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ABSTRACT

This project involves conducting visual inspectiorend Falling Weight
Deflectometer (FWD) tests on a number of road pardgs which have been
reconstructed over the last eighteen months by sep@&wvder insitu stabilisation.
The roads are within the area serviced byMaekay District of the Department

Main Roads, Queensland.

The results of these tests are compared with thgaotion dry density test results,
taken for quality control purposes at the time ofstruction, to ascertain whether
there is a correlation between the two values ametier failure to meet the
specified requirement of 100 percent standard cotigra affects the “cured”

pavement strength.

The results indicate that there is no correlatietwieen the field dry density and the
modulus of the pavement found by the FWD tests. ilé\blots of modulus and

Relative Dry Density (RDD) suggest a similarity wéethe higher field density

results often correspond to high modulus valuesyyn@ the comparisons exhibit

the opposite behaviour.

The investigation identifies that the modulus valused in the design of pavements
often appear to be relatively conservative with sahthe tests achieving modulus

values up to twenty times the targeted value. h©f21 lots investigated only 2 lots

passed the requirement of 100% standard compadtionever, using the same

statistical analysis method on the moduli valu€sofithe 21 lots passed. Failure to
meet the specified 100% RDD requirement does natnntieat the required strength

has not been obtained.

It is concluded that the current processes fordmgn and construction of cement
powder insitu-stabilisation are providing satistagtresults, however there appears
to be a need for more controlled investigations iobtaining the design data and

forecasting the resulting modulus of the stabilisg@r after treatment.
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CHAPTER 1 — INTRODUCTION

1.1 Outline

This project analyses field compaction dry dengast results for nine insitu-stabilised
road pavement reconstruction works carried out he tMackay District of the

Department of Main Roads, Queensland, during thegdanuary 2005 — June 2007.

Visual assessments of the condition of the pavesnerte made to assess whether the
pavements showed any initial signs of failure, @ligih the in-service time was much
shorter than the design service life and consetuém applied axle loading to date

was well below the design loading.

Falling Weight Deflectometer (FWD) testing were calsarried out to obtain the

modulus at each “site specific” test location whaseconstructed compaction density
tests were carried out during construction. THeseed” moduli values are compared
with the compaction density results to determinethér there is a correlation between
the two values and whether failure to meet the iipdcrequirement of 100 percent

standard compaction affects the “cured” pavemeangth.

Additionally, sequential FWD testing was also cadrout at regular intervals (every 50
or 100 metres) in the outer wheel track on botesif the road and the results analysed

to provide a measure of the standard of the pavearghits remaining service life.

Following on from these results, the moduli wendewed to assess whether the moduli
assumed in design could have been increased withhsequent improvement in the

forecast design life. If so, it may be possildesktend the use of the less expensive
insitu stabilisation process to situations wheis thethod might not have appeared to

economically produce a satisfactory design life.
1.2 Objective

The objectives of this project are:

« to assess and record the visible performance afrple of pavements rehabilitated
by in-situ stabilisation over the previous eightesmnths;

« to determine a correlation (if any) between cortditom compaction density tests

and “cured” moduli;



+ to determine whether failure to meet the specifif@% compaction during
construction has a deleterious effect on the serifie of the pavement and whether

the reduced service life can be estimated fronragbelts;

« to recommend whether a reduction in the compactiequirements of the
specification should be considered based on thdysisaof the results, or
alternatively whether the construction process if@itu stabilisation should be
modified to ensure that the 100 precent standardpeetion is achieved more

consistently; and

e to determine whether the design modulus calculatedl assumed for the insitu
stabilised pavement material reflects actual “curesbults and to recommend

whether the value of the modulus should be updateeflect actual results.
1.3 Background

RoadTek Mackay is the construction arm of the Qslkeend Government’s Department
of Main Roads in the Mackay District, and undertak&pproximately ten road
rehabilitation projects each year involving thesitu stabilisation of pavement material
with general blend cement. Each project is subdiinto half-road width lots of
approximately 700 - 1000 metres. The annual budget these projects is
approximately $5.4 million and accounts for appnoiely 35% of the infrastructure

construction/reconstruction carried out by Roadihetkie District.

Cement stabilisation requires that compaction lmepdeted within a specified time after
the introduction of the cement powder, so the sfzgach “lot” rehabilitated at one time
is determined by the available machinery. Normaihyxing and compaction must be
completed within four hours. Once the compactisncompleted, soil compaction
density tests using either the sand replacemeni&s Tt Method - Q111A) or nuclear
gauges (MR Test Method - Q112) are carried oueémh lot. Tests are generally taken
at a rate of 1 per 1000 m2 with a minimum of 3lp&ror 1 per 800 m2 with a minimum
of 5 per lot. These results are then compared thighdensity of a reference sample
which has been compacted in the laboratory to éimum dry density (MR Test
Method - Q110A or Q110F) and the Relative Dry Dgnsatio (RDD) determined. The
standard construction specification requires tfateach lot, the Characteristic Value
(CV) of the RDD (a statistical average of the saleRDD test results) attain

2



100 percent compaction. If 100 percent compactonot achieved, the service life of
the pavement is considered to be less than requi#tiough not strictly permitted, the
whole lot can be re-stabilised and re-compacte@rinattempt to achieve specified

compaction, which obviously increases the constinatost.

In a significant number of projects the standaabisisation process did not produce
compaction results which met specification. Thendard specification (MRS 11.07)
provides for a reduced level of payment to compeenga the reduced level of service
inferred because of failure to meet compaction ifipations. On average, the typical
reduction in payment for the reduced level of smrvis approximately $14,000 per
project, ie an estimated $150,000 annually. Therrstive of re-working a lot is

generally more costly than accepting the reduceel lef service payment.

There is anecdotal evidence that despite not nweesipecification there is no
appreciable degradation of service for compactiam®ve about 93% standard
compaction and the expense of meeting specificaiamnecessary. If so, it may be
appropriate to relax the specification requiremeith no detriment to the pavement

performance.

This project was designed to investigate whethereths any factual basis for the
anecdotal inferences about in-service performanckifaso, to recommend changes to
the requirements of the MRD standard specificatmmalternatively, to recommend
changes to the standard procedure for in-situ l&gaton to ensure the compaction
standard is met.

It has been suggested that this problem is notueniq Mackay and it is possible that

the results of this study may be applicable oratestide basis.

There are a number of possible reasons why the aciop test may fail to achieve
100% RDD:

« the material within the project is not uniform ahdmogeneous and may react
differently from the material sampled for the pwomstruction pavement

investigation;

e poor subgrade materials over which the pavementsupported can cause
inconsistencies in the compaction of the pavensgydri



« the most appropriate compaction equipment may aaMailable outside the limits

of the major centres (such as South East Queenskamd

e poor workmanship and poor knowledge of the consittncprocess for the

stabilisation of different materials may produceansistence results.

For design purposes, a modulus in the order of P& is often targeted for
rehabilitation work where only a small percentagjgrade-correcting gravel is added to
the existing pavement material. Where the existiagerial is of a higher strength, or a
significant amount of high strength material is @didthe target modulus may be in the
region of 1000 — 2000 MPa. Ad-hoc Falling Weigléflectometer testing around the
Mackay District on insitu stabilised pavements vbhitave had small percentages of
cement powder added (0.5 - 2.5% by mass) have shovduli well in excess of that
assumed for design, often exceeding 1000 - 1500 &midasometimes into or above the
Category 2 level 2000 — 5000 MPa.

Approximately 18 months ago, the Department's MaleiTesting branch in Mackay
identified this issue and implemented a more rigersystem of documenting the field
and laboratory test results for every project imrg in-situ stabilisation.
Documentation for a total of 9 projects is avakafdr analysis and are summarised in
Appendix D. These results have been reviewed ag#ie design documents and 23
lots have been selected for further analysis, @ it 89 test locations, as detailed in
Chapter 6.

Arrangements were made for the MRD'’s Falling WeiDleflectometer team to test at
these locations and using a computer program basdetde CIRCLY pavement design

program, estimates of the moduli of each pavenasmtriwere obtained.

By the very nature of the process, the materiap@ries for an insitu stabilised
pavement are likely to be show more variation aver extent of the work, compared
with a new construction where the properties ofasjers are more controlled. Hence it
may be appropriate to repeat the analysis with ttata other districts to verify the

findings over a greater number of sites and testtions.

To carry out insitu stabilisation rehabilitation tkpthe Mackay District has available a
350 hp Stabiliser capable of mixing a layer notatge than 300 mm thick, hence



designs are limited to this thickness. Multi-lagenstruction is not normally carried

out as bonding problems are experienced at thfaots.

The six projects selected for analysis include $&ctions on the Peak Downs Highway,
one section on the Fitzroy Development Road, oogaeon the Dysart-Middlemount
Road, one section on the Sarina-Homebush Road r&dection on the Marian-Eton
Road. Traffic volumes range from approximately 5@@000 vehicles per day per lane.
The more heavily trafficked roads carry a significaolume of coal-mine related heavy

vehicle traffic.



CHAPTER 2 — ROAD PAVEMENT CONSTRUCTION

Most of the rural roads constructed in the Mackaigtiizt of the Queensland
Department of Main Roads (MRD) over the past twemsgrs have been designed and
constructed using unbound pavement material. Unthquavement material refers to
mixtures of crushed rock, fine clays and similartenal combined in such a way that,
when properly compacted, minimal air voids are @nésThe strength of the material
for transmitting traffic loadings is attained basig from mechanical friction and
mechanical interlock of the patrticles.

These pavements would have been designed usingusaempirical methods which
have been developed from Australian and oversepsriexce and knowledge of the
performance of previously constructed pavementshe Tost common empirical
method currently used by Australian road authaitie described in more detail in
Chapter 3.

As the older pavements reach the end of their usefuice life, the approach taken by
many authorities and in particular by the rurakritss of the MRD is, where possible,
to rejuvenate the existing pavement through theofi®ement insitu stabilisation rather
than reconstructing a new pavement. The suitglolitthe existing pavement material
will determine whether insitu stabilisation is appriate, as well as other factors such as

the need to improve the vertical or horizontal ratigent.

The cement insitu stabilisation process can, if phaperties are appropriate, reduce
moisture susceptibility and improve the interpaeticonds in granular materials giving

the stabilised material a useful tensile strengith ligher elastic modulus. It has been
shown in the past that a pavement rehabilitated egtment can achieve more than 80%

of a newly constructed pavement life at a consilaeraost saving.

This chapter provides a brief overview of the cardton of flexible pavements, the
history and theory of the cement stabilisation pssg; the construction of insitu cement
stabilised pavements, and the testing carriedamuetify the quality of the construction

process.



2.1 What is a pavement

The natural soil on which a road is to be cons&uids often not strong enough to
support the repeated application of even relatilight wheel loads without significant
deformation. It is therefore necessary to cushiom natural soil by the use of a
structure capable of bearing the applied loadsdistdbuting them over the natural soll
to prevent excessive deformations (Municipal SawiStudy Book 2000, p. 4.1). This

structure is called a pavement. Figure 2-1 digpthg composition of a pavement.

Figure 2-1 - Typical Pavement

Bituminous Surfac
Base Laye

Subbase Lay

[1117 11777

Subgrad

The subgrade is the base of the construction atygpisally the existing soil. The main
purpose of the overlying layers is to distribute tinaffic load so the subgrade can

support the loads without damage.

The base and subbase are the main load-bearings lafy& pavement. The materials
used to construct the base and subbase are typmcatle up of crushed rock of various

sizes up to 19 mm interspersed with finer rock famel clay material.

The bituminous surfacing provides a seal to minartlse amount of water infiltrating
the pavement and contains bound rock aggregatenvpinavides the wearing surface to
resist the wear of the traffic and prevent therogn being worn away. The pavements
that are the subject of this report have been sedfdby a conventional bituminous
aggregate mix, typically a seal layer with 7 mmragate followed by a wearing layer

with 16 mm aggregate.

The AustroadsGuide to the Structural Design of Road PavemédAisstroads 2004)
divides pavements into three groups - flexible pasets, consisting solely of unbound
pavement materials; flexible pavements that costaine or more bound layers; and

rigid pavements.



Rigid pavements consist of layers of plain or r@ioéd concrete constructed on top of

the subgrade and are not considered further.

The original pavements, prior to being insitu dtabd as the subject of this project, are
classified as unbound flexible pavements, wherbasréhabilitated insitu stabilised

pavements are classified as bound flexible (madiifimvements.

Bound flexible pavements having small quantitiebioders such as cement, bitumen,
polymers and other similar additives have comeh® forefront in recent years in
response to the increasing demands placed on tifi@mance of the pavement with
increasing traffic intensity and loading. They ao®nstructed from natural
manufactured material with a small percentage eftimding material added, typically
1% to 4% of the additive. Although still classdias flexible pavements their failure
mechanisms are complex and design of these pavemequires detailed analysis
rather than the empirical approach which can bd t@eunbound pavements.

2.2 In-situ Cement Stabilisation

In-situ cement stabilisation is a construction psEcthat mixes a predetermined portion
of cement or a blend of cementitious materialst{sas cement, flyash and blast furnace

slag) with existing materials to achieve:

« areduction in moisture susceptibility, resultingmproved volume and strength

stability under variable moisture conditions.

« the development of inter-particle bonds in granulaaterials, giving the

stabilised material a useful tensile strength agtér elastic modulus.
2.2.1 History of Stabilisation

The first recorded modern use of insitu stabil@mativas in 1944 by the UK Ministry of
Transport (Williams 1986). The first specialisemhtractor,Stabilisers Limitedentered
the Australian market in 1952, with the P&H triplator stabiliser. The process was
continually used during the 1960’s, however as naetractors entered the market,
competition became fierce and work started to beiexh out by cheaper machines
leading to poor quality mixing, at lower prices anih less attention to quality. This

led to unacceptable pavements of inadequately nmxatbrials with localised failures
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appearing during the service life of the pavemeifitis poor performance led to a
number of companies closing (Wilmot 1996). Roadhadties moved away from

insitu-stabilisation due to the loss of confidentéhis method in the late 1960's.

The 1970’s saw a resurgence in the use of stafiisan Victoria and New South
Wales, which soon spread to the other states. pideess was then being performed in
a more controlled manner with improved construcgsaocess. In 1976, many articles
on completed cement stabilisation projects wera seeechnical publications. The
P&H triple-rotor machine was replaced by the singitr stabiliser in the late 1970s,
which is still in use today.

Until recently, the major restriction on pavemetabdisation was the depth to which
the road pulveriser and compaction equipment copktate effectively, usually about
250 mm compacted depth. However, in 1992 the CHEIT9R0 deep-lift stabilisation
equipment, capable of stabilising a layer up to #®0 in depth, became available in
Australia (Vorobieff 1998a). To achieve these tgedepths it was apparent that more
research was required into the cement binder ptedadaelay the set time to allow for
full compaction. Hence, blended binders consistofgcement with other waste
products such as slag and fly ash which have ptiegeghat delay the hydration process
were developed (Wilmot 1996). Together with theradlepment of accurate cement
spreading equipment, these new capabilities halél¢he extension of stabilisation to
roads ranging from local government low-traffic deathrough to major roads and

highway construction.
2.2.2 Rationale and Benefits

When a flexible pavement is nearing the end ofdétwice life it shows signs of distress
as a loss of structural capacity or a deteriorationde quality. Methods of treatment
of deteriorating pavements are:

« Reconstruction - completely rebuild the road widwmmaterials which involves
a large initial cost, but potentially low ongoingaintenance costs equivalent to

a new pavement;

» Overlay Failing Pavement - overlay the existinggraent with a new 100 mm
base layer of high quality pavement material. Thas a lower cost of
reconstruction initially, but high future maintemancosts.

9



Recycle/Rehabilitate Existing Pavement with CemBotvder - Typically

incorporate a cement powder mix ranging from 1 % dy mass into the top

150 - 250 mm of the pavement, re-compact and seal.

The advantages of recycling the original pavemesia follows.

Insitu stabilised pavements are less expensive otwstauct than a full
reconstruction. A saving of up to 40% can be aadewith a service life
typically exceeding 80% of that of a traditionallgconstructed pavement
(Hodgkinson. G.F. 1991).

Because the depth of disturbance is restrictedh# existing pavement
vertical alignment there will be minimal interfecen with existing kerb,

drainage and underground service levels .

The time limit on cement binder workability callsr fsections to be sized in
daily manageable portions. Therefore, a sectiomoafl is not normally

closed to traffic overnight (reopened at end ofkiragy day).

The construction process usually requires verigelithange to the existing
vertical alignment, therefore with care and undee direction of the
stabilisation crew, access to adjacent propertges lwe given through the

work site with only temporary discomfort.

There is very little, if any, material needed todagted to or removed from
site other than small quantities to correct or iover surface crossfall. The

only new material is the cement powder.

The recycling of pavement material reduces the amnotiquarry material
used, directly extending the life of quarry sourcasd thus reducing the
need to develop new quarry sites with the assatiaists and environmental

harm.

Recycling reduces the amount of cartage requirgchimsporting material to
site, contributing to a reduction in atmospheridiygmn from the heavy

vehicle emissions, as well as reducing fuel requémets.

Less material transport reduces the damage cawsexisting adjoining
pavements along the haul route to the project(Sita@ith & Vorobieff 2007).
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« Recycling also reduces the requirements for stoeagedisposal of the excess
material produced by reconstruction. EXxisting escpavement material and
unsuitable material must be removed, temporaribyest then dumped. Where
possible, some of this material is used as embankmaterial for widening the
new road reconstruction. However, in many situetiohere is an excess of
material at the completion of construction, witke tattendant risks of erosion

and sediment problems.
2.2.3 Theory of Cement Stabilisation

To achieve the most desirable results with cemeatiilsation the cementitious binder
and pavement material is to be intimately mixed #reh water added. The primary
hydration process begins immediately between theeoéitious binder and the water in
the soil forming calcium silicate and aluminium hges. This reaction occurs

independently of the nature of the soil.

A secondary hydration reaction also occurs relgabiydrated lime which will react
with any pozzolans within the soil. Similar by-duets to the primary reaction will be

produced.

The primary reaction with the calcium silicate aaldminium hydrates will cause
significant strength gains in the first day. ThRea@dary reaction will proceed slowly
but continue over a long period provided that adégumoisture is present. Reactions
are also temperature sensitive, the rate of readiereasing with the increasing

temperature. Organic materials and sulphates masecretardation of the reaction.
2.2.4 Correction Course and Grade Correction

Pavements that require rehabilitation have usuadliyshape due to rutting and shoving,
S0 shape correction is often required to recoveptiofile and superelevation. Hence it
is common to apply a correction course before ngixifhe common depth averages
between 50 and 75 mm. Gravel designated Type 2 (MR®5) by the MRD, as
described below, is commonly used in Queensland.

Well used pavements also exhibit a loss of streagth grading of the material due to
wear and crushing over time. In these cases,degrarrection layer may be required to

improve the grading and the structural strengtthefinsitu material. A layer of up to
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100 mm of Type 2 granular material maybe used awcdrporated into the existing

pavement when pulverising and mixing.

Type 2 C Grade granular material is commonly usgdIRD in North Queensland.
This material has been developed for a range @fictrESA loadings up to 10and
includes up to approximately 45% of rock betwednrBm and 37.5 mm, replacing the

lost coarse material. It was specially develomedise in wet environments.

The CBR values for Type 2 material can vary inrdngge of 20 - 80%. The commonest
subtypes are 2.1 and 2.2 with CBR values approein&0% and 60% respectively.

2.2.5 The Stabilisation Construction Process

The in-situ cement stabilisation process involyes intimate mixing of a binder and
existing reclaimed pavement material, adding watempacting and trimming, and

then curing to complete the process.

A specialised recycling machine (Figures 2-2 & 2i8Jused to perform the process.
The recycling machine consists of a mixing box wathrotating shaft that has teeth
attached to pulverise and mix the pavement matendl the binder (Morton 1993)

Typically two passes are required, the first tamattely mix the binder throughout the

pavement material and second to add water to aglhivoptimum moisture content.

Figure 2-2 - 350 HP Stabiliser
Capable of stabilising to a depth of 250 mm.
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Figure 2-3 - T.R.N. Camden Stabiliser
Capable of stabilising to a depth of 500 mm.

The quantity of cement binder is measured accyratetl applied by a purpose built
spreading machine (Figure 2-4), with spread rata daing stored electronically by a
spreader-mounted computer (Wilmont 1993). Thigipces an accurate and consistent
distribution of the binder over the pavement sweféar the stabilising equipment to

then mix throughout the pavement material.

Figure 2-4 - 14 Tonne Cement Spreader

Compaction must commence as soon as practicatde rafking. The binder has an
allowable working time, typically four hours forroent powder binder. The allowable
working time is usually specified in the projecht@act documents, commencing at the
start of mixing of the binder and finishing aftedlfcompaction has been completed.
The common types of rollers used are the pad fdmtatory roller (21 tonne), the

smooth drum vibratory roller (21 tonne) and the tiviyted roller.
13



The pad foot roller assists in the compaction efldwer portion of the pavement layer
and the smooth drum is effective in compactingupper portion. A multi-tyred roller

is used to knead the surface and to close thecgupfares.

Curing follows compaction and involves frequentefispraying of the surface with
water so that the surface remains visibly dampiy the bitumen seal is applied or the
next layer is constructed. The surface must bkedesithin seven days. Typically, a
water truck would water the surface at the rat@amfroximately 1 litre per sq metre
every 30 minutes. Sealing is normally carried @utthe reclaimed sections every four
days. Experience has shown that the lack of prapeing will result in surface

cracking and subsequent ravelling under traffionly a thin wearing surface is applied

on top of the stabilised layer. (Austroads 2003).

2.3 Acceptance Testing

Construction of an insitu stabilised section isajw chosen so that the section or lot
can be completed in the one day, as there is delihntime for compaction once the
cement powder has been added. Quality control zaeéptance testing of the final

product is done by measuring the Relative Dry Digregi sample locations.

Once the pavement material has been pulverisedbititer added and the material
completely mixed (before compaction), samples akert so that the Maximum Dry
Density can be determined to provide the benchrfarkhe quality of the construction
compaction of the pavement. This test (MR Testhdét- Q110A) must be completed
within 45 — 65 minutes from the time the cemenhorporated, otherwise the density

measured decreases and will not provide the comeémtence density. (Hall 2005).

Compaction of this soil sample is carried out oserange of moisture contents, and
compacted in three layers by dropping a 2.7 kgdstahrammer typically 25 times from
a height of 300 mm. The densities are plotted, meximum measured and the

Maximum Dry Density and the optimum moisture cohtexcorded.

The samples are taken at random positions along lea¢distance and offset, selected
in accordance with MR Test Method - Q050).

Once the road pavement has been compacted, saegite dre taken at the same

positions along each lot to determine the in-fiBld/ Density and subsequently the
14



Relative Dry Density (RDD) - the ratio of the compad density to the benchmark

laboratory Maximum Dry Density.

Dry Density testing (MR Test Method - Q111A) isroad out by collecting, drying and

weighing a soil sample, measuring the volume bydhed replacement method and
calculating the dry density. The RDD values ol#dirfor each test in a lot are
combined to produce a Characteristic Value for ltte as defined in Main Roads

Standard Specification 11.01.:

CV = ARDD - (SD x F,)

where: CV = Characteristic Value for the Lot
ARDD = Average Relative Dry Density (%)
SD = Standard deviation of the sample ARDDs
Fcv = A factor depending on the number of samples in

the set determined from Table 6 of MRS 11.01

A lot is deemed to have passed if the Characterngalue is 100% or greater. If a
Characteristic Value of less than 100% is obtairibe, lot may be re-worked or
otherwise accepted at a reduced level of serscthdre is an assumption that the result
indicates a pavement that will not carry the degrgffic required and will fail before

its design life.

2.4 Types of binders

There is a wide variety of cementitous bindersadlé for use in the stabilisation
process. The tendency is away from General Purpastgand Cement (GP) which
tends to provide only about a one hour working windo achieve compaction, towards
the General Purpose Blended Cement (GB) becausbeoimproved working time
limits created by the addition of additives. Thsreases the length of the section of

road that can be rehabilitated in the one day.

Fly Ash is the most common additive used and iy-@rbduct of the power industry

created by the burning of black coal. It is geleraigh in silica and alumina. In the
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presence of moisture and at ordinary room temperatueacts with calcium hydroxide
released by the hydration of Portland cement tomfocompounds possessing

cementitious properties.

With the blending facilities available today théseno limit to the proportioning of the
various additives and as the proportion of cemearehses the price of the blended
binder reduces, although suppliers produce standamdes such as 70% GP
cement / 30% fly ash (known as 70/30). It showdabppreciated that the cost will be
related to the proximity of the material source atehding plant to the stabilised site.

Recent research into triple blending (e.g. cemégt,ash and slag) are showing
extended working times of up to 8 hours for specifoil types with reduced
susceptibility to rapid reductions in strength gass a result of compaction delays

outside the limits.

2.5 Visual Signs of Pavement Failure
Pavements distress can be visually assessed bkintéor:
« Deformation

 Cracks

Edge defects

Potholes and patches

« Loss of aggregate from bitumen surfacing
SourceNAASRA (1987)
Deformation

Deformation is a change in the road surface cahgethffic conditions, environmental
conditions, inadequate quality control during camsion or a combination of the
above. The deformation may reflect either as ttratinadequacies in the pavement,
subgrade or both. The main attribute is vertiesppldcement and is measured by the
maximum depth obtained under a 1.2 m straight edge.
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The four main types of deformation are:

e Depressions - A localised section in the paveméat is lower than the
surrounding area. It may be caused by eitheresettht of a service trench,

embankment consolidation or volume change in thgsue.

« Rutting - Longitudinal deformation usually containi@ either the outer or inner

wheel paths of the pavement (Figure 2-5).

Figure 2-5 -
Rutting in Road Surface

« Shoving - The bulging of the road surface causediaking, accelerating or
turning motions of vehicles. Shoving is usuallgyalent at most heavily traffic

intersections (Figure 2-6).

Figure 2-6 -
Shoving in Road Surface
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« Corrugations - Transverse undulations which areulesly spaced usually

caused by an unstable base layer in the pavement.

Cracks

Cracks are fissures from partial or complete fregwf the pavement surface. They
can appear in a wide variety of patterns from srghcks to complex interconnected
cracks extending over the pavement surface. tksrare left untreated they can lead to
premature failure of the pavement caused by theessgof water to the underlying

layers. The main types of cracks are:

« Meandering / Diagonal Cracks - These cracks cacabsed by reflection from

underlying layers, tree roots or differential satibnt (Figure 2-7).

« Transverse Cracks - Cracks running transverselysadhe pavement. They can
be reflecting to the surface from underlying laystginkage cracking or along a

construction joint (Figure 2-8).

e Longitudinal Cracks - A single crack or a seriescoficks running parallel
longitudinal along the pavement. They can be ahuse poorly constructed
construction joints, differential settlement orleetion cracking from underlying

layers (Figure 2-9).

Figure 2-7 - Meandering
Crack in Road Surface
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Figure 2-8 Figure 2-9
Transverse Crack in Road Longitudinal Crack in Road
Surface Surface

« Block Cracks - Interconnecting cracks that form emies of blocks in the
pavement ranging in size from 200 mm to 2000 mmasgu The cracks will
usually occur due to shrinkage cracking in the uyde cement modified

pavement layer or in more rigid pavements.

« Crocodile Cracks - A series of interconnecting ksahat resemble the back of a
crocodile. They are usually caused by fatigueufeilin an aging flexible
pavement or due to inadequate thickness in thelagse(Figure 2-10).

Figure 2-10 - Crocodile
Cracks in Road Surface
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« Crescent (Shear) Cracks - Half moon shaped cnabiksh occur because of a
poor bond between the wearing surface and thelagse They usually occur
because of high horizontal shear stresses duakinigrand cornering.

Edge Defects

Edge defects occur at the interface between thameih surface and the unsealed
shoulder material (Figure 2-12). The reasons dgeelefects are:

« inadequate pavement thickness and width;
« erodible shoulder material causing poor edge supand

« traffic travelling on shoulder edge.

Figure 2-11 - Pothole in Road

Figure 2-12 - Edge Failure
along Road

Potholes and Patches

Potholes are depressions in the pavement createdrdffic abrading surface
imperfections which allow the ingress of water. eTihgress of water causes the fine
components in the base layer to go plastic, theseyent loss of in mechanical
interlock between the particles causes the potiogieopagated (Figure 2-11).

20



Loss of Aggregate

Loss of aggregate on the sprayed bitumen surfanesmmificantly impact on the
serviceability of the pavement. Aggregate loss remult from excessively hot weather
which reactivates the bitumen in the seal, poofaser preparation prior to the sealing
operation can leave loose fine material on theaseriof the base layer preventing the
binding of the bitumen to the surface. |If recogdisearly, it can be rectified by

resurfacing the affected areas before damage terlynty layers.
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CHAPTER 3 — ROAD PAVEMENT DESIGN

The design of pavements has altered over the paatly necessitated by the increasing
use of binding materials in the pavement layerdh dot new construction and for
rejuvenation. Firstly, there is more experiencailable for assessing the success of
design using empirical methods, and secondly theerdof computers has made
possible the widespread use of elastic modellivghen pavement layers are bound
using additives, the increased stiffness meansthieastructure is outside the bounds of
the empirical design methods and mechanistic depigrcedures should be used.
Mechanistic design procedures consider pavemduatdaby tensile strain at the bottom
of asphalt, tensile strain at the bottom of cenntaterial and by compressive strain at
the top of the subgrade layer and attempt to catleuhe ability of the design to prevent
these stresses exceeding the material capability.

Austroads, the Association of Australian and Newalded Road Transport and Traffic
Authorities is a body with a membership comprisihg eight State and Territory road
transport and traffic authorities, the Commonwedhpartment of Transport and
Regional Services in Australia, the Australian UoG&Government Association and

Transit New Zealand. This body has a stated perpok contributing to the

achievement of improved transport related outcoamekis considered to be the primary
authority on pavement design and construction istélia. Expert panels maintain a
watching brief on new research, provide a peererewf published work and publish a
number of manuals recommending the current bestipeafor road pavement design

and construction.

It aims to provide strategic direction for the grated development, management, and
operation of the Australian and New Zealand roagtesy - through the promotion of
national uniformity and harmony, elimination of wwessary duplication and the

identification and application of world best praeti{Austroads 2004 p iv).

As well as accumulating the knowledge base relatogoad pavement design and
construction into a series of manuals, Austroads alitiates research and publishes
technical notes expanding on the information comgiin the manuals. The information
is regularly reviewed by expert panels from the rership and the manuals/technical

notes are updated to encompass the latest thiakiddindings.
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A number of these manuals and technical notes bhaga used for the background for
this project and are listed in the References aibtidgraphy. Other major sources of
information are the manuals and technical notedighgd by AustStab, The Australian
Stabilisation Industry Association and the Departtref Main Roads Queensland also
produces design manuals and technical notes spbjififor use for designing and

constructing main roads within Queensland.

The standard mechanistic design method recommelngleslistroads is the CIRCLY
program which uses linear elastic multi-layer tlyeand is more fully described in
Chapter 5. The program requires the material ptese of elastic modulus and
Poisson’s ratio for each layer as well as valuégting to number of heavy vehicles

which are expected to travel over the road dutisgseful life.

This chapter provides a brief overview of the taghas currently in use for the design
of flexible pavements, and the testing methodol@eplicable to ascertain design
information used to obtain data for this projeBbme of the design topics mentioned in

this chapter are described in greater detail inefpix B.
3.1 Flexible Pavement Design

There are two methods for the design of flexiblegmaents currently in use:

a) The Empirical Method is a traditional method whieguires the knowledge of the
CBR and the total number of equivalent standar@saxiver its design life. The
method is based on observed performance of pavenreservice. The only failure
method considered is the failure of the subgradgu(E 3-1) causing rutting and
tables and charts are provided to determine thainextjthickness of the subbase and
base to prevent the high stresses reaching theaild@nd causing failure. This
method is applicable to the design of unbound flexpavements, but has limited
application for flexible pavements with bound lag/@s they have different failure

modes.

b) The Mechanistic Method attempts to ascertain thetd failure by calculating the
critical stresses and strains that occur throughtioeitmulti-layered structure based
on the linear elastic multi-layer theory. The CIRCprogram uses the linear

elastic multi-layer theory adopted by Austroad$ie program requires the material
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properties of elastic modulus and Poisson’s ratioefach layer as well as values

relating to the standard axle repetitions for eafcie failure modes.
The failure modes considered applicable are:

« tensile strain at the bottom of asphalt;

« tensile strain at the bottom of cemented matesiadt

« compressive strain at top of subgrade.

1800 mm

< >

Uniform stress 330 mm 335 mm
(750 kPa) - D G
W [ L [

1 Asphalt
Granutar
Matetial

Cemented

N2 Material
\Z8 7 Y Y A\
3 3 Subgrade

P 1. Tensile strain at bottom of asphalt
165 mm 2. Tensile strain at bottom of cemented material
3. Compressive strain at top of subgrade

- - — Critical locations

Figure 3-1 - Failure Modes in Pavement Design
SourceAustroads Pavement Design Guide (2004)
This method is applicable for flexible pavementigesusing both unbound and

bound pavement material and rigid pavement desigiha combination of these.

Both these methods require an estimate of the tataiber of compressive actions

caused by the wheels of vehicles to successfulligddghe pavement.

The empirical method uses the estimated value gtiffalent Standard Axles” (ESA)
while the mechanistic method uses “Standard AxlpeReons” (SAR) for each failure
mode and would normally be different for each falmode. These values are taken

over the design life of the pavement.

The calculation of these figures requires an esémévolume of traffic traversing the
pavement. Because the damage caused is a poagonship to the applied load, the
damage caused by light passenger and similar wshisInegligible, so an estimate of
heavy vehicle traffic only is required. Commonlgnd historically, where only
simplistic traffic counters were available), theadings are based on short-term total

counts and a small number of manual counts to astinthe percentage of heavy
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vehicles, their assumed loadings and the distobutif different heavy vehicle types.
Hence, it is common to estimate a value designa¢éed’y vehicle axle groups,pN as

the first step in calculating the required traff@erameters.

3.2 Design Traffic

Both the empirical and the mechanistic design nathelate pavement capability to the
number of passes of a standardised axle loadinghmwill be experienced by the

pavement over its useful life. The empirical methuses this value as an input to the
design whereas the mechanistic method calculagesapacity of the proposed design

which is then compared with the expected valuatetermine if the design is adequate.

The basic method for calculatingpNas proposed by AustRoads is the following

formula:
0,
N, =365%(AADTx DF)X%X N, . X LDF xCGF
where AADT = Average annual daily traffic (vehicles giay)

DF = Direction Factor - the proportion of the two-wajDT
travelling in the direction of the design lane.

%HV = Average percentage of all traffic comprisingtg vehicles.
Nuvac = Average number of axle groups per heavy vehicles
LDF = Lane Distribution Factor

CGF = Cumulative Growth Factor

The determination of the above parameters is dsgclisn more detail in Appendix B.
It should be noted that as the damage caused Ipasver relationship to the load,
damage caused by light commercial and passengale®ls insignificant compared to
that caused by heavy vehicles, so only heavy vehiare considered in the above

formula.

This formula for estimating )N forms the basis for obtaining the design figures

required for the relevant pavement design methazl, Bquivalent Standard Axles
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(ESA) for the Empirical Method and the three valoéshe Standard Axle Repetitions
(SAR) for the Mechanistic Method. Some of the &ssin determining these values are

detailed in Sections 3.3 and 3.4 below.
3.3 Traffic Data Collection

The methods for collecting traffic data range frbra simplistic manual traffic counting
to the advanced weigh-in motion systems. The commethods are described in more

detail in Appendix B.

The usual approach to obtain a traffic count isinstall a twin-tube Vehicle
Classification Counter for approximately two wee&fen repeating the count after an
interval of one or two months. The counter datapéed with information from weigh-
in-motion systems and manual observations can geosi reasonable estimate of the
number and probable loading of the heavy vehickasguthe road.

A forecast of the likely growth in traffic volumever the following 25 — 30 years is
again based on historical data and a view of tipeebed economic growth in the region

affecting traffic for the road in question. A goodgstal ball is an advantage.
3.4 Imposed Axle Loadings

Both the empirical and mechanistic design methatgiire the heavy vehicle axle
groups to be converted to Equivalent Standard AXESA) or Standard Axle
Repetitions (SAR).

Equivalent Standard Axles (ESA) / Standard Axle Repetitions (SAR)
The Standard Axle is defined in the Austroads mbasia

“ a single axle with dual wheels carrying a load&3 kN. The circular contact
stress being applied to the pavement at 330 mnmresentzer each dual wheel is
750 kPa for highway traffic”(Figure 3-2)
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Figure 3-2 - Standard Axle
Source:Pavement Design Training Manual (MRD)

Experimental work has determined that differenegxiofiles can carry different loads

to cause the same amount of damage as a standar@ akle 3.1).

