing the

future of the project and thus completing the initial stages. It is shown that

while technology is advancing rapidly, the specific questions posed by the

project remain to some degree unanswered, thereby necessitating the

research program. In offering some suggestions to assist with the experi-

mental planning, the application of instrumented pavements and dynamic

weigh-in-motion techniques are explored. Further details of the latter are

provided.
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Optimum tyre selection project

by S.E. Samuels, B. E., M. Eng. Sci.
Visiting Research Fellow
Swedish Road and Traffic Research Institute
5-581 01 LINKGPING, Sweden

SUMMARY

A research project to determine the various effects of modern tyres on

both road pavement life and road transport operation costs in Scandinavia

is being undertaken jointly by the Swedish VTI and the Finnish VTT under

the direction of the Swedish TFK. Specific tyre parameters of interest

include construction type, mounting configuration, dimensions, load

capacity and operating inflation pressure. Complementing these are

vehicle parameters such as type, load and speed along with associated axle

parameters including type, grouping and load. It is proposed that the results

of the project be applied to drafting regulations governing firstly tyre type,

axle type and axle group specifications for particular road transport tasks

and secondly load limits that take into account both mounting configura-

tion and inflation pressure. This Interim Report documents progress on the

initial stages of the project - the review and assessment of current

technology and the planning of a consequent experimental program. In

addition, the report is written to provide a focal point for discussing the

future of the project and thus completing the initial stages.

Current, relevant technology was conveniently assessed by consideration

of four related areas - pavement issues, tyre/road interaction, dynamic

loading and economic matters. In the first area it was found that load

equivalency factors based on the fourth power relationships determined in

the AASHO road test are still being applied to provide estimates of

pavement life. Both tyre inflation pressure and tyre/road contact pressure

have recently been estimated to affect pavement performance. Further, it

appears that axles fitted with wide single tyres are more damaging to

pavements than those fitted with conventional dual tyres.

Instrumented pavement techniques have recently provided the primary

means by which empirical studies of tyre/road interaction have been
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conducted. In-situ measurements of strains, deflections, temperatures and

pressures have been made during various controlled text experiments in

several countries. Generally, these studies have shown that pavement life

is apparently affected by tyre type, tyre inflation pressure, axle group, axle

spacing, vehicle speed. Dynamic axle loads and pavement strains seem to

be directly correlated in both magnitude and phase.

Understanding of the magnitudes and nature of the dynamic loads applied

to pavements has also increased substantially during the last decade. Heavy

vehicle type, suspension system design, axle configuration, tyre type, tyre

inflation pressure and road roughness all affect both the nature and

magnitude of dynamic loading. Typically these loads fluctuate in

magnitude by about 1' 10% around the comparable static load, but they may

frequently reach maximum fluctuations of 1 30%. Dynamic loading data

have application in both the design and maintenance of pavements and

bridges. Several systems are now available for the unobtrusive, in-situ

measurement of dynamic loads generated by vehicles in the normal traffic

stream. The primary systemsare of the plate-in-ground, the strain gauge

transducer and the piezo cable type. All exhibit similar accuracies and can,

for example, estimate gross vehicle mass within 110% and, where possible,

individual axle static mass within if 15%. Both plate-in-ground and piezo

cable systems, those which can monitor individual axle loads, would be

suited to possible data acquisition applications in the present Project.

Very little of relevance to the economic effects of tyre selection and

operation in Scandinavia has been reported. The techniques developed in

the major review of road vehicle limits recently undertaken in Australia

may be relevant. From studies in other countries, it seems that tyre type,

particularly construction and size, may well affect fuel consumption, but

details of these effects are not yet sufficiently isolated or quantified.

Some suggestions for planning the future of the Project were made. An

immediate task is to relate the currently available international

technology directly to the Scandinavian situation. This could be achieved

following a reasonably detailed survey of both the road network and heavy

vehicle fleet in Scandinavia. It was then suggested that the Project

experimental program should be based on a set of pavement and vehicle
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variables listed in the present report. The range of each variable may be

selected by consideration of the results of the survey of Scandinavian

conditions. Adequate data might be conveniently obtained during the

experimental program by means of either the instrumented pavement

techniques or by suitable application of dynamic weighing procedures.
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1. BACKGROUND

1.1 Project description

The Project is aimed at determining the effects of modern tyres on both

road pavement life and road transport operation costs in Scandinavia.

Specific tyre parameters of interest include construction type, mounting

configuration, dimensions, load capacity and operating inflation pressure.

Complementing these are vehicle parameters such as type, load and

speed along with associated axle parameters including type, grouping and

load. It is proposed that the results of the project be applied to drafting

two sets of regulations. Of these, the first is conceived as a series of

recommended tyre type, axle type and axle group specifications for

particular road transport tasks. It is proposed that the second be a set of

mandatory load regulations that incorporate both mounting configuration

and inflation pressure.

Initiation of the project was prompted by the advent of various novel

tyre types such as the super single. Single wheels with this particular

tyre type may replace conventional, dual wheels on a driven or trailing

axle or may in some cases be used on a steer axle. The newer tyre types

are becoming increasingly popular within the road transport industry

amid claims of improved fuel economy and better vehicle stability,

particularly under braking (Giles 1979, Snelgrove 1980). However, the

detailed effects of these newer tyre types on road pavement life in

Scandinavia are as yet unknown. Hence the Project was commenced with

the additional aim of quantifying the claimed fuel and other road

transport cost savings. It is proposed that the Project encompass all tyre

types currently operational in the Scandinavian road transport industry,

so that the ensuing regulations be as comprehensive as possible.

The project is governed by the Swedish Transportation Commission (TFK)

and is a collaborative effort between the Swedish Road and Traffic

Research Institute (VTI) and the Technical Research Centre of Finland

(VTT).
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1.2 Interim report

 

The present report was written following the initial meeting (1986-06-

02) of the Project Team (Ohlsson 1986). It aims to document progress and

to provide a focal point for discussion at the second meeting (1986-08-

06). At the first meeting the Project was divided into the following

stages.

Review of current technology

Assessment of review

Planning of experiments

Conduct of experiments

M
¢
W
N
H

c
o
o
.

. Proposal of regulations

A time table was drawn up specifying that the first three stages proceed

during 1986 and early 1987, with the experiments being conducted during

the summer months of 1987 (June to September). This Interim Report

deals with progress in the first three stages.

1.3 Pavement structures and heavy vehicles

In an attempt to place the Project in some perspective, it is appropriate

to consider a number of relevant issues involved in the structural

performance of pavements and in the design and operation of heavy road

transport vehicles. While a detailed treatment is unwarranted, a brief

overview will set the context for much of what follows in the present

report.

