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tract. The political and socio-gconomic
ges in South Africa over the past five vears have
a significant influgnce on the South African HVS
mgramme. From a fleet of theee production machines
ating solely in South Africa since 1978, only one
remains in the country, while the other two are
d in the CalAPT programme in California.
artheless, the SA HVS programme has, in turn, had
arked impact on the development of pavement
ineering technology in Sowth Africa and has
strably effected significant savings to the
ntry. In particular, the focus of the programme has
n redirected 1o address the issues currently facing
South African road building industry.

This Paper gives an overview of the history and

ent status of the SA HWVS programme and

hlights the impact of the programme on both

hnological advances in pavement engineering and

savings to the industry,
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INTRODUCTION

Accelerated Pavement Testing (AFPT)was brought
e fiore in the late 19505 with the AASHO road test
ie LISA (HREB, 1962) and since then has plaved an
mportant réle in the elevation of road building w0 a
v rational process, A number of full scale APT
ies incleding circular tracks (eg the Frenth
em at Mantes, Westrack in Reno, the Cedex facility
ladrid) as well as linear tracks (eg the Lintrack
m in Delft, the TREL facility in Crowthorne) are

HE IMPACT OF THE HEAVY VEHICLE SIMULATOR
(HVS) TEST PROGRAMME ON ROAD PAVEMENT
TECHNOLOGY AND MANAGEMENT

SV Kekwick
Transportek, CSIR
PO Box 395
Pretoria, 0001
South Africa

ES Sadeik
Gauteng Department of
Public Transport and Roads
Private Bag X3
East Lynn, Pretoria, 0001
South Africa

currently in operation. In addition, mobile and semi-
maobile facilities such as the Accelerated Loading
Facility { ALF), the Mobile Load Simulator (ML5) and
the South African Heavy Vehicle Simulator (HYS)
have been used o evaluate pavement behaviour under
aceelerated traffic loading.

The philosophy behind and approachto APT in the
various programimeshas varied considerably, imparting
some degree of uniqueness to a number of these
experimentalset-ups. In the case of the South African
HWVS, thiz uniquensss resulted principally from the fact
that it was designed to be used on real, in-service
pavements,

For more than 20 vears, the HVS has played the
dominant rdle in development of South African
pavement engineering capability. The extent of this
influence has been well illustrated  through
contributions to previous Conferences, on both direct
HWVS applications and the associated development of
rational analysis/design methods and their practical
implementation (Walkeref af, 1977; Freeme et af, 1982
& 1987 Viljoen erf af, 1987; Kekwick, 1987; Horak er
af, 1992; de Beer, 1992; Horak & Rust, 1992).

Since the previous Conference in 1992, both South
Africa and the South African (5A) HVS programme
have undergone major transformations, the latter being
linked (at least indircctly) to the former. In each case,
it is almost certain that further significant changes will
take place during the next five vears as well.

This Paper gives a comprehensive historical
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perspectiveagainst which the changes can be assessed
and provides an overview and current status of the SA
HVS programme. The various developments during
this period are highlighted, and the impact of the
programme is discussed.

BACKGROUND AND DEVELOPMENT OF
SOUTH AFRICA'S HYS PROGRAMME

Background.  The South African HVS programme
stems from development work during the late 19605, at
which time the Mational Institute for Road Research
(NIRR)' had constructed a static linear tracking
pavement loading device for simulating heavy vehicle
loads (Figure 1), This can rightly be regarded,
therefore, as the first South African heavy wvehicle
simulator, though differing considerably from its better
known offspring.

This device provided the framework for
developmentof some fundamental aspects of the HVS,
such as the method of loading and driving the test
wheel, but differed significantly in the fact that it was
a fixed facility. This latter aspect, still common today
for pavement test facilities, was the norm at that time.
It was, however, the change in this fundamental
characteristic that imparted the South African HVS its
uniqueness: it became a mobile pavement tester.

Prototype mobile HVS. Van Vuuren and his team
provided the impetus for this innovation, and by 1970
the prototype mobile HYS had been planned, was
supported by the 5A Department of Transport (DoT),
and was under construction{Van YVuuren, 1972;1973).
This machine, dubbed the Mark 11 and shown in Figure
2, was commissioned towards the end of 1970 and
began accelerated testing on road 512 between
Johannesburg and Withank in March 1971 (van
Vuuren, 1972; Paterson, 1977a).

Paterson reported that 24 tests were completed by
the prototype machine during the first five vear
operational period from March 1971 to March 1976,
and highlighted that some 1.8 million load repetitions
(comesponding to approximately 12 million equivalent
standard axle loads, MESALs) were applied in the first
vear of operation alone,

Even prior to this five vear review, the benefits
arising from the HVS were clearly regarded as
significant: motivations for the manufacture of three
new production machines of improved design were

: Currently named the Division of Roads and Transpon

Technology, and still pan of South Africa’s Council for Scientific
and Industrial Research (CSIR)

made in 1972 (Paterson, 1977h). These
funded respectively by the SADaT, the
Provincial Administration (TPA)? and the

Production HVS machines®. The new
Mark 1lls, were commissioned during 1976 an
and began full testing programmes in 1978, An
MEIIL, in this case the TPA machine, is
Figure 3.