Table 3.1 - Axle Load Values Equivalent to a Standd Axle

Axle Group Type Load (kN)
Single Axle with Single Tyres (SAST) 53
Single Axle with Dual Tyres (SADT) 80
Tandem Axle with Single Tyres (TAST) 90
Tandem Axle with Dual Tyres (TADT) 135
Triaxle with Dual Tyres (TRDT) 181
Quad-axle with Dual Tyres (QADT) 221

Source:Austroads Pavement Design Guide (2004)

If an axle group is loaded to a different loadimgnfi that shown in Table 3.1 it is
necessary to calculate the equivalence in terntkeoftandard axle. Experiments have

shown that the equivalence obeys the following fdem

A = (o)
SL

Equivalent number of standard axles

where: EA

L

Actual load of axle group

27



SL Standard load for that axle group

3
I

An exponent depending on the method of failure

For the empirical method, design is based on thength of the subgrade and the
exponent is 4. The mechanistic method uses tluiked modes - fatigue of the asphalt
layer (exponent of 5), rutting/shape loss (expomént) and fatigue of cement material

layer (exponent of 12).

Where counts of the number of different axle grand the axle group loads have been
estimated, the above formula can be applied tgp#reentage of each vehicle type and
its load, then summated to provide the design EQASARS. Obviously this is a very
onerous calculation which requires an extensiverkedge of the traffic volumes for
the forecast period as well as accurate detailhefheavy vehicle loadings and axle
types. However, in practice, the future traffidurae can only be at best an estimate,
based on current data and a forecast of the dawelopof the economic activity of the
surrounding area and its impact on the traffic woduand vehicle loads. Consequently,
most organisations tend to use predetermined awefagtors for each of the

calculations.
3.5 Empirical and Mechanistic Pavement Design Methds

The empirical method of design uses a design ctwarenable determination of

pavement layer thicknesses based on the strenglie ainderlying layer represented by
its Californian Bearing Ratio (CBR). The chartremtly used in Australia is contained
in the Austroads Pavement Design Manual (Figure. 8.4 may be used solely for

pavements comprised of unbound layers of granultenal which are surfaced with

either a bituminous seal or thin asphalt layers(lbsin 40mm).

The design chart is reproduced as Figure 3-3.

The mechanistic method of design uses a compubgram to analyse the performance

of pavement layers based on a structural moddieopavement.

Each layer is considered to be comprised of a hemegus linearly elastic material

characterised by its elastic stiffness properteesnodulus and Poisson’s ratio. The
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program most commonly used in Australia is the AlR@rogram written in 1977 by
Dr Leigh Wardle at CSIRO and further described hrafter 5.

%/ CBR
<4 >30

Thickness
of

Granular
Material
(mm)

t=[219 - 211(logCER) + 58(logCBR)?|log(DESA/120)
900

1000

Design Traffic (ESA)

Figure 3-3 - Empirical Road Pavement Design Chart
SourceAustroads Pavement Design Guide (2004)

The empirical method has limited use for stabilipedements, so CIRCLY design is
generally used to design the insitu stabilised perds. The capacity of a design is
evaluated and compared against the required SARsh& three failure modes, the

design being modified and re-analysed until a fatiery solution is attained.
3.6 Pavement Design for Insitu Stabilisation

3.6.1 Selecting the Stabilisation Additive

There are numerous products available on the maddaty which can be used as
additives for the stabilisation of existing roadv@ments. The tests used to determine
the most appropriate product to use are the parside distribution and the Atterberg

limits.

The desirable particle size distribution is achéewehen each smaller particle size can

fit into the void formed by the larger sized pdegin close contact. This provides

transfer of mechanical strength through the pavémeA well-graded mix with
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favourable particle shapes and texture can be cciegbao a state in which it has

adequate stability, low permeability and good weaistance.

The particle size distribution of the material et@mined by passing a sample through
a series of standard sieves and weighing the porétained on each sieve. The size
distribution is described in terms of the cumulatpercentage mass of the particles

passing each sieve.

The Plasticity Index (see Appendix B) is usefubtee an indication of the bindability
and workability of gravel mixes and their suitalyilas pavement material. Typical PI
values will depend on the position of the layeithe pavement. Top base layers are
normally constructed of high strength material, llowfines, relying mainly on internal
friction between particles for its load bearing @aipy and stability. The PI for this
layer will generally have a maximum of 4%. Subbasaterial which is lower in
strength and higher in fines relies on both intefriation and cohesion properties to
achieve the required strength and stability. TheiR increase to 12% because of the

increased percentage in fines.

Researchers at the University of South Australiestigated various binders on 20
types of Australian soils and developed a chart tfer determination of the most
suitable binder based on its plasticity index anel $ize of material passing aprg
sieve (Symons, M.G. and Poli, D.C. 1998). Basedhis research Austroads offers a
guide for selecting a method of stabilisation apldiyed in Table 3.2.

Cement stabilisation can be successfully used gmaterial which has less than 25%
passing a 7dm sieve (coarser material). However, for matendah more than 25%
passing a 7am sieve (finer material) the Pl must be less th&n far cement

stabilisation to be appropriate.
3.6.2 Design Properties of the Stabilised Mix

Before designing the re-construction of a paventéetguality of the existing pavement
needs to be determined, and in particular, the musdand Poissons Ratio of the

stabilised mix must be determined.

The grading of the existing road pavement also si¢ede checked as grading as well

as the strength can deteriorate over time anddrafience, physical laboratory testing
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of samples of the material in the existing pavenieméquired to determine the amount

of cement material required to produce a suitable m

Table 3.2 - Selection Guide for Different Stabilistion Methods

MORE THAN 25% PASSING 75um LESS THAN 25% PASSING 75um
Plasticity Index Pl<10 10 < Pl <20 Pl >20 Pl<6 Pl<10 Pl > 10
Pl x %
passing
75um < 60
Form of
Stabilisation
Cement and
Cementitious
Blends
IEEES 1 I
G111 T

Bitumen/
Cement Blends
| IR 11

Miscellaneous
Chemicals*
Key Usually Doubtful Usually not
suitable Suitable

*  Should be taken as a broad guideline only. Refer to trade literature for further information.

Note: The above forms of stabilisation may be used in combination, e.g. lime stabilisation to dry out materials and reduce their
plasticity, making them suitable for other methods of stabilisation.

SourceAustroads Guide to Stabilisation in Roadworks @99

If the grading is not suitable, new material mustdoought in to mix with the material
in the recycled layer. Various percentages of cgrpewder are then added to samples
of the final mix and the unconfined compressiorerggths (UCS) determined. As a
guide, a mix with a modulus between 600 and 150@ MPsought for normal country
roads (Austroads 1998).

Note also that, although machinery for deep layecanstruction is available, the
machinery normally available in the Mackay disttiatits the layer depth to 250 mm,

which must be accounted for in the design process.

In brief, some or all of the following sampling atests may be carried out to provide
the data necessary to develop a design for theuirstabilisation of an existing

pavement.



+ Measurement of pavement deflections by a Fallingigite Deflectometer
(FWD).

« Assess subgrade bearing capacity using a Dynamie ®enetrometer (DCP),

moisture content and soaked Californian BearingdR&BR)

« Excavation of test pits for measuring material @rtips and sampling materials.

Laboratory based materials mix design.
3.6.3 Testing the Existing Pavement

Soil properties of the existing pavement and sulbgrare required so that the most
appropriate design can be produced. The mechardesign method requires the
modulus and depth of each layer in the final dedigmce the modulus of the subgrade
and of each layer which is not disturbed by theabditation must be found. This is

done by a series of field and laboratory tests.

The moduli are not usually found directly, unles&aling Weight Deflectometer or
equivalent device is available. In most regionadaa, the properties are found by
determining the moisture content, grading, Calif@mnBearing Ratio, Liquid Limit,
Plastic Limit, Linear Shrinkage and the Plastidiigex.

Investigation pits are dug at predetermined locetidayer thickness recorded and

material samples taken for each layer.
Dynamic Cone Penetrometer

The strength of the natural subgrade material lagethe starting point for the
evaluation process. The Dynamic Cone PenetromBX€PJ test (MR Test Method -
Q114B) is used to determine the in-situ bearingacdp of the underlying subgrade.
The penetrometer is a two metres long steel rod avgtandard size hardened steel cone
at the penetrating end. The upper end of the baaehas a captive weight surrounding
the rod, the weight is able to fall freely throughgiven drop height to achieve a
standard amount of penetrative effort at every dr8y plotting the penetration of the
cone against the number of drops of the weightaeroximate CBR figure can be
found by applying the formula:
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LogCBR = 2.628 - 1.273log (DCP )
where: CBR

Californian Bearing Ratio

DCP penetration mm per blow

Moisture Content and Soaked CBR

The moisture content (MR Test Method - Q102A) itedmined at the time the DCP is
performed. The moisture content indicates thelle¥esaturation of the subgrade so
that a determination can be made on whether the @28t is the worse case scenario

or whether a soaked CBR test is required in therktbry.

Soaked CBR tests (MR Test Method - Q113C) are pmdd in wet coastal regions
because the subgrade is likely to be saturated $mbstantial period and saturated CBR

value is more relevant.
Californian Bearing Ratio

Where the modulus cannot be measured directly,ait be estimated from the
Californian Bearing Ratio of the material. The i€@ahian Bearing Ratio (CBR) test
measures the force needed to cause a 50 mm diaphatger to penetrate 2.5 mm into
a sample. It was developed by the US Corps of igegs. The original test material
was a Californian crushed rock, which was givenBRGalue of 100. The strength of
other materials is proportionally related to thaabng capacity and expressed as a

percentage (typical values for subgrade range let\e 10%).

For each layer of the pavement material layers doduaring the investigation a CBR
value needs to be determined. The standard so@BHl test is used for granular
material (MR Test Method - Q113A) which is slightifferent to the CBR test for the

subgrade.

Where the modulus is determined from CBR test testhe empirical relationship
adopted by the Austroads Pavement Design Guidseed to convert the CBR strength
to an elastic modulus (E). For the subgrade tlaioaship is:
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E =10 x CBR
where: E = Elastic Modulus (MPa)

CBR = Californian Bearing Ratio (%)

For the subbase and base, in the absence of bdttemation, the same relationship
may be used, however, a more accurate (but spiicimate) value based on research
is used by some authorities. The MRD has adopted relationship shown in

Figure B-2 in Appendix B.
Particle Distribution

To ensure mechanical interlock between the pastisiethe pavement layer a particle
distribution test (MR Test Method - Q103A) is perfed. This test will determine
whether additional grading correction material squired to achieve a greater

mechanical interlock between particles.
Atterberg Limits

The Atterberg Limits - Liquid Limit (MR Test Method Q104A), Linear Shrinkage
(MR Test Method - Q106) and Plastic Limit (MR Téééthod - Q105) - is conducted
for each layer of the pavement. These test areuusefgive an indication of the
bindability and workability of gravel mixes and thsuitability as pavement material.
The plastic index is also used as a guide for #terchination of the type of stabilisation

to use.
Cement Additive Percentage

Once a decision has been made on the grading enithéor the insitu stabilised layer,

the appropriate cement content to achieve a resifieodulus between 600 and 1500
MPa is determined. This is achieved through aesedf Unconfined Compressive
Strength (UCS) tests (MR Test Method Q115C).

This test entails the addition of a range of cenmemitents ranging from 1% to 4% in
0.5% intervals to material samples which are thmesas the final composition of the
rehabilitated pavement layer. The material is caobgd into test moulds, removed
from the mould, sealed in an airtight container gidced in a curing room at

approximately 100 percent humidity and°@4for a period of 7 days. The cylinder is

34



then immersed in water for 4 hours, removed andegalan the compression testing
machine and loaded to failure at a constant ratestgfss of 1.0 mm/minute, the
maximum load being recorded. The compressive gtiners determined from the

maximum load applied divided by the cross sectianeh of the sample.

To be suitable for normal country main roads, theamfined compressive strength is
generally required to be in the range of 0.6 to MMPa. The lowest cement content
which fulfils this requirement will be selected #s cement powder is the most
expensive component of the mix. This strength banempirically converted to a
modulus for mechanistic design purposes. The rgeserally used relationship for

conversion is as follows:

E = kxUCS
where: E = Elastic Modulus (MPa)
UCS = Unconfined Compressive Strength of laboratory spen at 28
days (MPA).
k = values of 1000 to 1250 are typically used for Gah@urpose

Cements. The value of 1000 is adopted in Mackay.

SourcesAustroads (2004)
3.7 Project Testing

As previously described, a number of recently to-stabilised projects have been
selected for investigation. These lots contairgaicant proportion of test sites where
the Relative Dry Density was below 100%, and al$®m the Characteristic Value is
less than 100%. As each of these projects have t@mpleted for several months or
more, it can be assumed that the pavement is nollvoweed, and little additional

strength will be developed in the future. Henée¢he strength of the pavement can be
measured, it may be possible to draw comparisotwees the construction tests and
the developed strength, and draw conclusions alibat validity of using the

construction testing to determine the working tifehe rehabilitated pavement.

Two tests will be applied, firstly a visual inspect of the lots in the selected projects

for signs of distress, and secondly, a non-desuié¢talling Weight Deflectometer test
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at 89 of the sample sites to evaluate the “cureddumus and subsequently an estimate

of the pavement’s capacity and life.
3.7.1 Falling Weight Deflectometer

The Falling Weight Deflectometer (FWD) uses a fglimass to generate a load pulse
of similar magnitude and duration to an Equival&ttndard Axle travelling at high

speed. When released from a specified heightntes falls onto buffers mounted on a
rigid circular plate lowered onto the pavement.o@enes placed on the pavement at O,
200, 300, 450, 600, 900 and 1500 mm intervals ftbenload measure the resultant

velocity. The data can then be processed to peohaividual bowl shapes.

Back analysis of the deflection bowls are then iedrrout using the Queensland
Department of Main Roads developed program calldBDEF (CIRCLY based
iterative elastic analysis program).

For a given pavement layer configuration, the coration of pavement and subgrade
moduli that produces a theoretical deflection bthalt matches the measured deflection
bowl shape is determined. The procedure involfiesselection of initial seed moduli
values for the pavement and subgrade layers. Triogrgm then computes the
theoretical bowl shape, calculates the absolute@uime differences between measured
and computed bowl shapes, adjusts the layer mdxhded on the initial results and
repeats the procedure until an acceptable fit i®ioked or the limiting number of
iterations is reached. The combination of pavenagict subgrade moduli that produce
the ‘best fit’ are reported as the calculated insioduli. The insitu moduli will then be
substituted for the design moduli in CIRCLY and tiesign life determined.
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CHAPTER 4 —- RECENT RESEARCH

For many years, Austroads, the Association of Alistn and New Zealand Road
Transport and Traffic Authorities, has been prawdia source of the accumulated
Australian and overseas knowledge, experience @sgarch relating to road pavement
design and construction. The collected informatiociuding the adoption of the

results of new research following peer review byeak panels, is promulgated in a

series of manuals and technical notes.
The most comprehensive of these manuals relatdeettwpic of this project are:

« Austroads, Pavement Design, A Guide to the Strattesign of Road
Pavement, 2004,

e Austroads, Guide to Pavement Technology, Part 48bilssed Materials, 2006;
« Austroads, Mix Design for Stabilised Pavement Matsy 2002;
« Austroads, Guide to Stabilisation of Roadworks,8.99

With the rise in popularity of stabilised pavemardterial, another body, AustStab, The
Australian Stabilisation Industry Association wasnied in mid-1995. It was initiated
by the major contractors and charged with promotihg stabilisation and road
recycling industry, setting national standards dfrfgrmance, assisting in and

coordinating research, and educating and trainegple in the industry.

The AustStab website contains guidelines, technicdés and research publications
promoting the proper use of the insitu stabiligatiorocess for civil construction

projects. Examples of published technical notes ar

« Smith. W. and Vorobieff. G. (2007), Recognition sdistainability by using

stabilisation in road rehabilitation, ASA Sustaiilié§p & Slag Conference;

e AustStab (1999), Australian Binders used for theb#itation and Road
Recycling Industry, National AustStab Guidelinesg a

e AustStab (1999), Site investigation for the rehtddibn of low trafficked roads

using insitu recycling, National AustStab Guidetine

In the interest of corporate uniformity, each raadhority in Australia maintains a

series of manuals, which, while based on the Aasisorecommendations, includes
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organisation-specific information.

produced a number of manuals and workshops inajudin

«  MRD Pavement Design Manual;

« MRD Pavement Rehabilitation Manual;

« MRD Workshop on Low Volume Roads; and

« MRD Material Testing Manual.

The DepartmefntMain Roads Queensland has

These sources have been heavily relied upon fohmofiche information contained in

this document.

In 1997, Lake Macquarie City Council conducted aesk on the performance of ten

roads which had been rehabilitated by insitu sitsdtibn over a seven year period (Pike

1997). Pike carried out multiple Benkleman Beasig®n each of these pavements to

find the average deflection for each, and whererghabilitation data was available (on

six of the ten), compared the before and afterlteg$tiable 4.1).

Table 4.1 - Description of Traffic and Benkleman Bam Data

_ _ Benkleman
e |statiised Gielve) 2 Year | Ratoct | Beam
Sllree Melme Age I(Dniﬁ;[;] Date Traffic design etiections
(years) (ESA's) | (ESA's) | traffic | gefore | JUN€
1997
(C;L"Jr‘gibeug: & 6.7 | 180 9.70¢ | 2.808 | 035 | 0.62| 045
Statham St 6.2 180 590E| 1.90F | 0.31 | 0.78| 0.48
The Groves 6.2 180 1.26E | 3.90F | 0.31 1 0.22
lan St 5.4 180 6.00E | 220 | 0.27 | 1.03| 0.72
Dalwood Crt 4.7 180 3.80E | 1.60E' | 0.24 | N/A | 061
Tahlee St 2.9 180 426E | 290F | 014 | N/A | 051
Jamel.4s St 2.9 180 3.79E| 260" | 0.14 | 1.21| 1.3
Tennent Rd 2.2 200 1.76E | 1.60F° | 0.11 N/A | 0.38
Albert St 1.4 200 460E | 6.70E' | 0.07 | N/A | 0.36
Robiina Dr 0.3 180 2.60E | 1.60F | 0.02 | 0.72| 0.49

SourcePike (1997)
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He also back-calculated from the Benkleman bearnecte&in bowls (using the program
EfromD2 which is similar in function to CIRCDEF) tmd the average moduli for each
road. This then allowed him to “re-design” thedassing CIRCLY and estimate the
maximum base and subgrade strains to predict theining useful service life.

Typical moduli obtained ranged from 1100 to 2800aMP

The pavement material used for all the roads testedfrom the same quarry so that the
“make-up” material used was consistent. A Gen8iahd cement binder was used,
80% GP cement and 20% fly ash, at a rate of betwl@emnd 5%. This percentage is
relatively high compared with Mackay District priaet where a maximum content of
3% is used, more commonly around 2%. The dep#tatfilisation varied from 150mm

to 200mm, similar to the stabilisation depth faststudy.

The roads studied were relatively lightly traffickehe cumulative design traffic for a
20 year life of each pavement being between 3%ah@ 4 x 10 ESA’s. This is an
order of magnitude lighter than the typical desigaffic applied to the pavement
designs for the Mackay study.

Pike concluded that the results indicated thatiib#u stabilisation process carried out
on these ten roads produced a rehabilitation ofrdael that could be expected to
provide a service life of at least the 20 year gledife. All deflection comparisons

showed a substantial decrease in deflection ureder(ie an improvement in strength),

and the strength was maintained over at leastitbeyéar testing period.

Although several pavements exhibited reflectiveckirag, (probably a symptom of the
higher binder percentage, thin base and weak subtste), Pike found that there was

no indication from the test results that the seriie would be adversely affected.

Although Pike’s work is similar to that being untéen for this project, there are
significant differences in the pavement design peters, and the main thrust of the
work is to evaluate the effectiveness of using RedaDry Density as a measure of the
pavement’s ability to last for the design peridslso, the Falling Weight Deflectometer
has replaced the Benkleman Beam, and it is expebtgdhe reliability of the moduli

calculation will be somewhat better.
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In 1995, Fairfield City Council carried out resdan the performance of its local road

network. The Council had carried out insitu stghtion on many of its road pavements
since 1965. The depth of stabilisation varied fitB0 to 225 mm and the percentage of
cement binder varied from 3% to 6%. The Councédua pavement condition index

(PCI) designed by SMEC to rate the pavement. Tdia dias analysed in three traffic

ranges, AADT < 500, 508 AADT < 2000 and AADT> 2000 (Meijer 1995). The

depths, cement contents and ranges are similarg@toject.

The data indicated that a majority of cement sisdul pavements had performed
reasonably well at ages up to about 25 years ®twio traffic categories less than 2000
AADT. Very few roads were stabilised where theffitavolumes exceeded 2000
AADT and the results showed mixed performanced)oalgh a 20 year design life

appeared achievable.

The Township of Payneham used cement insitu stabiin for six streets in the early
1970’s. In keeping with practise in that perio@ tement contents were higher than
used today and were typically 6%. This high petaga introduced early shrinkage
cracking in the pavement which required replacenodnthe surfacing. Despite the
cracking the pavement has not lost shape (Amey)198ifmilar lessons where learnt in
the Mackay District through the late 1970’s andyed®80’s. The common practice
today, which is detailed in the local design tegtomief, is to limit cement contents to
3% which in most circumstances eliminates earlyckirag and reduces the need for

additional sealing requirements.

In western Sydney in 2004, five rehabilitation op8 for a typical pavement where
assessed against the direct cost, social and emvawotal benefits (Smith & Vorobieff
2007).

The five rehabilitation options considered whicloypde a similar pavement life based

on a set traffic volume is displayed in Table 4.2.

The direct costs of each alternative in Table 4e8encalculated using typical Sydney
urban construction costs. As can be seen fronethle the stabilisation treatments have

the lowest construction rates.
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Table 4.2 - Pavement Rehabilitation Options

No Option Details AEfEiin
(mm)
Granular pavement Mill out existing pavement to depth. 520
1. with seal Replace with quality granular material. 520
(Reconstruction) | Bitumen 2 coat seal wearing surface
Gran_ular pavement Mill out existing pavement to depth. 520
with asphalt : : . 470
2. . Replace with quality granular material.
surfacing. Asphalt wearing surface 50
(Reconstruction) b
Stabilised Base MlII out blend material, remove for given
3 Course with asphalt final level. . 60
' surfacin Cement Stabilise 335
g Asphalt wearing surface 50
4 Deep asphalt Base Mill out existing pavement to depth 180
' Course Replace with asphalt 180
Mill out blend material, remove for given
- final level. 60
Stab_|l_|sed subgragle, Mill and side cast base course 250
5. | stabilised base with " h i
asphalt surfacing Supgrade stabilise with lime - 200
Reinstate base course and stabilise 250
Asphalt wearing surface 50

Source:Smith & Vorobieff (2007)

Table 4.3 - Direct cost estimate of each pavemerghabilitation option

No Option Dir(e$c/:nC2:)ost
1. | Granular pavement with seal (Reconstruction) 78
2. | Granular pavement with asphalt surfacing. (Retcooson) 84
3. | Stabilised Base Course with asphalt surfacing 29
4. | Deep asphalt Base Course 65
5. | Stabilised subgrade, stabilised base with asghalicing 39

Source:Smith & Vorobieff (2007)

An important social consideration when considerirgpabilitation options is the
expected duration of works, particularly at sitathvinigh traffic flows. The disruption
caused by the roadworks is assigned a value irr etodeompare options and establish

which is the best.
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to economic activity/business, personal activityblc services, emergency services

and political cost for governing authorities deglimith community concerns as a result

of the disruption. Table 4.4 displays the expeatachtion for each of the options and

the corresponding road occupancy cost. As can &e fsem the table the stabilisation

treatments again have the lowest rates.

Table 4.4 - Duration of construction and road occugncy costs

Lane Lane Lane
Duration | Occupancy Occupancy Occupancy
No (day) Rate Cost Cost
($/day) $) ($/m?)
1. 12 1000 12 000 6.00
2. 12 1000 12 000 6.00
3. 1000 3 000 1.50
4. 1000 5000 2.50
5. 1000 5 000 2.50

Source:Smith & Vorobieff (2007)

A number of the previously listed environmental adtages (2.2.2 Rationale and

Benefits) can be quantified for each of the optiorigable 4.5 displays the cost for

various environmental elements for each of theomgti

Table 4.5 - Cost for various environmental elementfor each of the options.

S O Road | Quarried
Material | Disposal | CO2 | Noise . . Total
No Injury | Materials | Total
Asset Cost | Cost| Cost , ; ($/m2)
Cost Levy
Cost
1. | $2100| $65520 $343 6.00 $134 $4 368 $72 584 36.30
2. | $2100| $65520 $34p 6.00 $135 $4 428 $72 650 36.30
3. $500 $7560| $40 1.50 $16 $480 $8609 4.80
4. | $1500| $22680 $128 2.50 $50 $1 728 $26 130 13.10
5. $500 $7560| $40 2.50 $16 $480 $8609 4.80

Source:Smith & Vorobieff (2007)
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Summary values for direct, social and environmecats per square metre are listed in
Table 4.6. As can be seen, the benefits of tHelis@ion based options on a direct cost
basis are further emphasised with the additionahsicteration of social and
environmental costs. It is important to outline #iis point the significant
environmental costs of the other options. Thisvisy cement insitu stabilisation is

growing as a rehabilitation and reconstruction téeghe.

Table 4.6 - Cost for various environmental elementfor each of the options.

No Direct Cost Social Cost Envir. Cost Total Cost
($/m2) ($/m2) ($/m2) ($/m2)

1. 78.00 6.00 36.30 120.30

2. 84.00 6.00 36.30 126.30

3. 29.00 1.50 4.30 34.80

4, 65.00 2.50 13.10 80.60

5. 39.00 2.50 4.30 45.80

The question of the strength improvement achievedhe addition of binders was
addressed by Vorobieff in a paper presented to NE€HT Stabilisation of Road
Pavements Seminar in 2004 (Vorobieff 2004). Figtiketaken from that paper shows
typical UCS values that could be expected by addiogn 1% to 6% of cementitious
binder to two typical road base materials. Typicamall amounts of additive (1% to
2%) would be expected to result in a UCS up to @xprately 1 MPa, and is defined as
Modified pavement material. Material with greapmrcentages are classified Lightly
Bound until a UCS around 4 MPa, after which the enat is classified as Heavily

Bound.

Vorobieff also notes that it is risky to use hegwlound thin layers (100 to 250mm)
over a flexible base as such a layer has insuffid&gength to act as a beam to carry the
load, and is likely to fail by flexural (fatiguejacking, but also notes that more research

data is necessary to build confidence in desigmwiitig various amounts of binder.
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Figure 4-1 - Effect of Cement Content on Strength
Showing typical strength relationships for two drént
pavement materials with increasing binder content.
SourceVorobieff (2004)
These remarks support the approach which was takiéim the design of the
rehabilitation of the pavements being consideradttics project. All the pavements
before rehabilitation were relatively shallow ananaximum cut of 250mm could be
used. The range of binder additive used - betvle®% and 3% - would fairly place the
reconstituted pavement as “lightly bound” and fletucracking problems should be

avoided.

Although a number of papers detailing the resuttev@rseas research into the insitu
stabilisation process were identified, most of tegearch involved investigations into
the chemical process rather than on the practippliGation of insitu stabilisation.
Several papers dealt with issues such as the effesailphates on cement powder, the
use of different percentages of ground blast fugrelag or the effects of ice crystals on
the curing process. These topics are not diregetgvant to this investigation, and did
not provide any useful background for this studyd ghus have not been summarised in
this report. The lack of papers describing prattexperience overseas suggests that
Australia is in the forefront in using insitu stidation for rehabilitating low density
roads, perhaps a result of the relativity largeéagices travelled and the relatively small
population compared to many other overseas cosgntiiteis also possible that much of
the research is carried out in-house by privateistry, and the techniques developed

may be considered to be commercially confidential.
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CHAPTER 5 - COMPUTER DESIGN PROGRAMS

Road pavements usually consist of multiple layeith wifferent properties and the

material in the pavement may behave differentlglifferent directions. Early pavement

design was based on experience where designerseardrchers drew up empirical
charts to aid design. With the advent of computepportunities developed to model
pavements (and other soil and rock engineeringlenod) as layered elastic systems
with radial variations in contact stress represgrig polynomials. These techniques
have been shown to provide a reasonably accuratielnod the stresses imposed on
road pavements by multiple actions of applied presss equivalent to the passage of

heavy axle traffic passing over the road over mygagyrs.

The properties of road pavement material are famfuuniform, and the modulus or
strength of materials can depend on the amountahgae of containment. To model
this variation, granular material layers can bedsutded into thinner layers, the
properties of each layer being calculated from Ik property determined in the
laboratory. While tedious for hand calculationistitan be readily achieved using

computers.

Typically, the analytical solutions for the stressstrains and displacements involves

integral transformation methods to solve integodlthe form:

[ A(k)J, (k)J, (kr )exp (x okz )k “dk
0
SourceGerrard & Harrison (1971), Wardle (1976) (cited MINCAD Systems 2004)

where J denotes the Bessel function of the first kind, andnd z are expressed as
multiples of the loaded radius. The coefficieAtk) are found by solving a set of
simultaneous equations which represent the loadimgditions at the surface, the
interface conditions between the layers and thalitions at the base of the lowest
layer. Thus the number of equations to be soleedefchk value increases with the
number of layers considered.

One program to solve these integrals was firsttewritoy Dr Leigh Wardle at CSIRO
(Harrison, Wardle & Gerrard, 1972). The system wasther developed and
commercialised as CIRCLY by the Melbourne companiNNCAD Systems. Much of
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the development has been to develop front endghi®rCIRCLY engine to provide
easier user input to the program and to refinesthetion algorithms. The program has
been in regular use in Australia and worldwidetioo decades and has been adopted by
Austroads and MRD as the recommended mechanissogrdeprogram for road
pavements. It has been used successfully and stiopmovide a reasonable model for
this application over thousands of design applcesj within the limitations of the input
data. With continuing use and experience with nIRCLY designed roads reaching
their design life, the validity of the model wilebcontinually tested for the changing

pavement designs currently being used.

The CIRCLY engine is also used as the basis foerotelated programs such as
CIRCDEF, a program developed to calculate layer uhddom the results of falling

weight deflectometer tests.
5.1 Material Properties

5.1.1 Cross-Anisotropy and Isotropy in Road PaveménMaterials

The elastic material in each layer of the pavememssumed to be homogeneous but
can be cross-anisotropic or isotropic. The elgstperties of isotropic materials are the
same in both the vertical and horizontal directiziiereas a cross-anisotropic material
Is one in which the elastic properties are equivaie all directions perpendicular to an
axis of symmetry. The axis of symmetry is assunoebe vertical so that properties in

the horizontal and radial directions are uniform.

Austroads 2002 recommends that subgrade matendlar@bound granular materials be
treated as cross-anisotropic and bound materials asi asphalt and cemented materials

are treated as isotropic.
Poissons Ratio

When a sample of material is stretched in one tioecit tends to get thinner in the
other two directions. Poisson's ratig |{), named after Simeon Poisson, is a measure of
this tendency. Poisson's ratio is the ratio ofrtiative contraction strain, or transverse
strain (normal to the applied load), divided by tiedative extension strain, or axial
strain (in the direction of the applied load). Fomperfectly incompressible material

deformed elastically at small strains, the Poissmatio would be exactly 0.5.
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The Poisson’s ratio is not usually determined fbthee pavement material to be used
and experience has shown that the following valmey be reasonably adopted for

design purposes -
Granular material - 0.35;
Cement treated material - 0.20.

Modulus

The Modulus (E) is a measure of the stiffness efghvement material. It is defined as

the ratio of the rate of change of stress withistra

Pavement layers are subjected to repetitive loaslindhe Repeated Load Triaxial test is
considered the most appropriate laboratory testquore for measuring elastic
modulus. Because of the difficulty of carrying dhis test, it is infrequently done. In
practice, the modulus is usually determined from @alifornian Bearing Ratio (CBR)
values obtained on the existing pavement matetiahd the preliminary investigation
or from Unconfined Compressive Strength (UCS) tessults, the empirical

relationships for each adopted by tAaestroads Pavement Design Guigeused as

follows:
E=10x CBR
where E = Elastic modulus (MPa).
CBR = California Bearing Ratio (%).
and E=kx UCS
where E = Elastic modulus (MPa).
UCS = Unconfined Compressive Strength of laboratory

specimen at 28 days (MPa).

k = typically 1000 to 1250, depending on laborat@sting

practices.

The value ok adopted by the MRD, considering it's standardingstiethods, is 1000.
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Stress-Strain Relationships
The stress-strain relations for a cross-anisotroyterial in a particular layer are:
&x= (1/En) (Oxx- VhOyy- VhvOzz)
€y = (1/En) (- vaOxx + Oyy - VivOz)
€2= (1/B) (- WwhOxx- VinOyy + Oz7)
&y = ((1+vn)/En) Oxy
&= (1/f) Ox
&yz= (1/f) Oyz
The moduli and Poisson's ratios are related byalh@wving equation:
Vu/Ev= vn/En

The condition that the strain energy must be pasitnposes restrictions on the values

of the elastic constants:
E>0 E>O0 f>0
1>v>-1 1vn-2Vawuihn > 0

To be able to model a cross-anisotropic material y@ed to specify five constants: the
vertical Elastic modulus (g the horizontal Elastic modulus WjEthe Poisson’s ratio
(vw), the Poisson’s ratiovf) and the Shear modulus (f). The data values Hofive
constants are rarely available. The Austroads fameé Design Guide uses the

following simplifications to model subgrade and aohd granular materials:
Er=05 Kk
Veh= Vh= V
f= BE/(1+v)

In this case, the material is defined simply by teetical Elastic modulus, Eand a

single Poisson's ratio,

Source:MINCAD Systems (2004)
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| sotrophy
For isotropic materials the restrictions become:
E>O0 0.5>»>-1.0

For isotropic materials, only the Elastic modulasl #oisson’s ratio need to be entered,

as they are assumed to be the same in all direction

Source:MINCAD Systems (2004)

5.2 The CIRCLY Pavement Design Program

Input Parameters

The main input parameters required for entry inlBCLY are outlined below.
Project Reliability

Project Reliability is the probability that the gament when constructed to the
chosen design will outlast its Design Traffic befenajor rehabilitation is required.
This allows for uncertainty in the estimate of tiafyrowth and loadings, variation
in material properties, construction variabilitydatihe importance of the road itself.
Typical values used for the design of roads basedt® AADT are shown in
Table 5.1.

Table 5.1 - Recommended Project Reliability Values

Project
Road Class Reliability
(%)

Freeway 95-97.5
Highway: lane AADT > 2000 90-97.5
Highway: lane AADT < 2000 85-95
Main Road: lane AADT > 500 85-95
Other Roads: lane AADT < 500 80-90
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Standard Axle Repetitions (SARS)

The design “Standard Axle Repetitions” (SARS) aadcalated as outlined in the
Austroads Pavement Design Guide for each of theetliailure modes - asphalt
fatigue, cemented fatigue and subgrade rutting.

CIRCLY calculates a forecast of the failure repetis for each of the failure modes
and compares these values with the expected nuohbespetitions over the design
life of the road pavement. The output can be exga@ss a percentage of the design
repetitions that will be achieved by the enteresigle parameters. Values less than
100% indicate that the pavement will not last foe design life, while more than

100% indicate “over-design”.

The design period and annual growth rate are oatitvaffic if the user wishes the
comparisons to also be expressed in years.

Pavement Composition and Properties

The material properties for each layer of the fpavement are entered - thickness,

moduli, Poisson ratio and whether the materiat@sg-anisotropic or isotropic.

For unbound granular material, sub layering is megu The Austroads Pavement

Design Guide (2004) uses 5 equally thick sub-lay&itse procedure is:

a) Divide the total depth of the unbound granular taygo 5 equally thick sub-
layers.

b) The vertical modulus of the top of the sub-layethe minimum of the value
specified in the CIRCLY input and determined using:

— total granular thickness/125
Ev top sub-laye= BV subgradeX ol g )

Example E top sub.|ayer: 100 MPa X §50/125)
Ev top sub-layer= 400 MPa
c) The ratio of modulus of adjacent sub-layers is gilbg:

1
Ve R
R = E top granular sub—layel] 5

_ E subgrad

1

(" 400 MPa |5

Example: R= \m} so R=1.32
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d) The modulus of each sub-layer may then be calaliften the modulus of the
adjacent underlying sub-layer, beginning with theown subgrade modulus,

Table 5.2 is a typical example.