Analysis and monitoring of the structural performance of pavements are

critical in the design and the maintenance processes. Stress analysis

procedures have evolved for both flexible and rigid pavements. In the

case of flexible pavements where the upper layer exhibits viscoelastic

behaviour, the analysis typically involves a layered elastic theory

approach (Eg: Izatt et al 1967). In conjunction with appropriate soil and

particle mechanics principles to allow for the pavement base and

subgrade, the structural design of both properties and dimensions of the
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pavement components is achieved. Usually the design life of a pavement

is determined by the failure modes and criteria which might mean either

a fatigue (cracking) mechanism or one of plastic deformation (rutting).

Similar techniques are applied for rigid pavements, except that rigid slab

theories replace the elastic theories (eg: Majidzadeh et al 1981) and the

failure modes differ somewhat.

An important element, common to the design and performance of all

pavements, is the heavy vehicle loading experienced by the pavement

during its life. Lighter vehicles such as cars, bikes and small vans have a

negligible effect on pavement structural performance (Refer to OECD

1983). The heavy vehicle loading depends, in the first instance, on the

traffic volume and composition. Furthermore, the types, configurations

and dimensions of the heavy vehicles in the traffic are important. But

perhaps most critical are the vehicle loads. The widely known AASHO

road tests (Highway Research Board 1962) demonstrated that pavement

damage increases with the fourth power of load. Thus it is necessary to

know or estimate the range of gross vehicle mass, axle group mass and

individual axle masses carried by the pavement, along with the means by

which these masses are applied in loading the pavement.

It is in determining these loading mechanisms that vehicle details are

important. In particular, the loads (dynamic and static) and dimensional

specifications of individual axles and axle groups are required (OECD

1983). Recent research (Eg: Gorge 1984, IRF 1983, Sweatman 1983) has

shown that the loading mechanism is also influenced by both suspension

system and tyre type. Tyre parameters indicated by this research to be

relevant include construction type, dimensions, mounting configuration

and operating conditions. Since the late 1940's when the radial ply tyre

was invented by the Pirelli organisation (Clark 1971), there has been a

steady growth in the variety of tyres used by all road vehicles. This trend

has been particularly noticeable in the heavy vehicle sector during the

last 10 years. Increasing use of the wide single tyre, or the super single

as it is sometimes known, is a good example. It was in this context that

the present Project was conceived, in an attempt to determine the

effects of modern tyre types and usage onpavement life and transport

operation costs in Scandinavia.

VTI MEDDELANDE 509A



2. INTERIM REVIEW AND ASSESSMENT OF CURRENT TECHNO-

LOGY

Routine literature searches have been conducted to date using the

following three information retrieval systems.

IRRD(OECD)

TRIS (US DoT)

ROADLINE (VTI)

In conjunction with some documents already available to the Project

Team, the searches culminated to date in a collection of relevant papers

which have conveniently categorised into four topic groups.

Pavement issues

Tyre/ road interaction

Dynamic loading

Economic matters

This has facilitated a structured, interim review and assessment of

current technology.

2.1 Pavement issues

 

In what might be described as pioneering research, the AASHO Road

Test (HRB 1962) determined, among many things, that flexible pavement

damage increases with the fourth power of static axle load. This

observation has been fundamental to pavement design ever since, and it

is only recently that some debate on its validity has appeared (Eg: OECD

1983). However, it is not the intent of the-present report to consider all

that has happened in the pavement analysis and design field since 1962.

Rather, the report is confined to the comparatively more recent

developments relevant to the Project. It is important to note, neverthe-

less, that the fourth power damage relationship of the AASHO Road Test

is still widely applied. It remains a frequent means of determining load

equivalency, which is the damaging load of a given axle related to that

of a reference, or standard, axle of specified type and load (OECD 1983).
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Typical of the early, relevant studies that followed up the AASI-IO road

test findings was that conducted by Scala (1970). Via the Benkleman

Beam techniques, Scala monitored the variations in some Australian

pavement deflection responses when loaded with single and tandem axle

loads. This allowed determination of the load equivalencies for a single

axle with single tyres, a single axle with dual tyres and a tandem axle

group with dual tyres on both axles. On the basis of subsequent vehicle

surveys, Scala observed on the road a wider variety of vehicle types and

axle configurations, whose pavement damaging effects were assessed via

the ASSHO fourth power relationship. Studies of this type in the early
1970's were also generally applied to the setting and assessing of legal

load limits. At that time the vast majority of tyres were of the cross ply

type, with the 10.00 - 20 (250 x 500 mm) size predominating.

Several theoretical analyses of pavement response for various axle

groups and tyre types have been applied to determining load equivalen-

cies. Terrel and Rimsnitong (1976) took this approach for pavement and

material properties used in Washington State, USA. By applying the

Chevron Computer program (Lysmer and Duncan 1969) which embodies

elastic layer theory and assuming a circular contact zone at the tyre

road interface, they calculated pavement stresses, strains and deflec-

tions for a range of pavement thicknesses and temperatures. Having thus

established fatigue and rutting equivalence relationships for various axle

loads, they determined the effects on pavement life of tyre size and axle

load for both single and dual tyres. Their tyre widths ranged from 200 to

470 mm (8 to 18.5 in) and axle loads from 8.2 to 10.9 t and their results

are in graphical form for both fatigue and rutting failure mechanisms.

Briefly, Terrel and Rimsritong suggested that their wide single tyres

were more destructive than duals with the same contact area, that

pavement fatigue life is much shorter in summer than winter and that it

generally increases with vehicle speed up to a limit. Although specifical-

ly directed at Washington pavements and not supported by subsequent

empirical verification, Terrel and Rimsritong (1976) is a good indication

of a viable theoretical approach to determining tyre effects. A similar,

yet substantially more complex mathematically, treatment is presented

by Harloff (1977).
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The effects of tyre inflation and contact pressures on pavement life are

important elements in the present Project. Both these have been

considered analytically by Van Vuuren (1974), by application of typical

South African pavement, basecourse and subgrade parameters in the

Chevron computer program (Lysmer and Duncan 1969). Unfortunately, it

appears as though Van Vuuren used tyre/road contact stress as his

primary input parameter, so that his analyses are to a large extent

independent of tyre type. But heconsidered several failure mechanisms

in both pavement and base and provided an impressive array of curves

for each, relating life to failure to tyre/road contact pressure. He

concluded that if the average truck tyre inflation pressure in South

Africa of 520 kPa were increased slightly this would lead to a similar

increase in tyre/road contact pressure which, in term, would cause a

marginal reduction in pavement life. While Van Vuuren's conclusions are

specific to the South African input parameters of his analysis, and are

again unvalidated, his analysis is of sufficient rigor to suggest that both

tyre inflation pressure and tyre/road contact pressure should be carefully

allowed for in future studies of tyre effects.