Fundamentally similar to the Mk Il prototype,
were nonetheless significant differences bevon
cosmetic improvement; the test wheel cami
now designed to take normal dual truck wh
single wheels in the prototype) as well a5
wheels; the machines” own wheel config
redesigned to ensure compliance with the s
maximum axle loadings (the prototype
illegally loaded when on public roads). The
allowed for both uni- and bi-directional
{Clifford, 1975; Paterson, 1977b).

The Mkl prototype was from this time
MIRR's test site, undertaking special an
investigations as funding was made avail

In contrast, the three new production mac
went into continuous use on public roads the
South Africa from the outset. They were
grants received from the DoT (for two o
from the TPA (for their machine), and
operated by NIRR staff. Maturally this
cloze collaboration with the road authorit
and representative advisory committees ¥
from the beginning. This relationship has
significant factor in the undoubted suce
programme, ensuring the earliest possible
of important findings.

The three machines each had somewhat i
réles, reflecting the differing priorities of 1
and these were complementary to a large
the DoT machine was assigned to unde
[DoT investigations, which might or mi
related, but were of importance on a N 1
The WIRR machine was generally mone
focussed, implving perhaps a longer-term
factors influencing pavement performanc
TPA machine had a similar type of function
to specific conditions in the Province.

i The TPA HVS is currently owned by the Gauteng Depa
Public Transpon and Roads (Gawtrans) which used o
old Transvaal Province

* details of operatonal characieristics of the
here. and may be found elsewhere (Metcalf 19962 D



With hindsight, it is easy to see that this type of
balance was probably extremely beneficial, enabling
findings from shorter-term specific investigations
ccontribute to and influence the longer-term
rammes. 1t is further very easy 1o see the henefit
| the machines being operated by the same agency,
in terms of economies of scale (which cerainly
d), but rather in terms of the immediacy of
mmunication between all those involved. Given the
namic nature of the work, thiz ensured that new
ings and developments could be rapidly evaluated
“and quickly disseminated.

From the fate 1970s and throughout the 1980s, the
nded HVS programme was able to underpin
ally all the advances and developments in South
ican pavement engineering. Some of these are
ightad later, and it is merely noted here that during
this period the proaramme was especially vibrant,

While South Africa’s political status at this time
undoubtedly restricted direet exposure of the HVS'
“wark there were, nevertheless, significant numbers of
seas visitors during this time, notably from the
ited States, United Kingdom and Australia,

The subsequent development of Australia's
celerated loading facility (ALF) from 1984 then
provided the only other pavement test facility having an
Ensibly similar capability to the HVS. Ewven so,
hile broadly comparable in concept and appearance,
ALF incorporated several significant departures
luding the adoption of dead-weight test whesl
ing (rather than hydraulically applied load), and a
y uni-directional loading mode.

=

[nterestingly, although even the prototype HVS
had the capability for uni-directional trafficking thus
ing “real life” trafficking conditions more
alistically, the decision from the outset was that the

¥5 machines would normally operate in bi-
; ional trafficking mode. This was based on the
nale that, given all the variables and influencing
tors affecting pavement behaviour, the likely
fits to be gained by the greater rate of trafficking
puld probably far exceed any disbenefits. However,
ecific cases such as in testing jointed concrete
wements, the uni-directional trafficking mode was

Again with hindsight, and the wealth of APT data
sged by the HV'S, the value of this decision can be
appreciated. [t directly contributed to the extent
application of the machine, and therefore to the
it of influence. Somewhat surprisingly, perhaps,
has still been no direct eomparison of uni- versus
ectional loading undertaken by the HVS vet, even
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though this was identified among the earliest test
ohjectives in 1972 (Paterson, 1977b). This, however,
continues to reflect the dominating influence of other
factors in the performance of the pavement structures
evaluated to this time.

THE SA HYS PROGRAMME PHILOSOPHY
AND CURRENT STATUS

Dwring the late 19805 and early 19905 there were
a number of significant external changes which had a
marked effect on the SA HVS programme, In 1985 the
CSIR, in anticipation of the imminent political and
socip-economic changes in South Africa, restructured
itself in order 1o ensure that its efforts would be more
directly focussed on the immediate needs of the
country. In addition, from being essentially funded
through a Government grant, it changed into an
organisation which is currently operating on 45 per cent
Government grant and 35 per cent contract research
work. This change brought with it the urgency to
address specific client identified needs and to ensure
practical implementation of research findings.

Secondly, the political and social changes in South
Africa in the early 1990s, culminating in the first fully
representative election in 1994, had an effect both on
the funding of the HVS programme as well as on the
aims and objectives of the work conducted. The
funding from the SADoT was scaled down over a
number of years due to investment into other urgem
research needs. Cumrently Gautrans is still funding the
operation of their machine with some co-funding from
the SADoT.