Table 5.2 - Sub-layering Example

Sublayer Thickness | Modulus
(mm) (MPa)
1 50 400
2 50 303
3 50 230
4 50 174
5 50 132

Bound layers within the pavement configuration dbmeed to be sub-layered.
Axle Loads

The option exists to select the tyre contact stfessa standard axle. Austroads
Pavement Design Guide uses a contact pressur&oftkHa, however if WIM data

is available the contact pressure can be altereeflect actual loading.
5.3 CIRCLY Design Example

As an example, suppose we have a pavement rehtibiitdesign where the remaining
existing pavement over the subgrade comprises ayers$ of thickness 110 mm and
105 mm respectively, and a top insitu stabilisgedaf 200 mm modified with 2% GB
cement. A standard thin bituminous seal is todelu

« The subgrade tested to a CBR of 5%, the existiag sub-base layers tested to
a CBR of 8% and 18% respectively, and the stallimyer gave a UCS of
0.7 MPa.

« The current traffic volume (AADT) is 2000 vpd andaxecast growth of 11%,
producing a design SAR of 1.1Afr rutting failure for the 10 year design life.

The other modes of failure are not relevant.

« From Table 5.1, a Project Reliability of 95% is shn as the road is an

important commercial access highway.
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To calculate the forecast life using CIRCLY, thédwing steps are required.

Enter project identification information and thejact reliability.

Enter the SAR for the relevant failure modes, irs ttase only the subgrade

rutting failure SAR - 1.1x10D Optionally, also enter the desired design life

period (10 years) and the growth rate.

Enter data for each layer, starting at layer 1h&sstabilised layer through to

layer 4 as the subgrade. As the stabilised lagsrdmly 2% cement additive, it

is classified as “modified” and treated as a granldyer.

Table 5.3 - CIRCLY Data Entry

)

Layer 1 2 3 4
escriptin | ' 2iliced | exatng | Bxsing | Suburade
Granularity Granular Granular Granular Subgrad
Isotropy Aniso Aniso Aniso Aniso
Modulus MPa 700 186 88 56
Poissons Ratio 0.35 0.35 0.35 0.45
Interface Rough Rough Rough Rough

After this data is entered, the Calculate buttoclicked for the program to calculate the

forecast failure repetitions.

The failure repetitions are displayed on-screenthis case only the rutting
failure SAR of 1.92x1Dis applicable. This is greater than the desiresigie
SAR, hence the design is adequate.

A report can be printed which also estimates the th failure based on the

growth rate entered.

5.4 Falling Weight Deflectometer

The Falling Weight Deflectometer is becoming thenstard tool world-wide used for

the non-destructive testing of pavements largeptae@ng the Beckleman Beam test

procedure used previously. The test involves dwonding of the deflection response
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during the dynamic loading of the pavement. Téleound deflection levels give an

indication of the structural condition of an exigtipavement.

The Falling Weight Deflectometer test rig comprisekad unit, a beam carrying the
deflection measuring units and computer hardwatdrol and measure the loads and
deflections. They are typically mounted on a é&nads shown in Figures 5-1 and 5-2.

Loading
Unit

Figure 5-2 - Falling Weight Deflectometer Loading Wit
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When plotted, the deflection caused by the applioed results in a deflection bowl
shape. The steepness of the bowl near the positiolaximum deflection reflects the
stiffness of the pavement base with weak basespasteep slopes while stiff bases
have flat slopes. An indication of subgrade sttenig achieved from deflections
recorded at approximately 1 metre away from theatijposwhere the load was applied,

high deflections indicate weaker subgrades.

It is Main Roads practice to define a bowl by theflection level at the point of
maximum deflection, designated),and at a series of distances from the maximum of
the bowl - 200 mm, 300 mm, 450 mm, 600 mm, 900 nma 3500 mm. All bowl

deflections are measured from a zero datum asadtetian Figure 5-3.

The falling weight deflectometer has the ability wary load levels from 40 kN to
100 kN in 20 kN increments. This enables testsb& carried out with loads
representative of the equivalent standard axle &atlalso with other load levels which
may be more representative of in-service conditioiRgr the pavements investigated in
this project, testing load levels of 40, 60 andkBOwere used for each test location.
The 40 and 60 kN deflection bowls provide an intlcoa of the stress dependency of
unbound granular layer moduli and enables intetjpoiao provide a 50 kN deflection
bowl which is equivalent to the 750 MPa pressuredutor design purposes for an

equivalent standard axle.

D200
D3OO
D450
D600
D1500

»Dy

E : DQOO

Rebound Deflection

Axmum Deflection
<
\1
\1
\L

Measured Bowl

Figure 5.3 - Typical Falling Weight Deflectometer [@flection Bowl
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An 80 kN load was also used because when testifigrgpavements, the deflection
levels are generally smaller, and the higher l@dithough not strictly representative of
highway loadings, produces deflection levels ofisignt magnitude for back analysis

without affecting estimates of subgrade and boagdrd moduli.

A typical test regime would consist of two settlilgpd applications of 40 kN, then a
sequence of three applications at 40, 60 and 8fekNectively. The applied loads and
the resulting deflections are recorded in a comptite. The unit is also able to

measure the time taken for the deflection waveetach the sensors, from which an
estimate of the subgrade modulus can be obtained.

5.4 The CIRCDEF Falling Weight Deflectometer Progran

To analyse the deflection data, CIRCDEF, a CIRCLa&dd iterative back analysis
program, is used to read the required inputs frodata file set up prior to execution.
The user sets parameters in the file by specifgikgyword followed by its appropriate

value. Parameters which may be set are presemieabie 5.4.

Table 5.4 - CIRCDEF Keywords for Data Entry

Keyword Description

E List of the start moduli for each layer. Theséuea are used as tle
moduli for each layer in the initial iteration bylRICDEF and for
subsequent iterations if the layer is not variable.

EMAX List of the maximum modulus value for each laye

EMIN List of the minimum modulus value for each laye

HH List of the thicknesses of each layer (0 may pecHgied for the las}
layer to indicate semi-infinite).

ILV A list of the layer numbers of the variable lage

KPA Pressure applied at the load location.

LS Distance between each of the two circular whessdl$.

LT List of flags indicating each layers type:
T for treated, G for granular and S for subgrade

MAXIT Maximum number of iterations to be performed.

ND Number of deflection points to be inpu(2D<10).

NL Number of variable layers £NS<4). Number of layers for which Ja

55



Keyword

Description

modulus value is to be calculated.

NS Number of layers in the pavement layersN$E<8).

RR List of the distances from the load centre tortl@asurement position

RRD List of the deflections observed at the poipescified.

TOL Tolerance of the fit (Maximum absolute sum df fercentage error if
an acceptable solution).

Vv List of the value of Poisson’s Ratio for each laye

WGT The load at each locations (kN)

A typical input file is shown in Table 5.5.

Table 5.5 - Typical CIRCDEF Data Entry File

SiL
CORECT O
ND 7

NL 3

TOL 5
MAXI T 20
ILV 123
EMN 10 10

WGT 25. 45
PSI 360. 00
LS 0.1

NS 3

HH 200 200
LT GG S

$END

RRD 1.155 0.918 0.756 0.562 0.403 0.240 0.123

EMAX 6000 6000 6000

E 1500 1000 100
V 0.35 0.35 0.45

RR 0 200 300 450 600 900 1500

10

0

Generally, the depth of each layer (HH) is knowonfr design and construction
information, and a “first guess” of the moduli vatu(E) can also be made from design
CIRCDEF predicts the deflections whiwould be obtained with the

information.

initial modulus values and determines differenced percentage errors between the
“measured” and “predicted” deflections. From theakies CIRCDEF calculates a new
The

iterations are continued until either (i) a suigakblution is found, (ii) the maximum

set of trial moduli values for the layers and rdapethe deflection prediction.
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number of iterations is reached or (iii) CIRCDEReat#s an inconsistency in the system.
When one of these conditions is reached, the ‘fitt¢shoduli are output along with the

terminating condition.

A typical screen output is shown in Table 5.6. Tir& few lines of the output echo the
input parameters. Details of the deflections predidy CIRCLY follow, together with
differences and percentage errors between the ‘tmedisand “predicted”. Outputs for
each iteration follows until complete. Normal fdree is to restrict the number of
iterations to about seven, so that the operatomtamage the process and make manual
adjustments if the iterations are not convergifidhe process is repeated a number of

times if necessary until a close match of thedelfllection bowl is achieved.

In this example, the deflections were matched witthe 5% tolerance after four

iterations, and the program exited, giving finalues for the moduli as:

Base Layer: 1220 MPa
Sub-base Layer: 31 MPa
Sub-grade: 80 MPa
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Table 5.6 - Typical CIRCDEF Data Output

S1L
NUMBER OF VARI ABLE LAYERS = 3
NUMBER OF LAYERS I N SYSTEM = 3

NUMBER OF TARGET DEFLECTIONS = 7
DEFLECTI ON READI NGS I N MM
PCSI TI ON NG 1 2 3 4 5 6 7
DEFLECTI ONS: 1.1550 0.9180 0.7560 0.5620 0.4030 0.2400 0.1230
VEElI GHTI NG FACTOR: 0.866 1.089 1.323 1.779 2.481 4.167 8.130
DETAI LS OF VARI ABLE LAYERS

LAYER NO SYSTEM VALUE OF MAXI MUM VALUE OF M NI MUM
LAYER NO VERTI CAL MODULUS VERTI CAL MODULUS

1 1 6000. 0 10.0
2 2 6000. 0 10.0
3 3 6000. 0 10.0

DETAI LS OF LAYERED SYSTEM

LAYER NO VERTI CAL PO SSONS RATI O THI CKNESS LAYER TYPE
MODULUS
1 1500 0. 350 200. 00 CROSS- ANl SOTROPI C
2 1000 0. 350 200. 00 CROSS- ANl SOTROPI C
3 100 0. 450 SEM -1 NFI NI TE CROSS- ANl SOTROPI C

DETAI LS OF LOADS

LOAD TYPE RADI US REFERENCE AVERACE LOAD/ MOVENT POVNER

STRESS STRESS PER LOCATI ON
(1) VERTICAL 150.0091 0.3600E+00 0.3600E+00 0.2545E+05 0. 0000E+00
FORCE
LOAD LOCATI ONS
LOAD X Y
NO.
1 0. 0000E+00 0. 0000E+00
2 0. 1000E+00 0. 0000E+00
PCSI TI ON DEFLECTI ON MEASURED DI FFERENCE % DI FF
1 0.492420 1. 155000 0. 662580 57. 4
2 0. 383019 0. 918000 0. 534981 58.3
3 0.337779 0. 756000 0.418221 55.3
4 0. 286765 0. 562000 0. 275235 49.0
5 0. 244381 0. 403000 0. 158619 39.4
6 0. 179521 0. 240000 0. 060479 25.2
7 0. 106449 0. 123000 0. 016551 13.5
ABSOLUTE SUM 2.126666 297. 952679
ARl THVETI C SUM 297. 952679

PREDI CTED MODULI AT | TERATI ON 1.
1427. 91 62. 96 98. 55
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Table 5.6 (cont.) - Typical CIRCDEF Data Output

POSI TI ON DEFLECTI ON MEASURED DI FFERENCE % DI FF
1 0. 849426 1. 155000 0. 305574 26.5
2 0. 654477 0. 918000 0. 263523 28.7
3 0. 539762 0. 756000 0.216238 28.6
4 0. 400768 0. 562000 0.161232 28.7
5 0. 300201 0. 403000 0.102799 25.5
6 0.183914 0. 240000 0. 056086 23. 4
7 0.101591 0.123000 0. 021409 17.4
ABSOLUTE SUM 1.126861 178. 738002
ARI THVETI C SUM 178. 738002
AVERAGE: 0.1610 25. 5340

PREDI CTED MODULI AT | TERATION 2.
1413. 07 17. 65 77.21

POSI T ON DEFLECTI ON MEASURED DI FFERENCE % DI FF
1 1.291121 1. 155000 -0. 136121 -11.8
2 1. 050815 0.918000 -0. 132815 -14.5
3 0. 890191 0. 756000 -0. 134191 -17.8
4 0. 673970 0. 562000 -0. 111970 -19.9
5 0. 500789 0. 403000 -0.097789 -24.3
6 0. 280155 0. 240000 - 0. 040155 -16.7
7 0.127170 0. 123000 -0. 004170 -3.4

ABSOLUTE SuM 0. 657212 108. 314219
ARl THVETI C SUM
AVERAGE: 0. 0939 15. 4735

PREDI CTED MODULI AT | TERATI ON 3.
1251. 32 30.55 79.22

POSI TI ON DEFLECTI ON MEASURED DI FFERENCE % DI FF
1 1.157104 1. 155000 -0. 002104 -0.2
2 0. 912057 0. 918000 0. 005943 0.6
3 0. 758597 0. 756000 - 0. 002597 -0.3
4 0. 563523 0. 562000 -0. 001523 -0.3
5 0.416488 0. 403000 -0.013488 -3.3
6 0. 241841 0. 240000 -0. 001841 -0.8
7 0.124799 0.123000 -0.001799 -1.5
ABSOLUTE SUM 0. 029294 7.020441
ARI THVETI C SUM -5.725770
AVERAGE: 0. 0042 1.0029

PREDI CTED MODULI AT | TERATION 4.
1217. 55 30. 69 80. 39

PCSI TI ON DEFLECTI ON MEASURED DI FFERENCE % DI FF
1 1.160884 1. 155000 - 0. 005884 -0.5
2 0. 910954 0. 918000 0. 007046 0.8
3 0. 755287 0. 756000 0. 000713 0.1
4 0. 558465 0. 562000 0. 003535 0.6
5 0. 411065 0. 403000 - 0. 008065 -2.0
6 0. 237595 0. 240000 0. 002405 1.0
7 0. 122898 0. 123000 0. 000102 0.1

ABSOLUTE SUM 0. 027749 5. 086512

ARl THVETI C SUM 0. 065377

AVERAGE: 0. 0040 0. 7266
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CHAPTER 6 — TEST SITES and DATA

6.1 Selection of Test Locations

Compaction density test results for nine MRD MacKawgtrict road rehabilitation

projects carried out over the last eighteen momwdr® documented by staff of the MRD
Materials Testing Laboratory in Mackay. Each pecbjeas divided into a number of
“Lots” each of a size that could be reconstructed single day. Compaction density
tests were carried out at a minimum of three randlmcations for each lot, making a
total of 244 individual tests. These results @@d in Table D.1 of Appendix D) were

assessed for suitability for inclusion in this j@aij

The main factors considered in selecting which kesations to include in the testing

regime were as follows:

« Main Roads allocated one week of Falling Weight |&gtbmeter testing for this

project, so fewer than approximately half candstdd;
* where practical, adjacent lots were selected tormée FWD setup time;

* lots were selected to provide sets of results sjlpicf the range of values

experienced for all the projects considered; and

* the rehabilitation carried out was reasonably widfined and layer properties
reasonably uniform over the road cross sectiorhabreaningful comparisons can

be obtained.

A total of 87 test locations were identified for PNesting, satisfying the availability of

the testing equipment and providing sufficient tesstor meaningful comparisons
Selection or elimination of each project was masiéofows:

« Project 90/33A/806 - rehabilitate a 1.5 km sectafnthe Peak Downs Highway.
This project involved correction of the existingvpanent with a nominal 50 mm
corrector course layer, then insitu stabilisationat depth of 200 mm with 2.0%
general blend cement. The project is made up oflots with 17 RDD tests. Only
one test passed. Because of the range of reallltsst locations are included in the

FWD test regime.
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Project 120/33B/305 - Sandy Creek to Sawn Creelempawnt rehabilitation on a
600 m section of the Peak Downs Highway. Thisgmbjequired shape correction
of the existing pavement with a nominal 50 mm octioe course layer, then insitu
stabilisation to a depth of 200 mm with 2.5% gehbland cement. The resulting
sub-base was then overlayed with a slurry mix add@mm base overlay of Type
2.2 cement modified with 1% general blended materide project is made up of
two lots with eight RDD tests being performed ore timsitu stabilised layer,

approximately half passing the 100% specificatiequirement. However, most
results were close to 100%, and because of thebiteaaon method used, this

project was considered to be worth evaluating. tédlt locations are included for
FWD testing.

Project 107/517/301 - pavement rehabilitation on 1& km section of the
Sarina-Homebush Road. This project required a M@0 overlay and insitu
stabilisation to a depth of 300 mm with 3.0% gehbland cement. The project is
made up of four lots with 16 RDD tests being perfed on the insitu stabilised
layer, approximately 25% passing, and some testis wary low values. All test
locations are included for FWD testing.

Project 20/519/802 - overlay and rehabilitate a kb2 section of the
Dysart - Middlemount Road. This project involvee tshape correction of the
existing pavement with the placement of a correaourse layer (averaging
50 mm), then overlayed with 100 mm of Type 2.2 maltefollowed by insitu
stabilisation to a total depth of 200 mm with 2% gel blend cement. The project
is made up of three lots with 10 Relative Dry DgngRDD) tests. Only 1 test
passed the 100% RDD standard specification regeinemThis is a typical
treatment method for the average rural road andusecof the range of results, all
test locations are included in the FWD test regime.

Project 82/533/304 - pavement rehabilitation on tsextions of the Marian-Eton
Road totalling 5.3 km. A nominal 75 mm correctoucse was followed by insitu
stabilising to depth of 200 mm with 3.0% cementhisTproject returned a wide
range of test results - from 100% to 95% - and esgected to provide a good

example for showing the wide range of results a#di within a continuous
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construction regime. Four typical lots were chosmninclusion, a total of 24 test

locations.

Project 20/85C/807 - rehabilitate a 710 m sectibthe Fitzroy Development Road.
This project involved correction of the existingvpanent with a nominal 50 mm
corrector course layer, then insitu stabilisationat depth of 200 mm with 2.0%
general blend cement. The project is made up ofloas with 12 RDD tests and a
50% pass result. The results were highly variarld were expected to provide
good comparisons within a localised area. All tesations are included in the FWD
test regime.

Project 90/514/201, involved the stabilisation wiséng shoulder material to widen
the formation to approximately two lanes of traffidhe material that was treated
was not from an established pavement and there idatumented information.

This project was rejected for further analysis.

Project 90/33B/304 - rehabilitate a 5.8 km sectadnthe Peak Downs Highway,

subdivided into 14 lots. This project involved @mtion of the existing pavement
with a nominal 75 mm corrector course layer, thesitu stabilisation to a depth of
250 mm with 3.0% general blend cement. A totabbftests were carried out on
this project. The majority of the RDD tests faileder a range from 95% to 99%.
However, the pre-rehabilitation test informationdathe pavement design report
with the CIRCLY design information could not be fmlso that FWD analysis

would not have been possible without excavatingsswnew pits to determine the
layer thicknesses and comparisons with the desygmds are not possible. As there
are other projects with similar RDD test profildss project was excluded from the

test program.

Project 82/533/303 is adjacent to Project 82/538/3hd involved similar
rehabilitation work. All tests attained or excegdbe required 100 percent figure,
and it is thought that the high quality of the topplayer eliminated a lot of material
variability resulting in the good test results. cBase of the consistency of results
for this section, it is expected that the previgusscribed Project 82/533/304 will
provide a better variation of test results for fhepose of this investigation so the

project and was eliminated from the list for FWBtieg.
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The FWD testing was carried out in August 2007.

For the purposes of this project and to simplifigrencing, each of the adjacent groups
of lots is considered to be a single site and ifledtby a Site ID number. Table D.2 in
Appendix D identifies each site in relation to &D Job Number identification and
MRD Road Number, together with the start and firgblainages of the lots within the
project where the selected test locations are fodrids is also shown diagrammatically

in Figure D-1.

A summary of the tests for each of the selectesl ibshown in Table D.3, identifying
each lot in each site, the start and end chainagesthe characteristic value (CV) for
each lot. A CV value less than 100% is groundsrépection or for reducing the

contract payment as a result of a reduction inisefe.

Table D.4 shows a complete listing of the RDD testsied out on the lots selected for
FWD testing as part of this project. This listiagd test identification codes will be
used as the reference for comparing the FWD tesiteewith the original construction

test results.

6.2 Site Design Parameters and Results for Insitu&bilisation

Table E.1 in Appendix E shows a summary of thedesign investigation test data for
each of the project sites taken from the MRD desigports for each of the MRD

projects. The thickness of the sub-base comptisesriginal road base less the depth
of cutting which occurred during reclaiming. Thesbdayer comprises the reclaimed
material together with any new material added tprowe the base layer properties.
The moduli of the subgrade and sub-base were eadmlilfrom average CBR values
obtained during the field investigations. The modior the base layers were

determined from 7-day UCS tests (MR Test Method11%ZT) on the design base mix
with cement added, the percentage of cement taddedabeing such as to achieve a

targeted moduli value.

The design traffic assumptions for each site amwshin Table E.2, including the
number of equivalent standard axles estimated tapgdied to the road over the

preferred design life of 10 or 20 years.
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The initial AADT figures (vehicles per day) and thercentage of heavy vehicles were
estimated by the designer from available trafficrdoinformation. Where possible,
traffic data counters were installed near the ared® rehabilitated for a short period to

provide updated data.

For each project, a traffic growth rate was estedafrom available data and a
knowledge of the economic activity expected intgion. Historical growth rates can
be extracted from the computer program ‘TARS’ (TiafAnalysis and Reporting
System) which contains traffic data from all trafiounts conducted on the road since

the program was introduced in 1994.

The factor It is a factor specified by MRD design standards éhasecomputer analysis
of data recorded by the three permanent weigh-itiemcstations within the district.
The factor makes allowance for the fact that soetaales are empty, some fully loaded
(overloaded) and some partly loaded. The F1 vaha® increased with time as the
size and axle configurations of vehicles have ckdrand axle loadings have increased.

The value of F1 current for Mackay District is 3.2.

The cumulative growth factorf) is calculated from the standard geometric prasioes

formula to accumulate total counts were the gronath is constant over the period.

@+o0.01i) -1

f =@+0.01i) 5oL

Growth rate percentage

where i

y The number of years

Source:Main Roads Design Manual (1990)

The total number of equivalent standard axles ebgpefor the appropriate design life is

calculated by combining these factors as showmlnnen 8 of Table E.2.

Table E.3 in Appendix E compares the number of E®Afilure forecast by CIRCLY
to the estimated number of ESAs which will occurinlg the desired design life of the
rehabilitated pavement. As can be seen, the dkedrsign life was only achieved for

one of the six sites.
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The general philosophy of the MRD, at least in Mackay District, is to target a

minimum of a twenty years for the design life oh@w construction road. However
when roads are being rehabilitated, the desigmmigacted by numerous pressures
including the availability of funds and the limiats of the machinery used for the
rehabilitation.

Consequently, a ten year forecast design life megdly considered to be acceptable for
the majority of rehabilitated pavements, and in saituations a shorter life may be
adopted as an interim low cost emergency repdatlly failed pavements until a more
permanent repair can be carried out. Site 1 rétiss this situation, whereas most of the

other sites exceed a ten year life by some margin.

The background leading to the requirement to reitatiei each of the sites is briefly

detailed below.

Site 1 — This section of the Peak Downs Highway tedshoulders widened with poor
quality gravel, which was allowing water to infdte to the expansive subgrade material
below. This was causing serious distress withnwitin the outer wheel path in excess
of 50 mm and major cracking appearing. An intermergency treatment was
recommended in an attempt to bridge the poor sdegaad improve the formation for

safety reasons.

Site 2 — The existing pavement in this sectionhef Peak Downs Highway was in poor
condition for the full length of the project witixtensive patching, large scale pavement
repairs and rutting. The average rut depth wasoxgppately 8 mm with an average
maximum rut depth of 30 mm. This is a relativegatiily trafficked road and required
constant maintenance after rain, so that rehaldlitawas considered to be an

appropriate medium term solution.

Site 3 — This section of the Sarina-Homebush Road badly deformed and over the
previous 5 years had required excessive maintenmeatments. The pavement depth
was insufficient to cater for the heavier traffiow using the road, causing the
movement of the subgrade material to be reflectkedugh to the base layer. The
preliminary investigation showed that the qualifytiee existing material was relatively
good and the addition of a 100 mm overlay layer iasdu cement stabilisation would

be adequate to bridge the subgrade material.
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Site 4 — This existing pavement section on the Dygéddlemount Road was out of
shape with depressions and high spots. Numerousnpant repairs had been carried
out on this section of the road and edge drop-ddf vevident on all shoulders. A
corrector course layer (averaging 50 mm) was requfor shape correction, followed
by a 100 mm overlay of Type 2.2 material to imprdéke strength and grading of the
material was required before insitu stabilisationat total depth of 200 mm with 2%

general blend cement.

Site 5 — The Marion-Eton Road is the designatedyeahicle bypass road for traffic
from Mackay to the mines. The ability to accomntedie heavy and oversized loads
for the transportation of mine equipment was anartgnt consideration in the decision
to reconstruct this section, and during the desigdot originally built for heavy
machinery transport, many sections are developirtgravheel path rutting, and there is
a program to upgrade much of this road in the cgryaars.

Site 6 — Routine pavement and ride quality testnghe Fitzroy Development Road
identified that this section had deteriorated amaghness and ride quality was outside
the limits for this major access to Middlemount dbgsart. Shape correction was
achieved with a nominal 50 mm corrector courserlayhich was then insitu stabilised

to a depth of 225 mm with 2.0% general blend cement
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CHAPTER 7 — INSPECTIONS and TESTING

7.1 Safety Issues - Risk Assessments

The main risk activities associated with this pcojerere the visual inspection of the
sites and the falling weight deflectometer testinghe risk assessments attached in
Tables C.1 to C.4 in Appendix C — Working Outdoovéorking in Traffic (visual
inspection and FWD testing) and Operating FWD Tregtere carried out in a group
session with the team involved to identify the ptitd hazards and detail control

measures to reduce the risk of any potential hazard

The greatest hazard identified was working in tcaftherefore the visual inspections
and falling weight deflectometer testing were perfed in accordance with the
Department of Main Roads, Queensland, Manual ofdgmi Traffic Control Devices —

2003 (MUTCD) to ensure the safety of the public pepdsonnel performing the testing.

The visual inspection was performed in accordandh Wlause 4.8.2 — Working
Between Gaps in Traffic. This clause allows shhrtation works to be carried out
without signs and delineation provided that a lagl@erson is posted, the work vehicle

is parked clear of moving traffic and vehicle mahflashing lights are operating.

The falling weight deflectometer testing was parfed in accordance with Clause 4.9 —
Mobile Works. The testing requires the test traiteved by a vehicle to move along
the roadway at a slow speed stopping to performtakiefor approximately 35 seconds
thereby obstructing a traffic lane. Advance wagnisignage and speed reduction
signage were erected covering a maximum permiss#siiing distance of 2 km. The

testing was performed in a convoy arrangement wathlead vehicle warning

approaching traffic, the testing vehicle, a shadahicle close behind and a tailing
vehicle further back. Personnel within the lead &l vehicle performed the stop-slow
traffic control operations whilst the test was lgeperformed. An example of the traffic

arrangement diagram is attached in Appendix C aréi@g-1.

7.2 Visual Inspections

The pavement surfaces were inspected for any siydistress or deterioration over the
complete length of each site, as well as in angaajt lots which were excluded from
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testing. The inspections searched for any signsrutfing, cracking, localised
depressions, edge failure and aggregate loss orbitomen surface, the modes of
distress which were described in Chapter 2. Tlesgrce of any of these distress
modes to any significant extent would indicate tin&t underlying layers have failed or
are starting to fail, and consequentially the expeservice life of the pavement may
not be achieved. The results of the inspectioreémh site are detailed in Appendix E —
Table E.4.

Rutting, depressions and potholes were looked feualy and measured by the

deviation of the pavement from a straight edge #bss the lane. Where there were
no obvious visual signs of failure, sample spotc&savere made using the straight edge
to confirm the visual indications. Any crackinglge failure and aggregate loss were
inspected by eye while traversing the completetlerng the section. Failures of these
types are recorded with the start and finish clggnand an approximation of area

covered.

Considering the short time that has elapsed frooongtruction, (eighteen months or
less), it was not expected that major failures wobk observed, although small
localised failures could occur due to the possiégiability of the reconstituted

material. As can be seen from Table E.4, the pawsnare generally showing no signs
of distress or failure. No potholing was observaat, some longitudinal cracking on the
shoulder and rutting had occurred in small sectmrSite 1 and Site 3 and some minor

edge cracking in Site 6.

The forecast design life for Site 1 was 2 yearsd, the pavement had been in service for
approximately eighteen months. It was expectetl ¢dhall the sites studied this site
was the most likely to be showing signs of distreBwever apart from some defects
in isolated sections the pavement seemed to bead gondition with only three small
sections exhibiting longitudinal cracking near duge line.

Only one of these had a prominent longitudinal krapproximately 17 m long -
Figure 7-1(a). In the other two sections, a fimack was only beginning to reflect
through - Figure 7-1(b). From observations of lib@ation of the cracks in relation to

the wheel tracks and the type of soil in the surdhng country, it was considered that
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this cracking was more likely to be a result of mment of the underlying expansive

subgrade and not so much a failure of the mechkstiGngth of the pavement itself.

A repaired area where stripping of the seal exgptie base layer was observed over a
30 metre section of this site in the outer wheatkr However, this was caused by an
error in calculating the application rate of thaldeinder and was not an indication of

pavement failure.

Overall, in spite of the observed cracking, thegment of Site 1 has performed well,
and apart from some minor repairs being requirteid, expected that the pavement will
exceed the forecast design life by some margin.

(a) Longitudinal Crack (b) Longitudinal Crack beginning
at edge line to reflect throuah pavemen

Figure 7-1 - Longitudinal Cracking — Site 1

One prominent rut approximately 19 m long was olesgnear the centre line in Site 3.
As the rut was near the centre line, outside thecle wheel path, this may not indicate
a general failure of the pavement, but rather éseilt of a localised poor quality mix of
material within the pavement at this spot — Figih®&a) and 7-2(b).
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(b) Rutting measurement

(a) Rutting near centreline
Figure 7-2 - Rutting — Site 3

Site 6 showed single longitudinal cracking at tdgesof the shoulder in three different
locations. The cracks were each approximately Eires long and approximately
300 mm from the pavement shoulder edge. This tadgial cracking appeared to be a
result of ingress of water from the shoulder, wedtkg the shoulder pavement material

rather than traffic induced pavement failure — Fé&gu-3.

Figure 7-3 - Cracking — Site 6
At edge of shoulder
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All sites except Site 6 exhibited the signs of bian bleeding which often occurs
during the heat of the summer months. Bleedingvshap as a flushing of the bitumen
to the surface of the seal aggregate. Figurehvows a typical example of the bleeding

that occurred at these sites.

Figure 7-4 - Flushing of Bitumen
Inner and Outer Wheel Paths

Although this flushing is pronounced, it has litidéfect on the service life of the
pavement, although maintenance of the surface nsesmes required if the surface
“strips” with vehicular traffic. In fact, the flieng occurred in these pavements that
have been coarse-sealed (16 mm aggregate durirsty@ction) and are due for routine
re-sealing with a finer aggregate (10 mm) afterrapimately two years in service.
This re-surfacing will restore the surface appeegaand re-establish the wearing

surface.
7.3 Falling Weight Deflectometer Testing

Two sets of Falling Weight Deflectometer Testingswanducted on each of the six

project sites.

The first set was a set of site specific tests ootetl at the chainage where the RDD
construction quality control tests were carried, @t listed in Table D.4 - Acceptance

Test Data — Selected Sites in Appendix D.
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The second set comprised a series of sequenttalae®$0 m or 100 m intervals in the
outer wheel path on both the out-going and in-gdarge. The outer wheel path was
chosen because it reflects the worst case sceafihaving direct tyre passes and its

close proximity to the shoulder edge where watékedy to infiltrate the pavement.
7.4 Site Specific FWD Test Results

The raw data measured by the FWD for the site pdests is listed in Table F.1 (a) -
() of Appendix F. A test sequence at each lacathvolved a single 600 kPa drop to
settle the test area, followed by two measuredslea00 kPa, then one at 850 kPa and
one at 1100 kPa. With the drop plate used ondénsce these pressures are equivalent
to nominal drops of 40, 60 and 80 kN.

The two drops of 40 kKN are a legacy of the time nilee standard equivalent axle was
equivalent to 40kN and the software averages the mesults. Currently a 50 kN
application is equivalent to a standard axle arftbcigons for this value are interpolated
from the 40 and 60 kN readings.

The 80 kN drop is used to provide greater deflectesults for stiff pavements. This

improves the accuracy of CIRDEF when the deflectiare small.

The CBR values for the subgrade for each locatiotained directly from the 40 kN
FWD time response test are listed in Table G.1 —DF@omparison Test Data —
Selected Sites in Appendix G. These results a@alyed in Figures 7-5(a)-(f).

Figure 7-5 - Subgrade CBR from FWD
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Figure 7-5 (cont.) - Subgrade CBR from FWD
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It should be noted that the subgrade strengthdegstmined directly from the FWD test
is internally restricted to a maximum of CBR 25erde a number of the CBR values

shown in the graphs are displayed at 25 ratherdh#is true value.

As can be seen, the values are quite variablegéuoerally exceed the values used for
the subgrade strength used for the design of #iglised pavement, validating the use
of the subgrade design strength values. Thesésesgill be discussed in greater detail
in Chapter 8

7.5 Sequential FWD Testing Results

The raw data measured by the FWD for the sequertgats are listed in
Table F.2 (a) - (I) of Appendix F. The test sequeeat each location was the same as

for the site specific test sequence.

The sequential tests were performed to identifyilamstrength sections within each site
and to enable the determination of the characiemsbduli for each similar strength

It allows the statistical analysis of theflection readings so that the mean
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strength and the spread of strengths can be detednior a more useful picture of the
overall performance of the pavement, rather thaividual spot values. The maximum

deflections for the sequencing testing are disglagd-igures 7-6 (a) - (f).

To obtain realistic comparative moduli values alahg length of the section, the
deflection readings obtained must be perused tatifgewhether the results are
reasonably consistent. Single very high or verw leeadings may indicate an
inconsistency at that location such as a buriedectlor a previous patch where the
pulverised material is not as identified during gre-design testing regime. Groups of
abnormal similar value deflections could indicakeattthe related section had been
rebuilt to a different quality some time in the pasich as a truck stop area within the
length of the site. The tests where abnormal regdappeared are shown in green on

the charts in Figure 7-6 and will be discussed arerdetail in Chapter 8.

Figure 7-6 - Maximum Deflections
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Figure 7-6 (cont.) - Maximum Deflections
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Figure 7-6 (cont.) - Maximum Deflections
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CHAPTER 8 — ANALYSIS OF RESULTS

8.1 Reliability and Sensitivity

8.1.1 Falling Weight Deflectometer

Typical deflection bowl shapes obtained from the DF\fésts are displayed below in
Figure 8-1. The most common shape obtained duh@gests is that shown as Series 4,

with a constantly decreasing slope.

Typical Deflection Bowl Shapes

—e— Series 1
\W —j— Series 2
—@— Series 3
—— Series 4
0.15 - \
ot \
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0 0.2 0.4 0.6 0.8 1 12 1.4 1.6
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0.25

©
N

Deflection (mm)

Figure 8-1 - Typical Deflections Results for Site 3

Perusal of the different shapes can provide a raagdication of the structure and
strength of the pavement. Deflections measurethbysensors close to the point of
application of the force are indicative of the sgth of the top (base) layer, while the
furthermost sensors tend to show a response retatélde strength of the subgrade.

Intermediate readings are indicative of the striemdtthe intervening layers.

Reasonably, higher deflections indicate a weakdenah Steep slopes at the first two
or three sensors such as shown for Series 3 amgltheamost common shapes returned,
and indicate relatively strong top (base) and mesdiate (subbase) layers on a

relatively weak subgrade layer.

77



The initial flat slope shown by Series 2 indicatest the upper portion of the top (base)
layer is strong enough to spread the maximum d#leout to the adjacent sensors,
compressing the underlying layers for a distanctl timee normal decay takes over.
This is shown to the extreme in Series 1 wheresdt®nd deflection is actually greater
then at the point of application.

The higher strength pavements produced maximunectafhs typically as shown on
the graph. Lower strength pavements showed highaximum deflections, up to
1.6 mm in the worst case and generally followedsthape of the Series 4 graph, albeit
generally with a sharper drop-off towards the meédsitnsors.

To obtain quantitative values for layer strengihss necessary to input the deflection
data together with layer information including #nesses into a suitable analysis
program such as CIRCDEF - refer Chapter 5. Thesgrams model the pavement
structure and by iteration adjust the moduli valuesl a match with the experimental

deflection bowl shape is achieved.