One widespread technique for the estimation of pavement life in

response to axle loading has been via the application of load equivalency

factors. Two more recent studies have taken a theoretical approach to

determing such factors for a range of axle groups, load conditions, dual

tyres and single tyres of varying width. Treybig (1983) analysed AASHO

pavements to arrive at a relationship between subgrade compressive

strain and equivalency factor for some specific pavement and base

parameters. From these he was able to determine the equivalency

factors for axle groups, including triaxles and five-axle configurations,

reasonably well on flexible pavements, but not se well on rigid

pavements. Via similar analyses, Hallin, Sharma and Mahoney (1983)

developed equivalency factors for dual tyres and various width single

tyres, by extending the earlier work of Terrel and Rimsritong (1976).

This enabled them to quantify, for a particular pavement and fatigue

life, what proportion of a standard, dual tyred, axle load could be applied

over the life of the pavement by axles fitted with single tyres of varying

width. These relationships have been partly validated by some limited

pavement deflection and falling weight deflectometer data reported
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subsequently in Sharma, Hallin and Mahoney (1983). Both these recent

studies are directed towards particular pavements and site conditions in

the US, and only one has been partly validated empirically. Their

importance lies partly in the observation that they demonstrate a

continuing interest in applying equivalency factors to assess the effects

of newer tyre types and axle configurations. Importantly, both also

suggest that axles equipped with wider tyres are generally more

damaging than those with conventional dual tyres.

2.2 Tyre/road interaction

In compending the many and varied effects of heavy vehicles internatio-

nally, OECD (1983) demonstrated clearly that tyre/road interaction

represented a major issue. Because it effects firstly pavement design and

performance and secondly vehicle factors such as load capacity, fuel

economy, handling and stability (OECD l983, Snelgrove 1980, Sweatman

1983), it is of fundamental importance to the current Project. Further-

more, it has been the subject of considerable, well documented research

during the last decade.

Experimental interest in tyre/road interaction of relevance to the

present Project has to date primarily focused on analysing pavement

deflection and strain data monitored during the passage of test vehicles.

The broad aim has been one of determining the effects of tyre type and

axle group on pavement performance and life. In-situ measurements of

deflection and strain have been adopted here on the basis thay they

might be directly correlated with vehicle parameters and other measures

such as static axle mass.

Shields and Chizamsky (1975) were among the first to document the

pavement instrumentation techniques for the in-situ measurement of

strain and deflection used in tyre/road interaction studies. Christison

(1985) subsequently reported studies utilising the Shields and Chizamsky

techniques. Deflection of the pavement surface is monitored with

displacement transducers (LVDT or DCDT) mounted in a cylindrical

shield, around 110 mm diameter and 1 m long, fixed vertically into the
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pavement and basecourse. Running through the cylinder, and extending

to a depth of an additional 1 m, is a straight rod, the upper head of which

provides the fixed reference point for the displacement transducer. An

array of these devices is positioned in the pavement. Longitudinal strains

at the bottom of the asphaltic concrete layer are detected with

conventional strain gauges. These are embedded in sheet asphalt plates

and are fixed in position during pavement construction. Fig. 1 and 2

illustrate these strain and deflection measurement procedures. Subgrade

pressures are measured with pressUre cells which also must be installed

during construction. Finally, temperatures in the various layers are

monitored with thermocouples, again installed during construction.

Because much of this instrumentation system is installed during road

construction, there are practical difficulties in its wide spread applica

tion.

Nevertheless, systems of this type have been used (in part or in toto) for

a variety of controlled test experiments, conducted during last decade in

Canadian (Snelgrove 1980, Christison 1985), West German (Gorge 1984),

Italian (F15 1983 and 198W, Finnish (Huhtala 1986) and Australian (Sharp

et al 1986) tyre/road interaction studies. Their findings will be discussed

subsequently. One difficulty with the technique has been determining

vehicle lateral position, which is important in analysing both strain and

deflection magnitudes. The West Germans used a photographic tech

nique, while the Italians solved this problem by strain gauging the entire

pavement width. In each of the other three, measurements were made

only in one wheelpath. The Canadian (Christison 1985) solution appears

to have involved statistical analyses of repeated runs, backed up by slow

speed checks with a known test vehicle. On the other hand, Huhtala

(1986) in Finland simply noted the imprint in a strip of wet sand on the

pavement surface after each test run. However, in Australia, Sharp et al

(1986) developed a successful and robust transverse position indicator

which is fixed onto the pavement surface in the region of the wheelpath.

This device, which is based on electrical switching and resistance

measurement, has been found to be accurate within f 5 mm. Also, it has

the significant advantage that it may be used, as can the Italian and

West German methods, outside the confines of a controlled test situation

to monitor vehicles in the normal traffic stream.
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Several years tyre/road interaction research in Canada has been

summarised by Christison (1985). Primary variables have included vehicle

type, axle group, tyre type, axle loads, axle spacings and asphaltic

concrete pavement types. Data monitored during the experiments were

subsequently applied in appropriate RTAC formulae to determine

equivalency factors. This culminated in the following relevant conclu-

sions regarding axles, axle groups and tyre types.

For conventional 10.00 x 20 bias ply tyres, it was found that the

magnitude of an equivalent single axle load is 60 96 of the tandem axle

load. At comparable load magnitudes, one application of a single 12.00

tyre was shown to be equally destructive as seven to ten applications of

a dual tyreconfiguration. The study of wide single tyres revealed that

the potential damaging effects of 18.00 radial and bias ply tyres may be

considered equivalent. Further, the damaging effect of one application

of the standard 80 kN load was found equivalent to one application of

either a 79.2 kN load on a single axle with 18.00 tyres or a 70.8 kN load

on a single axle with 16.50 tyres. An important conclusion was that one

application of a single wide base tyred axle is approximately equivalent

in damaging effect to 1.2 to 1.8 applications of a dual tyred axle.

Finally, at comparable gross weights, one application of a tandem axle

group with dual tyres and a 3.1# m axle spacing was shown to be

approximately equivalent to 1.3 applications of a similar tandem group

with a 1.37 m axle spacing.