The HV'S machines each plaved a different réle in
the SA HVS progremme and each of the programmes
was influenced by these changes, Initially the work of
the CSIR machine was more research focussed, as
noted earlier, addressing basic materials modelling and
design method evaluation. Towardsthe late 1980s this
machine was, however, also being wsed to address
specific project related problems such as the alkali-
aggregate reaction distress experienced on the N2
concrete road near Cape Town,

The SADoT machine attended to specific project-
related and national needs including work on thick
asphalt bases, jointed concrete pavements, and reeyeled
asphalt materials. The last two South African projects
where the SADoT machine was used involved the
evaluation of specific new materials technologies
including large aggregate mixes for bases (LAMBS)
and granular emulsion mixes (GEMS).  After
completion of the SADoT-sponsoredtest programmes,
these two HV Ss were refurbished in 1994 and are now
being used in the Caltrans CalAPT programme.
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The TPA HVS, now operated for the Department
of Public Transport and Roads of the Gauteng province
{Gautrans, see footnote 23, on the other hand, focussed
on specific Provincial needs, alternating between basic

and applied work. At the outset, the TPA used the”

machine for basic research work interspersed with
sporadic application cycles.

The wunderlying philosophy  of the TPA
management was that a specific study should be taken
to its full conclusion before the next problem was
addressed. Initiallv, work focussed on granular bases
and subbases and later on cemented materials.

However, the recent changes in South Africa
demanded a new look at the rile of APT in pavement
engineering developments. In particular, emphasis
needed to be placed on implementationand technology
transfer in order to ensure the effective delivery of
quality solutions to the road industry. In order 1o
maximise the impact of the programme, a holistic
approach is necessary  and should include prior
planning for implementation, technology transfer,
delivery systems and the development of people in the
process (Rust and Maree, 1993),

The rile of APT in a holistic approach to pavement
engineering development is depicted in Figure 4. It is
clear that all the clements in Figure 4 are essential o
ensure the maximum benefit from an APT programme,
Important aspects in this model are the fact that APT
forms a critical link between laboratory studies and
implementation, the fact that APT is part of a larger
whole and the vital, central rile of the people involved
in the programme.

Figure 5 (afier Hugo er af, 1991) demonstrates the
place of APT in bridging the gap between laboratory
work and long term pavement performance (LTPP)
studies. The respective cost implications and likely
benefits are also shown.

These developmentsnecessitateda new look at the
specific Gautrans APT programme.

Early in 1996 a new strategic plan for the
Gautrans HVS was finalised (Rust er af, 1996),
including the strategic planning for future work on
evaluation of base upgrading options, some of which
will be constructed labour-intensively. The main
strategic objectives for the Gautrans HVS programme
are to develop and evaluate the following :

*  the design and performance of pavement structures
suitable for basic access roads and collectors and
rural road networks;

* Labour Intensive Construction (LIC) friendly

pavement compositions;
+ techniques for upgrading and maintenance of
existing low volume pavement structures; !
+  the use of innovative, cost-effective materials and
methods, optimising the use of in-situ materials
{both treated and untreated);
+ technologics for the preservation of the existing -
road network in order to extend its service life;
*  technologies for optimisation of the use of scarce
road building materials, and
«  calibration of pavement deterioration models.

The Gautrans HV'S programme therefore includes,
not only HVS testing of new sections, but alsa
enhanced data analysis based on the historical HVS
data base. In addition, advanced data analysis is
conducted in order to facilitate the implementation of
results, and to  provide inputs for pawmmf_
management systems. i

STATUS OF INTERNATIONAL HYS
PROGRAMMES

The CalAPT programme conducted by the
University of California at Berkeley (LCB), C3IR
Transportek and [Dwynatest USA for Caltrans has
delivered useful results in a very short period of time.
An integral part of this project was to shorten 8
CalAPT learning curve through technology trs
from the South African HVS programme. The suc
and initial results have been reported elsewhere (M
et al 1996; Long et af, 1996; Harvey ef af, 1997).

The burgeoning interestin APT internationall
boosted further development in HVS technology. 3
new generation of HVSs (Mark IV, see Figure 6)
remains closely aligned to their forerunners, but
maodernised with full computer control and will alle
the limited simulation of dynamic loading. The fi
HVS Mark IV was ordered by the Cold Regions
Research and Engineering Laboratory (CRREL) of the
US Army Corps of Engineers. This machine passed s
acceptance test in October 1996 and was flown out
CRREL using a C17 military transporter in Jan
1997. A second new HVS for joint work between tl
national Road Research Laboratories in Finland
Sweden (VTT and VTI respectively) will be shi
out in April 1997, A new HVS for CSIR Transportek
is currently also being planned.

RECENT DEVELOPMENTS FROM THE SA
HVS PROGRAMME

Introduction.  During the past five vears, apart fram
the changes outlined previously, there has been a shi
in emphasis in the SA HVS work. Whereas much of



the earlier work was, understandably, directed at the
_pﬁfmnann& of heavier duty, high utility, pavements
- for major routes, it 15 the lower class, lighter pavements
h, ofien, more marginal materials that are currently
 being focussed on.