Expert advice regarding the use of FWD and CIRCBE§gests that the reliability of
the results from a single test is relatively lowt bonfidence in the results increases as a
greater number of tests are analysed. The cafisles variability may be some or all of

the following:

« although the deflection sensors are calibratedetibeb than 5%, the location and

contact with the road surface may not allow thédaturacy to be achieved,;

« local inconsistencies in the pavement at the impietmay produce inconsistencies

in application of the force pulse;

« deflections are often very small compared withrtfteximum measurement range of

the device, reducing the absolute accuracy of nieasent;

« the layer thicknesses, particularly for a rehaiéit pavement, may vary
significantly from the design value.

In order to estimate the sensitivity of the modutsdculation to variability in the
assumed layer thicknesses and in the measuremém deflection bowl, a number of
CIRCDEF calculations were carried out on typicdletgion bowls, with varying layer
thicknesses and deflections.
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The modulus for the actual deflection resultstfor Series 1, 3and 4 deflection lines

above were calculated and are shown in Table 8.1.

Table 8.1 - Modulus Sensitivity to Thickness

Series Thickness| % Base' % Subgragle %

mm Moduli Moduli

1 250 -17% 6243 +49% 113 +3%
300 0 4148 - 110 -
350 +17% 2950 -29% 108 -2%

3 250 -17% 2871 +42% 150 +3%
300 0 2016 - 146 -
350 +17% 1548 -23% 144 -1%

4 250 -17% 3186 +47% 135 +3%
300 0 2167 - 131 -
350 +17% 1665 -23% 127 -3%

The assumed variation in top layer thickness o6 (a 17% change) significantly
changes the calculated strength by between appabaiyn20% and 50%, but with little
effect on the subgrade strength. It would be etqubthat variations of up to 25 mm for
the pavement layers would possibly occur because rdad is not a complete
reconstruction and the existing material layerkh&sses are determined from a small

number of pit excavations.

Similar calculations with a change in thickness26f mm showed a variation in the

modulus of + 14%.

For site 4 which had a base, subbase and subgaagenpnt configuration, a number of
scenarios were investigated. With the base thgkreing altered by 10mm, and the
subbase being altered by the same amount in thesdpsense, a change in moduli of
about 8% was observed for the base and subbaseilaiSiests conducted by altering

thickness up to 55 mm provided changes in the bhasesubbase layers up to 30% —
40 %.
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These figures suggest that on the average, anacur the order of 10% — 20% may
be expected, however when analysing the resultgats to be remembered that wider

fluctuations may occur.
8.1.2 CIRCLY

To evaluate the approximate sensitivity of calaals using CIRCLY, a typical
pavement configuration was selected and the chanfgmrecast ESAs were calculated
for changes in layer thickness and modulus. T&kte— Layer Thickness Variations
displays the results for pavement failure by exeessompressive strain at the top of
the subgrade by changing the top (base) layerlandubbase layer thicknesses.

The nominal 200 mm base layer thickness was vdne@0 mm (columns 2 & 3), a
change of 10% which resulted in a change of apprately 26% in the number of
ESAs to failure.

Table 8.2 - Layer Thickness Variations

Modulus Layer Thickness (mm)
Layer (MPa)
1 2 3 4 5
Base 600 200 180 220 200 200
Subbase 298 200 200 200 180 220
Subgrade 5 - - - - -
ESAs to Failure (x19 2.97 2.19 4.00 2.29 3.85
% Difference - -26 +26 -23 +23

Similarly, the subbase layer thickness was chatye20 mm (columns 4 & 5) and the
effects on pavement performance recorded. Theatami of the ESAs to failure in this

case was slightly less at 23%.

Table 8.3 — Layer Moduli Variations shows the resof changing the moduli strength
of the base and subbase layers. Changing the o®adlthe base layer by 50 MPa
from the nominal 600 MPa — an 8% change — resunlts 15% change in the number of
ESAs to failure. Changing the modulus of the subbkyer by 50 MPa from the
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nominal 300 MPa — a 16% change — results in a 1B&hge in the number of ESAs to

failure.
Table 8.3 - Layer Moduli Variations
- Layer(;rrlrigkness Modulus (MPa)
1 2 3 4 5
Base 200 600 550 650 600 600
Subbase 200 298 298 298 250 350
Subgrade 0 5 5 5 5 5
ESAs to Failure (x19 2.97 2.52 3.48 2.55 3.50
% Difference - -15 +15 -15 +15

As may be expected, a variation in the base layedutus has a larger proportional
effect on the ESAs to failure than does a variatiothe subbase layer modulus. Note
also that at the typical vehicular traffic growtte of 5% to 10%, a 15% change in the

ESAs to failure will also change the forecast sax\ife by typically 1 to 3 years.

It is apparent from the above analysis that untgsat care is taken with determining
the accurate parameters for the test site, thdtsefu a single location are prone to
significant errors, perhaps up to 40% - 50%, algfiothe mean error would be expected

to be substantially lower.

Confidence in the results for a pavement sectiom iamproved by carrying out
sequential testing at 50 m or 100 m intervals, whar deflection profile can be
established which aids in identifying rogue testsl aareas where the pavement
properties change significantly. As a result opexence during the course of this
project with the FWD testing process and the appibm of CIRCDEF and CIRCLY to
the results, together with discussions with experthese fields, the author is confident
that in spite of the potential for significant espthe results obtained for this project are

sufficiently accurate to allow meaningful conclussado be drawn.
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8.2 Site Specific Tests

An analysis of the deflections obtained at eack swing CIRCDEF produced the
modulus values listed in Table G.1 — FWD Compari$est Data — Selected Sites in

Appendix G.

It should be noted that tests at locations 1.1d &2.1 were not conducted as site
conditions precluded testing at that time. In &ddj two test locations in Site 1 -
locations 1.1.5 and 1.1.6 - have been removed feomsiderstion and will not be
included in future discussions. The reason forrémeoval is that the results of the tests
showed abnormal deflection readings, and on ingastin, it was found that the
original pavement in that area was substantialffeint from the design data, due to
the previous construction of a truck parking aredoth sides of the road. Hence, layer
thicknesses were not as shown in the design dedadtual thicknesses were not able to

be obtained, and modulus calculations would theedb@ meaningless.
8.2.1 Subgrade Moduli

The calculated results obtained for the subgradelucare shown in Figure 8-2
(@) - (f). These values are shown compared wighvidues obtained directly from the
CBR values given by the FWD tests as shown in [€igub. Note that the modulus for
the subgrade is obtained by multiplying the CBRuealby 10.

Note also that the results for subgrade strengtberichined by the FWD deflectometer
wave timing process are capped at a CBR value ph2bBce the subgrade strengths
above 250 MPa are shown as 250 MPa. This is péatlg noticeable for Site 2, but

some readings for the other sites are also cappdsdimit.

These results illustrate the difficulty of obtaigiraccurate moduli values for road
pavements from deflection readings, at least witeeeinsitu stabilisation process has
been used for rehabilitation. However the resditsindicate a general agreement

between the two sets of values, albeit some witreragreement than others.
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Figure 8-2 - Subgrade Modulus Comparison
between FWD & CIRCDEF
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There is a relatively fair agreement for Sites,}4 and 5, bearing in mind that the FWD
values are capped at 250 MPa. No reason can besdffor the two low readings at
locations 1.3 and 1.4 of Site 2 where the FWD waliralicate moduli consistently
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above 250 MPa. Site 6 shows a reasonable corrdspoe in the centre ranges, but no
explanation can be found for the very low readiagshe start and the high reading at
6.2.4.

Generally, it may be considered that the compasisoa generally consistent bearing in
mind the limited detailed information available tbe original layer thicknesses and the

variabilities inherent in the final layer thicknessafter reconstruction.

8.2.2 Stabilised Layer Moduli

The modulus values obtained using CIRCDEF for tisgu-stabilised layers for each of
the site specific locations are shown in Figure, 88ether with the field Relative Dry
Density results obtained for that location duringnstruction. The target design

modulus is shown by the dashed green horizontal lin

Figure 8-3 - Modulus and RDD Comparison
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Figure 8-3 (cont) - Modulus and RDD Comparison
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Figure 8-3 (cont) - Modulus and RDD Comparison
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As can be seen, there is a broad similarity in ehafpthe RDD and Modulus curves.
Peaks in the RDD values generally correspond wiakp in the moduli values, and
dips in the RDD values generally correspond withsdin the moduli values. However
this is not always the case and it is difficultdonclude that a good RDD result will
always indicate a good layer strength or that a fI9D result will always indicate a
poor pavement strength. Points of interest fohesdt®e are detailed below.

Site 1 — although all except one RDD reading atevibd 00%, most of the moduli are
above or well above target. The worst RDD readingesponds with a satisfactory
modulus, although only one of the three below-targeduli has an RDD value below
95%.

Site 2 — all moduli are well above target (up tpraximately 20 times target). The

worst value is more than 3 time the target, evengh the RDD reading is 93%.

Site 3 — only two of the sixteen moduli were bel@nget, one of which corresponded to
an RDD of 93%, the other to 98%. Another pointmat93% RDD gave a satisfactory
modulus. The average modulus is approximatelyewacget.

Site 4 — all moduli were above target, averagingualiour times target, even though the
RDD values ranged from 93% to 102%, with severheften below 96%. The highest
modulus corresponded with a 94% RDD.
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Site 5 — three of the 24 modulus values are onlygmally above target, while the
remainder are well above target, 18 of them moaa tlive times target. All the RDD

values are above 97%.

Site 6 — two of the three below-target moduli shB®D values of 93% and 96%
respectively, while the other low result has an Raidearly 99%. The highest moduli
locations have RDD values around 96%, while onthefmodulus values with an above

100% RDD is only marginally above target.

In order to test the premise that test locationshenpavement shoulder may encourage
faster failure and lead to low modulus values, ttansverse location of the “low
modulus” readings were examined. It was thought phnaximity to the shoulder edge
may contribute to a poor result because of theeamed likelihood of moisture ingress
or differential settlement between the pavement matliral soil stratus. Ten test
locations were in the pavement shoulder regionpbiy 3 were below the target design
modulus. The remaining “low modulus” readings wallewell within the traffic lane
area. Consequently, there is no evidence to uelittas premise and the cause of the

low modulus readings remain largely unexplained.

Overall for the entire test sites only 10 of thet88ts were below the target modulus,
whereas 55 of the RDD results were below the 108&tirements ie 68% of the field

RDD results failed but only 11% of the modulus esu From these figures, one can
draw the inference that rehabilitated pavements$ paiform considerably better than

indicated by the results of the RDD testing taketha time of construction.

The most obvious fact which arises from viewing Hi®mve graphs is the very high
proportion of modulus values which are greatly xcess of the target design values —
often up to twenty times target and typically ageng from two to five times the target.
This raises the question whether the pre-desigasiiyation normally carried out for
these projects is appropriate considering the ihkeld that the pavements being
rehabilitated were built many years ago, and theerra properties and thickness of the
pavement layers may vary considerably over thetkernd the rehabilitation project.
Although not being considered in detail in thiscdission, savings in capital expenditure
may ensue from a more detailed consideration opiwement to be rehabilitated. Also,
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a more accurate estimate of the life of the reftateld road may be obtained, which

may affect the economic justification of rehabitiitg such a road.

The main controllable variables affecting the coflsteconstruction are the amount of
added cement and the amount of new material broiurgh® improve the material
grading. At present day costs, each percentaget mdi cement powder additive
contributes approximately 8% to the cost of the, jofpically $14,000 for a 1km
reconstruction. Similarly, a 100 mm grading lagentributes approximately 22% to

the cost of the job, typically $80,000 for a 1kroaestruction.

However, in the long term, a stronger pavement kshrasult in a road which requires
less maintenance or which will last longer befdre hext rehabilitation. Using the
above moduli figures, it could be inferred thatgbly 89% of the road pavement will
last for at least the design life, (and much dbitquite a lot longer than the design life),
with some 11% of the pavement requiring patchingesdime before the design life is
attained. However, it is often considered thatewtoffsetting future maintenance
against current capital expenditure, the economatification to spend additional
capital in the present to save maintenance expeedibore than fifteen to twenty years

in the future becomes moot.

Although it would add to the design cost, the usthe Falling Weight Deflectometer to

survey pavements under consideration could prowusdeful information about the

construction of the existing pavement. Raw deifbecteadings provide the tools to
subdivide the road into sections of similar conginn, and the variations in the CBR of
the subgrade can be estimated directly from theresslts. The deflection readings
would also provide a useful guide for the selectibriest pit locations for spot checks
of the layer thicknesses and CBR values. Follovirogh those readings, it would be
feasible to estimate the mean and the low-averagguhas values of the existing base
layers for each similar section of roadway.

8.2.3 Stabilised Layer Moduli - Correlation with RDD

In order to identify whether there is a correlatmetween the RDD and modulus values,
the modulus values for the stabilised layer forhesite were reduced to per-unit values
relative to the design modulus, and the valuesafbtest locations sites were plotted

against the Relative Dry Density — Figure 8.4. urgy8.4(a) displays all the moduli,
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while the maximum for the modulus scale is reduice&igure 8.4(b) to focus on the

modulus values up to five times the design value.

Figure 8-4 - Modulus vs RDD — All Sites
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As can be seen, there is a wide scatter of refrtsiost of the range of RDD values,
although, as might be expected, the majority ofiltesare clustered in the 0 — 5 P.U.
area. However, there does not appear to be axdligtiattern to any of the results,
although it could be noted that there are no malwvalues below 1 for RDD values
above 100%. However, considering the scatter gilte it would be difficult to draw
any definitive conclusions from this observatiohestthan that there is no observable

correlation between the modulus and the measurdd Bt results.

The results do, however seem to confirm that focases, the vast majority of results
achieve the design modulus regardless of the RDBultte at least down to
approximately 91%.

In practice, for each section or lot, the Charastier Value (CV) of the RDD tests for
that lot are calculated to provide a single figorewhich to judge the quality of the
resulting pavement — calculated as the mean vaksethe standard deviation multiplied

by a factor which depends on the number of testthft lot.

The modulus values are plotted against these Clegistic Values in Figure 8.5 below.
Again, Figure 8.5(a) displays all the results angufe 8.5(b) limits the modulus to
values below 5 P.U. As expected, the scatter saltg is similar to the previous plot,
with a similar number of points not meeting theg&rmodulus, and no correlation
being indicated.

Figure 8-5 - Modulus vs RDD CV - All Sites
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Figure 8-5 (cont) - Modulus vs RDD CV — All Sites
(b) Reduced Modulus Scale
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To further extend the concept of using the charetie value to accept or reject a
reconstructed section or lot, the characteristices for the modulus values were also
calculated and compared with the field RDD charastie values for each of the lots.

The results are displayed in Figure 8.6, again smgwll points in (a) and points up to

5PU in (b).

Obviously, the number of points plotted is reduasthg this method, and as expected,
the plot shows no evidence of a correlation betvtherRDD and the in-service moduli.

However it should be noted that, by using the Cétarsstic Value of the RDD for each
lot as specified in the Main Roads Standard Spetitin 11.01, eighteen of the twenty-
one lots were rejected as not achieving the redquitesign life. Consequently, the
eighteen lots were subjected to reduced level gimgats to compensate for the

assumed reduced level of performance.

If the same methodology were applied by calculating characteristic value of the
experimentally determined moduli for each lot apgecting those where the modulus
CV is below the design modulus, only two of the miyeone lots would be rejected.
Note also that one of those failed sites produce®R@D value of 99%, which is quite
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close to being considered satisfactory, while mainthe lots with a lower RDD passed

easily.
Figure 8-6 - Modulus CV vs RDD CV — All Sites
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8.3 Sequential Tests

8.3.1 - Deflections

To obtain the representative mean deflections Hier gites, the maximum deflection
data, obtained during sequential testing as destrih Chapter 7, was perused for
abnormal deflection results. Abnormal results banhandled in a number of ways.
Single abnormalities where there is no obvious aeafor the abnormality would

usually be discarded as being due to experimental.eln some cases, previous
constructions such a truck stop widening or pavenpatching or a weak spot in the
subgrade may have created a short section whinbtisypical of the major section of
the pavement. In other instances, the resultsinthyate a grouping of similar strength

locations, and in these cases it may be appropioasplit the site into two or more

sections and analyse each section separately.

Figures 8-7 (a) — (f) show the maximum deflectifmrseach test location for each site,

with the abnormal readings deleted.

Figure 8-7 - Maximum Deflections
(a) Site 1
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On inspection, tests 5, 6, 7, 8 and 20 were foongetlocated in a truck stop pad
area and it was apparent that this section wasrdift to the normal construction
of the rest of the road. Tests 1 and 25 were siaghormalities with no apparent

reason. Hence 7 of the 28 test locations weretetkliEom consideration in the

site analysis.
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Figure 8-7 (cont) - Maximum Deflections
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Tests 2 and 10 were single abnormalities with noaggnt reason. Tests 19, 20

and 21 formed a group of tests which seemed tanbensistent with the other

results for the right hand side lane, but no spect#ason could be identified.

Seventeen test locations remain for evaluation.

Figure 8-7 (cont) - Maximum Deflections
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Tests 1, 27 and 33 showed abnormally low deflestiadthough no specific

reason could be identified. Tests 5, 23, 27, 3l &hwere single anomalies with

abnormally high deflections, whilst a group of #grests - 29, 30 and 31 - were

high, probably identifying a weak section in thevg@aent for approximately

150 m. Fifty-five of the 65 tests provide a sattdbry span of results for analysis.
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Figure 8-7 (cont) - Maximum Deflections

(d) Site 4
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Tests 3, 6, 10, 14 and 18 appeared to be abnoithaugh no apparent reason

could be found. Nineteen of the 24 results remain.

Figure 8-7 (cont) - Maximum Deflections

(e) Site 5
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Tests 14, 16, 36, 37, 38, 44, 47 and 52 appearsidaw deflections a little higher
than the general trends, possibly identifying saoeasional weak sections in the
pavement. No specific reasons were able to beifabeh Fifty-four test results

remain for evaluation.
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Figure 8-7 (cont) - Maximum Deflections
(f) Site 6

Site 6 - Selected Maximum Deflections (S

[ S

=
N

[N

o
©
[

Deflection (mm)
o o
> o

o
[N

o

1 4 6 8 10 12 14 17 19 21 24 26 28 31
Test No.

Tests 2, 16, 22 and 29 appeared to be singularaahaleflections, although no
apparent reason could be identified. Twenty-egflihe 32 tests are retained.

Once the “similar sections” have been determinbkd, mean and standard deviation
(S.D.) of the deflections at each sensor radius eehsulated for each section. It is
common practice to review the validity of the sectchoices by checking the deflection
characteristic value (C.V.) - the standard devratiovided by the mean and converted
to a percentage. Characteristic values of less theenty percent indicate that the
chosen locations are reasonably consistent andomayterpreted as a single section.

Table 8.4 — Mean Deflections lists the resultshaf analysis of the adjusted deflections

for each site together with the standard deviagiot characteristic value.

Table 8.4 - Mean Deflections - Sequential Tests

Deflection (mm)
Site ltem
0 200 300 450 600 900 1500
Site 1 | Mean 1.038| 0.810 0.672 0.498 0.365 0.228 0.119
S.D. 0.199 | 0.148| 0.112, 0.087 0.06y  0.042 0.024
C.v. 19.2 18.3 16.6 17.4 18.3 18.3 19.9
Site 2 | Mean 0.212 0.180| 0.162] 0.135 0.113 0.081 0.044
S.D. 0.036 | 0.029| 0.031] 0.028 0.02y 0.038 0.011
C.V. 16.77 16.26 18.89 21.07 24.08 22.21 25.381
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Table 8.4 (cont) - Mean Deflections - Sequential $&s

Deflection (mm)
Site Item
0 200 300 450 600 900 1500
Site 3 | Mean 0.280 | 0.257 0.238] 0.208§ 0.176 0.130 0.0f70
S.D. 0.065 | 0.053| 0.045  0.035 0.02y 0.019 0.013
C.V. 23.07 20.75 18.84 16.9G 15.08 14.45 18.05
Site 4 | Mean 0.991 0.724| 0.572] 0.398 0.275 0.151 0.068
S.D. 0.261| 0.180| 0.139 0.094 0.072 0.049 0.0p5
C.V. 26.30 | 24.89 24.40, 24.58 26.34 3231 36.88
Site5 | Mean | 0.286 | 0.255| 0.235 0.198 0.163 0.114 0.0%6
S.D. 0.059 | 0.046| 0.041] 0.036 0.033 0.029 0.020
C.V. 20.50 18.13 17.69 18.2¢ 20.14  25.57 36.50
Site 6 | Mean | 0.950 | 0.696| 0.558 0.408 0.305 0.200 0.110
S.D. 0.172| 0.104| 0.070 0.04¢ 0.037 0.022 0.008
C.v. 18.10 14.95 12.63 11.99 12.06 11.08 7.32

Table 8.5 — Sequential Tests Deflection Rangesatmiades the mean deflection results

for each site in Table 8.4, to provide deflectiatssfor the mean, mean plus one

standard deviation, and mean plus two standardatdens. The moduli calculated from

these values are indicative of the mean moduluséfmh site, and the moduli where

approximately 84% and 97.5% of the tests respdgtighow moduli above these

values.

8.3.2 — Mean Moduli

The moduli for the mean deflections and for thelatgiions at one and two standard

deviations removed from the mean were calculat@édguSIRCDEF. The results are

shown in Table 8.6 — Site Moduli Comparison, togethith the design moduli for each

sites for comparison.
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Table 8.5 - Sequential Tests Deflection Ranges

Deflection (mm)

Site Item
0 200 300 450 600 900 1500

Site 1 | Mean 1.038| 0.810 0.672 O.49|8 0.365 0.28 0.119
+S.D. 1.237| 0.958 0.784 0585 0432 0.2/0 0.143
+2 S.D.| 1.437 1.105 0.896  0.67]2 0.499 0311 0.167

Site 2 | Mean 0.212| 0.180 0.162 0.135 0.113 0.081 0.044
+S.D. 0.248 0.210 0.198 0.163 0.140 0.099 0.056
+2 S.D. 0.283 0.239 0.223 0.192 0.167 0.117 0.067

Site 3 | Mean 0.280| 0.2577 0.238 0.208 0.176 0.180 0.070
+S.D. 0.344) 0.310 0.283 0.243 0.203 0.149 0.082
+2S.D.| 0.409| 0.363 0.328 0.278 0.230 0.168 0.095

Site 4 | Mean 0.991| 0.724 0.572 0.398 0.275 0.1p1 0.068
+S.D. 1.2521 0.90% 0.711 0.496 0.347 0.199 0.093
+2S.D.| 1.513 1.085 0.851 0594 0420 0.248 0.118

Site 5 | Mean 0.286| 0.255 0.23% 0.198 0.163 0.114 0.056
+S.D. 0.345| 0.302 0.27¢ 0.234 0.196 0.143 0.076
+2 S.D.| 0.404| 0.348 0.317y 0.270 0.229 0.172 0.097

Site 6 | Mean 0.95( 0.696 0558 0408 0305 0.200 0Oj110
+S.D. 1.122 0.800 0.628 0.4537 0.342 0.223 0.119
+2S.D.| 1.294| 0.904 0.699 0506 0378 0.245 0.127
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Table 8.6 - Site Moduli Comparison

Design Test

Site | Modulus Modulus

ID MPa MPa

No.

Subgrade | Sub-base| Base Item | Subgrade | Sub-base| Base

1 40 69 1000 Mean 83 44 1258
+SD 69 42 996
+2SD 60 39 818

2 50 650 1000 Mean 221 1367 14072
+SD 180 1330 11954
+2SD 150 1309 10032

3 30 - 2000 Mean 136 - 5635
+SD 121 - 3878
+2SD 109 - 2870

4 71.4 71.0 600 Mean 132 29 1135
+SD 93 25 846
+2SD 73 28 600

5 50 - 1000 Mean 141 - 8983
+SD 115 - 8549
+2SD 95 - 8327

6 50 186 600 Mean 96 76 825
+SD 87 70 636
+2SD 79 60 820

The modulus values in Table 8.6 for the stabilismekr are plotted in Figure 8-8 for
comparison. The moduli are displayed as per-uaias of the moduli relative to the
design modulus for the relevant site. Note thatSibe 5, the calculated per unit values
were substantially higher than for the other siws] the values are re-plotted at a
magnified scale in Figure 8.8(b) to make the vafoeshe other sites more readable.
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Figure 8-8 - Relative Stabilised Layer Moduli Compasons
(a) All Values
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(b) Magnified Scale
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In all cases, the mean modulus of the stabilisg@rlexceeds the design modulus,
ranging from relatively small margin to the vergrsficant nine times target. The
modulus values obtained from the deflections at staadard deviation from the mean
also achieve or exceed the design moduli, from whiay be inferred that 84% or more

of the pavement has a modulus greater than thgrdesodulus.
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The moduli calculated from the deflections at twanslard deviations from the mean
exceed the design target for sites 2, 3, 4, anghich indicates that at least 97.5% of
the pavement has achieved the design modulus. Ywie 2SD moduli for sites 1
and 6 were below the design target so that a Igvggyortion of the pavement, up to
16%, is weaker than designed and can be expecttil toefore the end of the design

period.
8.3.3 — Site Modulus Discussion
Sites1, 4 and 6

Sites 1,4 and 6 were pure pavement rehabilitatiojepts on rural roads. The MRD
targeted these sections because of poor rideab#i#tylts achieved during a routine
survey regularly carried out on all main roads. eJén sections were all low grade
roads with relatively light traffic, and were consited with relatively shallow
pavements. Because of the lower ranking of theads, rehabilitation was mainly
focussed on improving the surface shape rather framiding a strong road for
heavy traffic with a large proportion of commercaativity. Minimal material was

added for shape correction and material gradingongment.

Because of this, a substantial variability in thregerties of the original base and
subgrade material could be expected. Additionalg stabilised layer had little
material added to improve the strength and gradig.weaker pavement and
variable deflection measurements would be antieghawith relatively high standard
deviation over the modulus values being shown. s Tdgsumption is compatible

with the results shown above.
Site 2

Site 2 is a combination of rehabilitation and restauction on a small section of
road. The existing base and subbase materials thereughly mixed and insitu

stabilised to form the subbase layer for the centieyaited base layer constructed
with new imported material. The road carries ahhggoportion of heavy vehicle

traffic and the original pavement used to form thébase was a good quality
material. As expected, the consistency of thetiegysmaterial and the new base

layer material resulted in a pavement where th@east deviation from the mean

modulus is relatively small.
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Site3
For Site 3, the existing pavement material was owpd by mixing a proportion of
new material to the pulverised layer. This sitegain is quite undulating with
some hard rocky outcrops which means that the ptiepeof the original pavement
and underlying support is quite variable. Thisleets through to the modulus
strength of the rehabilitated upper layers. Thasiability results in the relatively
large range of moduli about the mean shown by thphg

Site5
Site 5 is the designated heavy vehicle bypass routke Bowen Basin coal mines.
The rehabilitation included the placement of a #B morrector layer of new
material before stabilisation. The added cementesd was relatively high at 3%.
The original pavement structure was of a consistegh quality material, but
required upgrading to cater for the heavier dutyh@sheavy vehicle bypass route.
Thus, the high mean modulus and relatively tightimteons from the mean values

are to be expected.

Overall, it would appear that the tests have predidesults which are consistent with
the construction methods and the materials usatdrreconstruction. Consequently,
interpretation of the resulting moduli can be masdih a reasonable degree of

confidence that the figures reflect the ranges oflut with acceptable accuracy.
8.3.4 — Sequential Tests Life Forecasts

Using the calculated moduli listed above, the renmngi service life for each site was
calculated using CIRCLY, with the results showTable 8.8

The number of SARs remaining until failure wereca#ted for the mean modulus and
the moduli at 1 and 2 standard deviations fromntiean. Table 8.5 — Remaining SARs
to Failure, displays the results of this CIRCLY kysés.

The normal failure mode is by an excessive compresstrain at the top of the
subgrade. However, in four cases, CIRCLY deterhittet failure would occur by
tensile fatigue cracking at the bottom of the cetrterated layer. To determine the

remaining forecast life, the worst cause scenaustrbe used.
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Sites 1, 2, 4 and 6 followed the expected pattath the forecast SARs decreasing in
line with the modulus values. In these cases $kednd standard deviation” modulus is
the critical value, accounting for 97.5% of the @anent, giving a good representation

of the life of the pavement as a whole.

With Site 3, the SARs for the mean moduli is lowkan for the first and second
standard deviations. The pavement failed not byettcessive compressive strain at the
top of the subgrade rather by the tensile strath@bottom of the cement treated layer.
This means that the stiffness of the stabilise@rdaywer the weaker supporting layers
would induce fatigue cracking and the layer wouddjib to crumble from the bottom
and propagate towards the top of the layer, sicpifily reducing the life of the
pavement. At the other moduli values, the failorede returned to the compressive

strain at the top of the subgrade.

Site 5 showed a very high mean and a small dewviadoge, so that all failure modes
were by fatigue at the bottom of the stabilisecelayAs can be seen the expected SARs
to failure is significantly less then the designR¥A This means that the pavement will
probably fail quite sooner than expected because¢hefexcessive stiffness of the

stabilised layer.

Table 8.7 - Remaining ESAs to Failure

Site SARs to Failure (x 16)

||\1I?)_ Design Mean 1SD 2SD
1 1.0 12.5 7.0 4.9
2 4.5 10.3 8.9 6.9
3 0.93 4.6* 7.5 7.3
4 1.05 16.0 5.7 2.0
5 3.7 0.6* 0.6* 0.6*
6 1.9 10.7 7.8 5.1

* Failure mode by the fatigue cracking at
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The lowest SARs values in Table 8.7 were then asethe target line to determine the

remaining life of the pavement in years. The curtivgagrowth forecast ESAs were

plotted and thus the remaining life determined.e Témain life forecast from each of

the sites is depicted in Figure 8.9 below.

Figure 8-9 - Relative Stabilised Layer Moduli Compasons
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The remaining life results for each of the sitegatsulated with the design life in years

for comparison in Table 8.8.

Table 8.8 - Forecast Life

_ Design Currer_lt Calcul_at_ed
Site Life In-Sgrwce Remalnlng
Life Life
1 2 1.7 6.9
2 12 1.5 17
3 16 1.5 > 20
4 12 1 17.5
5 29 2.5 9.5
6 9 1 > 20

Sitel
This site was a temporary fix to correct the heauting that had occurred over time
because of the expansive subgrade underneath. téfhporary fix was only

designed for a life of 2 years and as can be seem Table 8.8 it should be nearing
the end of its design life.

The calculated remaining life of this pavementnir@IRCLY, is another 6.9 years.

The target modulus for the stabilised layer wasOlMPa and the 2nd deviation

modulus, used for the life forecast, achieved 8 &M The reason for the increased
design life is the difference in the strength c# timtural subgrade material, which
was at the time of testing 60 MPa. The calculatbthe strength of the subgrade
used for design purposes is usually tested in stvwase scenario by a soaked CBR.
This subgrade material on this section of road wdnd expected to be relatively dry

with no heavy rainfall occuring in the region fanse time.

The visual inspection confirmed this result as Véthe fatigue was evident.
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Site 2
This test site was a small proportion of a larggjqut leading onto a bridge. This
road is a high priority road carrying a high prapmr of heavy vehicle traffic. The
target modulus of the stabilised layer was 650 MRd the modulus achieved for
this layer was 1309 MPa, significantly stronger.heTstabilised section was
overlayed with a high quality cement treated materwhich easily achieved
category one status. The design life of the ptoyems 12 years and it has been
in-service for one and a half years to date. Taleutated remaining life of this
section is 17 years.

Site3
This section of the Sarina-Homebush Road was badéfprmed, requiring an
additional 100 mm of material to bridge the podsgnade material. This road is not
heavily trafficked and was designed to achieve sigielife of 16 years. The
targeted modulus for the stabilised layer was 20RGMand the second standard
deviation strength was 2870 MPa. A small percentageith rate of only 2.4% and
current light traffic volumes has increased the 6f this pavement well over the 16
years and could possible achieve a life well overyRars. The road is also
eventually expected to fail because of fatigueufailat the bottom of the stabililsed
layer and not by failure of the subgrade.

Site4
This existing pavement section on the Dysart-Middlent Road was out of shape
with depressions and high spots. The low costilsation treatment was designed
for a life of 12 years. The remaining life of thavement is expected to be another

17.5 years. The subgrade material is on averagletlgl stronger than the existing

material.
Site5

The Marion-Eton Road is the designated heavy veltbgpass road for traffic from

Mackay to the mines. A high design life of 20 yearas targeted but the design
figures indicated a calculated SARs to failure ggleint to 29 years. The results
from the deflection tests suggest that the sti§nafsthis pavement is excessive and
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the base layer will fail by fatigue after only QyBars. It would be interesting to

follow the performance of this pavement to verhlig forecast of this analysis.
Site 6

This original pavement section on the Fitzroy Depehent Road was similar to
Site 4 and required a low cost stabilisation tresatthwhich would provide a life of
at least 9 years. The deflection testing indicdtest the pavement would be
expected to last in excess of twenty years, thigels due to the current low traffic
levels and the greater strength of the layers. Sibbilised layer at 800 MPa was
slightly stronger than the design assumption, as Wa subgrade material,

achieving a CBR of 8 in a majority of the FWD testenpared with the design CBR
of 5.
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CHAPTER 9 — CONCLUSIONS

This project involved reviewing the processes e tlesign and rehabilitation by insitu
stabilisation of several sections of road pavemesms assessing the in-service
performance of those pavements after being in cerfar up to approximately eighteen

months.

The primary broad objective of the investigationswa evaluate whether the Relative
Dry Density testing done during construction pr@dda measure of the value of the
modulus achieved for the stabilised layer and wdrethe likely service life would be
equal to or greater than the design life when telatte Dry Density test results were
less than the specified 100%.

Visual inspections of the sites verified that aftefy six to eighteen months of service,
the major proportion of the pavements were showiagsigns of distress. The area
covering the failures equated to less than 0.1%hetotal pavement, and did not appear
to have been caused by the traffic loading. Theeee no reasons to suggest any
conflict between the design and construction preegsand the expected use of the

pavement.

Analysis of site specific deflection data, wherdlation measurements were made
adjacent to the spots where the Relative Dry Degnsist were taken, indicated no
correlation between the Relative Dry Density valaesl the moduli of the stabilised
layer. While there appears to be a trend for IR@D values to correspond with high
moduli values, this is not consistently true. Aauhally, a low RDD value can not be

used to infer that the pavement layer did not aghtbe design modulus.

Furthermore, by the application of the characterisalue technique to the moduli
recorded for each lot in a similar way to the agggion of the RDD, all but two of the
twenty-one lots attained a modulus CV equal tolmva the design modulus, whereas
the RDD CV test failed all but two. Many lots withlow RDD exceeded the design

modulus by a considerable amount.

Hence, it can be inferred that RDD results beloWw%0do not necessarily result in a
below-standard pavement, at least for RDD valuewnddo approximately 93%.

Conversely, an RDD above 100% does not necessadlilgate a satisfactory pavement.
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Because of the absence of a correlation between RDmodulus, it would appear
that the RDD test results cannot be used to fotecpsssible loss of useful service life.
The estimate of service life requires some alterfatrm of measurement such as
deflection testing at regular intervals using difglWeight Deflectometer, such as the
sequential testing carried out for this investigati

However, the results of this testing suggests ithageneral, the actual moduli and the
forecast life of the pavement is not very consistgith the values anticipated by the
design. It would appear that many more investigegtisimilar to this project will need
to be carried out to investigate the relationstepreen design assumptions and the life
of the final product. Unfortunately, definitive mfoof the assumptions and performance

could take up to 20 or more years.

Of particular concern are the results for the sitbere the measured stabilised layer
moduli are well in excess of the design moduli,atirey a situation where the failure
mode changes, with a substantially reduced forelifgast The implications of this
situation needs to be further investigated by aencomprehensive study at that site and

if possible at other sites which exhibit similareplomena.
It is recommended that:

« RDD testing of insitu stabilised pavement consiaorctprojects be retained as a

guality control measure;

- the application of the reduced level of servicemagt required in the Main Roads
Specification 11.07 where the characteristic vaguess than 100% be applied only

to characteristic values less than 93%:

« the requirements of the present specification iredatio the construction process be
retained so that compactions in the range 96% 084d.BDD will be achieved as at

present;

« further studies be undertaken on similar reconstnrojects in other districts to

compare with the results of these investigations;

« a set of controlled studies be instituted on a mahber of new insitu stabilisation
projects where more detailed pre-design investigatican be made and the
variations in the existing layer properties camime rigorously determined.
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APPENDIX A — PROJECT SPECIFICATION

Faculty of Engineering and Surveying
ENG4111 Research Project
Project Specification

March 2007
Student: Mark Weatherley
Student Number: Q9723871X
Project Topic: The effect of compaction on the design life of rehabilitated in-situ

stabilised (cement powder) pavements.