Snelgrove (1980) has used much of Christison's early data, along with

similar data collected elsewhere in Canada in assessing various effects

of wide single tyres. He concluded that on Canadian full depth asphaltic

concrete pavements wide single, radial ply tyres (18.00 x 22.5 and 16.5 x

22.5) were about 8 96 more damaging. than conventional (10.00 x 20)

tyres, at creep speeds. It was found that this difference increased with

speed to 13 % at 80 km/h on the major Highway #00 in Ontario. When

considered in conjunction with allied studies of stability characteristics

and fuel efficiency of wide single tyres (discussed elsewhere in- the

present report) these results led Snelgrove to recommend that increasing

the load limit on a single axle equipped with wide tyres to that with dual

tyres is not justified.
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Recently in Finland, Huhtala (1986) undertook controlled test experi-

ments with the original primary objective of establishing the effects of

truck type on pavement damage. Although limited to one 80 mm

asphaltic concrete pavement, Huhtala determined load equivalencies

from his empirical data via the Shell formulae (Claessen et al 1977) to

estimate pavement life in terms of cumulative standard axles. This

allowed him to rank the pavement damaging effects of axles and axle

groups, including the effects of tyre type. For example, he found that a

single, dual tyred axle loaded to 100 kN corresponds to a steer axle

loaded to 75 kN, a dual tyred trailer, tandem axle at 185 kN (less than

2.06 m axle spacing) and a trailer tandem axle with wide single tyres at

130 kN.

A similar study was also undertaken in Australia (Sharp et a1 1986), but

here the primary objective was considerably more specific. It was to

determine the pavement damaging effects of both tandem and triaxle

groups when fitted with wide single tyres. To do this, pavement surface

deflection data were measured in the (controlled test) experiments on

both a chip seal and a 75 mm asphaltic concrete pavement. Load

equivalencies were then calculated to quantify the requisite pavement

damaging effects. For both axle groups and for single axles, higher

pavement deflections were observed, for a given static load, under the

wide single tyres of 15 to 18 inch width compared to dual tyres of

nominal 10 to 11 inch section widths. One particular application of these

results was as input to a specific study of road vehicle limits (NAASRA

1985). Here, Sharp et al recommended an axle group equivalency of 17.0

t for wide single tyre equipped triaxles be used in conjunction with the

18.5 t previously adopted for triaxles with conventional duals.

Research on the pavement damaging effects of vehicles, axle groups and

tyre types has also been proceeding along similar lines in Italy (FIS 1983

and 1984). Experiments have been conducted to date on both flexible and

rigid pavements. Since the Italian results for flexible pavements are

similar to these already discussed, only their work on rigid pavements

(FIS 1981;) will be considered now. This work was done in a similar

fashion to that for flexible pavements. Lateral position and thermal

effects were found to be negligible. Strain data were graphed against
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static load for individual axles and axle groups fitted with various tyres.

Then by application of the Portland Cement Association fatigue life

relationship, the number of passes of particular axles and axle groups

leading to fatigue failure of the pavement were calculated.

By accumulating these figures for each vehicle type, a figure known as

the Transport Efficiency Factor was determined for each vehicle. This

figure represented the total load, over the life of the pavement, carried

by each vehicle. Consequently, the "aggressiveness" of a particular

vehicle was determined and this allowed comparison of the relative

damaging effects of axle, axle group, tyretype and vehicle type. These

results were well depicted pictorially, with sketches of each truck/axle

group/axle/tyre combination appearing in the two dimensional "plot"

reproduced in fig. 3. The vertical axis shows the total load (Gt or 109 t)

transported during the life of the pavement, while the horizontal axis

shows the mean load (t) on the axles of each truck that followed the first

axle on the truck. The major conclusion was that, although vehicle

geometry had an influence on "aggressivity", the most important factor

was the axle load. A number of subsequent conclusions relating to the

particular axle and vehicle configurations used were then drawn. In

particular, it was found that, for the vehicles and pavements tested,

triaxle suspensions fitted with wide single tyres were only advantageous

when the overall load did not exceed 24 t. One such triaxle group

carrying 32 t was shown to be far more "aggressive" than any other axle

group studied. These observations confirmed earlier Italian findings on

flexible pavements (F15 1983). They are also in line with the Australian

work on flexible pavements (Sharp et al 1986).

Gorge (1984) has summarized the conduct and findings of an extensive

West German research program dealing with both rigid and flexible

pavements. By suitably instrumenting the test vehicles, on-board

measures of dynamic axle loads were obtained for correlation with the

in-situ pavement strain and temperature data. Variables included truck

type, tyre size (from 10 to 13 inch width), tyre pressure, axle type, axle

group type, axle load and speed. For the flexible pavements, the AASHO

4th power law was used to determine damaging effects. For the rigid

pavements, these effects were assessed primarily on the basis of the
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measured pavement strain magnitudes, although good correlation with

current West German design calculations was noted.

The flexible pavement work showed that while pavement strains

increased linearly with wheel load, for a constant axle load, dual wheeled

axles gave longer pavement fatigue life than single wheeled axles. For

example, in the smooth surfaced, 140 mm deep pavement tested, the

strain under a dual wheeled axle was only 56 96 of that measured under a

single-wheeled axle carrying the same wheel or axle load. Further, it was

concluded that the tyre/road pressure has only a small, effect on

pavement strain, but this was drawn on the basis of considering the

effects of tyre size, load and inflation pressure. Specifically, at constant

static load, it was found that a 70 96 increase in inflation pressure causes

pavement strains to increase by 7 96. In fact these results are consistent

with the calculations of Van Vuuren (1974). Pavement strains were

studied in detail and found to decrease with increasing speed but to

reach a limiting, constant value at 40 km/h. This important finding may

have implications for future attempts to monitor pavement strain data

at slow, creep speeds, particularly in the light of the comparisons

undertaken by Snelgrove (1980) and how these too varied with speed.

Strains were also found to increase with pavement temperature.