- The South African road network comprises some
- 207,000 km of Mational and Provincial roads. There
~are  further 103,000 km of tertiary roads which
'si.‘l:unplcbc the existing netwaork,

Shaw and Van Huvsteen (1994) estimated that
there are currently approximately 200,000 km of
unproclaimed roads in the urban and rural developing
- areas of South Africa that are in dire need of upgrading
in order to improve basic access in these areas. In
addition, the SADT has identified a number of major
- rods in need of upgrading. These include the National
- route Mo, 1 (the M1} north of Pretoriaand the currently
- planned Maputo corridor which will link the Gauteng
pravines with Mozambique. Most of these major
- mautes will be operated as toll roads,

Therefore, in addition fo routine maintenance and
- pehahilitation, significantamounts of funding are being
- planned for the above initiatives. However, due to the
3 ity of funds, there is still a need for cost-effective
and optimal use of available resources which has
provided much of the impetus for the materials
 developments outlined below.

Other developments from the 5A HVS programme
- are related o the application of HVS findings to
design, analysis and performance, and to  the
. enhancement of HYS-related technologies. These are
 atlso outlined.

- Operational developments

Since the previous ICAP conference (1992)
- several developments relating to the improvement of
- HV'S operations have taken place. These include:

* [mproved data acquisition system

A mew svstem which facilitates ease of data
acquisition, trouble shooting and preliminary data
processing has been developed. The swstem
consists of specialised hardware and software, and
i5 currently in use in South Africa as well as at
LCBE.

Environmental control

A new temperature control
developed to control the pavement surface
temperature between -5 °C and 60 °C.

New data acquisition equipment

MNew data acquisition equipment development
includes the 3D loadecell {De Beer, 1997} and a
laser profilometer for measuring the deformation

chamber was
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of the road surface under trafficking (DRTT,
1996].

Improved productivity

Since 1985 the three machines comprising the 5A
HWS fleet spent 80 per cent of their operational
time on trafficking with only 4 per cent down time.
The Mark [l HVS generally averaged 18,000
repetitions per 24 hour pericd.  This was
demanstrated during the acceptance testing of the
refurbished Mark [l HYSs purchased by Caltrans.
During a special test approximately 200 million
Equivalent Standard Axles (ESALS) were applied
in & 72 hour period (using a 175 kN aircraft wheel
load).

The new generation Mark IV HVS can apply
16,000 repetitions uni-directionally or 32,000
repetitions bi-directionally in a 24 hour period.
Using a 100 kN dual wheel load (normally the
maximum HWVS load applied for testing road
pavements), this equates to 1,25 million ESALS
per day bi-directionally. Using an aircratt wheel
the load can be increased to 200 kN,

Materials-based developments.

Large aggregate mix bases (LAMBs)
Preliminary results were reported at the previous
Conference (Rust, ef af, 1992}, which highlighted
the promising behaviour and the technical benefits
of these base tvpes. The development work has
since been completed and resulted in a design
method {Sabita, 1993a).

Granular emulsion mixes (GEMSs)

The use of emulsion-treated bases, primarily for
rehabilitation and improvement of existing roads,
remains a particular area for development in SA.
Maore recent HVS results (de Beer & Grobler,
1993 to those reported previousty (Horak & Rust,
1952} have provided additional input for the
development of an appropriate design method
(Sabita, 1993h),

Rehabilitation measures for cemented-base
F‘ﬂ\-’E'ITIEI'IIS

A long-term HVS investigation into the selection
of rehabilitation measures for lightly cemented-
base pavements has recently concluded. Main
findings are presented at this Conference(Steyn, e
al, 1997).

Treatments for phased upgrading of unpaved
roads

Current 5A HVS work is closely aligned with the
need for cost-effective improvements for unpaved
roads, as part of a phased upgrading. Details of an
HVS comparison of several bitumen- and tar-
based treatment types are currently being finalised
{Steyn, 1995).
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Comparison of bases constructed by labour-
enhanced technigques

The application of labour-enhanced, or labour-
intensive, construction techniques is of special
relevance 1o South Africa. The HVS programme
for 1997 is planned to compare the behaviour of
different base tvpes constructed in this way. These
include penetration macadam, emulsion treated
natural gravel, slurry bound macadam and clinker
ash.

Porous asphalt

The performance of porous asphalt, with void
contents in excess of 20 per cent, under accelerated
traffic was investigated. The deformation
characteristicsof a porous asphalt with a bitumen-
rubber binder were investigated with the HVS.
This work has been incorporated into a porous
asphalt design manual (Sabita, 1996).

CalAPT pilot project

The initial phase of the Caltrans APT project
involved the evaluation of the deformation of
typical dense graded asphalt under normal
wandering  traffic compared with that under
channelised traffic, as might be expected in
Intelligent Transportation System applications. It
was found that channelisationof traffic can double
the rate of rutting of the asphalt surfacing (Rust,
1994). In addition, the Caltrans practice of
replacing a full thickness of conventional asphalt
with a half thickness of a semi-open graded
bitumen-rubber asphalt was validated.