Supervisors: Mr Trevor Drysdale, USQ
Mr William Lansbury, RoadTek Mackay District, QLD

Aim: To investigate whether there is an unacceptable reduction in the
level of service of rehabilitated pavements which have been in-
situ stabilised with cement powder but where the specified
compaction level was not achieved using "standard" work
procedures for in-situ stabilisation.

Background: The construction arm of the Main Roads Department in the
Mackay District, RoadTek undertakes approximately 8 road
rehabilitation projects each year involving the in-situ stabilisation
of pavement material with general blend cement. Each project is
subdivided into half-road width lots of approximately 700 metres,
and a soil test regime is carried out for each lot. The annual
budget for these projects is approximately $6.5 million and
accounts for approximately 35% of the infrastructure
construction/reconstruction carried out by RoadTek in the District.

In a significant number of projects the standard stabilisation
process does not produce compaction results which meet
specification. The standard contract provides for a reduced level
of payment to compensate for a reduced level of service inferred
because of failure to meet compaction specifications or
alternatively the compacted pavement has to be reworked to
achieve the specified compaction. On average, the typical
reduction in payment for the reduced level of service is
approximately $14,000 per project, or alternatively $18,000 per
project for reworking, ie an estimated $150,000 annually.

There is anecdotal evidence that despite not meeting
specification there is no appreciable degradation of service for
compactions above about 93% compaction, hence the expense
of meeting specification is unnecessary, and the specification
could be relaxed with a consequent cost saving.
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This project will investigate whether there is any factual basis for
these anecdotal inferences. If so, the project will recommend
changes to the contract requirements, or alternatively,
recommend changes to the standard procedure for in-situ
stabilisation to ensure the compaction standard is met.

On a local level the Standard Specification allows for district
specific addenda or supplementary specifications. It has been
suggested that this problem is not unique to Mackay and it is
possible that the results of this study may be applicable on a
state wide basis.

Program:

1.

8.

9.

Review literature relating to the design and compaction of road pavements with
particular reference to plant-stabilised and in-situ stabilised materials, correlating
the effect of compaction on service life and it's relevance to this project.

Review the design standards currently in use and determining the rationale behind
the requirements of the specification, including but not limited to the design life, in-
situ material strength and the compaction required in the specification.

Review the soil test documentation available in the Mackay District, identify the lots
with suitable test data and collate the relevant parameters that may impact on the
pavement performance;

Perform and record visual assessments of the pavement condition for each lot, in
accordance with the Austroads Standard, together with estimations or readings of
traffic density and length of time in service since reconstruction;

Arrange deflection testing using the Falling Weight Deflectometer (FWD) at
locations corresponding to the original test data to estimate the underlying
strengths, and compare the results. If possible, compare these results with other
newly constructed stabilised pavements so that comparisons of expected service
life with "normal” construction methods can be made;

Analyse the data to identify whether there is a correlation with the parameters
collected for each pavement section;

Evaluate whether there is sufficient evidence to indicate whether an expected
service life equivalent to normal design life can be attained with a less stringent
compaction requirement, or alternatively reinforce the need to attain the specified
compaction and review the in-situ stabilisation process to more regularly achieve
these results without re-work; and

Recommend changes (if any) which could be incorporated into the Standard
Specification MRS 11.07.

Presentation of project work in required oral and written formats.

Approved: 26/03/07

USQ Supervisor: (signed) Trevor Drysdale

RoadTek Supervisor: (signed) Bill Lansbury

Student Name: (signed) Mark Weatherley
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APPENDIX B — ROAD PAVEMENT DESIGN

When a traffic route is chosen to carry vehiclesnfrone location to another, it is
generally found that the natural soil is not stroeagough to support repeated
applications of even relatively light wheel loadstheut significant permanent

deformation.

It is therefore necessary to cushion the naturdlbgocreating a structure capable of
bearing the applied loads and distributing themr dkie natural soil. This structure is
called a pavement (Municipal Services Study Boo8® p. 4.1).

B.1 Pavement Structure

A pavement is generally constructed by prepariegititural soil to the required profile,
then constructing a number of layers of materidlinacreasing strengths, over the
natural soil, and capping the structure with a wpteofing and wearing layer. Figure

B.1 shows a typical construction of a pavement.

'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- } Bltumlnous Surfac
Figure B-1 - e e o, B L
A R A At ase Laye

Typ|Ca| Pavement e

Subbase Lay:

The subgrade is the base of the construction atypisally the existing soil, although
in some instances it may be necessary to excavaptaoe embankment material to
reach the subgrade formation level. If the natgralind is structurally too weak it may
be necessary to excavate and replace with selé&titedaterial or to treat the soil to
improve its properties. The main purpose of therlying layers is to distribute the

traffic load so the subgrade can support it withdarnage.

The base and subbase are the main load-bearings lafj@a pavement. The materials
used to construct the bases are chosen for thiegrent load-spreading capabilities
when correctly laid. They are typical made up afsbed rock of various sizes up to

19 mm interspersed with finer rock and fine claytenal. The material usually comes
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from specialised quarries and is often transpoftdconsiderable distances to the

construction site. When properly compacted the@ids within the layer are minimal.

Generally, the higher the strength, the more expenthe material. The greatest
strength is required in the top-most layer, sotlfiick pavements, costs can be reduced
by building the pavement in layers with less expaenmaterial under the top layer.

The bituminous surfacing is a bitumen and aggregaite applied typically in two
applications, a fine aggregate primerseal follodgda more viscous seal with larger
aggregate. The bituminous layer provides a seahittimise water infiltrating the
pavement, and the bound aggregate provides thangesurface to resist the wear of
the traffic and prevent the bitumen being worn awayn heavily traffic roads, an
additional asphalt “wearing layer” may be addedtovide a longer lasting wearing
surface. All the pavements that are the subjethisfreport have been surfaced by the

conventional bituminous aggregate mix.
B.2 Pavement Structure Classification

The AustroadsGuide to the Structural Design of Road PaveméAisstroads 2004)
contains procedures for the design of:

» flexible pavements consisting solely of unboundgmagnt materials;
« flexible pavements that contains one or more bdayers; and
* rigid pavements.

A flexible pavement consisting solely of unboundtenils (natural crushed rock with
no additional binding additive) transmits loads osed at its surface to the subgrade
level by a combination of contact pressure, medaninterlock and cohesion between
the particles. It achieves this through the usenaferials which have some flexibility
so that they deflect under load without crackingg dnence, without losing strength.
The area over which the load is supported increagsdepth, so that the stresses in
the pavement decrease with the distance below dakenpent surface. To achieve this
base material is usually specially manufacturednboying crushed quarry rock and

fines.

In more recent years road constructors have fobhatithe standard flexible pavement
mix can be improved in strength and performancéhkyaddition of small quantities of
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binders such as cement, bitumen, polymers and aotivaidar additives. These
pavements have come to the forefront in responsleetincreasing demands placed on
the performance of the pavement with increasiniji¢rantensity and loading. They are
constructed from natural manufactured material \@ittmall percentage of the binding
material added, typically 1% to 4% of the additiv&lthough still classified as flexible
pavements, their failure mechanism has been foor tmore complex and the design
of these pavements requires detailed analysisrréthe the empirical approach which
can be used for unbound pavements. The advertweéniul computers has made the
design of this type of pavement more widespread.

Rigid pavements consist of layers of plain or reinéd concrete constructed on top of
the subgrade. They are referred to as rigid panesrdue the stiffness of the pavement

in relation to the subgrade.

Insitu stabilisation can be carried out to eithkthe flexible pavement types described
above. Rigid pavements are not able to be relateil in this way and will not be

considered further for this report.
B.3 Design Methods

Traditionally, the design of pavement thickness haen carried out for flexible
pavements without binders using the so-called EogliMethod. This method is based
on the accumulation of experience of road autrewitaround the world and has
provided a good guide for road engineers to pretliet performance of a pavement
structure. Austroads provides recommendationgherapplication of this method in

Australia and the details of this method are describelow.

With the advent of computers, mechanistic designhods have been developed to
provide a more theoretical design based on an sisabf stresses developed at each
boundary layer. These methods are expected tof Imeoce general application, for
example they can be used for analysing bound lagditeough they must be used with
care if the design technique has not been fullyvemoby actual results. The
mechanistic method recommended by Austroads uge€HRCLY program to analyse

stresses through the pavement structure.

The mechanistic method is used for the design @inbitu stabilised pavements which

are the subject of this report, and was also ugeth& analysis of the post-construction
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strengths of the pavements being studied. The adeif described in more detalil

below.
B.4 California Bearing Ratio (CBR)

For traditional pavement design, the required théds of a layer is determined by the
strength of the underlying layer. The strengthuobound layers is traditionally
measured by a quantity called the California BepRatio (CBR).

The California Bearing Ratio (CBR) test measuresftirce needed to cause a 50 mm
diameter plunger to penetrate 2.5 mm into a samipleias developed by the US Corps
of Engineers in the early 1940s and introduced Aistralia after the Second World
War. The original test was performed on a Califmncrushed rock, to which a CBR
value of 100 was assigned. The strength of otheenals is proportionally related to
that bearing capacity of the Californian crushezkrand is expressed as a percentage.

Typical subgrade material ranges from CBR 2 toWBere the CBR 2 value would
indicate a very poor quality material which wouldrmally require some sort of

additional treatment or the addition of select fill

Typical subbase materials average around CBR 2%asd materials range from CBR
60 to 80. The greater the CBR value the thinnemtiivement thickness required but at
a higher cost for the supply.

The CBR value is used directly for the traditionalempirical design method, which is
based on practical experience on the performangaweéments. However, the use of
the CBR is so widespread that other propertiesireddor different design methods are

often deduced from the CBR value of the material.

In particular, the mechanistic analysis method diesd later requires the properties of
the materials to be characterised by their elasiitness, or modulus. The elastic
modulus, however is difficult to determine. As pmwent layers are subjected to
repetitive loading, the Repeated Load Triaxial iestonsidered the most appropriate
laboratory test procedure for measuring elasticuhmlbut, because of the difficulty, is
rarely done. To determine the modulus from the GRRie, the empirical relationship

adopted for subgrade materials is:
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E =10 x CBR

where E elastic modulus (MPa)

CBR = California Bearing Ratio (%)

When determining the modulus from the CBR for s@iegband base layers, different
authorities use different relationships, howeves MRD uses the conversion chart
shown in Figure B-2. As can be seen, there is devepread in the results of the
research carried out to determine this relationship
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Figure B-2 - Summary of CBR vs Modulus Relationship
Source:Main Roads Pavement Design Manual (1991)
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B.5 Unbound Material Properties

For heavily trafficked roads higher quality gramutaaterials are required than for
lightly trafficked roads. The high quality matdria rarely found in their natural state
and must be processed by crushing and sieving.

Crushers and screens are used to distribute theriadadccording to their particle size.
The different particle sizes are than mixed togeth@ccurately determined proportions

to give the desired grading for the strength rezplifor the pavement layer.

The parameters that must be considered when sajestiitable unbound pavement

materials are:
« grading (particle size distribution);
e particle shape;
« plasticity of the fine fractions;
« hardness of the source rock; and

« permeability and the ability to dissipate pore pugs developed under repetitive

load.
Grading

The performance of the pavement is influenced l®ygtoportions of fine and coarse
fractions present. The coarse fractions are twetsned on a 4.75 mm Australian
Standard (AS) sieve, whilst those passing are t@érfime fractions. Material passing

the 75um AS sieve are referred to simply as fines or hinde

The unbound material which will form either a basesub-base layer must be able to
withstand the stresses imposed upon it, the gramuatf coarse and fine fractions
requires mixtures that achieve a high dry den3ihe particle size distribution generally
is based on successively smaller particles fillihg voids between adjacent coarser
ones and touching them . Fuller showed that aujgammass has a relatively high dry

density when the particle size distribution folloavsertain rule, which is written:

121



== 5]

where P = percentage of mass passing sieve d
P = percentage of mass passing sieve D
N = a value between 0.5 and 0.3.

The maximum densities are achieved when valueshfare between 0.45 and 0.5.

When the n is greater than 0.5, there are insefficfines to fill the voids which can

have the following effects:

high stability in confined, low if unconfined,
variable density;

increased permeability;

difficult to work and compact;

not affected by adverse moisture conditions.

When n is less than 0.3 the reverse effect apphesmaterial contains too many fines

resulting in:

decreased strength and stiffness;

reduced density;

decreased permeability;

increased tendency towards segregation and exgdases fines;
strength affected by moisture;

easy to work and compact.

Particle Shape

Particle shape is described by the ratio of lerigtthickness, flakiness, and length to

width, elongation. The lower the proportion ofkiyaor elongated particles, the better

the mechanical interlock. The optimum particleghes angular and prismoidal.
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Plasticity

In the early 1900’s, Swedish chemist Albert Attetbdeveloped an empirical method
of describing the changes in state of cohesives $mim liquid through plastic to solid.
These change points are called the liquid limit )(LUblastic limit (PL) and shrinkage
limit (SL) and together are called the Atterbergits.

There is a close relationship between the limitd #re properties of a soil such as
compressibility, permeability, and strength. Aberg also defined the plasticity index
(P1) as a measure of the plasticity of a soil. Phesticity index is the range of water
contents where the soil exhibits plastic propertiegined as the difference between the
liquid limit and the plastic limit (Pl =LL - PL)Soils with a high PI tend to be clay,
those with a lower PI tend to be silt, and thosehaiPI of O tend to have little or no silt

or clay.

Plasticity is associated with the fines fractiore (finer than 0.425mm sieve). |If the
fines component is in excess and plastic it canseaan undesirable potential for
volumetric expansion and contraction. The Pldsiiex (PI) test, being sensitive to the
amount of clay present, can be an indicator ofgbeential loss of stability that can
occur due to the softening of the clay componenewivetted. The linear shrinkage
(LS) test is used to determine the type of plasiaterial present and will increase with

the amount of organic and fibrous content.

The Plasticity Index is useful to give an indicatiof the bindability and workability of
gravel mixes and their suitability as pavement mate Typical Pl values will depend
on the position of the layer in the pavement. bBage layers are normally constructed
of high strength material, low in fines, relying imlg on internal friction between
particles for its load bearing capacity and stabiliThe PI for this layer will generally
have a maximum of 4%. Subbase material, whiclouget in strength and higher in
fines, relies on both internal friction and cohesjroperties to achieve the required
strength and stability. The PI will increase t&dBecause of the increased percentage

in fines.
Hardness of Source Rock

This property is measured by the Los Angeles Abrasest in which the coarse stone

hardness, toughness and soundness are factorsnhlreithe nature of the parent rock.
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The softer the material, the higher the potentalbreakdown and generation of fines —
with a consequential loss of strength. The harsingsa factor determining the life
expectancy, since breakdown over time results wolame change, which displays

itself as rutting.
Pore Pressure and Permeability

Pore pressure develops when the material is placddr repetitive load at a frequency
that it can not dissipate between load cycles arg @ccur when sufficient moisture is
present. Its effects include the exuding of fingtenial through cracked seal (pumping),
allowing further moisture ingress and resulting pnogressive pavement failure.
Permeability is principally governed by the amoahtmaterial passing the 0.075 sieve.

It is also particularly affected if the 0.002mmdtian is increased.
B.6 Flexible Pavement Design - Empirical Method

The Empirical Method is a traditional method basadhe original research carried out
by the Californian State Highway Department whiebulted in the CBR design method
based on the strength of the subgrade. (Jamesw, 1996). The method was further
developed in the United Kingdom and the United&tand adopted with modifications
by the Victorian Country Road Board which formede thasis for the current

methodology adopted by Austroads.

This design method uses a design chart to enalirndi@ation of pavement layer
thicknesses based on the strength of the underlsiyey represented by its CBR value.

The chart currently used in Australia is contaimedhe Austroads Pavement Design

Manual - Figure 8.4. The caveat to this charthiattho provision is made for a
limitation to the allowable design traffic causeg fatigue cracking of an asphalt
surface - the chart is based on allowable desaffidrin terms of rutting and shape loss.
It may be used solely for pavements comprised dbund layers of granular material
which are surfaced with either a bituminous sealacthin asphalt layer (less than
40mm). The design chart is reproduced as Figuge B-

Design using this method requires a knowledge efGBR of the subgrade and of the
material to be used for the base layers, and thériamber of equivalent standard axles
expected over its design life — the design traffice only failure method considered is

the failure of the subgrade causing rutting and dhart provides the information to
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determine the required thickness of the subbasebasd to prevent the high stresses

reaching the subgrade and causing failure.

The design traffic is the number of heavy vehiotee groups (Hac) which have been
converted to the number of equivalent standardsafi&SA) that will occur throughout
the design life of the road. The calculation aéthalue is described in more detail in

the Design Traffic section below.

The reason this method is not applicable to thegdesf bound flexible pavements is
that these pavements have different failure modbgh are taken into account for the
mechanistic method. However, for unbound granpkrements, the strength of this

method is that it is actually based on the obsepertbrmance of pavements in service.
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Figure B-3 - Empirical Road Pavement Design Chart
Source:Austroads Pavement Design Guide (2004)
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B.7 Flexible Pavement Design - Mechanistic Method

The mechanistic method of design uses computeramgyto analysis the performance
of pavement layers based on a structural modelhef gavement. The model is
represented as shown in Figure B-4

. 1800 mm _
Uniform stress 330 mm 330 mm
(750 kPa) - — Wi
[ [ L 3
] ]
1 Asphalt
Granular
Material
o Cemented
22N Material
3 3 Subgrade
! 1. Tensile strain at bottom of asphalt
165 mm 2. Tensile strain at bottom of cemented material
3. Compressive strain at top of subgrade
- — - Critical locations

Figure B-4 - Failure Modes in Pavement Design

Source:Austroads Pavement Design Guide (2004)
Each layer is considered to be comprised of a hemegus linearly elastic material
which has found to provide a reasonable simulatiopavement behaviour. Each layer

is characterised by its elastic stiffness propgfigemodulus and Poisson’s ratio.

There are a number of software programs availaimdiear elastic models but the
program most commonly used in Australia is the AlR@rogram written in 1977 by
Dr Leigh Wardle at CSIRO.

However, the mechanistic design model has not baédated for granular pavements
having asphalt layers less than 40mm thick. Theigle model may suggest that
pavements with thin asphalt surfacings can perf@omparably to thick asphalt
pavements at high traffic loadings.
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To use the CIRCLY program a trial pavement desigremtered and the program

calculates the allowable repetitions for the tHeskeire modes:
« tensile strain at bottom of asphalt;
« tensile strain at bottom of cemented material; and
e compressive strain at top of subgrade.

The program then compares these values with thmasd number of repetitions and
provides a reading of the percentage of life coreimif the design is unsatisfactory

the design is then modified and the process regeate

The design traffic is the number of heavy vehiottee @groups (Hac) which have been
converted to a number of standard axle repetit{@#€R) that will occur throughout the

design life of the road. The details are describatie Design Traffic section below.

To allow a greater confidence that the road wilifpen adequately over its design
period, a reliability factor can also be introdudgetb the calculations. This allows for
uncertainty in the estimate of traffic growth andadings, variation in material
properties, construction variability and the importe of the road itself. Typically,

values as shown in Table B.1 are applied to thegdes

Table B.1 - Project Reliability

Desired Project Reliability 80% 85% 90% 95% 97.5%

Reliability Factor 2.5 2.0 1.5 1.0 0.67

Source:Austroads Pavement Design Guide (2004)

The Mechanistic Method attempts to ascertain thatpaf failure by calculating the
critical stresses and strains that occur througtioaitmulti-layered structure based on
the linear elastic multi-layer theory (although hwtologies exist based on visco-

elastic and elatic-plastic theories).

The CIRCLY program uses the linear elastic mulgelatheory and has been adopted

by Austroads as the standard mechanistic technique.
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B.8 Design Traffic

Both the empirical and mechanistic design meth@adgiire an estimate of the total
number of compressive actions caused by the winéelshicles to successfully design

the pavement.

The empirical method uses the estimated value glifalent Standard Axles” (ESA)
while the mechanistic method uses “Standard AxlpgiBons” (SAR) for each failure
mode and would normally be different for each efsth modes. These values are taken

over the design life of the pavement.

The calculation of these figures requires an esénoé volume of traffic traversing the
pavement. Because the damage caused is a powgomship to the applied load, the
damage caused by light passenger and similar eshislnegligible, so an estimate of
heavy vehicle traffic only is required. Commonhdahistorically, were only simplistic
traffic counters were available, the loadings asedaon a count of heavy vehicles, their
assumed loadings and distribution percentage &dréifit heavy vehicle type. Hence, it
iIs common to estimate a value designated heavycheebkle groups, B, as the first

step in calculating the required traffic parameters

The basic method for calculatingpNas proposed by Austroads is the following

formula:

% HV

Ny =365 x (AADT x DF )x

X N ae X LDF x CGF

where:  AADT Average annual daily traffic (vehiclesrmlay)

DF = Direction Factor is the proportion of the twoyw&ADT

travelling in the direction of the design lane.

%HV = Average percentage of all traffic comprisingaig
vehicles.

Nuvac = Average number of axle groups per heavy vehicles

LDF = Lane Distribution Factor

CGF = Cumulative Growth Factor
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Annual Average Daily Traffic (AADT)

The total traffic passing a point throughout theryelivided by 365 is the annual
average daily traffic volume (AADT). It is usualgstimated by using a traffic counter
for a two week period, three times a year, but ane roccasions a permanent counter

may have been installed.
Direction Factor (DF)

The direction factor allows the adjustment of tlwurt depending on whether it is

counting single traffic or traffic in both directis.
Percentage of Heavy Vehicles (%HV)

This is the average percentage of heavy vehictes the annual average daily traffic.
The percentage of heavy vehicles is taken becaglsieviehicles contribute very little to

the structural deterioration of the pavement (Aasdis 2004).
Heavy Vehicle Axle Groups (Mvac)

This is the average number of axle groups per heakicles. In the absence of specific
counter data this value would be estimated from@awWedge of the type of traffic using

the road or by carrying out short term spot obgeyua.
Lane Distribution Factor (LDF)

This is the proportion of the traffic volume assgnto the heaviest trafficked lane
which becomes the design lane. This factor onlgliap to multi-lane carriageways
where traffic volumes can vary significantly. Waéhe roads are two lane, one lane for

traffic travelling in each direction, the Lane Dibtution Factor (LDF) will be 1.
Cumulative Growth Factor (CGF)

The design is based on the total amount of heamcleaxle groups that will travel
over the pavement for its life. Examination oftbrgcal data will give an idea of the
trends that have occurred and can be used astiagtaoint for forecasting. However,
there is a need to research the economic develdptmanis occurring in the area that

will influence the traffic volumes on the road.

Simplistically, if traffic is forecast to grow atcertain percent each year, a factor can be

determined by using the exponential growth equatwith which to multiply the
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starting traffic volume to determine the total tiafover the required period.
Obviously, the designer may have to modify thisdad¢o account for step growth in
traffic volumes due to specific developments that lékely to occur in the region or

alternately postulate a higher growth factor.

The formula for calculating the cumulative growtttior assuming constant growth as
recommended by Austroad is:

(1+0.01R)" -1

Cumulative Growth Factor (CGF) =
0.01R

where:

)
I

Growth Rate (%)

iy
1

Design Period (years)

A typical annual growth rate for rural roads anghways within the Mackay District is
5%.

Design Period (P)

The design period used in the cumulative growtholads the time span that the
pavement is expected to function without any need rhajor rehabilitation or

reconstruction works. In determining a designgebdonsideration must be given to:
« available funds for the project;
« importance of the road;
« likely future upgrading to improve the capacitytioé road;

» reactive subgrades, consolidation of fill matepalcompressibility of the soil
strata that will cause distress resulting in teguirement for rehabilitation or

reconstruction work; and

« existing fixed levels such as, kerb or overheadicstires, constraining the

selection of rehabilitation treatments to more lgogptions.

A typical design period for flexible pavements & 240 years. It is import to realise

that the pavement is designed to provide satisfactervice over this design period,
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and this can only be expected if the actual trafbtumes and loadings do not exceed

the estimated traffic volumes and loading.

Once having calculate thepiN this figure has to be convert to the design figure
required for the relevant pavement design methaz, Bquivalent Standard Axles

(ESA) for the Empirical Method and the three valoéshe Standard Axle Repetitions
for the Mechanistic Method. The determination luége figures is described in more
detail below, however an estimate of the distribbutof heavy vehicles is required to

determine these parameters.
B.9 Traffic Data Collection

The methods for collecting traffic data range fribra simplistic to the advance.
Manual Traffic Counting

A manual traffic count involves people counting thedfic that passes a particular point
over a certain period of time. It can also be usedissessing the percentage of heavy

vehicles. This method is very labour intensive aodsequently not used very often.
Single Tube Axle Counters

Single tube counters use a air filled tube conmktbea control box that uses the air
pressure pulses and a computer program to estimateaffic numbers and provides a

rough percentage of heavy vehicles.
Vehicle Classification Counters

These counters consist of two air filled tubes emted to a black control box on the
side of the road recording the air pressure whanesling runs over the tubes. A
computer program is used to assess the informdti@mloaded from the black control
box. They can provide information such as speeueticle, traffic flow at different

times in the day and vehicle classification typesi{g wheel speed x time to work out
axle spacings). The vehicle classes of which thguw is based are shown in
Figure B-5. Consequently, the number of each gsdeip types can be calculated from

this data, however no data about the actual loadsach axle group type is available.
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Weigh-In-Motion Systems

These weigh-in-motion systems are used to determxhe group configurations and
loadings. They collect the axle load and confitjoradata while the vehicle travels
over sensors installed into the pavement. Theay loa used to provide excellent
estimates of traffic in terms of equivalent standaxles. Unfortunately units are
expensive to install and maintain, so there aratixaly few installed. However, the
information gathered on the few permanent sitesawle loadings can be used as
indicative loadings for axles throughout the region

ToL o

Class 1 Class 2
Short Vehicle

Class 3 Class 4

Class § Class 6
Four Axle Truck Three Axle Articulated Vehicle
N Il
=
® © ©© ®
Class 7 Class 8
Four Axle Articulated Vehicle Five Axle Articulated Vehicle

Class 9 Class 10
Six Axle Articulated Vehicle B Double
0 O
e e (NI e Wkl
Class 11 Class 12
Double Road Train Triple Road Train

Figure B-5 - Classification of Vehicles
SourceAustroads Pavement Design Guide (2004)
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B.10 Imposed Axle Loadings

The empirical and mechanistic design methods reghi heavy vehicle axle groups to
be convert to Equivalent Standard Axles (ESA) @n8ard Axle Repetitions (SAR).

Equivalent Standard Axles (ESA) / Standard Axle Repetitions (SAR)
Both design methods are based on the concepttahdad axle which is:

The standard axle consists of a single axle withl deheels carrying a load of
80 kN. The circular contact stress being applieditie pavement at 330mm

centres over each dual wheel is 750 kPa for hightneyic.

82t (80 kN>
|

1800 nn |

s

N & g

*T————__  Circuler contact pressure 750 kPa sl

Figure B-6 - Standard Axle
Source:Pavement Design Training Manual (MRD)

Experimental work has determined that differenegxiofiles can take different loads to

cause the same amount of damage as a standar@ akle B.2).

Table B.2 -
Axle Load Values Equivalent to a Standard Axle
Axle Group Type Load (kN)
Single Axle with Single Tyres (SAST) 53
Single Axle with Dual Tyres (SADT) 80
Tandem Axle with Single Tyres (TAST) 90
Tandem Axle with Dual Tyres (TADT) 135
Triaxle with Dual Tyres (TRDT) 181
Quad-axle with Dual Tyres (QADT) 221

Source:Austroads Pavement Design Guide (2004)
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If an axle group is loaded to a different loadimgnfi that shown in Table B.2 it is

necessary to calculate the equivalence in terniseo$tandard axle.

Experiments have determined that the equivalenegsthe following formula:

EA = [_L j
SL

where:
EA = Equivalent number of standard axles
L = Actual load of axle group
SL = Standard load for that axle group
m = An exponent depending on the method of failure

For the empirical method, design is based on thength of the subgrade and the
exponent is 4. The mechanistic method, uses tarkege modes, fatigue of the asphalt
layer (exponent of 5), rutting/shape loss (expomént) and fatigue of cement material

layer (exponent of 12).

Obviously this is a very vigorous calculation whigguires an extensive knowledge of
the traffic volumes for the forecast period as wasdl accurate details of the heavy
vehicle loadings and axle types. Consequently, stamdard axle loadings used in
practice can only be a best estimate, based orertudata and a forecast of the
economic activity of the surrounding area in thieife. Hence, most organisations tend

to use predetermined average factors for eacheatdltulations.
B.11 Application to Insitu Stabilisation

This project deals with roads that have been desigind built as flexible pavements
with unbound material more than twenty years agogughe empirical design method.
Portions of these roads have reached the end ofstice life and are showing signs
of fatigue and pavement wear. The increase inyheakicular traffic as a result of the
coal mining industry has accelerated the deteimmat
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The roads can be rehabilitated by completely reingl the road, or, if the existing

pavement material is suitable, by insitu stabil@atof the top layer. Where insitu

stabilisation is to be considered, the existingdrgavement material is tested to

determine whether the less expensive cement irggbilisation process may be

applicable.

The following tests provide the information requdire

The subgrade material is evaluated using a Dyndboice Penetrometer. It
allows for a CBR value to be postulated for theursltmaterial by plotting the
penetration of the cone against the number of dodgke weight. The level of
saturation of the subgrade is also determinediagthnt so that an assessment
can be made on whether the DCP result is the wearse scenario, as CBR will

be higher in drier conditions.

The Particle Size Distribution and Atterberg Limitsthe subgrade and each of
the pavement layers aids in the determination ef mfost suitable type of
stabilisation method and in the classification dctemial types for CBR testing.
The particle size distribution and plasticity ind@X) from the Atterberg Limits
most appropriate for cement insitu stabilisationthigt the quantity of material
passing the 74&n sieve should be less than 25% and a large Plerafige
laboratory CBR test is expensive and time consuniiegefore if the mateials
are classified into groups of similar propertiesd agradings it reduces the

number of CBR tests required for the determinatibmoduli.

Soaked CBR tests are performed in wet coastal megieecause the subgrade
and pavement layers are likely to be saturatedafsubstantial period and

saturated CBR value is more relevant.
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APPENDIX C — RISK MANAGEMENT

Risk Management Charts appropriate to this proge required for the visual
inspection of the pavements for the selected s#ed, for the operation of the Falling
Weight Deflectometer testing rig. Tables C.1 ané late to the visual inspection,
Tables C.2 and C.3 to the Falling Weight Deflecttanéesting.

Figure C-1 shows the temporary signage and itdilmtan either side of the work site.
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Risk Management Chart for Visual Assessment ofdetdavements

. People at | Number at Parts of .
Description of Hazards Risk Risk Body Risk Level
Working Outdoors 2 2 Face, arms Minor
and legs
Categories Short Term Control Long Term Controls Completion Details
» Wear broad brimmed hat, long sleeved | » Limit exposure as much as possihlEmployer: RoadTek
shirt and long trousers. Prepared by:  Mark Weatherley
] Date: 14/05/07
b PE » Wear Safety glasses at all times Assented to
» Apply 30+ sunscreen liberally on exposed by: Rodney Smith
areas Position: WH&S Officer
» Wear steel capped boots - | signature:
Thermal — hot | » Wear PPE described above at all times anti Limit eéxposure as much as possigle
cold ambient drink plenty of water. Date:
temperatures | ) Rotate shifts of work to cooler part of the
day, if necessary.

Table C.1 - Risk Management Chart - Visual Assessmeof Project Pavements
Working Outdoors
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Risk Management Chart for Visual Assessment ofdetdavements

_— People at | Number at Parts of .
Description of Hazards Risk Risk Body Risk Level
Struck by Vehicle whilst Working within Gaps in Tiia from 5 5 Whole Body Major
M.U.T.C.D
Categories Short Term Control Long Term Controls Completion Detalils
PPE » Wear high visibility clothing » Wear high visibility clothing | Employer. ~ RoadTek
Prepared by: Mark Weatherley
» Park work vehicle clear of travelling lane. » Limit exposure as much as Date: 14/05/07
. . . . possib|e Assented to
» Ensure flashing light on wor.k vehlclle is by: Rodney Smith
operating to warn approaching traffic. Position: WH&S Officer
» Place a look out person so that he can see _ _
Separation traffic approaching in both directions from a Signature:
distance of 200m. Date:

» If traffic density too high either vary working
times to avoid the high density traffic or use
traffic controllers to stop traffic whilst
performing inspections.

Table C.2 - Risk Management Chart - Visual Assessmeof Project Pavements
Traffic
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Risk Management Chart for Falling Weight Deflectoend esting

. People at | Number at Parts of .
Description of Hazards Risk Risk Body Risk Level
Struck by Vehicle whilst performing FWD testing 4 4 Wé Body Major

Categories Short Term Control Long Term Controls Completion Details
» Wear high visibility clothing » Wear high visibility clothing Employer: RoadTek
P.P.E Prepared by: Mark Weatherley
» Place appropriate advanced warning | » Limit exposure as much as possible Paté: 14/05/07
signage as per the requirements of the As.sented to _
M.U.T.C.D. before commencing the by: Rodney Smith
testing. Position: WH&S Officer
Separation | » Traffic Controllers will be position to Signature:
isolate the FWD trailer and the personnel
from the travelling public. Date:

» Delineate the travelling corridor around
the FWD trailer with traffic cones.

Table C.3 - Risk Management Chart - Falling WeighDeflectometer Testing
Hazard from Traffic
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Risk Management Chart for Falling Weight Deflectoend esting

. People at | Number at Parts of .
Description of Hazards Risk Risk Body Risk Level
Operating FWD testing Machine 4 4 Whole Body Major
Categories Short Term Control Long Term Controls Completion Details
» Wear protective gloves when setting up the trdder| » Limit exposure as much| Employer: RoadTek
testing to prevent cut hazards. as possible Prepared by: ~ Mark Weatherley
_ _ Date: 14/05/07
» Correct manual handling technique to be used. Assented to
» Correct footwear to be worn. by: N Rodney Sr_nith
P.P.E » Appropriate rated hearing protection to be worn Position: WHES Officer
(Sound — 85dBa over 8 hrs) Signature:
» Workers to be aware of heat stress and ensure that
fluid intake is adequate when working in a hot Date:
environment.
» Machine to be controlled by a ticketed operator. | » Limit exposure as much
Separation | » Personnel to stand clear of the underside hamixeer i as possible
sections when the machine is operating.

Table C.4 - Risk Management Chart - Falling WeighDeflectometer Testing
Hazard from Operating Machinery
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Traffic Management Diagram for Pavement Testing in the Mackay District.
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Figure C-1 - Pavement Testing Traffic Signage Arragement Diagram
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APPENDIX D — ACCEPTANCE TEST RESULTS

Table D.1 lists the Relative Dry Density (RDD) agt@nce test results for all insitu
stabilisation projects carried out in the Mackagtiict over approximately the previous
eighteen months, for which detailed test data vetagimed. As the budget for Falling
Weight Deflectometer (FWD) testing was limited, leajpb was reviewed and
approximately 50 percent of the test sites werecsedl for FWD testing. Selection was
based on the rehabilitation being generally fommartraffic lanes rather than for lane
widening, and where a significant depth of insitwatemial was included in the
rehabilitation. In addition, where large projesk®wed generally similar results, typical

sample lots were selected rather than includintptsl

Test locations which have been rejected for FWDirtgsand analysis as part of this
project are shaded in the table.

Table D.2 allocates Site ID numbers to the sepam@ae sections selected for FWD
testing as part of this project, and cross-refegsrtbe Site ID numbers to the original
MRD Job Numbers.

Table D.3 summarises the RDD quality control acaepe test results for each of the
selected lots, allocates lot identification numbirsgach lot, and defines the start and
end chainages. Each site is subdivided into Ledsh lot covering a section of road
rehabilitation which was completed in a single dé&ygure D-1 shows a diagrammatic

representation of this location information.

Table D.4 lists each RDD test site location in litts selected for FWD testing as part
of this investigation. RDD tests were carried fuuteach lot in each project site at the
locations shown in the table, and these locatioesewsed to locate comparison FWD
tests.