The rigid pavement studies of Gorge (1984) produced similar results with

fatigue life shown to be shortened with increasing axle load and

pavement temperature. These findings matched closely those observed in

the Italian work (F15 1984). A

Several correlations, of fundamental and substantial importance, were

established between the in-situ pavement measurements and the on-

board vehicle measurements in the West German study. Primarily it was

observed on both the rigid and the flexible pavements that the

instantaneous dynamic axle loads and pavement strains were directly

correlated in magnitude and in phase. Careful analysis and interpretation

of these highly repeatable and reproduceable results which are exempli

fied in Fig. Al led Gorge to conclude that in future tyre/road or

vehicle/road interaction studies, it is unnecesSary to measure pavement

strains. Rather, according to Gorge, pavement fatigue life can be equally
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well estimated from measurement of dynamic axle load. The implica-

tions. of this useful finding will be explored subsequently. Gorge

presented further analyses of his on-board, vehicle load data to show

that and how suspension system design affects the dynamic axle loads

applied to the pavement and these results were boradly consistent with

those of Sweatman (1983). From those it was possible for Gorge to put

together a fundamental relationship on the basis of this West German

study. It was that the fatigue life of a particular pavement may be

regarded as a fourth power function of wheel type, tyre contact pressure

and dynamic wheel load. Therefore, he claimed, adequate vehicle design

measures could be applied to lowering road fatigue.

2.3 Dynamic loading

 

The dynamic loading of pavements is a topic which has been receiving

much attention in recent years. Substantial and continuing advances in

instrumentation technology have markedly accelerated developments in

the field. Basically, two areas are involved here, the first of which

concerns how the vehicle/suspension/tyre system applies load to the road

pavement. The second, and more relevant to the present project, relates

to how dynamic loads may be measured in the pavement and the

applications of the data so measured.

Several years fundamental, Australian research on suspension system

dynamics was reported by Sweatman (1983). By using a wheel force

transducer, he was able to measure the dynamic wheel loads produced by

a variety of suspension systems over a range of road surface roughness,

axle group loads and tyre inflation pressures. This allowed Sweatman to

quantify the load sharing performance of and the substantial levels of

dynamic loading generated by each suspension system. These loads can

range up to a maximum of 130 96 of the comparable static loads on

particularly rough roads, but the typical range is i 10 96. The major

findings of Sweatman's research, which have been incorporated in OECD

(1983), should be considered when planning the future program of the

present Project.
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Sayers and Gillespie (1983) followed up several of the issues raised by

Sweatman. They also took on-board measurements of dynamic loads

which were in accord with Sweatman's data. Via power spectral density

analyses of their data, Sayers and Gillespie confirmed the theoretical

expectation that the response of common tandem suspension systems is

non linear. They identified tandem suspension resonances at 2 and l! Hz

along with an axle hop mode at around 10 Hz.

Swedish work on passenger bus dynamics (TFK 1984) has followed up

many of the findings of both Sweatman (1983) and Sayers and Gillespie

(1981). By a combination of both theoretical analysis and empirical

observations via on-board measurement, TFK (1984) considered the

means by which the dynamic loading exerted by buses might be

minimised. They found some complex interactions between ride comfort

and the dynamic loading which leads to road damage.

Vehicle dynamic loads may be measured via in-situ rather than on-board

techniques. By suitably instrumenting a road pavement, a bridge or a

culvert, the dynamic loads exerted by known test vehicles or by vehicles

in the traffic stream can be monitored (Samuels 1986). There is now

much interest throughout the world in both this technique and the data it

is now providing (OECD 1986). The primary applications of these data

are in pavement, bridge and vehicle design, but they may be analysed in

a variety of ways to suit any particular application (Eg: Wiman 1979,

Machemehl and Lee 1974).

Samuels (1986) summarises the operation of two techniques for in situ

measurement of dynamic loads and then provides empirically determined

accuracy figures for each. The first technique is known as plate-in-

ground and involves an instrumented plate embedded into the road and

flush with the pavement surface. Two types of plate are available, one

being of thin section to which strain gauges are fixed while the other is a

larger structure seated on load cells. The second technique utilizes strain

gauge transducers, which mechanically amplify strain so that it can be

readily detected by strain gauges which form part of the transducer.

Both techniques incorporate transducers which produce signal outputs in

response to the passage of vehicles over the transducers. These outputs
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represent the instantaneous dynamic loads exerted by the vehicle. After

suitable processing, their outputs may also be used to estimate the static

vehicle loads. Indeed, Samuels (1986) has shown that the performance of

the techniques is similar and that, for example, they can estimate static

GFOSS VehiCle Mass Within 1 10 % and individual axle static mass within 1

15 %. However, these figures are largely a function of vehicle dynamic

effects and they conform to the observations of both Sweatman (1983)

and Sayers and Gillespie (1981). An instantaneous load may be measured

with these systems within 1' l 96 or better (Samuels 1986).

Piezo-electric cable embedded in the road pavement surface represent

another in-situ technique for measuring dynamic load (OECD 1986).

These devices are under development at present in several countries and

it is realistically expected that complete systems, including comprehens-

ive signal processing and data logging facilities, will become available

commercially in the near future. Experiences to date (OECD 1986) with

piezo cables suggest that they have comparable accuracies to those of

the systems examined by Samuels (1986). However, their long term

reliability has not yet been completely established. Again the current

experiences have shown promising results in this regard.

Each of the dynamic weighing systems mentioned above will provide a

measure of gross vehicle mass and axle group mass.However, only the

plate-in-ground and piezo cable systems allow measurement of all the

individual axle loads on every vehicle. This is because the strain gauge

transducer systems operatevia algorithms that match the influence line

of the bride or culvert to the strain records monitored during vehicle

traverse. Although both strain gauge transducer systems employ conven-

tional traffic detectors (of the tube type) to identify vehicle type, axle

numbers, axle spacings and speeds, the bridge based systems can never

isolate individual axle loads in a group. The culvert systems do a little

better, but can only isolate the individual axle loads when the axle

spacings exceed a minimum of around 2 m (Samuels 1986). This precludes

their use in monitoring individual axle loads in the common tandem and

triaxle groups, where the spacings are typically about 1.4 m. As a

consequence it would seem that if in situ dynamic load data acquisition

were to be used in the present Project, the choice of system is limited to
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either the plate-in ground or the piezo cable types. (The capacitive pad

system developed originally in South Africa has not been considered

herein because of its poorer accuracy. Also it presents an unwanted

excitation of dynamic oscillations in the vehicle/suspension system

(OECD 1986)).

2.4 Economic matters

An integral part of the present Project involves assessing the economic

consequences of tyre selection and any future regulations governing tyre

operation in Scandinavia. Because this is such a specific issue, few

studies of direct relevance have been reported. Recently, a substantial

review of the mass and dimension limits and associated regulations

applying to vehicles using Australian roads was reported by NAASRA

(1985), with the objective of enabling the Road Transport Industry

improve its economic viability. Among the many factors considered in

this review was an analysis of the economic implications of changing the

existing limits and regulations. These implications were considered from

both the Road Authority and the Transport Industry viewpoints. Comp-

lex, computer based procedures and models were established for this

purpose, whereby the tradeoffs in, for instance, road maintenance and

transport operator costs could be assessed in relation to proposed

changes in existing limits. While the NAASRA review is largely outside

the scope of the current Project, it is relevant in that it illustrates the

possible complexities and techniques that might be necessary for the

P roject.