Materials test methods

The HVS programme resulted either directly or
indirectly in the development of, or refinement of
several materials test methods and associated
design criteria. These included the erosion test for
cementitious materials, the crack movement
simulator for evaluating crack reflection and the
refinement of the dynamic creep test for asphalt
deformation.  The link berween laboratory test
results and APT test results is vital to ensure full
benefit from the programme.

Developments in design, analysis and performance
characterisation.

South African pavement structural design
method  (Technical Recommendations for
Highways, TRH4)

The SA flexible pavement design method and
catalogue has been developed over the years with
major input from HVS data (CSRA, 1980; 1985).
It has just been revised to include certain
additional refinements arising from the HVS
programme (CSRA, 1996). Details of the
underlving changes in the analvtical evaluation
(the 5A mechanistic design method, SAMDM)
were given by Theyse er al (1996).

Improvements in the modelling of permanent
deformation in pavements

The particular  contributions  that  different
pavement layers make 1o the permanent
deformation of the structure has been swudied from
HWVS performance data. A new approach to the
estimation of these permanent deformations has
been proposed, details of which are presented at
this Conference (Theyse, 1997).

Improved modelling of in-depth deflection
bowls

A backcalculation method for more realistically
madelling in-depth and surface deflection bowls,
based on actual responses measured during HVS
testing, has been developed. Extremely good
comelation has been obtained using linear elastic
layer theory to derive appropriate stiffness values
(Prozzi, 1997).

Comparison of HVS predicted behaviour with
actual pavement performance

The results of preliminary comparisons of HVS
hehaviour with observations made on the same
road more than |5 years later are presented at this
Conference {looste er af, 1997), While good
agreement was found this study, the first such
comparison of any extent, identified a number of
imponant issues relating 1o effective long lem
pavement performance monitoring.
Enhancement of PMS procedures

Figure 7 shows an example of an enhancement toe
South African pavement management Syslems
derived from the HVS programme. In this case it
was the adoption of visual cracking as a irigger
for resealing.

The HVS showed that cracking in the thin
surfacings used in South Africa would lead to
rapid pavement deteriorationwith ingress of water,
prior to any significant change in deflection. This
contrasts with practice elsewhere in which changes
in deflections are used for triggering such action
for the widelv-used thicker asphalt bases.

Developments in HVS-related technologies.

HVS database information centre

The SA HVS programme has produced a wealthof
pavement performance data under accelerated
trafficking. More than 400 sections have been
tested, applying more than 150 million wheel load
repetitions, equivalent to over 1.5 billion standard
axles. The database includes all available data
related to pavement structure, pavement response
(such as ruts, surface and in-depth deflections),
text abstracts from test reports and a graphical
interface to view data. In addition, photographic
records of past and new HVS tests are being
compiled into an electronic format. Data from
international HVS applications are included in a




| tontinuous update process.
* Characterisation of tyre/pavement interface
stresses
. The accurate characterisation and modelling of
- Wyrefpavement interface stresses can only be
- undertaken if specific data are available. The
development of the 3-1) load cell, as pant of the
"HVS programme, has enabled actual interface
- stressesto be measured. Details of the findings to
date are presented at this Conference (de Beer,
1997).
« Characterisationof fundamental road material
- properties

The K-mould, developed to support the HVS
programme, is a simplified triaxial test system 1o
determine the governing characteristics of flexible
- pavement materials.  The method has also
- provided a means of backcalculating the response
“under load which has compared well with HVS
- measured  behaviour,  Current findings are
presented  elsewhere  at  this  Conference
(Semmelink er af, 1997),

ASSESSMENT OF THE IMPACT OF THE
SOUTH AFRICAN HVS PROGRAMME
y
pround.  The 5A HVS programme has, since
late 1970z and the introduction of the three
MEI machines, cost several million US
n direct operating costs at historical values.
ent Yalue of Costs for the programme was
imated a5 just over LIS530m in 1991, in equivalent
dollars (Horak er o, 1992). The current Gautrans
programme has an operating budget for 1996/97
st USE500,000,

 This amount of investment, which would comprise
cost component of most road authorities’ non-
ction/maintenance budget, must clearly be
ed &s providing an acceptable benefit’ cost ratio
rate of retum.,

' During the past decade and more there have been
pumber of examples in which the economic benefitof
¢ HVS programme in South Africa has been
ged, The most recent was presented at the 1992
ence in which a benefit/ cost ratio (BCR) of 12,8
timated (Horak ef af, 1992). =

will be appreciated that such economic
ication, in this instance attempting realistically
the “with HVS" and “without HVS"
5, is invariably both imprecise and conservative
1o minimise potential contention). In view of
value of trving to update this quantification is
ded as limited at this time: it 15 self-evident that
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even if no contribution had been made by the 5A HVS
programme in the past five vears since the 1992
estimate (an assumption which is demonstrably untrue),
the BCR would still be atractive.