142



Table D.1 - Raw Acceptance Test Data - All Sites

Side Chain | Offset | RDD * |CV ** | Pass
MRD Job No | Test No. L/R Lot m m % % | Y/N
90/33A/806 383 R PS01 153158 3.0 9414
90/33A/806 382 R PS01L 153313 0.2 95,3
90/33A/806 381 R PS01 153462 1.7 98,2
90/33A/806 380 R PS01 153588 3.6 91/6
90/33A/806 326 R PS01 153755 0.8 990
90/33A/806 325 R PS01 153871  3.G 96,6
90/33A/806 324 R PS01 154115 4.4 93,2
90/33A/806 323 R PS01 154204 1.9 95,2
90/33A/806 322 R PS01 154365 1.6 9711  93.7
90/33A/806 384 L PS02 153103 2.2 94.9
90/33A/806 385 L PS02 153221 1.4 93.0
90/33A/806 386 L PS02 153537 2.4 96.9
90/33A/806 387 L PS02 153602 2.2 1004
90/33A/806 330 L PS02 153821 0.5 95.1
90/33A/806 329 L PS02 153946 2.1 98.9
90/33A/806 328 L PS02 154186 3.5 974
90/33A/806 327 L PS02 154441 2.0 964 94.8
90/33B/304 | 080.1 L PS05 | 38915 | 3.3 | 102.9
90/33B/304 | 080.5 L PS05 | 39157 | 3.2 | 97.7
90/33B/304 | 080.3 L PS05 | 39417 | 2.4 | 98.7
90/33B/304 | 080.4 L PS05 | 39674 | 0.7 | 100.7| 98.6| N
90/33B/304 | 082.1 R PS06 | 39042 | 2.2 | 100.0
90/33B/304 | 082.2 R PS06 | 39233 | 1.0 | 103.3
90/33B/304 | 082.3 R PS06 | 39399 | 18 | 974
90/33B/304 | 082.4 R PS06 | 39553 | 3.2 | 102.7]| 99.2| N
90/33B/304 | 084.1 L PSO7 | 39911 | 1.9 | 99.7
90/33B/304 | 084.2 L PS07 | 40206 | 0.6 | 95.9
90/33B/304 | 084.3 L PS07 | 40295 | 3.9 | 97.1
90/33B/304 | 084.5 L PS07 | 40562 | 0.9 | 95.0 | 95.7| N
90/33B/304 | 96.1 R PS08 | 39868 | 1.6 | 98.5
90/33B/304 | 96.2 R PS08 | 40012 | 35 | 97.9
90/33B/304 | 96.3 R PS08 | 40439 | 2.6 | 98.7
90/33B/304 | 96.4 R PS08 | 40552 | 1.9 | 98.6 | 98.2| N
90/33B/304 | 120.7 L PS09 | 40809 | 2.6 | 98.5
90/33B/304 | 120.2 L PS09 | 41006 | 3.8 | 98.7
90/33B/304 | 120.6 L PS09 | 41300 | 1.7 | 99.1
90/33B/304 | 120.4 L PS09 | 41420 | 3.2 | 98.0 | 98.3| N
90/33B/304 | 122.5 R PS10 | 40815 | 25 | 984
90/33B/304 | 122.6 R PS10 | 40906 | 1.9 | 99.5
90/33B/304 | 122.3 R PS10 | 41216 | 14 | 95.6
90/33B/304 | 122.7 R PS10 | 41517 | 2.2 | 100.0| 97.2| N
90/33B/304 | 139.5 L PS11 | 41602 | 2.3 | 98.0
90/33B/304 | 139.2 L PS11 | 41983 | 3.3 | 98.0
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Side Chain | Offset | RDD * |CV ** | Pass
MRD Job No | Test No. L/R Lot m m % % | Y/N
90/33B/304 | 139.3 L PS11| 42051 | 1.1 | 99.1
90/33B/304 | 139.4 L PS11 | 42340 | 1.1 | 96.0 | 97.0| N
90/33B/304 | 141.1 R PS12 | 41754 | 2.8 | 98.4
90/33B/304 | 141.2 R PS12 | 41828 | 2.1 | 99.5
90/33B/304 | 141.3 R PS12 | 42188 | 1.9 | 98.6
90/33B/304 | 141.4 R PS12 | 42425 | 0.9 | 100.3| 98.7| N
90/33B/304 | 143.1 L PS13 | 42483 | 2.8 | 98.5
90/33B/304 | 143.2 L PS13 | 42860 | 2.5 | 100.4
90/33B/304 | 143.3 L PS13 | 43100 | 3.4 | 96.0
90/33B/304 | 143.4 L PS13 | 43228 | 2.9 | 994 | 974 | N
90/33B/304 | 145.5 R PS14 | 42588 | 0.5 | 99.2
90/33B/304 | 145.2 R PS14 | 42696 | 25 | 97.7
90/33B/304 | 145.3 R PS14 | 42978 | 0.3 | 98.6
90/33B/304 | 145.6 R PS14 | 43157 | 15 | 99.2 | 98.2| N
90/33B/304 | 961/7 R PS01 | 43458 | 0.7 | 98.3
90/33B/304 | 961/2 R PS01 | 43604 | 3.5 | 99.0
90/33B/304 | 961/8 R PS01 | 43927 | 2.6 | 97.2
90/33B/304 | 961/4 R PS01 | 44146 | 41 | 97.5
90/33B/304 | 961/5 R PS01 | 44366 | 3.4 | 98.5
90/33B/304 | 961/6 R PS01 | 44517 | 3.1 | 101.6|976| N
90/33B/304 | 967/1 L PS02 | 43514 | 14 | 97.6
90/33B/304 | 967/7 L PS02 | 43652 | 2.6 | 101.0
90/33B/304 | 967/3 L PS02 | 43802 | 0.2 | 101.7
90/33B/304 | 967/4 L PS02 | 44014 | 3.4 | 100.1
90/33B/304 | 967/5 L PS02 | 44309 | 0.7 | 96.9
90/33B/304 | 967/6 L PS02 | 44587 | 3.7 | 100.7| 98.3| N
90/33B/304 | 1048.1 | R PS03 | 44685 | 4.0 | 98.5
90/33B/304 | 1048.2 | R PS03 | 44951 | 1.6 | 99.1
90/33B/304 | 10483 | R PS03 | 45209 | 3.8 | 98.2
90/33B/304 | 1048.4 | R PS03 | 45318 | 0.6 | 97.5
90/33B/304 | 10485 | R PS03 | 45497 | 3.2 | 994
90/33B/304 | 10486 | R PS03 | 45877 | 0.3 | 100.6
90/33B/304 | 1048.7 | R PS03 | 46067 | 1.1 | 102.1]|98.2| N
90/33B/304 | 1061.1 | L PS04 | 44826 | 3.9 | 101.5
90/33B/304 | 1061.2 | L PS04 | 44922 | 0.8 | 99.9
90/33B/304 | 1061.3 | L PS04 | 45163 | 45 | 95.6
90/33B/304 | 1061.4 | L PS04 | 45429 | 0.7 | 102.6
90/33B/304 | 10615 | L PS04 | 45628 | 2.8 | 994
90/33B/304 | 1061.6 | L PS04 | 45693 | 1.4 | 100.7
90/33B/304 | 1061.7 | L PS04 | 45934 | 0.8 | 98.3 | 98.0| N
120/33B/305| 0882 L PS01 | 65919 | 3.9 | 101.9
120/33B/305| 0866 L PS01 | 65998 | 1.2 | 98.4
120/33B/305| 0867 L PS01 | 66151 | 1.9 | 98.3
120/33B/305| 0868 L PS01 | 66258 | 0.5 | 97.6
120/33B/305| 0869 L PS01 | 66290 | 2.9 | 105.1
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Side Chain | Offset | RDD * |CV ** | Pass

MRD Job No | Test No. L/R Lot m m % % | Y/N
120/33B/305| 0870 L PS01 | 66412 | 0.9 | 102.9| 985| N
120/33B/305| 0878 R PS02 | 65863 | 3.8 | 99.5
120/33B/305| 0879 R PS02 | 65960 | 3.6 | 102.1
120/33B/305| 0880 R PS02 | 66071 | 1.6 | 98.4
120/33B/305| 0881 R PS02 | 66181 | 0.9 | 98.0
120/33B/305| 0875 R PS02 | 66361 | 6.7 | 96.1
120/33B/305| 0876 R PS02 | 66454 | 3.0 | 100.4| 976 | N
120/33B/305| 0871 L PS03 6683y 3.3 101.8
120/33B/305| 0872 L PS03 66918 1.3 100Q.0
120/33B/305| 0873 L PS03 66980 4.2 102.8
120/33B/305| 0874 L PS03 67171 1.3 100.4 1Q0.5
120/33B/305| 0926 R PS04 66826 2.5 931
120/33B/305| 0863 R PS04 67028 4.0 1014
120/33B/305| 0864 R PS04 67045 3.7  100.7
120/33B/305| 0927 R PS04 67254 4.4 99,3  96.3
107/517/301 865 L PSO01 2334 1.§ 100.8
107/517/301 866 L PSO01 25964 0.6 98.0
107/517/301 867 L PSO01 2660 3.6 1027
107/517/301 887 L PSO01 2913 0.9 99,5 99.0
107/517/301 872 R PS02 2296 1.% 102.1
107/517/301 873 R PS02 2424 3.3 97|5
107/517/301 874 R PS02 2723 2.5 98|1
107/517/301 875 R PS02 2904 1.8 9719 97.6
107/517/301 888 L PS03 3115 2.9 100.3
107/517/301 889 L PS03 3314 1.0 98.5
107/517/301 890 L PS03 3495 3.7 99,2
107/517/301 897 L PS03 3665 1.1 93,5 96.0
107/517/301 892 R PS04 3122 0.5 96|9
107/517/301 893 R PS04 3351 3.5 97|19
107/517/301 894 R PS04 3544 0.9 100.7
107/517/301 895 R PS04 3718 1.5 93]0 95.2
20/519/802 | 15332 L PS01  2857P 1.9 95/2
20/519/802 | 15323 L PS01 28929 1.% 96|6
20/519/802 | 15324 L PSO01 29036 0.5 96j1 95.7
20/519/802 | 15325 R PS02 28643 0.4 94.0
20/519/802 | 15326 R PS02 28726 2.1 95.5
20/519/802 | 15327 R PS02 29062 1.8 984 9p.2
20/519/802 | 15329 L PS03 29255 1.3 98}7
20/519/802 | 15331 R PS03 29313 0.5 101.9
20/519/802 | 15328 L PS03  2948p 1.1 986
20/519/802 | 15330 R PS03 29521 2.3 99.4 98.7
82/533/303 | 15521 L PS01 | 492 1.7 | 102.9
82/533/303 | 15522 L PS01 | 546 2.8 | 100.8
82/533/303 | 15523 L PS01 | 730 0.3 | 105.9
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Side Chain | Offset | RDD * |CV ** | Pass
MRD Job No | Test No. L/R Lot m m % % | Y/N
82/533/303 | 15540 L PS01 | 908 4.3 | 100.3
82/533/303 | 15525 L PSO1| 1011 | 0.9 | 102.0
82/533/303 | 15541 L PSO1 | 1125 | 4.7 | 99.7 |100.3] Y
82/533/303 | 15515 | R PS02 | 485 4.7 | 100.4
82/533/303 | 15516 | R PS02 | 573 5.0 | 108.3
82/533/303 | 15517 | R PS02 | 668 1.0 | 102.9
82/533/303 | 15518 | R PS02 | 882 3.1 | 100.6
82/533/303 | 15542 | R PS02 | 990 3.0 | 100.3
82/533/303 | 15520 | R PSO02 | 1166 | 4.4 | 101.8100.6] Y
82/533/303 | 15473 L PS03 | 1883 | 0.9 | 100.7
82/533/303 | 15474 L PS03 | 2029 | 4.0 | 100.2
82/533/303 | 15475 L PS03 | 2186 | 3.3 | 101.0
82/533/303 | 15503 L PS03 | 2341 | 2.0 | 994
82/533/303 | 15501 L PS03 | 2497 | 2.6 | 102.8
82/533/303 | 15504 L PS03 | 2635 | 2.6 | 99.6
82/533/303 | 15502 L PSO3 | 2741 | 1.1 | 100.1|99.7| N
82/533/303 | 15490 | R PS04 | 1884 | 3.1 | 100.6
82/533/303 | 15491 | R PS04 | 2098 | 0.2 | 100.0
82/533/303 | 15492 | R PS04 | 2154 | 2.6 | 101.4
82/533/303 | 15493 | R PS04 | 2313 | 0.6 | 102.2
82/533/303 | 15494 | R PS04 | 2506 | 2.0 | 100.4
82/533/303 | 15495 | R PS04 | 2563 | 4.9 | 101.8
82/533/303 | 15496 | R PS04 | 2700 | 5.0 | 101.8]100.5] Y
82/533/303 | 15453 L PSO5 | 2813 | 3.6 | 994
82/533/303 | 15454-1| L PSO5| 3030 | 1.8 | 101.5
82/533/303 | 15455 L PSO5| 3171 | 1.6 | 103.0
82/533/303 | 15456 L PSO5 | 3253 | 3.6 | 100.1
82/533/303 | 15464 L PSO5 | 3434 | 3.0 | 102.8
82/533/303 | 15465 L PSO5 | 3559 | 3.0 | 102.7
82/533/303 | 15466 L PSO5| 3722 | 1.6 | 99.6 |100.1] Y
82/533/303 | 15457 | R PS06 | 2906 | 1.5 | 102.7
82/533/303 | 15458 | R PS06 | 2942 | 0.3 | 100.6
82/533/303 | 15459 | R PS06 | 3144 | 3.0 | 106.9
82/533/303 | 15460 | R PS06 | 3280 | 2.5 | 102.1
82/533/303 | 15461 | R PS06 | 3412 | 0.5 | 99.9
82/533/303 | 15462 | R PS06 | 3611 | 3.7 | 101.8
82/533/303 | 15463 | R PSO6 | 3678 | 0.9 | 99.8 |100.1] Y
82/533/304 | 452 R PSO1 | 3812 | 2.1 | 101.9
82/533/304 | 506 R PS01 | 4027 | 4.0 | 99.6
82/533/304 | 454 R PSO1 | 4087 | 1.2 | 102.5]100.5] Y
82/533/304 | 446 L PS02 | 3820 | 29 | 975
82/533/304 | 447 L PS02 | 3904 | 0.3 | 103.3
82/533/304 | 448 L PS02 | 4088 | 1.7 | 102.2]| 99.4| N
82/533/304 | 475 R PS03 | 4356 | 2.8 | 104.2
82/533/304 | 476 R PS03 | 4641 | 2.3 | 103.7
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Side Chain | Offset | RDD * |CV ** | Pass
MRD Job No | Test No. L/R Lot m m % % | Y/N
82/533/304 | 477 R PS03 | 4754 | 0.8 | 104.3|103.9] Y
82/533/304 | 469 L PS04 | 4356 | 3.8 | 100.1
82/533/304 | 470 L PS04 | 4654 1.3 | 99.7
82/533/304 | 471 L PS04 | 4756 2.0 |103.9|/100.0] Y
82/533/304 485 R PS03 5001 3.2 103.6
82/533/304 486 R PS03 5061 2.3 101.5
82/533/304 487 R PS03 5243 2.8 985 99.8
82/533/304 479 L PS06 4981 1.1  103.7
82/533/304 480 L PS06 5060 8.0 1007
82/533/304 481 L PS06 5321 11.4 100.2 100.5
82/533/304 511 R PS071 5454 2.6 99,8
82/533/304 512 R PS071 563( 1.5 997
82/533/304 513 R PSO07 5813 3.2 98/6  99.0
82/533/304 491 L PS08 5359 2.9 973
82/533/304 492 L PS08 5645 1.7 102.6
82/533/304 493 L PS08 5921 1.3 1059 99.6
82/533/304 731 L PS09 6004 2.0 976
82/533/304 732 L PS09 6424 2.4 99.2
82/533/304 733 L PS09 6498 3.3 1003 98.3
82/533/304 751 R PS1d 6014 1.2 100.2
82/533/304 752 R PS1d 6332 0.7 97]1
82/533/304 762 R PS1d 6641 1.4 997 98.1
82/533/304 775 L PS11 6765 3.7 99.8
82/533/304 790 L PS11 6965 0.8 99.7
82/533/304 791 L PS11 7255 3.4 999 99.7
82/533/304 763 R PS17 6770 0.7 98,8
82/533/304 764 R PS17 7031 3.( 99/5
82/533/304 765 R PS17 72472 2.6 9912 99.0
82/533/304 | 793 L PS13 | 7464 1.4 | 101.6
82/533/304 | 794 L PS13 | 7846 28 | 97.2
82/533/304 | 795 L PS13 | 8097 25 [101.1]|98.7| N
82/533/304 | 767 R PS14 | 7600 | 3.7 | 104.1
82/533/304 | 768 R PS14| 7919 | 3.3 | 99.0
82/533/304 | 769 R PS14 | 7995 1.5 | 993 | 993 N
20/85C/807 1227 L PS01 153632 3.2 95/3
20/85C/807 1226 L PS01 153828 2.1 104.1
20/85C/807 1201 L PS01 154170 1.7 96}4
20/85C/807 1200 L PS01 154296 1.7 103.1
20/85C/807 1199 L PS01 154646 2.1 96/1
20/85C/807 1198 L PS01 154910 3.6 93}4 94.9
20/85C/807 1229 R PSO02 153649 0.8 101.2
20/85C/807 1228 R PS02 153784 24 1014
20/85C/807 1205 R PS02 154227 1.9 96.2
20/85C/807 1204 R PS02 154291 1.1 98.5
20/85C/807 1203 R PS02 154607 2.6 100.1
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Side Chain | Offset | RDD * |[CV ** | Pass
MRD Job No | Test No. L/R Lot m m % % Y/N

20/85C/807 1202 R PS02 154918 2.0 104.1 98.3 [N

90/514/201 | 1453 PS301| 16338 | 3.0 94.9

90/514/201 | 1455 PS301| 16518 | 3.2 99.0

90/514/201 | 1454 PS301| 16660 | 3.2 95.6

90/514/201 | 1456 PS301| 16728 | 3.0 98.3 | 95.7| N

90/514/201 | 1435 PR201| 23033 | 2.7 99.6

90/514/201 | 1424 PR201| 23961 | 2.1 | 102.6 100.2] Y

90/514/201 | 1434 PL201| 23041 | 2.6 | 104.0

90/514/201 | 1433 PL201 | 23287 | 2.5 92.6

90/514/201 | 1423 PL201| 23982 | 2.3 97.1 |1 948| N

90/514/201 | 1428 PL202 | 24043 | 3.0 93.3

90/514/201 | 1427 PL202 | 24498 | 3.2 98.5

90/514/201 | 1414 PL202 | 25145 | 2.2 984 | 951 | N

90/514/201 | 1426 PR202| 24136 | 2.3 98.3

90/514/201 | 1425 PR202| 24442 | 2.4 97.6

90/514/201 | 1429 PR202| 24971 | 3.0 98.2 | 97.8| N

90/514/201 | 1399 PR101| 26178 | 3.0 97.9

90/514/201 | 1398 PR101| 26534 | 2.4 | 100.6

90/514/201 | 1392 PR101| 27227 | 2.5 979 | 98.0] N

90/514/201 | 1415 PL101| 26194 | 25 99.6

90/514/201 | 1397 PL101| 26821 | 3.0 | 100.0

||| 00300 rC|r|rr|r|\rr|gdaor|or

90/514/201 | 1393 PL101| 27324 | 2.5 | 101.0] 99.8| N

* RDD — Relative Dry Density % at the test locatiiter compaction.

** CV — Characteristic Value — a statistical comtina of the RDD values for a group
of RDD tests for a single lot. The lot passef& €V is 100% or higher.
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Table D.2 - Project Site Identification and Descrigion

Identification of the separate sites selected WiCFtesting for comparison with
construction quality control RDD test results. jBob Site ID numbers are allocated to
each selected site, cross-referenced to the MRINdofber.

Site MRD Road Chainage km o
D Description
No. | J0P No. | No- | giart | Finish
1 | 90/33A/806] 33A | 153.000 154.500 Peak Downs Highway éR@ttation
Project)
2 1120/33B/30% 33B| 66.700 67.300 Peak Downs Highway ($$&rdek tdg
Sawn Creek)
3 |107/517/301 517 2.150 3.850 Sarina-Homebush Road
(Mt Convenient to West Plane Cree
Road)
4 | 20/519/802| 519| 28.400 29.600 Dysart-Middlemount Road
(Rehabilitation between Norwich Paf
Mine and Shire Boundry)
5 | 82/533/304| 533 4.800 7.400 Marian-Eton Road (MullevadRto
Crebers Corners)
6 | 20/85C/807, 85C| 153.500 155.100 Fitzroy DevelopmendRoa
(Rehabilitation Project)
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Figure D-1 - Lot Identification for Selected Test 8es

Showing the arrangement of lots for each seledted $est locations within each lot
are identified by the lot ID number $l.t wheres is the site numbet,is the lot number
for that site and is the test location number within the lot, gefignaumbered in
increasing chainage order.

Site 1- Start 11 End
e L. Chainage: Chainage:
153.000 km 1.2 154.500 km
. ) Start 21 End
Site 2: Chainage: Chainage:
66.700 km 2.2 67.300 km
Site 3: Start 3.1 3.2 End
ite 3: Chainage: Chainage:
2.150 km 3.3 3.4 3.850 km
. Start 4.1 End
Site 4: ; . ) .
Chainage: 4.3 | Chainage:
28.400 km 4.2 29.600 km
Site 5: Start 5.1 5.2 5.3 5.4 End
e 5. Chainage: Chainage:
4.800 km 5.5 5.6 5.7 5.8 7.400 km
. Start 6.1 End
Site 6: Chainage: Chainage:
153.500 km 6.2 155.100 km
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Table D.3 - Acceptance Test Results Summary

Summarising the Relative Dry Density constructiomlgy control test results for each
of the lots selected for FWD testing.

1o | Lot | Chanagekm | TS| Range | OV
No. | 'P | Start | End Sites % %
1 1.1 | 153.00Q 154.500 L 8 100.4-93.0 94.8
1 1.2 | 153.00Q0 154500 R 9 98.2-91|6 93.y
2 2.1 | 66.600| 67.300 L 4 102.8-100 100.p
2 2.2 | 66.600, 67.300 R 4 101.4-93.1 96.3
3 3.1 | 2.150 3.000 L 4 102.7-98/0  99.(¢
3 3.2 | 3.000 3.850 L 4 100.3-93/5 96.(
3 3.3 2.150 3.000 R 4 102.1-97|\5 97.¢
3 3.4 | 3.000 3.850 R 4 100.7-93|0 95.2
4 4.1 | 28.400| 29.150 L 3 96.6-95.P 95.7
4 4.2 | 28.400| 29.150 R 3 98.4-94)0 95.2
4 4.3 | 29.150] 29.600 LR 4 101.9-986  98.7
5 51| 4.800 5.350 L 3 103.7-100.2 100.p
5 5.2 | 5.350 5.990 L 3 105.9-97|3  99.6
5 53| 5.345 6.700 L 3 100.3-97/6  98.3
5 54| 6.700 7.400 L 3 99.9-99.7 99.7
5 55| 4.800 5.350 R 3 103.6-98|5 99.%
5 5.6 | 5.350 5.990 R 3 99.8-98.6 99.(
5 5.7 | 5.345 6.700 R 3 100.2-97{1  98.1
5 58| 6.700 7.400 R 3 99.5-98.8 99.(
6 6.1 153.5 155.1 L 6 104.1-93/4 94.9
6 6.2 153.5 155.1 R 6 104.1-96{2 98.%

* CV - the Characteristic Value of the RDD tessuklts for each lot — a statistical
combination of the RDD values for a group of RDBts$efor a single lot. The lot passes
if the CV is 100% or higher.
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Table D.4 - Acceptance Test Data — Selected Sites

Complete listing of RDD construction quality cortaeceptance tests for the lots
selected for FWD testing as part of this investaratThe locations of these tests were
used as the basis for locating the comparison Fe¢Bt

Test | Site Lot ID | Test ID Chain |Offset| Side| RDD CV |Pasq
No. |[ID No m m L/R % % |Y/N
1 1 1.1 1.1.1 153103 2.2 L 94.9
2 1 1.1 1.1.2 153221 14 L 93.0
3 1 1.1 1.1.3 153537 2.4 L 96.9
4 1 1.1 1.1.4 153602 2.2 L 100.4
5 1 1.1 1.1.5 153821 0.5 L 95.1
6 1 1.1 1.1.6 153946 2.1 L 98.9
7 1 1.1 1.1.7 154186 3.5 L 97.4
8 1 1.1 1.1.8 154441 2.0 L 96.4 94.8 IN
9 1 1.2 1.2.1 153158 3.0 R 94.4
10 1 1.2 1.2.2 153313 0.7 R 95.3
11 1 1.2 1.2.3 153462 1.7 R 98.2
12 1 1.2 1.2.4 153588 3.6 R 91.6
13 1 1.2 1.2.5 15375% 0.8 R 99.0
14 1 1.2 1.2.6 153871 3.0 R 96.6
15 1 1.2 1.2.7 154115 4.4 R 93.2
16 1 1.2 1.2.8 154204 1.7 R 95.2
17 1 1.2 1.2.9 154365 1.6 R 97.1 937 N
18 2 2.1 2.1.1 66837 3.3 L 101.8
19 2 2.1 2.1.2 66913 1.3 L 100.¢
20 2 2.1 2.1.3 66980 4.2 L 102.8
21 2 2.1 2.1.4 67171 1.3 L 100.4 1005 Y
22 2 2.2 2.2.1 66826 2.5 R 93.1
23 2 2.2 2.2.2 67028 4.0 R 101.4
24 2 2.2 2.2.3 67045 3.7 R 100.7
25 2 2.2 2.2.4 67254 4.4 R 99.3 96.8 N
26 3 3.1 3.1.1 2334 1.8 L 100.8
27 3 3.1 3.1.2 2596 0.6 L 98.0
28 3 3.1 3.1.3 2660 3.6 L 102.7
29 3 3.1 3.14 2913 0.9 L 99.5 99.0 N
30 3 3.2 3.2.1 3115 2.9 L 100.3
31 3 3.2 3.2.2 3314 1.0 L 98.5
32 3 3.2 3.2.3 3495 3.2 L 99.2
33 3 3.2 3.2.4 3665 1.1 L 93.5 96.0 N
34 3 3.3 3.3.1 2296 1.5 R 102.1
35 3 3.3 3.3.2 2424 3.3 R 97.5
36 3 3.3 3.3.3 2723 2.5 R 98.1
37 3 3.3 3.34 2904 1.8 R 97.9 97.6 N
38 3 3.4 34.1 3122 0.5 R 96.9
39 3 3.4 3.4.2 3351 3.5 R 97.9
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Test | Site Lot ID | Test ID Chain |Offset| Side| RDD CV |Pasq
No. |[ID No m m L/R % % |Y/N
40 3 3.4 3.4.3 3544 0.9 R 100.7

41 3 3.4 3.4.4 3718 1.5 R 93.0 95.2
42 4 4.1 4.1.1 28579 1.9 L 95.2

43 4 4.1 4.1.2 28929 1.5 L 96.6

44 4 4.1 4.1.3 29035 0.5 L 96.1 95.v |
45 4 4.2 4.2.1 28643 0.4 R 94.0

46 4 4.2 4.2.2 28726/ 2.1 R 95.5

47 4 4.2 4.2.3 29062 1.8 R 98.4 95.p
48 4 4.3 4.3.1 29255 1.3 L 98.7

49 4 4.3 4.3.2 29313 0.5 R 101.9

50 4 4.3 4.3.3 29486 1.1 L 98.6

51 4 4.3 4.3.4 29521 2.3 R 99.4 98.[7
52 5 5.1 511 4981 1.1 L 103.7

53 5 5.1 5.1.2 5060 8.0 L 100.7

54 5 5.1 5.1.3 5321 11.4 L 100.2 100i5
55 5 5.2 5.2.1 5359 2.9 L 97.3

56 5 5.2 5.2.2 5645 1.7 L 102.6

57 5 5.2 5.2.3 5921 1.3 L 105.9 99.6 |
58 5 5.3 5.3.1 6004 2.0 L 97.6

59 5 5.3 5.3.2 6424 2.4 L 99.2

60 5 5.3 5.3.3 6498 3.3 L 100.3 98.8 |
61 5 5.4 541 6765 3.7 L 99.8

62 5 5.4 5.4.2 6965 0.8 L 99.7

63 5 5.4 5.4.3 7255 3.4 L 99.9 99.7 )
64 5 55 55.1 5001 3.2 R 103.6

65 5 5.5 5.5.2 5061 2.3 R 101.%

66 5 55 5.5.3 5243 2.8 R 98.5 99.8
67 5 5.6 5.6.1 5454 2.6 R 99.8

68 5 5.6 5.6.2 5630 1.5 R 99.7

69 5 5.6 5.6.3 5813 3.2 R 98.6 99.0
70 5 5.7 5.7.1 6014 1.2 R 100.2

71 5 5.7 5.7.2 6332 0.7 R 97.1

72 5 5.7 5.7.3 6641 1.6 R 99.7 98.1
73 5 5.8 5.8.1 6770 0.7 R 98.8

74 5 5.8 5.8.2 7031 3.0 R 99.5

75 5 5.8 5.8.3 7242 2.6 R 99.2 99.0
76 6 6.1 6.1.1 153632 3.7 L 95.3

77 6 6.1 6.1.2 153828 2.1 L 104.1

78 6 6.1 6.1.3 154170 1.7 L 96.4

79 6 6.1 6.1.4 154296 1.7 L 103.1

80 6 6.1 6.1.5 154646 2.1 L 96.1

81 6 6.1 6.1.6 154910 3.6 L 93.4 94.9
82 6 6.2 6.2.1 153649 0.8 R 101.2

83 6 6.2 6.2.2 153784 2.4 R 101.4
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Test | Site Lot ID | Test ID Chain |Offset| Side| RDD CV |Pasq
No. |[ID No m m L/R % % |Y/N
84 6 6.2 6.2.3 154227 1.9 R 96.2

85 6 6.2 6.2.4 154291 1.1 R 98.5

86 6 6.2 6.2.5 154607 2.6 R 100.1

87 6 6.2 6.2.6 154918 2.0 R 104.1 98.3
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APPENDIX E — PROJECT DATA & INSPECTIONS

E.1 Insitu Stabilisation Design Data

Pre-design investigations of each site were canigdo determine the layer thicknesses
and strengths of the existing soils. Once theldepttabilisation and the thickness of

grade-fixing gravel was decided, UCS tests withyway cement content were carried

out on sample of the final mix to determine cenwmitent to reach or exceed the target
600 — 2000 MPa.

Table E.1 shows the design thicknesses of the agb-Bnd top modified base layers
which were assessed from the results of the prigrd@svestigation, the modului of the
existing subgrade and sub-base, and the targetlosottu the modified layer. The last
column shows the cement content to be added tewaeline target modulus.

Table E.2 shows the design traffic values asseseadthe best available data and the
target total Standard Axle Repetitions (SAR) valegpressed in Equivalent Standard

Axles (ESAs). The pavement layer design attemfexthieve the SAR values.

Table E.3 shows the capability of the designed bidteted pavement forecast by
CIRCLY and the consequential forecast design liteven though the forecast design
life generally fell short of the desired target ideslife, other factors dictated that the

projects proceed.
E.2 Rehabilitated Pavement Visual Inspection Resudt

Table E.4 shows the results of the visual inspastiof the road pavements carried out
for this project in August 2007. The rehabilitatedd pavements had been in service

for periods between six and eighteen months.
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Table E.1 - Pavement Design Parameters

S Thickness mm Modulus MPa Cement
ite
D (Base
Sub- Layer)
No. Base |Subgrade| Sub-base| Base
base %
1 200 200 40 69 1000 2%
2 200 150 50 650 1000 2.5%
3 0 300 30 - 2000 3%
4 100 200 71.4 71.0 600 2%
5 0 200 50 - 1000 3%
6 200 225 50 186 600 2%
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*%*

H#H#

Table E.2 - Design Traffic Assumptions

1 2 3 4 5 6 7 8

Site | AADT | Heavy | . . Design SAR #
ID | Initial | Vehicles| ~ " F.* | Life | f* | (x10°
No. vpd* % P years ESAs

1 2590 16.0 16.0 3.2 10| 25 7.000
20 133 | 37.900

2 4121 8.3 5.3 3.2 10 | 13.4 | 2.700
20 25.9 | 7.200
3 878 7.5 2.4 3.2 10 12
20 28 0.113
4 750 14.0 5.0 3.2 10 13 0.658
20 25 1.780
5 618 13.1 4.0 3.2
20 29.8 | 1.400
6 273 11.0 5.2 3.2 10 | 18.56| 1.100

20 71.27| 4.200

total vehicles per day at rehabilitation completidate, both ways.

Standard axles per heavy vehicle - Culway DatanNMaads Mackay Memo
issued 19/12/2001

Total axles factor for design life and growth tac Equation 7.6 MRD

SNy
f = @+ 0.01i)(1+0'01'_) 1
0.01 i
where i = growth rate percentage
y = years

Total Standard Axle Repetitions for assumed ahelsig
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Table E.3 - CIRCLY Design Life Forecast

1 2 3 4 5
Site | Forecast SAR Desired | SAR for Desired| CIRCLY Forecast
ID Capability Design Life Design Life Design Life
No. x 10° yr x 10° yr

1 1.00 10 7.0 2

2 4.50 20 7.2 12

3 0.93 20 1.1 16

4 1.05 20 1.78 12

5 3.70 20 2.50 29

6 1.90 20 4.20 9
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Table E.4 - Visual Inspection Results

Post-construct

ion Inspection Results - August 2007

Site
ID Chainage Visual Description
No.
1 |154.261 — 154.278 (LHS)Edge line longitudinal cracking with adjacent nugfi

153.871 — 153.893 (LHS

153.680 — 153.780 (LHS

153.432 — 153.440 (LHS

Longitudinal cracking on shoulder line

Bitumen stripping has occurred and patched with
asphalt pothole mix

Longitudinal cracking

All

No obvious signs of deterioration or distre$she
pavement.

Significant signs of bleeding especially in theann
and outer wheel paths.

3.314 — 3.333 (LHS)

18 mm rut near the centre line

Significant signs of bleeding especially in theenn
and outer wheel paths.

All

No obvious signs of deterioration or distre$gle
pavement.

Signs of bleeding in the inner and outer wheel pgth
in small sections throughout site.

All

No obvious signs of deterioration or distre$ste
pavement.

Significant signs of bleeding especially in theann
and outer wheel paths.

153.892 — 153.933 (RHS$)ongitudinal cracking in shoulder

154.237 — 154.281 (LHS

154.416 — 154.388 (LHS

154.640 — 154.651 (RH$)ongitudinal cracking in shoulder.

Longitudinal cracking in shoulder.

Longitudinal cracking in shoulder.
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APPENDIX F — RAW FWD DEFLECTION RESULTS

The following Table F.1 lists the Falling Weight fixetometer deflection readings for
nominal 60, 80 and 110 kPa impacts taken as clog®ssible to the location where the
Relative Dry Density tests were conducted duringistwuction ie Site Specific

locations. These pressures are equivalent to radrdi, 60 and 80 kN total force

application on the base plate.

Table F.2 lists the Falling Weight Deflectometeflelgtion readings taken for each site
at regular intervals (50 m or 100 m) along the owmtbeel track in each lane over the

full length of the site.