More limited studies of the NAASRA type have also been conducted in

England (Corcoran, Glover and Shane 1980) and in Texas, USA (Walton,

Brown and Burke 1979). Both of these are specifically directed at the

local situation. Each attempts to assess the costs associated with

transport operation, road damage (via the AASHO fourth power law) and

bridge damage of increasing legal load limits. Again the relevance of

these studies is that they illustrate the nature of the economic

framework and analyses required to assess the costs involved.
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One investigation of particular relevance is that reported by Giles

(1979), where the fuel economy and driving stability associated with wide

single tyres was studied. According to Giles, who quoted figures supplied

by tyre manufacturers, when conventional dual tyres were replaced with

wide single tyres, fuel consumption decreases of up to 9 96 were

achieved. Truck operator reports of improved stability were explained in

terms of the tyres' greater width providing improved frictional contact

in ruts and on cambered surfaces. Little or no data were provided to

support these claims.

Snelgrove (1980), on the other hand, undertook a scientific examination

of heavy vehicle fuel economy associated with tyre type. In a first series

of controlled, on road tests Snelgrove studied conventional bias ply

(10.00 x 20) and radial ply (11.00 x 22.5) tyres along with a radial ply

wide tyre (18-00 x 22.5) fitted to conventional articulated trucks. He

found the wide single tyres afforded a 15 96 fuel saving in both summer

and winter compared with dual bias ply tyres. These figures dropped to

5.1 96 for summer and 13.5 96 for winter when comparing the wide single

with dual radial ply tyres. The corresponding figures achieved when

matching the dual radials against the dual bias plys were 6.1 96 (summer)

and 2.5 96 (winter). These results are broadly consistent with those of

Giles (1979) and certainly seemed to indicate the potential for

conventional and wide single tyres to improve fuel economy.

In his second series of tests, Snelgrove monitored the fuel consumption

of vehicles in a fleet fitted variously with the same groups of tyres. Here

the potential savings were not observed with, in fact, the bias ply tyred

vehicles consuming some 4 96 less fuel than those with the wide singles.

While this result could reflect a degree of confounding of the somewhat

uncontrolled experimental variables, it may well suggest that achieving

substantial fuel consumption savings via tyre selection might indeed be

difficult. It certainly points to the need for careful experimental

planning of any investigation proposed in the present Project.
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2.5 Overview

The interim review and assessment of current technology has so far

revealed that the Optimum Tyre Selection Project fits into an area of

rapidly advancing technology. Foremost are advances in the areas of

design and response behaviour and the techniques for both monitoring

and assessing these two. The overview now presented is an attempt to

bring together the salient features of the interim review and assessment

in order to apply them to the suggestions for experimental planning that

follow.

2.5.1. Pavement Issues

 

Pavement life estimates are embodied in relationships such as the fourth

power law and in load equivalency concepts which originated from the

AASHO road test. Although some debate about them is currently under

way, the statements of the AASHO road test appear to remain at the

foundation of current technology. During the early 19705, pavement life

estimates, obtained largely on the basis of the AASHO relationships in

conjunction with pavement deflection data, were applied to the fixing

and the assessment of legal load limits for heavy vehicles. Theoretical

analyses have subsequently shown the possibility of allowing for specific

tyre effects in this process. However, applicability of these analyses has

been constrained by the nature of the input parameters, which have

tended to reflect the local conditions in which the analyses were

initiated.

Both tyre inflation pressure and tyre/road contact pressure have been

estimated to affect pavement performance and they are probably

important parameters of relevance to the present Project. Two recent

theoretical analyses have continued with the equivalency factor

approach to determining the pavement damaging effects of newer axle

configurations and tyre types. Both were also site-specific analyses, one

of which had been in part validated empirically. They indicated that

axles fitted with wide single tyres are more damaging to pavements than

those fitted with conventional duals.
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2.5.2 Tyre/ road interaction

 

Instrumented pavement techniques have recently provided the primary

means by which empirical studies of tyre/road interaction have been

conducted. In-situ measurements of strains, deflections, temperatures

and pressures have been made during various controlled test experiments

in several countries. Canadian studies produced some detailed effects of

tyre and suspension type on pavement damage. A similar approach was

taken in Finland which culminated in a» rank ordering, in terms of

pavement damaging potential, of a set of tyre and suspension

combinations. At about the same time, Australians determined the load

equivalencies associated with wide single tyres fitted to tandem and

triaxle suspension systems. In Italy, similar results to the previous

studies for flexible pavements were reported and interest then focused

on rigid pavements. This culminated in an excellent pictorial

representation of the results showing the pavement damaging effects of

various truck/load/suspension/tyre combinations. An extensive program

in West Germany approached the issue from two directions, by analysing

on-board vehicle measurements with the in-situ pavement data. While

this project complemented the others from the pavement damage point

of View, it also provided some critical, empirically determined links

between pavement systems and vehicle systems that have profound

implications for the Optimum Tyre Selection Project.

While it is apparent that there is general agreement between the

observed trends, results and conclusions of all these tyre/road

interaction projects, direct comparison of each against the other is a

little difficult. This is because of some inherent differences in both

experimental design and conditions and because both pavement and

vehicle types tended to be typical of those of the country concerned.

Nevertheless it has been possible to summarise, in general terms, the

major findings of these studies.

- Pavement life is apparently affected by tyre type. Compared to a

standard axle with conventional dual tyres, an axle fitted with wide

single tyres is more damaging, as is an axle with conventional single

tyres. One pass of the wide-single tyred axle is equivalent to about 1.2
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to 1.8 passes of the dual tyred axle, while for the single tyred (12.00

inch) axle, one pass seems to be equivalent to about 7 of the dual tyred

axle.

- The axle group type onto which the tyres are fitted also affects

pavement life. Wide single tyres on triaxles and tandems are

significantly more damaging than conventional duals. Considering a

tandem axle group with dual wheeled axles, the load equivalent of one

of the axles alone is equal to 60 96 of the group.

- Pavement life could be represented as a function of three variables a

wheel type, tyre/road contact pressure and dynamic wheel load.

- Dynamic axle loads and pavement strains are directly correlated in

both magnitude and phase.

- Radial and cross ply tyres seem to be about equivalent in terms of

their pavement damaging potential.