Rather, the approach taken here in assessing the
impact of the SA HVS programme is 1o highlight some
of the direct benefits derived from it during the past
five vears, and to discuss some of the indirect (and
largely unquantifiable) benefits arising from the
programme since its inception.

Direct benefits derived from the SA HVS
programme since 1992, Horak er al (1992) gave a
comprehensive list of specific technical impacts from
the HV'S programme to that time. These included the
improved use of new innovative construction materials
and methods, improved design and analysis procedures,
and specific rehabilitation investigations.

The BCR of 12.8 estimated then would have
therefore been based on the economic impact of these
technical advances and refinements.

Since 1992, as noted earlier, there have been
specific  developments  in materials  technology
including dnfer afia, the application of large agsregate
mixes for bases and granular emulsion mixes (LAMBs
and GEMs). In each case, the HVS programme plaved
an important part in the process, allowing certain
optimisations and implicit cost-savings.

In the case of GEMSs, the HVS was used to assess
the bearing capacity of a marginal, in-situ material
upgraded to base standard. It was found that the
performance of the material was comparable with that
of an imported crushed aggregate base. Due to the
savings in marerial and transportation cost, this resulted
in a saving of USS7,000 per km (1 USS = R4.3). This
technology is being used extensively in parts of South
Africa where good aggregate sources are scarce. In the
Free State Province alone GEMSs could be used on
2,000 km of road in the future, implying a significant
saving. The HVS testing cost was US$140,000,
indicating a very favourable return on the research
investment.

The HVS evaluation of a number of LAMBs trial
sections was aimed at validating the findings of an
extensive laboratory research programme as well as at
determining the ability of these bases to camy very
heavy traffic. The investigation resulted irer alia in ;
*  clear guidelineson the optimisation of the material

grading;

+ the effect of workability on the engineering
properties of LAMBs;
* the comelation of laboratory-measured Dyvnamic
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Creep Modulus with field deformation, and
subsequent setting of design limits for LAMBs;

+ the confirmation of LAMBs as a baze which can
carry in excess of 75 million ESALS over a 20
vear design period, and

* the validation of a 40 per cent binder saving by
using large aggregates in the base mix.

LAMBs technology has now been used in a
number of projects (Rust ef al, 1994), the most notable
of which is its successful use on the N2 North Coast
Project in KwaZulu-Natal where 75,000 tons of the
material has been placed (Thompson er af, 1997).

The 1wo examples of direct benefits cited above
(GEMs and LAMBs) clearly indicate, therefore, the
cost savings made possible through the successful
implementation of results from the HVS programme.

Indirect benefits arising from the 54 HVS
programme. This section concludes with a discussion
of some of the other benefits that have arizen from the
HVS programme over the vears, which vet remain, for
practical purposes, ungquantifiable.

Perhaps the most important is the general uplift in
South African pavementengineeringawarenessspurred
by exposure to HVS developments. In contrast with
other countries, where the opportunity for pavement
engineers to be exposed directly to APT is minimal, in
South Africa it has been normal for vears.

The importance of the method of operation of the
HVS, involving representatives from research and
practice on advisory committees as highlighted earlier,
is clearly impomant in this process. But probably
fundamental to this type of set-up is the nature of the
machine itself: it was designed to operate on real roads
which immediately places it in the public domain.

Consequently, the majority of South African
pavement engineers have seen an HVS in operation and
even more have attended mestings, seminars or
conferences in which findings and developments are
discussed.

In effect. the profession is closer to real pavement
behaviour and the factors influencing it than most
others. Pavement engineers that may only rarely see
badly failed pavements, and then without benefit of
truly knowing the contributing conditions, are unlikely
to have the same insight.

The influence on those closest to the HVS
operations (including engineers, technicians and
support staft) is greater still. The HVS programme
engenders team spirit, the feeling of contributing to

something large and important. The most
outward demonstration of this influence is
number of higher degrees that have been based o
work: to date there have been fifteen Masters an
Doctorates awarded.

As indicated earlier, the pool of people
industry knowledgeableon APT is central to the 1
shown in_Figure 5 and vital to its success.
HVS programme has made a major contrib
developing people who are currently involved
areas of the road building industry.

CONCLUSIONS

The South African HVS programme has chang
significantly during the past five vears. Froma
three production machines operating solely i
Africa since 1978, only one now remains i
country, while the other two are used in the Cal8
programme in California.

Throughout the vears, the 5A HVS progra
had a marked impact on the development of
engineering technology in South Africa
demonstrably effected significant savings @
country

The burgeoning interestin AFT internations
accelerated further development in HVS tec
which now includes modemised computer
systems, dynamic loading capability and advan
acquisition equipment.

The changes during the past five years have
marked. There is little doubt that the next five
will bring equally significant changes to the B
programme both  within - South  Affrica
internationally.