Table F.1 - Site Specific Deflection Results

Table F.1(a) - Site 1 - Chainage 153.300 - 154.600Qeft Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
1.1.2 | 153.221 598 0.756 0.461 0.367 0.268 0.200 0.129 0.069

600 0.742 0.452 0.361 0.264 0.198 0.129 0.069
599 0.737 0.448 0.358 0.263 0.195 0.127 0.069
874 1.043 0.650 0.519 0.388 0.295 0.194 0.103
1138 1.364 0.837 0.667 0.498 0.387 0.254 0.135
1.1.3 | 153.537 599 1.072 0.812 0.660 0.464 0.312 0.166 0.080
601 1.048 0.796 0.654 0.462 0.312 0.171 0.086
590 1.027 0.780 0.641 0.454 0.309 0.168 0.084
860 1.380 1.066 0.881 0.635 0.439 0.245 0.120
1126 1.737 1.335 1.107 0.805 0.567 0.318 0.154
1.1.4 | 153.602 601 0.661 0.501 0.420 0.295 0.208 0.116 0.059
600 0.649 0.490 0.410 0.289 0.204 0.122 0.062
603 0.649 0.490 0.409 0.288 0.204 0.125 0.065
864 0.893 0.680 0.572 0.405 0.289 0.174 0.088
1133 1.143 0.864 0.696 0.515 0.370 0.226 0.115
1.1.5 | 153.821 575 0.191 0.159 0.146 0.122 0.099 0.070 0.039
567 0.189 0.156 0.143 0.120 0.097 0.068 0.041
564 0.187 0.156 0.142 0.118 0.096 0.069 0.038
828 0.283 0.241 0.221 0.184 0.150 0.107 0.057
1119 0.384 0.322 0.298 0.246 0.201 0.144 0.080
1.1.6 | 153.946 561 0.621 0.580 0.547 0.480 0.413 0.309 0.155
555 0.610 0.564 0.536 0.465 0.399 0.299 0.149
559 0.611 0.564 0.534 0.465 0.399 0.298 0.149
833 0.835 0.794 0.727 0.650 0.556 0.413 0.206
1107 1.087 1.001 0.883 0.813 0.696 0.513 0.256
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

1.1.7 | 154.186 571 1.257 0.904 0.698 0.469 0.314 0.191 0.138

573 1.192 0.877 0.684 0.469 0.322 0.202 0.138

570 1.172 0.868 0.680 0.470 0.328 0.205 0.133

842 1.673 1.252 0.998 0.697 0.488 0.320 0.194

1101 2.109 1.606 1.283 0.914 0.660 0.425 0.252

1.1.8 | 154.441 601 0.792 0.716 0.651 0.519 0.407 0.264 0.104

592 0.767 0.693 0.626 0.504 0.396 0.258 0.104

589 0.758 0.683 0.618 0.498 0.390 0.255 0.105

853 1.106 0.983 0.882 0.712 0.566 0.372 0.156

1112 1.430 1.254 1.126 0.904 0.718 0.474 0.201

Table F.1(b) - Site 1 - Chainage 153.300 - 154.60Right Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
122 | 153.313 607 0.499 0.342 0.268 0.206 0.159 0.092 0.050

611 0.490 0.336 0.268 0.197 0.150 0.102 0.062

610 0.490 0.334 0.267 0.197 0.148 0.103 0.061

894 0.653 0.482 0.389 0.294 0.228 0.154 0.090

1161 0.861 0.614 0.501 0.374 0.291 0.205 0.121

123 | 153.462 577 0.470 0.381 0.336 0.273 0.215 0.143 0.092

576 0.465 0.376 0.338 0.266 0.212 0.139 0.087

573 0.462 0.373 0.334 0.263 0.209 0.139 0.087

844 0.677 0.554 0.491 0.401 0.319 0.219 0.132

1116 0.895 0.721 0.643 0.519 0.417 0.290 0.171

124 | 153.588 569 1.150 0.912 0.784 0.600 0.464 0.290 0.134

561 1.117 0.885 0.761 0.585 0.454 0.289 0.128

562 1.109 0.880 0.755 0.582 0.454 0.288 0.127

835 1.524 1.224 1.045 0.823 0.649 0.419 0.189

1104 1.889 1.513 1.297 1.031 0.820 0.534 0.245

1.2.5 | 153.755 578 0.237 0.214 0.203 0.164 0.132 0.092 0.046

574 0.234 0.210 0.198 0.162 0.132 0.090 0.045

568 0.234 0.208 0.197 0.161 0.131 0.090 0.046

837 0.336 0.316 0.299 0.246 0.199 0.137 0.078

1119 0.461 0.411 0.389 0.323 0.264 0.184 0.095

1.2.6 | 153.871 582 1.012 0.755 0.599 0.415 0.290 0.161 0.079

574 0.952 0.718 0.575 0.403 0.280 0.160 0.079

572 0.940 0.712 0.571 0.402 0.276 0.163 0.070

846 1.318 1.011 0.826 0.591 0.420 0.244 0.115

1109 1.638 1.267 1.035 0.761 0.554 0.327 0.146

1.2.7 | 154115 574 0.957 0.615 0.489 0.323 0.225 0.145 0.091

568 0.907 0.595 0.475 0.320 0.225 0.145 0.093

567 0.898 0.592 0.472 0.320 0.225 0.146 0.094

851 1.238 0.851 0.680 0.474 0.338 0.221 0.137

1127 1.550 1.082 0.862 0.616 0.449 0.296 0.184
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

1.2.8 | 154.204 572 0.413 0.362 0.327 0.273 0.221 0.154 0.091

566 0.406 0.357 0.321 0.268 0.213 0.153 0.091

568 0.408 0.358 0.323 0.269 0.217 0.153 0.091

834 0.601 0.532 0.481 0.398 0.322 0.232 0.136

1108 0.786 0.692 0.610 0.518 0.424 0.303 0.178

1.2.9 | 154.365 573 0.411 0.358 0.325 0.270 0.218 0.152 0.091

560 0.409 0.353 0.320 0.266 0.215 0.154 0.091

557 0.408 0.352 0.319 0.265 0.214 0.155 0.090

833 0.597 0.525 0.479 0.397 0.324 0.230 0.134

1112 0.792 0.682 0.625 0.518 0.425 0.304 0.172

Table F.1(c) - Site 2 - Chainage 66.800 - 67.30Deft Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
211 | 66.837 574 0.128 0.118 0.112 0.099 0.085 0.066 0.035

568 0.126 0.117 0.111 0.098 0.084 0.064 0.034

564 0.127 0.117 0.110 0.098 0.084 0.064 0.035

862 0.191 0.180 0.170 0.150 0.130 0.099 0.053

1153 0.263 0.242 0.227 0.201 0.175 0.132 0.072

212 | 66.913 602 0.194 0.126 0.113 0.094 0.075 0.054 0.027

600 0.191 0.125 0.112 0.093 0.075 0.053 0.029

601 0.191 0.126 0.113 0.093 0.076 0.053 0.031

867 0.280 0.196 0.176 0.145 0.117 0.082 0.044

1147 0.381 0.271 0.243 0.200 0.161 0.112 0.058

213 | 66.980 585 0.243 0.128 0.115 0.093 0.073 0.048 0.023

579 0.236 0.125 0.113 0.092 0.072 0.049 0.026

577 0.235 0.124 0.112 0.092 0.072 0.049 0.024

863 0.348 0.201 0.181 0.145 0.114 0.078 0.040

1150 0.460 0.280 0.252 0.201 0.159 0.107 0.055

214 | 67171 608 0.150 0.137 0.132 0.120 0.112 0.045 0.029

607 0.151 0.136 0.131 0.120 0.110 0.048 0.030

598 0.149 0.135 0.129 0.118 0.109 0.047 0.030

866 0.213 0.207 0.199 0.181 0.167 0.072 0.045

1130 0.299 0.280 0.268 0.244 0.224 0.100 0.061

Table F.1(d) - Site 2 - Chainage 66.800 - 67.30Right Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
221 | 66.826 590 0.256 0.191 0.161 0.118 0.087 0.052 0.020

585 0.249 0.188 0.157 0.116 0.085 0.051 0.023

584 0.249 0.187 0.157 0.115 0.085 0.051 0.022

858 0.357 0.276 0.234 0.175 0.130 0.079 0.030

1141 0.464 0.362 0.306 0.232 0.175 0.106 0.042
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

222 | 67.028 569 0.127 0.110 0.095 0.077 0.063 0.048 0.026

566 0.123 0.106 0.093 0.075 0.062 0.044 0.026

564 0.123 0.105 0.092 0.075 0.062 0.045 0.027

843 0.187 0.166 0.146 0.120 0.099 0.071 0.041

1135 0.251 0.226 0.200 0.164 0.137 0.099 0.056

223 | 67.045 577 0.105 0.093 0.088 0.079 0.071 0.057 0.025

573 0.103 0.093 0.088 0.078 0.069 0.056 0.026

570 0.103 0.092 0.087 0.078 0.069 0.054 0.027

841 0.157 0.145 0.136 0.122 0.109 0.087 0.040

1137 0.211 0.196 0.186 0.165 0.147 0.118 0.056

224 | 67.254 574 0.131 0.116 0.106 0.091 0.077 0.058 0.031

570 0.128 0.114 0.104 0.089 0.077 0.057 0.030

566 0.128 0.112 0.103 0.089 0.076 0.056 0.031

856 0.196 0.179 0.166 0.142 0.123 0.093 0.049

1143 0.269 0.244 0.227 0.196 0.170 0.129 0.070

Table F.1(e) - Site 3 - Chainage 2.200 - 3.800 -ft8ide

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
311 | 2334 596 0.262 0.241 0.225 0.201 0.172 0.128 0.067

588 0.258 0.236 0.223 0.196 0.167 0.126 0.066

588 0.258 0.238 0.222 0.197 0.168 0.126 0.065

855 0.419 0.385 0.358 0.317 0.271 0.201 0.104

1121 0.595 0.542 0.504 0.440 0.374 0.277 0.139

3.1.2 2.596 606 0.519 0.395 0.322 0.238 0.172 0.114 0.058

600 0.513 0.389 0.316 0.235 0.171 0.112 0.059

597 0.508 0.386 0.314 0.234 0.170 0.111 0.059

879 0.777 0.598 0.488 0.363 0.265 0.171 0.090

1148 1.059 0.804 0.658 0.491 0.361 0.231 0.121

3.1.3 2.660 604 0.253 0.210 0.195 0.174 0.148 0.113 0.066

613 0.256 0.212 0.197 0.177 0.149 0.114 0.065

606 0.250 0.209 0.194 0.174 0.147 0.112 0.062

873 0.370 0.317 0.293 0.262 0.223 0.169 0.088

1127 0.495 0.420 0.391 0.347 0.298 0.224 0.123

3.14 2.913 583 0.360 0.305 0.258 0.213 0.170 0.117 0.060

579 0.358 0.300 0.256 0.212 0.169 0.117 0.059

581 0.361 0.301 0.257 0.213 0.170 0.118 0.061

848 0.540 0.464 0.400 0.331 0.265 0.183 0.093

1123 0.750 0.621 0.539 0.445 0.359 0.245 0.124

3.2.1 3.115 589 0.219 0.201 0.183 0.160 0.133 0.096 0.047

587 0.217 0.199 0.181 0.159 0.134 0.093 0.052

583 0.218 0.199 0.181 0.158 0.131 0.095 0.047

851 0.335 0.311 0.284 0.248 0.208 0.145 0.075

1122 0.462 0.427 0.371 0.338 0.282 0.197 0.098
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

3.2.2 3.314 559 0.243 0.216 0.204 0.174 0.142 0.095 0.048

552 0.240 0.216 0.201 0.172 0.140 0.095 0.047

551 0.240 0.216 0.201 0.172 0.140 0.095 0.047

838 0.388 0.350 0.325 0.278 0.225 0.151 0.074

1126 0.543 0.485 0.414 0.383 0.308 0.207 0.101

3.2.3 3.495 539 0.171 0.179 0.167 0.153 0.135 0.106 0.057

538 0.173 0.177 0.167 0.152 0.135 0.106 0.057

537 0.175 0.176 0.167 0.153 0.135 0.106 0.057

824 0.270 0.280 0.265 0.242 0.215 0.168 0.090

1106 0.366 0.384 0.364 0.329 0.294 0.230 0.122

3.24 3.665 565 0.530 0.442 0.390 0.304 0.232 0.143 0.074

562 0.526 0.439 0.385 0.302 0.232 0.144 0.075

559 0.524 0.436 0.383 0.301 0.230 0.143 0.074

836 0.792 0.675 0.601 0.472 0.362 0.226 0.112

1116 1.078 0.912 0.801 0.641 0.496 0.311 0.150

Table F.1(f) - Site 3 - Chainage 2.200 - 3.800 -dRit Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
334 | 229 596 0.234 0.219 0.210 0.191 0.167 0.119 0.068

591 0.233 0.216 0.207 0.188 0.162 0.117 0.068

589 0.235 0.215 0.207 0.188 0.162 0.118 0.071

868 0.368 0.344 0.328 0.295 0.253 0.181 0.106

1133 0.517 0.474 0.452 0.398 0.343 0.242 0.139

3.3.2 2.423 591 0.255 0.235 0.221 0.192 0.160 0.116 0.060

589 0.253 0.232 0.215 0.189 0.159 0.116 0.060

589 0.254 0.234 0.218 0.190 0.159 0.116 0.059

857 0.391 0.369 0.341 0.298 0.253 0.184 0.091

1121 0.552 0.509 0.471 0.409 0.347 0.250 0.125

3.3.3 2.723 603 0.199 0.176 0.165 0.146 0.126 0.094 0.050

597 0.197 0.173 0.163 0.144 0.125 0.091 0.049

593 0.198 0.174 0.164 0.144 0.125 0.092 0.049

858 0.291 0.270 0.253 0.221 0.191 0.141 0.073

1121 0.423 0.374 0.352 0.304 0.263 0.191 0.099

3.34 2.904 607 0.176 0.162 0.147 0.129 0.109 0.077 0.048

605 0.175 0.160 0.145 0.128 0.110 0.075 0.053

605 0.177 0.160 0.144 0.128 0.110 0.075 0.052

871 0.278 0.251 0.227 0.197 0.166 0.118 0.066

1129 0.377 0.344 0.312 0.267 0.223 0.162 0.084

3.4.1 3.122 579 0.264 0.227 0.211 0.172 0.139 0.094 0.046

577 0.262 0.225 0.210 0.172 0.139 0.093 0.047

573 0.262 0.225 0.208 0.172 0.139 0.091 0.050

846 0.416 0.365 0.336 0.275 0.221 0.147 0.073

1125 0.589 0.505 0.466 0.378 0.302 0.200 0.099
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

34.2 3.351 601 0.163 0.145 0.134 0.112 0.090 0.056 0.016

603 0.162 0.144 0.134 0.111 0.088 0.054 0.018

600 0.161 0.144 0.133 0.110 0.088 0.055 0.015

867 0.239 0.227 0.211 0.172 0.138 0.085 0.025

1132 0.349 0.322 0.295 0.240 0.191 0.118 0.029

3.4.3 3.544 563 0.179 0.156 0.148 0.131 0.114 0.088 0.055

560 0.178 0.154 0.146 0.130 0.113 0.085 0.056

557 0.178 0.153 0.146 0.130 0.113 0.086 0.055

826 0.264 0.239 0.228 0.202 0.176 0.135 0.086

117 0.368 0.326 0.308 0.273 0.239 0.184 0.114

344 3.718 607 0.333 0.296 0.270 0.228 0.183 0.128 0.070

595 0.326 0.290 0.264 0.221 0.178 0.124 0.068

595 0.326 0.289 0.265 0.222 0.179 0.126 0.067

861 0.507 0.457 0.416 0.346 0.280 0.193 0.097

1130 0.710 0.638 0.572 0.477 0.390 0.262 0.126

Table F.1(g) - Site 4 - Chainage 28.500 - 29.600.eft Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
411 | 28579 617 0.452 0.350 0.302 0.244 0.195 0.124 0.052

613 0.446 0.346 0.298 0.241 0.192 0.122 0.054

614 0.445 0.346 0.298 0.241 0.192 0.122 0.049

899 0.651 0.511 0.436 0.353 0.280 0.180 0.071

1172 0.893 0.681 0.578 0.466 0.370 0.238 0.096

412 | 28.929 615 0.314 0.263 0.229 0.168 0.120 0.063 0.031

614 0.308 0.258 0.223 0.165 0.115 0.059 0.026

614 0.307 0.258 0.224 0.165 0.114 0.058 0.027

892 0.456 0.377 0.323 0.239 0.169 0.082 0.032

1162 0.604 0.490 0.418 0.307 0.216 0.110 0.039

413 | 29.035 625 0.578 0.358 0.242 0.118 0.060 0.028 0.017

619 0.557 0.348 0.234 0.117 0.061 0.029 0.016

615 0.551 0.343 0.231 0.116 0.061 0.028 0.017

912 0.791 0.506 0.344 0.173 0.092 0.043 0.026

1194 1.035 0.655 0.445 0.229 0.129 0.056 0.034

431 | 29.255 593 0.539 0.432 0.378 0.303 0.239 0.157 0.083

588 0.530 0.422 0.372 0.297 0.234 0.154 0.083

589 0.531 0.423 0.371 0.297 0.234 0.153 0.085

863 0.787 0.648 0.574 0.457 0.359 0.239 0.129

1129 1.062 0.866 0.764 0.610 0.481 0.319 0.168

433 | 29.486 596 0.455 0.334 0.265 0.189 0.134 0.082 0.039

596 0.448 0.330 0.264 0.189 0.136 0.084 0.041

592 0.445 0.328 0.263 0.188 0.135 0.083 0.040

873 0.683 0.508 0.406 0.292 0.211 0.128 0.060

1150 0.922 0.686 0.550 0.397 0.288 0.174 0.079
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Table F.1(h) - Site 4 - Chainage 28.500 - 29.60®Right Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
421 | 28643 565 1.311 0.968 0.755 0.545 0.385 0.231 0.111
564 1.268 0.931 0.738 0.545 0.378 0.227 0.113
563 1.254 0.924 0.733 0.535 0.384 0.231 0.112
837 1.750 1.326 1.065 0.795 0.571 0.345 0.171
1094 2.201 1.674 1.360 1.017 0.743 0.454 0.223
422 | 28.726 581 1.308 0.957 0.755 0.538 0.382 0.207 0.093
581 1.299 0.952 0.753 0.538 0.383 0.209 0.092
577 1.289 0.945 0.747 0.534 0.381 0.209 0.092
854 1.805 1.359 1.091 0.796 0.577 0.317 0.136
1110 2.259 1.720 1.395 1.029 0.752 0.418 0.176
423 | 29.062 627 1.113 0.707 0.499 0.269 0.148 0.062 0.034
636 1.080 0.699 0.500 0.273 0.152 0.067 0.038
634 1.063 0.696 0.492 0.271 0.153 0.065 0.035
933 1.436 0.952 0.670 0.383 0.222 0.094 0.044
1215 1.794 1.178 0.813 0.487 0.292 0.125 0.058
432 | 29313 595 0.779 0.495 0.365 0.243 0.172 0.100 0.043
593 0.743 0.481 0.355 0.239 0.170 0.099 0.050
592 0.736 0.481 0.354 0.239 0.170 0.100 0.051
877 1.051 0.696 0.520 0.357 0.257 0.151 0.074
1146 1.346 0.892 0.673 0.468 0.337 0.200 0.097
434 | 29521 623 0.683 0.438 0.355 0.246 0.170 0.092 0.033
620 0.646 0.430 0.346 0.242 0.169 0.092 0.034
616 0.642 0.430 0.342 0.240 0.168 0.092 0.038
903 0.910 0.617 0.495 0.350 0.250 0.136 0.052
1175 1.184 0.798 0.639 0.455 0.328 0.179 0.065

Table F.1(i) - Site 5 - Chainage 4.800 - 7.400 —fL&ide

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
511 | 4.981 580 0.308 0.252 0.226 0.188 0.149 0.106 0.053
572 0.305 0.247 0.219 0.183 0.145 0.103 0.053
568 0.305 0.245 0.220 0.182 0.144 0.102 0.053
837 0.449 0.384 0.344 0.285 0.227 0.158 0.081
1112 0.631 0.515 0.462 0.382 0.306 0.213 0.111
512 | 5.060 584 0.233 0.206 0.192 0.163 0.134 0.093 0.042
577 0.230 0.204 0.189 0.161 0.131 0.092 0.043
574 0.228 0.203 0.188 0.159 0.131 0.091 0.042
838 0.341 0.308 0.288 0.244 0.198 0.137 0.063
1116 0.465 0.413 0.379 0.320 0.261 0.181 0.080
513 | 5.321 581 0.348 0.314 0.279 0.229 0.177 0.110 0.041
583 0.346 0.312 0.278 0.227 0.176 0.108 0.042
579 0.346 0.312 0.278 0.226 0.176 0.108 0.043
853 0518 0.479 0.428 0.345 0.268 0.164 0.063
1123 0.710 0.635 0.566 0.454 0.353 0.217 0.085
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

5.2.1 5.359 590 0.181 0.164 0.151 0.130 0.111 0.082 0.041

588 0.182 0.163 0.151 0.130 0.110 0.084 0.040

585 0.181 0.162 0.150 0.129 0.109 0.082 0.041

855 0.266 0.244 0.227 0.197 0.166 0.125 0.063

1128 0.365 0.327 0.305 0.263 0.223 0.163 0.086

522 5.645 592 0.236 0.217 0.205 0.179 0.149 0.108 0.054

588 0.235 0.215 0.203 0.177 0.148 0.107 0.054

587 0.236 0.215 0.203 0.179 0.149 0.109 0.054

860 0.358 0.334 0.313 0.272 0.228 0.167 0.082

1127 0.495 0.454 0.421 0.363 0.309 0.223 0.107

5.2.3 5.921 602 0.400 0.326 0.282 0.220 0.165 0.097 0.047

599 0.396 0.320 0.279 0.218 0.163 0.095 0.049

598 0.396 0.322 0.277 0.217 0.162 0.097 0.046

876 0.588 0.477 0.411 0.320 0.240 0.142 0.065

1145 0.773 0.619 0.531 0.412 0.309 0.184 0.083

5.3.1 6.004 588 0.282 0.268 0.246 0.206 0.170 0.123 0.069

581 0.278 0.263 0.240 0.203 0.166 0.118 0.062

585 0.278 0.264 0.242 0.204 0.167 0.119 0.063

850 0.428 0.403 0.368 0.308 0.252 0.177 0.093

111 0.575 0.532 0.482 0.404 0.330 0.234 0.123

532 6.424 588 0.353 0.298 0.267 0.216 0.173 0.110 0.046

586 0.353 0.295 0.265 0.214 0.172 0.108 0.048

584 0.355 0.295 0.263 0.214 0.170 0.109 0.047

859 0.519 0.434 0.386 0.311 0.246 0.163 0.066

1135 0.710 0.572 0.506 0.406 0.320 0.212 0.088

5.3.3 6.498 595 0.188 0.172 0.159 0.135 0.115 0.079 0.035

590 0.185 0.169 0.158 0.134 0.109 0.076 0.038

588 0.184 0.168 0.154 0.133 0.108 0.078 0.037

856 0.271 0.252 0.232 0.196 0.165 0.115 0.053

1121 0.363 0.336 0.309 0.259 0.217 0.151 0.070

5.4.1 6.765 599 0.250 0.226 0.211 0.179 0.147 0.099 0.047

601 0.252 0.227 0.212 0.179 0.148 0.099 0.047

603 0.253 0.228 0.212 0.179 0.147 0.098 0.048

880 0.383 0.349 0.323 0.273 0.224 0.151 0.071

1151 0.528 0.478 0.440 0.369 0.303 0.203 0.093

54.2 6.965 584 0.266 0.245 0.224 0.198 0.168 0.117 0.058

581 0.264 0.243 0.225 0.197 0.165 0.116 0.058

580 0.263 0.243 0.223 0.196 0.165 0.116 0.058

846 0.402 0.373 0.347 0.299 0.247 0.174 0.084

1116 0.534 0.491 0.456 0.390 0.324 0.228 0.110

543 7.255 591 0.145 0.138 0.132 0.112 0.097 0.070 0.034

587 0.146 0.136 0.128 0.110 0.095 0.070 0.034

590 0.146 0.137 0.130 0.111 0.095 0.071 0.034

857 0.220 0.216 0.206 0.176 0.152 0.113 0.054

1123 0.300 0.298 0.283 0.244 0.209 0.156 0.074
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Table F.1()) - Site 5 - Chainage 4.800 - 7.400 —dRit Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
551 | 5.001 578 0.163 0.147 0.143 0.136 0.123 0.107 0.069
582 0.160 0.148 0.143 0.135 0.122 0.106 0.068
583 0.161 0.144 0.140 0.134 0.125 0.105 0.069
845 0.238 0.231 0.223 0.208 0.190 0.163 0.106
1103 0.331 0.309 0.299 0.279 0.256 0.218 0.139
552 | 5.061 590 0.383 0.325 0.296 0.238 0.190 0.126 0.053
582 0.377 0.322 0.285 0.233 0.186 0.124 0.056
581 0.375 0.320 0.285 0.233 0.186 0.124 0.058
860 0.552 0472 0.421 0.343 0.274 0.181 0.083
1127 0.725 0.611 0.542 0.441 0.352 0.234 0.106
553 | 5243 578 0.162 0.154 0.146 0.129 0.110 0.083 0.045
573 0.161 0.154 0.144 0.129 0.111 0.083 0.042
575 0.163 0.153 0.145 0.129 0.110 0.083 0.044
834 0.252 0.235 0.224 0.198 0.171 0.130 0.065
1102 0.329 0.315 0.299 0.263 0.230 0.174 0.084
56.1 | 5454 594 0.248 0.226 0.209 0.183 0.152 0.111 0.052
588 0.247 0.223 0.207 0.181 0.150 0.110 0.053
586 0.246 0.222 0.207 0.181 0.150 0.110 0.052
861 0.374 0.343 0.320 0.279 0.234 0.169 0.080
1125 0.515 0.464 0.430 0.374 0.315 0.225 0.105
56.2 | 5630 607 0.533 0.376 0.298 0.209 0.141 0.076 0.030
603 0.522 0.368 0.293 0.206 0.140 0.076 0.031
602 0.520 0.366 0.292 0.206 0.140 0.076 0.031
880 0.762 0.556 0.445 0.317 0.217 0.116 0.047
1154 1.022 0.740 0.593 0.425 0.294 0.156 0.064
56.3 | 5813 600 0.135 0.148 0.136 0.114 0.089 0.065 0.044
598 0.140 0.148 0.134 0.113 0.093 0.067 0.044
599 0.144 0.147 0.135 0.113 0.090 0.064 0.045
865 0.218 0.220 0.202 0.168 0.154 0.101 0.067
1127 0.290 0.294 0.271 0.223 0.185 0.136 0.089
571 | 6.014 570 0.238 0.185 0.154 0.112 0.080 0.045 0.023
565 0.236 0.184 0.152 0.112 0.079 0.045 0.023
564 0.234 0.182 0.153 0.111 0.079 0.045 0.023
839 0.357 0.279 0.232 0.170 0.122 0.069 0.034
1121 0.488 0.375 0.309 0.229 0.165 0.095 0.047
572 | 6.332 598 0.136 0.122 0.112 0.094 0.077 0.049 0.024
596 0.134 0.120 0.110 0.093 0.075 0.049 0.024
595 0.134 0.119 0.110 0.092 0.074 0.049 0.025
865 0.205 0.181 0.167 0.140 0.112 0.075 0.034
1131 0.274 0.243 0.222 0.186 0.151 0.098 0.047
573 | 6.641 603 0.303 0.260 0.241 0.197 0.158 0.099 0.044
604 0.302 0.257 0.236 0.195 0.156 0.102 0.044
606 0.302 0.257 0.237 0.195 0.157 0.104 0.045
878 0.457 0.395 0.362 0.295 0.235 0.154 0.063
1149 0.649 0.542 0.502 0.399 0.316 0.205 0.083
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

5.8.1 6.770 609 0.240 0.210 0.179 0.130 0.092 0.052 0.026

603 0.239 0.209 0.178 0.130 0.092 0.052 0.024

600 0.238 0.208 0.177 0.129 0.091 0.051 0.026

887 0.368 0.325 0.275 0.199 0.141 0.079 0.037

1166 0.504 0.443 0.375 0.270 0.190 0.106 0.047

582 7.031 596 0.401 0.301 0.246 0.171 0.110 0.047 0.014

598 0.398 0.299 0.246 0.171 0.111 0.049 0.015

601 0.398 0.302 0.248 0.172 0.111 0.047 0.013

870 0.575 0.458 0.377 0.267 0.173 0.074 0.017

1147 0.803 0.623 0.516 0.368 0.241 0.102 0.017

5.8.3 7.242 590 0.517 0.372 0.298 0.205 0.147 0.083 0.033

585 0.510 0.368 0.295 0.203 0.146 0.084 0.032

585 0.510 0.366 0.294 0.203 0.146 0.080 0.035

859 0.736 0.540 0.440 0.307 0.224 0.131 0.050

1131 0.949 0.696 0.573 0.402 0.296 0.174 0.071

Table F.1(k) - Site 6 - Chainage 153.600 - 155.10Qeft Side

D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
6.11 | 153.632 603 0.900 0.700 0.598 0.465 0.346 0.201 0.090

598 0.876 0.682 0.586 0.454 0.348 0.201 0.090

601 0.873 0.678 0.584 0.457 0.348 0.200 0.093

882 1.214 0.964 0.839 0.667 0.520 0.307 0.136

1151 1.542 1.230 1.055 0.867 0.684 0.411 0.183

6.1.2 | 153.828 591 0.711 0.508 0.426 0.305 0.229 0.151 0.082

587 0.691 0.496 0.416 0.301 0.226 0.149 0.082

583 0.687 0.493 0.413 0.299 0.226 0.151 0.086

864 1.006 0.750 0.626 0.464 0.349 0.231 0.126

1137 1.326 0.991 0.826 0.619 0.468 0.308 0.164

6.1.3 | 154.170 617 0.394 0.332 0.302 0.250 0.200 0.137 0.075

615 0.391 0.329 0.299 0.247 0.199 0.138 0.072

614 0.389 0.328 0.298 0.247 0.197 0.135 0.078

893 0.570 0.500 0.452 0.372 0.301 0.205 0.104

1162 0.801 0.673 0.608 0.498 0.400 0.272 0.140

6.1.4 | 154.296 607 0.752 0.583 0.486 0.346 0.254 0.160 0.078

607 0.732 0.570 0.477 0.339 0.249 0.160 0.079

608 0.730 0.568 0.474 0.338 0.250 0.160 0.078

889 1.067 0.837 0.699 0.510 0.385 0.242 0.117

1155 1.411 1.100 0.917 0.672 0.511 0.322 0.153

6.1.5 | 154.646 585 0.779 0.476 0.349 0.243 0.181 0.123 0.067

589 0.779 0.476 0.351 0.243 0.181 0.122 0.067

585 0.779 0.477 0.351 0.244 0.181 0.123 0.068

876 1.102 0.700 0.527 0.374 0.281 0.189 0.099

1153 1.416 0.900 0.694 0.500 0.380 0.251 0.129
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D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
6.1.6 | 154.910 593 1.247 0.782 0.563 0.368 0.271 0.175 0.100
592 1.187 0.768 0.563 0.376 0.275 0.181 0.103
590 1.168 0.768 0.565 0.379 0.276 0.182 0.107
873 1.667 1.133 0.848 0.581 0.427 0.275 0.157
1140 2.143 1.496 1.114 0.776 0.575 0.369 0.207
Table F.1(l) - Site 6 - Chainage 153.600 - 155.18®Right Side
D Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
6.2.1 | 153.649 608 0.594 0.462 0.373 0.279 0.213 0.139 0.071

603 0.578 0.451 0.366 0.274 0.213 0.138 0.070

605 0.576 0.451 0.365 0.275 0.213 0.139 0.072

888 0.824 0.658 0.544 0.414 0.325 0.211 0.108

1160 1.080 0.854 0.709 0.545 0.430 0.281 0.141

6.2.2 | 153.784 601 0.731 0.494 0.388 0.289 0.217 0.148 0.086

601 0.711 0.487 0.383 0.287 0.216 0.148 0.085

599 0.704 0.482 0.380 0.285 0.215 0.147 0.085

883 0.993 0.715 0.570 0.433 0.330 0.227 0.126

1154 1.309 0.935 0.752 0.574 0.441 0.303 0.165

6.2.3 | 154.227 604 0.432 0.348 0.307 0.248 0.190 0.133 0.073

606 0.430 0.346 0.305 0.248 0.190 0.132 0.076

604 0.429 0.344 0.304 0.246 0.189 0.132 0.073

882 0.642 0.521 0.458 0.373 0.287 0.199 0.109

1152 0.879 0.697 0.610 0.494 0.382 0.262 0.148

6.24 | 154.291 588 0.380 0.316 0.288 0.239 0.187 0.117 0.064

583 0.376 0.313 0.285 0.235 0.185 0.118 0.066

581 0.377 0.312 0.286 0.237 0.182 0.117 0.066

861 0.572 0.484 0.439 0.362 0.289 0.184 0.099

1141 0.774 0.650 0.587 0.483 0.386 0.248 0.131

6.25 | 154.607 611 0.640 0.501 0.417 0.311 0.230 0.144 0.089

607 0.632 0.493 0.410 0.307 0.228 0.143 0.086

606 0.630 0.491 0.409 0.305 0.227 0.144 0.083

890 0.927 0.728 0.608 0.455 0.339 0.218 0.123

1159 1.240 0.955 0.800 0.596 0.446 0.289 0.161

6.26 | 154.918 605 0.802 0.627 0.522 0.396 0.296 0.189 0.097

605 0.781 0.606 0.511 0.394 0.298 0.189 0.097

602 0.773 0.602 0.505 0.388 0.293 0.189 0.103

880 1.121 0.876 0.738 0.575 0.437 0.281 0.149

1148 1.479 1.141 0.960 0.749 0.574 0.370 0.205
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Table F.2 - Sequential FWD Deflection Results

Table F.2(a) - Site 1 — Chainage 153.300 — 154.60Deft Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
153.300 609 0.570 0.460 0.390 0.289 0.211 0.133 0.081
603 0.554 0.449 0.378 0.280 0.207 0.134 0.076
595 0.547 0.441 0.372 0.277 0.204 0.132 0.076
860 0.752 0.615 0.525 0.397 0.299 0.197 0.111
1135 0.967 0.781 0.668 0.508 0.388 0.258 0.144
153.400 580 1154 0.953 0.792 0.565 0.387 0215 0.110
573 1123 0.927 0.769 0.557 0.385 0219 0.111
575 1115 0.921 0.762 0.555 0.387 0.220 0.115
849 1.532 1.290 1.022 0.802 0.575 0.329 0.168
1118 1.934 1.620 1.261 1.028 0.752 0.440 0.232
153.500 590 1.267 0.940 0.744 0.503 0.333 0.203 0.102
593 1.224 0.912 0.726 0.497 0.339 0.208 0.114
594 1.212 0.904 0.722 0.496 0.339 0.209 0.116
866 1,640 1.246 1,006 0.708 0.500 0.310 0.168
1125 2.007 1539 1.243 0.895 0.646 0.406 0.220
153.600 587 1018 0.785 0.651 0.474 0.334 0.202 0.101
581 0.985 0.754 0.633 0.465 0.327 0.200 0.103
579 0.978 0.755 0.629 0.464 0.327 0.202 0.101
853 1.278 0.999 0.838 0.630 0.455 0.291 0.151
1129 1.562 1.218 1.029 0.781 0.574 0.378 0.204
153.701 575 0.381 0.340 0.316 0.265 0.214 0.146 0.076
569 0.376 0.336 0312 0.262 0.211 0.144 0.075
569 0.374 0.335 0.311 0.260 0210 0.143 0.074
848 0.549 0.491 0.455 0.380 0.310 0212 0.111
1130 0.715 0.636 0588 0.490 0.402 0.276 0.145
153.800 568 0.347 0.286 0.259 0213 0.169 0.109 0.048
559 0.342 0.280 0.253 0.208 0.164 0.107 0.047
559 0.341 0.279 0.253 0.208 0.164 0.106 0.048
841 0.503 0.425 0.384 0.316 0.254 0.166 0.071
1125 0.665 0.559 0.507 0.416 0.335 0.219 0.097
153.900 571 0.449 0.395 0.366 0.306 0.248 0.167 0.079
569 0.445 0.392 0.361 0.303 0.246 0.165 0.078
566 0.442 0.391 0.360 0.302 0.243 0.164 0.076
850 0.643 0571 0530 0.443 0.362 0.247 0.115
1131 0.832 0.740 0.686 0574 0472 0.323 0.154
154.000 587 0.388 0.332 0.311 0.264 0.221 0.162 0.080
583 0.383 0.330 0.307 0.259 0.215 0.154 0.076
580 0.379 0.328 0.305 0.258 0.214 0.155 0.077
851 0.532 0.466 0.431 0.365 0.304 0.219 0.108
1127 0.684 0590 0.546 0.462 0.386 0.280 0.142
154.100 593 0.809 0.656 0570 0.446 0.349 0.220 0.114
591 0.800 0.652 0.569 0.450 0.349 0.230 0.118
593 0.789 0.640 0.557 0.437 0.341 0219 0.110
855 1.105 0.912 0.763 0.642 0.510 0.335 0.180
1117 1.386 1.142 0.925 0.810 0.646 0.434 0.218
154.200 594 0.999 0.761 0.632 0.463 0.323 0.195 0.114
585 0.954 0.731 0.610 0.450 0.319 0.194 0.119
587 0.955 0.730 0.610 0.448 0.318 0.196 0.119
853 1272 1.022 0.845 0.643 0470 0.293 0.170
1111 1.998 1.281 1.050 0.817 0.613 0.388 0.220
154.300 601 0.983 0.743 0598 0.418 0.304 0.201 0.117
602 0.971 0.737 0592 0.419 0.308 0.203 0.119
597 0.962 0.732 0.588 0.414 0.302 0.197 0.117
870 1.327 1.022 0.829 0.598 0.449 0.299 0.175
1127 1.651 1.275 1.045 0.766 0.578 0.389 0.223
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Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
154.400 607 1.059 0.862 0.677 0.472 0.342 0.229 0.121
607 1,031 0.834 0.672 0.475 0.345 0.232 0.130
606 1.024 0.834 0.656 0.474 0.346 0.231 0.128
878 1406 1159 0917 0.677 0.505 0.342 0.189
1142 1.778 1.454 1.158 0.862 0.659 0.449 0.246
154.500 586 0.806 0.638 0.545 0.409 0.299 0.176 0.082
581 0.790 0.620 0.531 0.398 0.295 0.172 0.087
582 0.790 0.625 0.535 0.403 0.293 0.175 0.084
852 1,083 0.882 0.758 0580 0433 0.261 0.116
1116 1376 1103 0.925 0.739 0.561 0.344 0.157
154 510 581 0.888 0.689 0595 0.453 0.326 0.187 0.081
581 0.865 0.669 0583 0.443 0.321 0.182 0.078
580 0.857 0.663 0.579 0.440 0.319 0.182 0.078
854 1.193 0.944 0.825 0.640 0.470 0.272 0.111
1117 1.514 1.203 1.055 0.827 0.615 0.366 0.151
154.520 571 1.032 0.840 0.643 0.478 0.314 0.160 0.078
572 1.008 0.822 0.641 0.474 0.309 0.165 0.080
572 1,001 0.818 0.640 0473 0.307 0.167 0.080
848 1.383 1148 0.894 0.688 0.453 0.252 0.118
1115 1.748 1447 1.160 0.885 0.590 0.337 0.156
154,530 577 0.926 0.717 0.619 0.462 0.331 0.164 0.078
578 0.906 0.711 0.609 0.459 0.328 0.166 0.083
580 0.904 0.712 0.603 0.458 0.326 0.169 0.081
852 1.241 1.013 0.859 0.665 0.485 0.261 0.121
1112 1.573 1.276 1.091 0.854 0.633 0.350 0.165
154.540 577 0.967 0.786 0.684 0.514 0.360 0.182 0.081
576 0.943 0.769 0.673 0512 0.361 0.187 0.086
574 0.932 0.766 0.671 0507 0.362 0.187 0.084
846 1.304 1,084 0.955 0.736 0.537 0.287 0.126
1103 1636 1.368 1199 0.941 0.696 0.386 0.169
154.550 577 1.118 0.914 0.721 0.507 0.328 0.172 0.096
573 1.075 0.886 0.703 0.498 0.331 0.179 0.103
573 1.066 0.880 0.704 0.500 0.333 0.180 0.097
843 1.480 1.230 1.005 0.724 0.496 0.273 0.143
1096 1.863 1.531 1.292 0.941 0.646 0.369 0.186
154.600 590 1120 0.765 0.584 0.378 0.254 0.141 0.075
585 1075 0.741 0.569 0.373 0.252 0.141 0.074
588 1.068 0.737 0570 0.373 0.255 0.145 0.070
872 1.452 1.031 0.808 0.547 0.377 0.217 0.113
1134 1.807 1.277 1.012 0.699 0.491 0.286 0.148