- Axle spacing is a relevant and important parameter affecting

pavement life.

- Pavement life is affected strongly by pavement temperature.

- In general, the trends observed amongst the parameters affecting

pavement life are similar for both flexible and rigid pavements.

- Tyre inflation pressure may well be a parameter of marginal

importance to pavement fatigue life. Studies of the effect of this

parameter have tended to vary inflation pressure while holding load

constant. For example at constant load it was typically found that a 70

96 increase in inflation pressure would generate a 7 96 increase in

pavement strain. Since these types of experimental conditions rarely

occur in practice, they may have produced results with little or no

practical significance.

- Pavement strains appear to depend on vehicle speed. On a smooth

pavement they were shown to decrease with increasing speed and
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reach a limiting value at around 40 km/h. Wide single tyres were found

to be 8 96 more damaging at creep speed and 13 96 more damaging than

conventional dual tyres at 80 km/h.

- The parameter known as "Transport Efficiency Factor" which was

derived in an Italian study might be very useful for future work, along

with the accompanying diagramatical display.

It is significant to note that the general procedures adopted by all these

tyre/road interaction studies were similar. Via controlled test techni-

ques, pavement strain and/or other data were obtained. These were then

ultimately converted, via fatigue life relationships such as the ASSHO

fourth power law to some form of equivalency whereby pavement life

could be estimated. Further, the measurement techniques adopted

provided reasonable data, although they were both logistically difficult

to apply and in some cases required complete road construction for

installation. A wide variety of data has been collected to date and while

these have been thoroughly reviewed herein, it has been neither the

purpose nor the intent of the present report to undertake more detailed

comparisons of these data. This would form a useful part of the next

phase of the Project, particularly if it were married with a survey of the

currently used axles, tyres, axle groups and vehicle types in the

Scandinavian heavy vehicle fleet, along with appropriate details of

pavement types and designs.

2.5.3 Dynamic loading

 

Advances in both theoretical and experimental technique have assisted

recent progress in what is known about dynamic loading of pavements.

Heavy vehicle type, suspension system design, axle configuration, tyre

type, tyre inflation pressure and road roughness all affect both the

nature and magnitude of dynamic loading. It is now understood that

dynamic loads can have substantial effects on a pavement. Typically

these loads fluctuate in magnitude by about 1 10 96 around the

comparable static load, but they may frequently reach maximum

fluctuations of 1' 30 96. Dynamic loading is primarily a low frequency
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phenomenon which is largely dependent on suspension and vehicle

parameters. Via tandem suspensions, for example, it occurs in the 2 to 4

Hz range with additional components at the higher 10 Hz axle hop

frequency. However, it is not entirely straightforward to minimise

dynamic loading effects simply by suspension design. Other factors such

as vehicle stability, handling and ride comfort must also be considered.

In the specific instance of passenger buses, there are indeed some

complex interactions between dynamic loading effects and ride comfort.

Dynamic loading data have application in both the design and

maintenance of pavements and bridges. Several systems are now

available for the unobtrusive, in-situ measurement of dynamic loads

generated by vehicles in the normal traffic stream. These systems may

also be used in controlled test situations. The primary systems are of the

plate-in-ground, the strain gauge transducer and the piezo cable type,

and all exhibit similar accuracies. To date accuracy of a dynamic

weighing has been quantified in terms of static mass estimation. For

example, the systems can determine gross vehicle static mass within 1'

10 96 and, where possible, individual axle static mass within 1' 15 96.

These accuracies are largely a function of vehicle dynamic loading

characteristics mentioned previously. The systems can measure

instantaneous dynamic loads within 1" l 96.

Not all dynamic loading measurement systems are capable of measuring

the instantaneous load on every axle of all vehicles. For the strain gauge

transducer systems mounted on a bridge it is not possible to separate

the axles in a group. This is only possible with the culvert based strain

gauge system when axle spacings exceed about 2.0 m. The reason for this

limitation lies in the way load is distributed under axles and axle groups

and the consequent influence line based algorithms employed by the

systems to determine load. As a consequence, only two types of systems

-the plate-in-ground and the piezo cable -- would be suited to possible

data acquisition applications in the present Project. Both these are

capable of monitoring individual axle loads as required by the Project.
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2.5 .4 Economic matters

 

The economic effects of tyre selection and operation in Scandinavia is a

rather specific issue. It is understandable, therefore, that very little of

relevance has been reported. However, a major review of road vehicle

limits was undertaken recently in Australia. Although considerably

broader in scope than the current Project, it served to illustrate the type

of economic analytical technique that might be required. More limited,

but similar studies in UK and USA reinforced this observation.

Some study has been made of the claimed economic benefits of wide

single tyres, with some conflicting conclusions. On one hand an American

laboratory study. suggested a 9 96 fuel consumption reduction in

conjunction with improved stability, particularly under braking, would be

realised by articulated trucks fitted with wide single tyres. Meanwhile,

in Canada another study considered these aspecs via both controlled

tests and by monitoring fleet operations. In the controlled tests, similar

fuel consumption figures were attained, but these were not observed in

the on-road vehicle fleet observations. It appears that tyre type,

particularly construction and size, may well affect fuel consumption, but

the details of these effects are not yet sufficiently isolated or

quantified. It is likely that any experiments on this issue would only

produce meaningful results if they were very carefully planned and

conducted.
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3. SUGGESTIONS FOR PROJECT PLANNING

The Tyre Selection Project has objectives which were outlined in Section

1.1 of the present Report. Although the comprehensive review and

assessment of current technology has yet to be completed by the Project

Team, progress is sufficiently advanced to allow some suggestions for

the future of the Project. It is emphasised that these suggestions are, in

sympathy with the aims of the present report, put forward as prompts

for discussion by the Project Team.

3.1 Possible program

 

What has preceeded in this report has indicated that pavement life is

affected by a variety of road and heavy vehicle factorsin a range of

climates, conditions and countries. A number of studies conducted

throughout the world have contributed towards this conclusion, and these

have been discussed previously. Naturally, these studies were undertaken

with several objectives and they exhibit varying ranges of parameter

spaces which largely reflect the differing local conditions for which they

were conducted. While a summary of the major findings to date is

included in the present report, these findings have not yet been directly

related to the Scandinavian situation. This should be an immediate task

for the Project Team and it requires a relevant survey of both the road

network and the heavy vehicle fleet in Scandinavia. It appears necessary

to compend a listing of Scandinavian pavement types and specifications,

vehicle types, axle types, axle groups, tyre types and tyre usage. By so

doing and comparing these with the conditions of the previous studies,

the specific implications of their major findings to Scandinavia can be

assessed. Only then can a detailed Project Program be planned.