REFERENCES

Clifford, 1 M. “The Heavy Vehicle Simulators™,
Technical Note TP/24/75, CSIR, Pretoria, South
Africa, 1975,

A “Structural Design of InterUrban and Rural

Road Pavements”. TRH4, Committee of State

Road Authorities, Department of Transport,

Pretoria, South Africa, 1980,

A “Structural Design of InterUrban and Rural

- Road Pavements". TRH4, Commitee of Stare
- Road Authorities, Department of Transport,

Pretoria, South Africa, 1983,

“Structural Design of Flexible Pavements for

InterlUirban and Rural Roads”. Drafi TRH4,

- Committee of State Road Authorities. Department

- of Transport, Pretoria, South Africa, 1996,

Beer, M. “The Performance and Behaviour of

- Bitumen Emulsion Treated Road Bases in South
Africa”. Tth International Conference on Asphalt

- Pavements, Vol 3 Design & Performance,

ottingham, LIK, August 1992, pp54-Ta.

h . M. and Girobler, 1.E. “ETBs: Heavy Vehicle
Simulator (HVS) Evaluation of the Heilbron
Sections”. Cutput report ETB/HVS, Southern

-~ African Bitumen and Tar Association, Roggebaai,

South Africa, January 1993,

M. “Determination of Pneumatic Tyvre/

Pavement [Interface Contact Stresses Under

‘Muoving Loads and Some Effects on Pavements

with Thin Asphalt Surfacing Lavers”. Paper

itted to the 8th [nternational Conference on

alt Pavements, 1997,

Heavy Vehicle Simulator™. Technical

Specifications, Division of Roads and Transport
echnology, CSIR, Pretoria, South Africa, May

e, CR., Maree, 1. H. and Viljoen, A.W.
; istic Design of Asphalt Pavements and
erification of Designs using the Heavy Vehicle
mulator”.  Sth International Conference on
halt Pavements, Vol. 1, Delft, Netherlands,
ppli6-173,
e, C.R., de Beer, M., and Viljoen, A.W. “The
vipur and Mechanistic Design of Asphalt
niz".  6th International Conference on
Pavements, Vol. 1, Session 1; Pavement
and Materials, Ann Arbor, USA, 1987,
J3-343. -
- du Plessis, L, and Coetzee, N.F. “The
of Accelerated Pavement Testing (APT) to
Laboratory Analysisand Field Performance
Fatigue”.  Paper submined to the 3th
tional Conference on Asphalt Pavements,

Kleyn, E.G., du Plessis, J.A., de Villiers,
‘and Thompson, A.L. “The Impact and

F. RUST ET AL. 1081

Management of the Heavy WVehicle Simulator
(HVS) Fleet in South Africa”. Tth International
Conference on Asphalt Pavements, Vol 2
Performance, Mottingham, UK, August 1992,
ppl3d-150,

Horak, E. and Rust, F.C. “The Performance and
Behaviour of Bitumen Emulsion Treated Road
Bases in South Africa”. Tth International
Conference on Asphalt Pavements, Vol 2:
Performance, Mottingham, UK, Auogust 1992,
ppl18-133

HRB. “The AASHO Road Test”, Highway Research
Board, Special Report 73, Washington DC, USA,
1962,

Hugo, F., McCullough, B.F. and Van der Walt B,
“The Development of a Strategy for the
Implementation  of  Full-scale  Accelerated
Pavement Testing for the Texas SDHPT”. Annual
Mecting of the Transportation Research Board,
Washington DC, USA, Januwary 1991,

Jooste, F.J., Kekwick, 5.V., Sadzik, E.5. and Rohde,
G.T, “Comparison of Accelerated Pavement Test
Results with Long Term Pavement Behaviour and
Performance”.  Paper submitted to the S8th
International Conference on Asphalt Pavements,
1567,

Kekwick, 5.V, “Application of the Mechanistic
Analysis Procedure to Pavement Rehabilitation:
Two Case Studies”. 6th International Conference
on Asphalt Pavements, Vol. 1, Session 3:
Pavement Management and Rehabilitation, Ann
Arbor, USA, 1987, ppd79-989,

Long, F.. Harvey I.T., Scheffy, C. and Monismith,
C.L. "Prediction of Pavement Fatigue for Cal/APT
Drained and Undrained Test Sections”, Paper
Presented at the 7S5th Annual Transporation
Research Board Meeting, Washington, D.C.,
January 7-11, 1996,

Metealf, 1.B. “Application of Full Scale Accelerated
Pavement Testing”. WCHRP Synthesis 233,
Transportation Research Board, National Rescarch
Council, Washington D.C., USA, 1996,

Mokes, W.A., Stolarski, P.J., Monismith, C.L.,
Harvey,).T., Coetzee, M. and Rust F.C
“Establishing the Caltrans Accelerated Pavement
Testing (CalAPT) Program™ Paper #960939
Presented at the T5th Annual Transportation
Research Board Mecting, Washington, D.C.,
January 7-11, 19%6,

Paterson, W.1.0, “Observations of Pavement
Behaviour under Heavy Vehicle Simulator Testing
during 1971-1976". WNIRR Technical Report
RP7/77, CSIR, Pretoria, South Africa, 1977(a).