In considering a possible program, some issues can, however, be

considered prior to the survey just suggested. It would seem prudent to

allow for both flexible and rigid pavements. Although there appears to be

a low incidence of rigid pavements in Scandinavia (this will be clarified

by the survery), this may well increase in future in response to the rising

costs if bituminous materials. Also, it might be necessary to consider the
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effects on bridge design and maintenance. As far as this author is aware,

bridges have not been mentioned to date in the Project documents. Many

heavy vehicle factors have a considerable influence on bridge design,

performance and maintenance and it could be appropriate to include

these somewhere in the Project. Another issue which may require

attention is that of vehicle safety. Both the stability and handling

characteristics of heavy vehicles are influenced by factors such as

suspension and, possibly, tyre type. At present it is unclear how this

safety aspect might be included adequately in the Project. However, it

would clearly be an unsatisfactory situation if the Project made some

recommendations which, if implemented, adversely affected vehicle

safety.

The issue of tyre effects on road transport operation costs must at

present be regarded as unresolved. Amid fuel economy claims and

conflicting experimental evidence, the present report has pointed to the

need for further work on this topic. However, there is a very wide range

of relevant experimental parameters such as vehicle type, load condi-

tions and climate along with a host of ancillary factors such as vehicle

power/weight ratios and drive train specifications. Consequently, an

appropriate experimental program may well turn out to be large in

magnitude, logistically difficult and expensive to conduct. An early

decision on how to approach this issue should be taken by the Project

Team.

On balance it could be suggested that the Project program should be

based on the following set of variables. As indicated previously, the

Project Team should select the range of each variable by consideration

of the material in the present report in conjunction with mooted survey

of Scandinavian conditions.

VEHICLE PARAMETERS

Truck type - Rigid

- Articulated

- Combinations
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Axle configuration

Axle type

Tyre type

Tyre inflation

pressure

Static load ranges

Speed -

26

Single

Tandem

Triaxle

Other?

Types of each suspension?

Steer

Driven

Trailing

Dual wheeled

Single wheeled

Radial ply

Cross ply

Section width

Aspect ratio

STRO speci cations

Over inflation

Axle load

Axle group load

Gross vehicle mass

Tyre/road contact pressure

5 km/h (Creep)

30 km/h

50 km/h

70 km/h

PAVEMENT PARAMETERS

Pavement type

Pavement specifi-

cations

Flexible

Rigid?

Pavement depth

Materials specifications

VTI MEDDELANDE 509A



27

Basecourse type

Subgrade specifications

Typical winter valuesTemperature

Typical summer values

In conducting any experiments, it appears that adequate data could be

obtained either by the instrumented pavement techniques or by suitable

application of dynamic weighing procedures. Perhaps a combination of

the two might be appropriate. In both cases the requisite tyre effects

would be assessed by transforming the measured data into load

equivalencies or the like via appropriate pavement life relationships.

Hopefully these results could be displayed in a rather straightforward,

semigraphical mode similar to the Italian method (FIS l98#) discussed

previously.

3.2 Instrumented pavements

Instrumented pavement techniques have already been thoroughly dis-

cussed in the present report. They represent an internationally accepted

procedure for collecting data appropriate to the current Project. While

the techniques suffer from substantial logistic difficulties, these are

being overcome, particularly with the advent of improved methods for

detecting vehicle lateral position. The instrumented pavement facilities

currently available in Finland are no doubt suitable for the present

Project, and consideration should be given to conducting part of any

experimental program on these pavements. Note that these data would

only be applicable to flexible pavements.

3.3 Application of dynamic weighing technology

 

It is a novel suggestion to apply dynamic weighing technology to the

program at hand. However, it is relatively simple logistically to conduct

experiments with this technique (Refer to Samuels 1986 and then to

Sharp et al 1986) and offers the additional advantage of not having to
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monitor vehicle lateral position. Given the observations of Gorge (1984)

regarding pavement strains and dynamic axle loads, the technique may

be confidently applied. It offers a ready means by which appropriate

empirical data may be collected and used with suitable relationships for

both rigid and flexible pavement analyses. Indeed an additional advan-

tage appears to be that the dynamic load data so obtained may be

applied directly into the Gorge (1984) equation, which is of the fourth

power type and relates pavement fatigue to axle passes, a wheel

parameter, a tyre/road contact pressure parameter and both the static

and dynamic axle loads.

The dynamic loads under individual axles are required and this limits the

choice of instrumentation system to either the plate in-ground type or

the piezo cable type. Given the Project timetable and the fact that the

piezo cable systems are not yet readily or conveniently available

commercially, it is probably prudent to opt for the plate-in-ground

systems. It is understood that there is at least one plate-in-ground

system in service in Sweden for routine data acquisition (Wiman 1979).

The system is located in a high speed, rural highway. Based on the

experience of this author in conducting dynamic weighing experiments

(Samuels 1986), it is believed that the site would be suitable for the

Project experiments. Thus it is recommended that consideration should

also be given to conducting part of any experimental program at this

dynamic weighing site in Sweden.
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4. CONCLUSIONS AND RECOMMENDATIONS

As part of the initial stages of the Optimum Tyre Selection Project, an

interim survey and assessment of current technology has been conducted.

This has revealed that tyre construction type, mounting configuration,

dimensions and inflation pressure affect both flexible and rigid pavement

life. In addition, vehicle parameters such as type, load and speed, in

conjunction with related axle parameters including type, grouping and

load also affect pavement life. Both theoretical and empirical studies led

to these conclusions, which should be qualified by the particular

combinations of pavement and vehicle parameters for which they were

derived. Consequently, their specific significance to the Scandinavian

situation can only be assessed once they are aligned with the results of

an appropriate survey of vehicle and pavement types in the region. It was

recommended that this survey be conducted and the subsequent analysis

be undertaken.

Such a survey and analysis could also assist with what was found to be

the complex process of assessing the economic effects on transport

operations of tyre selection. It was recommended that very careful

consideration be given to this issue prior to embarking on any possible

detailed study.

Some consideration was given to the future program of the Project. It

was concluded that any experimental program might be conveniently

undertaken using an instrumented pavement facility in Finland and a

dynamic weighing facility in Sweden. It was recommended that this

approach be considered by the Project Team.
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Elaborazione dati Nardo
Pavimentazione rigida

Breakdown of Nardo data
Concrete pavements
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Evaluation of vehicles on basis of V (billions of tonnes transportable during the fatigue life of the pavement)
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