Paterson, W.D.0Q, “An Evaluation of the Heavy
Vehicle Simulator as a Tool for Measuring
Pavement Behaviour™. NIRR Technical Report
RP5/7a, CSIR, Pretoria, South Africa, 1977(b).



1082

Prozzi, J.A. “Backcalculation of Elastic Moduli:
Towards a Unigue Solution™. Paper 1o be
submitted to the XIllth IRF World Meeting,
Toronto, 1997,

Rust, F.C.. Harvey J.T., Verhaeghe, B.M.J.A_, Nokes,
W., Van Kirk, J. “Fatigee and Rutting
Performance of Conventional Asphalt  and
Bitumen-rubber Asphalt under Accelerated
Trafficking”. 6th Conference on  Asphalt
Pavements for Southern Africa, Cape Town, South
Africa, October 1994,

Rust, F.C., Vos R.M., Myburgh P.A_, Maree J.H.
“Impact of the Sabita/CSIR asphalt research
programme on the South African roads industry™.
6" Conference on Asphalt Pavements for Southern
Africa, Cape Town. South Africa, 1994,

Rust, F.C. and Maree J.H. “a Proposed Holistic
Framework for Technology Development and
Implementation in South Africa”. Research
Report DPVT/236, CSIR, Pretoria, South Africa,
June 1995,

Rust, F.C., Sadzik, E.S., De Beer, M. and Klevn E. “A
strategy for the Gautrans HVS™. Research Report,
DP/96/007, CSIR, Pretoria, South Africa, 1996,

Rust, F.C., Harvey 1.T., Verhaeghe, B.M.J.A., Nokes,
W.Van Kirk, I “Fatigue and Rutting
Performance of Conventional Asphalt and
Bitumen-rubber  Asphalt under Accelerated
Trafficking™.  éth Conference on  Asphalt
Pavements for Southern Africa, Cape Town, South
Africa, October 1994,

Sabita. “LAMBS - the Design and use of Large
Aggregate Mixes for Bases”. Manual 13,
Southern African Bitumen and Tar Association,
Roggebaai, South Africa, September 1993,

Sabita. “GEMS - the Design and Use of Granular
Emulsion Mixes”. Manual 14, Southern African
Bitumen and Tar Association, Roggebaai, South
Africa, October 1993,

Sabita. “Porous Asphalt Mixes : Design and Use™.
Manual 17, Southern African Bitumen and Tar
Association, Roggebaai, South Africa, November,
1995,

Semmelink, C.J., Jooste F.J. and de Beer, M. “Use of
the K-mould Technology in the Determination and
Amnalysis of Elastic and Shear Properties of Road
Materials for Flexible Pavements”.  Paper
submitted to the 8th Intemational Conference on
Asphalt Pavements, 1997.

Shaw, A_F. and Van Huysteen, S, “A Method for
Estimating the Extent and Condition of Roads in
Rural and Urban Developing Areas”, fith
Conference on Asphalt Pavements for Southemn
Africa, Cape Town, South Africa, 1994,

Stevn, W.J. vd M. “Interim Progress Report on HVS
Tests on Superlight Pavements: Road 5702,
Bultfontein, Gauteng”. Technical Note

I'PAS17/95, CSIR, Pretoria, South Africa, A
1995,

Steyn, W.J. vd M., de Beer, M. and Visser, AT. 8
“Thin Asphalt and Double Seal Rehabilitate
Lightly Cemented Pavements: Evaluation o
Structural Behaviourand Life Cyele Costs”. Pa
submitted to the 8th International Conference.
Asphalt Pavements, 1997.

Theyse, H.L.. De Beer, M. and Rust, F.C.
of the South African Mechanistic Paw
Design  Analysis Method”. Paper #961
Presented at the T3th Annual Trans i
Research Board Meeting, Washington,
January 7-11, 1996. i

Theyse, H.L. “Mechanistic-Empirical Modelling of
the Permanent Deformation of Linbound Pa
Lavers”, Paper submitted to the Sth Intema
Conference on Asphalt Pavements, 1997,

Thomson A.J., Nothnagel J.P., Myburgh P.A.
“Implementation of Lambs Technology
Partnership Approach” Paper submitted to th
Interational Conference on Asphalt Pa
1997

Van Vuuren, D.J. “Pavement Performance in th
Road Experiment,an AASHO Satellite Test R
in South Africa”, 3rd International Confe
Asphalt Pavements, London, UK, 1972,

Van Vuuren, D.J. “The Heavy Vehicle Simulator™
Shell Bitumen Review 41, London, UK, 1973,

Viljoen, A. W, Freeme, C.R., Servas, V.P. and
F.C. “Heavy Vehicle Simulator Aided E
of Overlays on Pavements with Active
6th International Conference on
Pavements. Vol. 1, Session 2: Pa
Performance and Evaluation, Ann Arbor,
1987, ppT701-709. 1

Walker, R.N., Paterson, W.D.0., Freeme, C.R. and
Marais C.P. “The South African ik
Pavement Design Procedure”, d4th Internatic

Conference on Asphalt Pavements, Viol. 2, An
Arbor, USA, 1977.