Table F.2(b) - Site 1 - Chainage 153.300 - 154.60®Right Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
153.300 578 0.595 0.459 0.389 0.287 0.201 0.125 0.077
576 0.584 0.452 0.381 0.284 0.203 0.128 0.069

578 0.582 0.450 0.384 0.285 0.199 0.124 0.075

846 0.813 0.655 0.555 0.424 0.312 0.198 0.106

1121 1.031 0.821 0.713 0.547 0.402 0.256 0.144
153.400 566 0.878 0.670 0.564 0.430 0.319 0.201 0.105
561 0.866 0.648 0.554 0.418 0.319 0.198 0.108
562 0.859 0.647 0.551 0.418 0.316 0.200 0.105
831 1.134 0.917 0.785 0.604 0.464 0.298 0.162
1090 1.448 1.156 0.984 0.771 0.595 0.390 0.214
153.500 567 0.928 0.763 0.654 0.497 0.369 0.220 0.098

564 0.904 0.742 0.638 0.488 0.363 0.219 0.101

564 0.897 0.738 0.635 0.486 0.364 0.218 0.098
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500
834 1195 1.003 0.870 0.677 0.518 0.319 0.146
1106 1472 1.236 1077 0.847 0.656 0.416 0.196
153.599 568 0.693 0576 0507 0.399 0.204 0.180 0.082
564 0.675 0.564 0.496 0.391 0.287 0.177 0.083

564 0.673 0.560 0.495 0.389 0.287 0.176 0.082

840 0.948 0.807 0.705 0.567 0.428 0.269 0.125

1112 1.203 1.017 0.900 0.722 0.548 0.350 0.166
153.700 588 0.742 0.604 0.531 0.420 0.319 0.192 0.092
582 0.727 0.592 0.520 0.412 0.312 0.190 0.091
578 0.723 0.589 0.516 0.411 0.309 0.188 0.095
852 0.993 0.818 0.706 0.579 0.449 0.278 0.131
1118 1.228 1.016 0.871 0.725 0.568 0.359 0.179
153.800 586 0.373 0.309 0.270 0.210 0.164 0.106 0.051
581 0.367 0.304 0.266 0.208 0.163 0.105 0.052
576 0.364 0.301 0.263 0.205 0.160 0.104 0.052
849 0.533 0.449 0.397 0.310 0.242 0.156 0.077
1125 0.708 0.582 0.510 0.401 0.317 0.207 0.103
153.900 579 0.851 0.620 0.505 0.336 0.223 0.143 0.072

573 0.825 0.603 0.493 0.328 0.223 0.137 0.074

570 0.813 0.596 0.488 0.323 0.214 0.136 0.075

842 1.113 0.846 0.699 0.486 0.340 0.209 0.110
1105 1.403 1.063 0.886 0.629 0.449 0.281 0.144
153.999 562 1.141 0.823 0.629 0.405 0.264 0.158 0.087
561 1.091 0.796 0.620 0.405 0.267 0.158 0.089
560 1.079 0.791 0.621 0.405 0.268 0.159 0.089
832 1.469 1.115 0.894 0.598 0.405 0.241 0.132
1099 1.831 1.394 1.124 0.775 0.535 0.323 0.174
154.100 572 0.946 0.556 0.418 0.272 0.199 0.140 0.087
571 0.890 0.542 0412 0.275 0.204 0.142 0.090
570 0.877 0.544 0.410 0.276 0.205 0.143 0.091
851 1.205 0.775 0.588 0.405 0.304 0.214 0.132
1128 1.508 0.983 0.756 0.529 0.404 0.288 0.178
154.200 582 0.996 0.662 0.514 0.336 0.235 0.157 0.094

577 0.948 0.640 0.505 0.333 0.236 0.158 0.096

577 0.934 0.635 0.500 0.333 0.236 0.158 0.095

854 1.285 0.889 0.702 0.483 0.351 0.234 0.139

1121 1.594 1.113 0.886 0.621 0.459 0.310 0.185

154.300 584 0.466 0.444 0.423 0.380 0.332 0.257 0.141
583 0.462 0.441 0418 0.376 0.328 0.251 0.154

582 0.460 0.436 0.419 0.374 0.328 0.252 0.155

845 0.680 0.644 0.612 0.547 0.479 0.373 0.202

1107 0.881 0.833 0.788 0.699 0.611 0473 0.255

154.400 557 0.868 0.720 0.638 0.506 0.388 0.237 0.114

556 0.850 0.706 0.630 0.499 0.384 0.235 0.115

556 0.850 0.704 0.629 0.498 0.385 0.237 0.113

824 1.146 0.978 0.877 0.704 0.553 0.351 0.168

1095 1.437 1.223 1.042 0.885 0.709 0.453 0.220

154.500 577 0.700 0.547 0.467 0.341 0.237 0.136 0.060
580 0.689 0.541 0.461 0.339 0.237 0.136 0.063

578 0.684 0.539 0.460 0.339 0.237 0.136 0.058

849 0.931 0.760 0.658 0.491 0.355 0.206 0.088

1115 1.167 0.952 0.850 0.625 0.460 0.271 0.121

154.600 586 0.592 0.501 0.447 0.346 0.264 0.161 0.070

582 0.588 0.497 0.444 0.343 0.262 0.161 0.073

580 0.586 0.496 0.443 0.342 0.262 0.160 0.073

856 0.812 0.705 0.630 0.495 0.384 0.240 0.112

1123 1.022 0.881 0.772 0.625 0.489 0.312 0.147
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Table F.2(c) - Site 2 — Chainage 66.800 — 67.300Deft Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
66.800 656 0.159 0.129 0.115 0.096 0.081 0.061 0.030

652 0.158 0.129 0.113 0.094 0.080 0.060 0.029

644 0.157 0.127 0.113 0.094 0.080 0.060 0.028

929 0.230 0.189 0.171 0.142 0.121 0.092 0.044
1203 0.305 0.250 0.229 0.190 0.162 0.123 0.057
66.850 622 0.261 0.250 0.247 0.229 0.213 0.184 0.055
626 0.261 0.251 0.248 0.229 0.214 0.183 0.056

622 0.260 0.249 0.245 0.227 0.212 0.181 0.056

907 0.355 0.343 0.337 0.312 0.290 0.247 0.086

1192 0.449 0.430 0.420 0.387 0.358 0.305 0.116

66.900 637 0.156 0.125 0.117 0.098 0.081 0.059 0.034

632 0.154 0.124 0.115 0.097 0.081 0.059 0.036

632 0.154 0.123 0.115 0.097 0.080 0.059 0.035

913 0.224 0.182 0.170 0.144 0.120 0.087 0.052

1192 0.297 0.241 0.224 0.191 0.160 0.117 0.069
66.950 640 0.199 0.164 0.146 0.104 0.078 0.058 0.035
639 0.196 0.162 0.145 0.103 0.077 0.057 0.035
636 0.194 0.161 0.143 0.102 0.077 0.058 0.035

913 0.278 0.236 0.213 0.154 0.117 0.086 0.051

1190 0.360 0.312 0.282 0.205 0.160 0.116 0.067

67.000 612 0.136 0.121 0.115 0.102 0.089 0.071 0.045

614 0.137 0.121 0.115 0.102 0.089 0.072 0.045

616 0.138 0.122 0.115 0.103 0.090 0.071 0.045

895 0.208 0.186 0.175 0.156 0.137 0.107 0.068

1181 0.278 0.248 0.235 0.208 0.182 0.143 0.089

67.050 591 0.190 0.153 0.139 0.119 0.100 0.073 0.044

595 0.188 0.153 0.139 0.119 0.100 0.074 0.045

590 0.187 0.150 0.137 0.118 0.098 0.072 0.047

882 0.273 0.226 0.206 0.177 0.150 0.111 0.069

1173 0.360 0.298 0.272 0.233 0.198 0.148 0.090

67.101 614 0.171 0.162 0.163 0.152 0.143 0.092 0.040
612 0.172 0.162 0.162 0.150 0.143 0.091 0.038
610 0.172 0.161 0.162 0.149 0.141 0.092 0.041
885 0.260 0.249 0.246 0.229 0.216 0.143 0.060
1166 0.351 0.331 0.330 0.301 0.289 0.188 0.079
67.150 623 0.143 0.126 0.118 0.105 0.088 0.071 0.040
621 0.142 0.126 0.118 0.104 0.088 0.071 0.040
621 0.142 0.127 0.119 0.104 0.090 0.072 0.041
903 0.216 0.195 0.183 0.161 0.140 0.110 0.063
1172 0.293 0.261 0.246 0.217 0.188 0.147 0.083
67.200 622 0.141 0.127 0.111 0.098 0.082 0.069 0.042
619 0.135 0.115 0.108 0.091 0.077 0.060 0.036
620 0.139 0.122 0.111 0.093 0.078 0.065 0.042
895 0.205 0.179 0.166 0.145 0.124 0.093 0.053
1169 0.280 0.245 0.228 0.199 0.171 0.129 0.073
67.250 626 0.102 0.087 0.081 0.070 0.059 0.034 0.016

623 0.102 0.088 0.080 0.069 0.059 0.035 0.017

623 0.102 0.086 0.080 0.067 0.059 0.033 0.016

904 0.155 0.134 0.122 0.107 0.089 0.054 0.027

1176 0.209 0.182 0.168 0.144 0.122 0.074 0.035

67.300 626 0.208 0.167 0.150 0.120 0.096 0.061 0.027

624 0.207 0.166 0.150 0.119 0.096 0.061 0.027

626 0.206 0.166 0.149 0.120 0.095 0.061 0.028

910 0.292 0.241 0.217 0.175 0.140 0.092 0.041

1186 0.382 0.313 0.283 0.229 0.184 0.121 0.054
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Table F.2(d) - Site 2 - Chainage 66.800 - 67.30®Right Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
66.800 608 0.164 0.127 0.077 0.056 0.044 0.033 0.014
601 0.156 0.124 0.074 0.054 0.045 0.030 0.018
602 0.155 0.124 0.073 0.054 0.044 0.031 0.017
874 0.221 0.181 0.119 0.088 0.071 0.048 0.026
1159 0.297 0.235 0.161 0.120 0.098 0.066 0.035
66.850 600 0.133 0.114 0.105 0.086 0.074 0.052 0.027
596 0.130 0.110 0.102 0.085 0.071 0.051 0.028
593 0.129 0.109 0.101 0.083 0.071 0.051 0.026

868 0.198 0.175 0.159 0.134 0.113 0.082 0.042

1156 0.273 0.239 0.219 0.185 0.158 0.115 0.059

66.900 624 0.237 0.194 0.174 0.144 0.118 0.080 0.040

618 0.232 0.190 0.170 0.141 0.116 0.078 0.042

620 0.232 0.190 0.169 0.140 0.116 0.078 0.042

898 0.340 0.289 0.258 0.215 0.180 0.120 0.063

1173 0.469 0.388 0.347 0.291 0.244 0.165 0.082
66.950 572 0.212 0.175 0.156 0.128 0.103 0.070 0.031
568 0.207 0.172 0.153 0.125 0.100 0.068 0.031
568 0.206 0171 0.152 0.124 0.100 0.068 0.031
863 0.312 0.264 0.236 0.194 0.159 0.108 0.052
1158 0.409 0.354 0.317 0.261 0.217 0.149 0.070
67.000 575 0.192 0.166 0.149 0.126 0.103 0.075 0.039
572 0.190 0.163 0.148 0.125 0.105 0.074 0.038
571 0.189 0.163 0.146 0.123 0.101 0.073 0.040

855 0.287 0.255 0.232 0.197 0.167 0.118 0.061

1148 0.388 0.343 0.315 0.266 0.223 0.161 0.083

67.050 606 0.190 0.157 0.141 0.118 0.097 0.074 0.051
603 0.189 0.155 0.141 0.117 0.095 0.074 0.050
600 0.188 0.155 0.140 0.117 0.095 0.073 0.049
874 0.271 0.231 0.209 0.177 0.150 0.115 0.072
1152 0.359 0.306 0.280 0.238 0.202 0.157 0.097
67.100 605 0.191 0.152 0.132 0.103 0.076 0.058 0.033
603 0.189 0.151 0.131 0.102 0.077 0.055 0.034
600 0.188 0.150 0.131 0.101 0.076 0.055 0.034
871 0.264 0.219 0.196 0.151 0.121 0.089 0.050
1150 0.344 0.287 0.260 0.203 0.164 0.120 0.067
67.150 615 0.106 0.086 0.079 0.067 0.057 0.042 0.024

612 0.106 0.089 0.080 0.068 0.059 0.045 0.026

609 0.106 0.086 0.079 0.067 0.058 0.045 0.027

880 0.152 0.130 0.119 0.102 0.087 0.065 0.039

1152 0.206 0.175 0.162 0.140 0.120 0.090 0.052

67.200 603 0.127 0.106 0.098 0.087 0.075 0.053 0.029

599 0.126 0.105 0.097 0.085 0.074 0.050 0.032

597 0.126 0.104 0.095 0.087 0.073 0.053 0.029

867 0.184 0.158 0.147 0.131 0.113 0.081 0.042
1147 0.246 0.212 0.198 0.176 0.154 0.111 0.056
67.250 605 0.241 0.202 0.172 0.137 0.112 0.082 0.048
604 0.237 0.200 0171 0.135 0.112 0.080 0.050
603 0.237 0.200 0.169 0.135 0.111 0.081 0.049
877 0.343 0.292 0.255 0.206 0.171 0.124 0.075
1151 0.444 0.382 0.335 0.274 0.229 0.167 0.099
67.300 574 0.147 0.124 0.110 0.086 0.065 0.045 0.019
568 0.143 0.122 0.108 0.083 0.063 0.044 0.019
567 0.143 0.121 0.107 0.083 0.063 0.043 0.019

859 0.212 0.185 0.165 0.130 0.100 0.069 0.030

1156 0.280 0.245 0.220 0.176 0.139 0.095 0.041
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Table F.2(e) - Site 3 - Chainage 2.100 - 3.800 —fi.8ide

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
2.200 634 0.121 0.125 0.121 0.110 0.100 0.080 0.051
627 0.121 0.124 0.120 0.109 0.099 0.081 0.052
630 0.122 0.124 0.121 0.110 0.099 0.080 0.052
890 0.181 0.187 0.182 0.165 0.149 0.122 0.075
1146 0.243 0.250 0.242 0.222 0.199 0.165 0.099
2.250 588 0.262 0.221 0.204 0.178 0.150 0.111 0.060

584 0.260 0.218 0.203 0177 0.149 0.112 0.060

584 0.260 0.219 0.203 0.177 0.149 0.109 0.061

848 0.369 0.318 0.297 0.259 0.219 0.164 0.085

1128 0.485 0.415 0.386 0.333 0.284 0.209 0.114

2.300 607 0.313 0.282 0.262 0.237 0.203 0.152 0.085
605 0.315 0.281 0.262 0.234 0.202 0.153 0.086
603 0.314 0.279 0.260 0.233 0.201 0.152 0.083
861 0.458 0.428 0.402 0.352 0.304 0.230 0.124
1128 0.638 0.570 0.536 0.467 0.402 0.304 0.160
2400 610 0.316 0.274 0.249 0.209 0.170 0.119 0.064

608 0.314 0.272 0.247 0.207 0.169 0.120 0.063

608 0.315 0.272 0.247 0.207 0.169 0.119 0.063

874 0.481 0417 0.380 0.317 0.260 0.182 0.094
1143 0.652 0.565 0.514 0.426 0.350 0.245 0.125
2450 614 0.367 0.313 0.276 0.223 0.175 0.116 0.063
630 0.376 0.319 0.284 0.229 0.181 0.121 0.066
626 0.374 0.313 0.285 0.226 0.179 0.120 0.065
891 0.543 0.464 0418 0.336 0.268 0.179 0.094
1152 0.717 0.611 0.553 0.444 0.356 0.238 0.126
2.500 621 0.175 0.164 0.156 0.142 0.122 0.089 0.054
617 0.175 0.162 0.155 0.141 0.120 0.089 0.047
614 0.174 0.162 0.155 0.140 0.121 0.088 0.053
883 0.263 0.251 0.239 0.215 0.182 0.136 0.072
1145 0.372 0.345 0.328 0.291 0.248 0.184 0.098
2.550 626 0.165 0.153 0.147 0.133 0.118 0.093 0.053
613 0.162 0.149 0.143 0.131 0.117 0.091 0.052

612 0.162 0.149 0.143 0.129 0.116 0.090 0.052

874 0.236 0.228 0.219 0.197 0.176 0.138 0.077

1132 0.326 0.309 0.296 0.267 0.236 0.184 0.103

2.600 600 0.319 0.282 0.261 0.223 0.186 0.135 0.079
601 0.318 0.280 0.261 0.223 0.186 0.136 0.077
600 0.318 0.280 0.261 0.222 0.187 0.135 0.076
867 0.482 0.431 0.401 0.345 0.288 0.209 0.113
1135 0.666 0.587 0.550 0.463 0.391 0.280 0.149
2.650 611 0.226 0.208 0.201 0.180 0.158 0.121 0.070
611 0.226 0.208 0.200 0.179 0.157 0.122 0.070

607 0.223 0.206 0.198 0.179 0.154 0.122 0.070

866 0.337 0.313 0.299 0.270 0.235 0.185 0.105

1127 0.447 0.421 0.400 0.356 0.316 0.243 0.138
2.700 605 0.285 0.253 0.234 0.200 0.167 0.116 0.053
598 0.283 0.252 0.232 0.198 0.166 0.115 0.052
601 0.284 0.253 0.233 0.198 0.165 0.117 0.053
869 0.436 0.390 0.359 0.306 0.255 0.179 0.078
1133 0.598 0.531 0.492 0.416 0.347 0.241 0.105
2.750 612 0.141 0.152 0.143 0.130 0.115 0.093 0.058
606 0.141 0.149 0.140 0.128 0.114 0.092 0.062
608 0.142 0.150 0.141 0.128 0.115 0.093 0.058
869 0.208 0.228 0.216 0.196 0.177 0.144 0.088
1135 0.263 0.311 0.293 0.265 0.235 0.192 0.117
2.800 612 0.158 0.147 0.140 0.127 0.114 0.089 0.053
609 0.157 0.142 0.141 0.125 0.113 0.087 0.053

609 0.157 0.144 0.140 0.126 0.113 0.087 0.050

176




Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

874 0.244 0.225 0.215 0.195 0.173 0.137 0.081

1134 0.334 0.307 0.293 0.264 0.234 0.183 0.102

2.850 616 0.367 0.316 0.284 0.219 0.163 0.104 0.050

609 0.365 0.308 0.275 0.216 0.161 0.104 0.053

608 0.358 0.307 0.274 0.215 0.160 0.106 0.052

874 0.488 0.456 0.410 0.325 0.244 0.155 0.078

1134 0.678 0.600 0.529 0.432 0.327 0.208 0.104

2.900 606 0.215 0.199 0.190 0.170 0.151 0.118 0.071
599 0.210 0.196 0.189 0.172 0.149 0.117 0.071
598 0.211 0.196 0.189 0.171 0.149 0.117 0.071
857 0.316 0.303 0.289 0.261 0.231 0.180 0.107
1126 0.438 0.408 0.392 0.352 0.310 0.242 0.140
2.950 610 0.190 0.181 0171 0.153 0.134 0.103 0.057

605 0.188 0.180 0.169 0.152 0.130 0.101 0.058

607 0.189 0.179 0.170 0.152 0.134 0.103 0.057

865 0.293 0.279 0.266 0.235 0.207 0.158 0.087

1131 0.404 0.382 0.364 0.320 0.281 0.214 0.116

3.000 602 0.239 0.240 0.198 0.176 0.150 0.115 0.064

595 0.233 0.237 0.196 0.174 0.149 0.114 0.062

597 0.233 0.238 0.198 0.176 0.150 0.114 0.065

856 0.353 0.360 0.311 0.277 0.240 0.181 0.092
1121 0.478 0.481 0.425 0.377 0.327 0.242 0.128
3.050 610 0.172 0.155 0.145 0.129 0.112 0.088 0.051
606 0.171 0.154 0.143 0.127 0.111 0.089 0.053
605 0.169 0.153 0.143 0.127 0.111 0.088 0.052
869 0.256 0.237 0.221 0.198 0.172 0.134 0.076
1127 0.367 0.328 0.305 0.270 0.235 0.182 0.103
3.100 598 0.227 0.198 0.184 0.160 0.136 0.101 0.054
590 0.223 0.195 0.182 0.158 0.134 0.100 0.056
590 0.222 0.193 0.181 0.158 0.135 0.099 0.053
854 0.332 0.310 0.288 0.249 0.212 0.157 0.081
1125 0.479 0.426 0.397 0.342 0.291 0.215 0.109
3.150 566 0.223 0.190 0.179 0.159 0.141 0.107 0.058

560 0.223 0.187 0177 0.158 0.139 0.107 0.056

559 0.225 0.187 0177 0.157 0.139 0.106 0.057

833 0.329 0.296 0.278 0.247 0.218 0.168 0.091

1120 0.466 0.402 0.377 0.334 0.296 0.228 0.123

3.200 571 0.207 0.186 0177 0.157 0.134 0.099 0.053

566 0.205 0.183 0.176 0.157 0.133 0.097 0.055

566 0.206 0.185 0.176 0.156 0.133 0.098 0.053

841 0.328 0.295 0.278 0.244 0.208 0.155 0.084
1124 0.454 0.406 0.381 0.333 0.286 0.211 0.114
3.250 580 0.300 0.256 0.228 0.184 0.142 0.085 0.034
577 0.298 0.255 0.227 0.183 0.141 0.086 0.033
575 0.299 0.254 0.227 0.182 0.141 0.087 0.033
858 0.456 0.391 0.350 0.283 0.219 0.133 0.048
1140 0.615 0.525 0471 0.382 0.297 0.183 0.068
3.300 610 0.329 0.272 0.244 0.201 0.158 0.107 0.055
602 0.321 0.266 0.239 0.198 0.156 0.105 0.055
601 0.321 0.265 0.239 0.198 0.155 0.104 0.056
868 0.487 0.409 0.366 0.304 0.243 0.163 0.084
1138 0.660 0.552 0.493 0.409 0.331 0.221 0.110
3.350 597 0.373 0.325 0.295 0.218 0.168 0.104 0.045
595 0.372 0.322 0.292 0.216 0.166 0.102 0.051
592 0.371 0.319 0.290 0.213 0.164 0.101 0.049
867 0.544 0.482 0437 0.331 0.256 0.158 0.074
1138 0.745 0.646 0.555 0.448 0.347 0.216 0.097
3.400 560 0.264 0.292 0.226 0.196 0.166 0.119 0.058
554 0.261 0.283 0.225 0.195 0.160 0.116 0.063
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

555 0.264 0.284 0.225 0.195 0.164 0.119 0.059

832 0.405 0.446 0.372 0.319 0.272 0.195 0.094

1115 0.542 0.605 0.521 0.445 0.380 0.272 0.132

3.450 540 0.177 0.177 0.165 0.145 0.124 0.091 0.047

539 0.177 0.175 0.165 0.144 0.122 0.091 0.046

536 0.177 0.174 0.164 0.145 0.123 0.090 0.047

825 0.277 0.283 0.263 0.230 0.195 0.143 0.070

1111 0.380 0.390 0.366 0.318 0.270 0.198 0.099
3.500 543 0.183 0.175 0.167 0.153 0.133 0.105 0.061
539 0.181 0.170 0.167 0.149 0.135 0.104 0.063
538 0.181 0.171 0.167 0.151 0.132 0.104 0.060
824 0.255 0.272 0.266 0.237 0.215 0.167 0.097
1106 0.369 0.375 0.361 0.324 0.288 0.227 0.133
3.550 565 0.113 0.104 0.099 0.094 0.084 0.068 0.042
556 0.112 0.100 0.098 0.091 0.080 0.065 0.042
555 0.112 0.101 0.098 0.090 0.080 0.065 0.042
822 0.169 0.161 0.154 0.144 0.130 0.105 0.066
1111 0.231 0.218 0.208 0.192 0.174 0.140 0.088
3.600 547 0.192 0.171 0.158 0.139 0.114 0.085 0.043
541 0.190 0.169 0.156 0.136 0.111 0.082 0.043

539 0.190 0.167 0.154 0.135 0.112 0.082 0.043

832 0.295 0.264 0.243 0.214 0.179 0.132 0.066

1122 0.400 0.362 0.333 0.291 0.244 0.180 0.090
3.650 576 0.495 0.423 0.373 0.288 0.213 0.123 0.056
573 0.487 0417 0.367 0.284 0.211 0.124 0.056
572 0.487 0.419 0.367 0.286 0.212 0.125 0.053
851 0.745 0.651 0.571 0.451 0.342 0.201 0.074
1126 1.003 0.870 0.767 0.608 0.461 0.270 0.106
3.700 574 0.631 0.448 0.357 0.263 0.197 0.124 0.071
569 0.619 0.441 0.350 0.263 0.196 0.125 0.070
568 0.618 0.439 0.350 0.261 0.195 0.124 0.070
851 0.904 0.680 0.547 0.415 0.309 0.197 0.107
1124 1.206 0.912 0.719 0.567 0.423 0.269 0.142
3.750 559 0.646 0.494 0.384 0.267 0.189 0.111 0.052
555 0.631 0.485 0.379 0.265 0.187 0.112 0.054
556 0.631 0.484 0.380 0.266 0.189 0.112 0.054
841 0.929 0.732 0.586 0.421 0.305 0.180 0.085
1121 1.222 0.970 0.784 0.573 0.421 0.250 0.116
3.800 580 0.240 0.219 0.202 0.177 0.150 0.110 0.056
574 0.237 0.214 0.200 0.174 0.147 0.107 0.057
573 0.237 0.213 0.201 0.174 0.148 0.108 0.055

843 0.383 0.348 0.318 0.280 0.237 0.172 0.089

1116 0.537 0479 0.443 0.384 0.328 0.237 0.122

Table F.2(f) - Site 3 - Chainage 2.100 - 3.800 —gRt Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
2.200 585 0.090 0.119 0.116 0.109 0.097 0.078 0.047
584 0.105 0.117 0.115 0.107 0.096 0.078 0.049
579 0.107 0.117 0.114 0.107 0.096 0.078 0.048
837 0.176 0.182 0.180 0.169 0.151 0.122 0.074
1103 0.235 0.245 0.243 0.227 0.202 0.162 0.098
2.250 591 0.157 0.142 0.135 0.123 0.110 0.087 0.051
587 0.159 0.141 0.134 0.123 0.107 0.085 0.051
586 0.160 0.141 0.135 0.122 0.110 0.088 0.050
853 0.235 0.222 0210 0.192 0.167 0.131 0.078
1113 0.321 0.305 0.291 0.260 0.230 0.179 0.102
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500
2.300 503 0.161 0.153 0.147 0.136 0.121 0.102 0.063
592 0.161 0.152 0.147 0.138 0.122 0.099 0.067
502 0.161 0.153 0.147 0.136 0.122 0.101 0.063
858 0.247 0.238 0.228 0.211 0.189 0.156 0.098
1119 0.336 0.323 0.308 0.283 0.255 0.208 0.129
2.341 569 0.141 0.137 0.127 0.112 0.096 0.072 0.047
564 0.138 0.134 0.125 0.111 0.095 0.071 0.043
563 0.139 0.135 0.126 0.111 0.096 0.072 0.042
827 0.213 0.212 0.198 0.174 0.151 0.113 0.065
1108 0.295 0.287 0.266 0.234 0.203 0.153 0.087
2.400 504 0.262 0.232 0.213 0.180 0.149 0.108 0.057
504 0.263 0.232 0.213 0.181 0.150 0.108 0.064
591 0.264 0.232 0.213 0.181 0.149 0.108 0.061
862 0.401 0.364 0.332 0.283 0.235 0.168 0.088
1128 0.559 0.498 0.453 0.385 0.320 0.227 0.125
2.450 585 0.190 0.170 0.161 0.140 0.120 0.093 0.052
584 0.192 0.170 0.160 0.143 0.124 0.093 0.053
581 0.190 0.168 0.159 0.142 0.122 0.092 0.052
846 0.276 0.264 0.248 0.219 0.189 0.144 0.080
1108 0.393 0.361 0.338 0.298 0.258 0.195 0.107
2500 578 0.185 0.174 0.163 0.145 0.125 0.094 0.049

575 0.185 0.173 0.165 0.144 0.127 0.091 0.053

579 0.187 0.172 0.163 0.146 0.127 0.092 0.051

840 0.285 0.273 0.256 0.226 0.195 0.147 0.071

1112 0.397 0.375 0.349 0.308 0.265 0.199 0.100

2.550 599 0.239 0.211 0.198 0.173 0.148 0.106 0.053
596 0.238 0.210 0.197 0.171 0.147 0.104 0.052
593 0.240 0.211 0.197 0.171 0.148 0.104 0.053

858 0.358 0.326 0.304 0.265 0.224 0.160 0.079

1117 0.515 0.450 0.419 0.360 0.304 0.215 0.105

2.600 592 0.285 0.258 0.237 0.207 0.174 0.125 0.065

589 0.283 0.255 0.236 0.205 0.173 0.123 0.065

592 0.286 0.258 0.237 0.206 0.173 0.124 0.062

859 0.445 0.397 0.368 0.319 0.266 0.191 0.093

1122 0.611 0.540 0.504 0.434 0.361 0.257 0.126
2.650 593 0.223 0.217 0.200 0177 0.152 0.115 0.059
590 0.225 0.213 0.201 0.177 0.149 0.112 0.061
585 0.225 0.211 0.200 0.176 0.147 0.110 0.060
852 0.336 0.339 0.311 0.273 0.238 0.175 0.089
1116 0.485 0.468 0.428 0.373 0.324 0.237 0.120
2.700 596 0.190 0.170 0.160 0.143 0.123 0.094 0.051
592 0.189 0171 0.159 0.142 0.123 0.093 0.052
591 0.189 0.168 0.159 0.142 0.123 0.093 0.052
855 0.282 0.266 0.249 0.219 0.189 0.143 0.076
1121 0.400 0.370 0.344 0.304 0.261 0.196 0.101
2.750 579 0.240 0.210 0.194 0.169 0.141 0.101 0.051

578 0.240 0.209 0.193 0.169 0.142 0.101 0.052

579 0.240 0.210 0.193 0.169 0.142 0.101 0.051

849 0.360 0.325 0.298 0.260 0.218 0.155 0.078

117 0.499 0.443 0.406 0.349 0.292 0.208 0.103

2.800 579 0.189 0.169 0.158 0.139 0.118 0.089 0.048

576 0.187 0.167 0.157 0.138 0.117 0.089 0.050

573 0.186 0.167 0.157 0.138 0.117 0.089 0.050

838 0.297 0.263 0.246 0.216 0.184 0.138 0.078

1107 0.409 0.363 0.337 0.294 0.252 0.187 0.106

2.850 590 0.491 0.406 0.352 0.260 0.190 0.111 0.044
586 0.480 0.400 0.341 0.259 0.191 0.112 0.049
585 0.479 0.397 0.341 0.257 0.189 0.112 0.047
854 0.708 0.591 0.503 0.388 0.290 0.170 0.072
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500
1115 0.926 0.769 0.661 0.508 0.382 0.226 0.096
2.900 580 0.163 0.149 0.140 0.125 0.110 0.081 0.042

578 0.162 0.146 0.138 0.123 0.108 0.080 0.042

576 0.162 0.147 0.139 0.123 0.108 0.080 0.043

835 0.250 0.231 0.217 0.193 0.168 0.126 0.066
1099 0.342 0.315 0.295 0.261 0.227 0.167 0.086
2.950 594 0.180 0.166 0.156 0.141 0.123 0.093 0.051
593 0.179 0.165 0.155 0.140 0.122 0.091 0.052
591 0.179 0.166 0.156 0.140 0.122 0.093 0.051

852 0.268 0.259 0.243 0.217 0.189 0.143 0.079

1115 0.377 0.355 0.333 0.294 0.255 0.193 0.106

2.999 602 0.239 0.213 0.203 0.179 0.157 0.115 0.065
598 0.236 0.212 0.201 0.177 0.155 0.114 0.063
595 0.233 0.211 0.200 0.178 0.153 0.115 0.065

857 0.363 0.329 0.310 0.273 0.236 0.176 0.096

1119 0.499 0.446 0.422 0.367 0.317 0.237 0.129

3.050 598 0.198 0.180 0171 0.149 0.125 0.090 0.050
601 0.197 0.182 0.172 0.150 0.126 0.091 0.051
601 0.197 0.182 0.171 0.150 0.126 0.090 0.051
860 0.301 0.282 0.263 0.230 0.194 0.142 0.073
1122 0417 0.387 0.360 0.312 0.264 0.189 0.102
3.100 576 0.183 0171 0.162 0.145 0.124 0.095 0.050
573 0.182 0.169 0.160 0.143 0.122 0.094 0.051
572 0.181 0.169 0.160 0.143 0.122 0.092 0.052
832 0.287 0.265 0.250 0.223 0.192 0.144 0.077
1108 0.392 0.361 0.339 0.302 0.260 0.192 0.106
3.150 581 0.260 0.227 0.214 0.193 0.164 0.126 0.070
580 0.259 0.226 0.214 0.192 0.163 0.126 0.072
575 0.260 0.224 0.212 0.191 0.162 0.125 0.072
833 0.391 0.357 0.337 0.301 0.258 0.197 0.109
1104 0.555 0.491 0.463 0.411 0.352 0.267 0.146
3.200 591 0.216 0.193 0.188 0.160 0.139 0.099 0.047

590 0.215 0.194 0.183 0.159 0.137 0.099 0.047

590 0.216 0.195 0.182 0.160 0.137 0.100 0.052

849 0.336 0.309 0.285 0.250 0.213 0.155 0.074

1113 0.475 0.426 0.391 0.341 0.290 0.211 0.104
3.250 592 0.275 0.240 0.218 0.182 0.144 0.091 0.038
591 0.272 0.239 0.218 0.182 0.143 0.091 0.038
591 0.274 0.239 0.219 0.183 0.144 0.091 0.038
861 0.434 0.381 0.342 0.285 0.226 0.142 0.057
1129 0.611 0.531 0474 0.393 0.310 0.195 0.077
3.300 600 0.240 0.228 0.220 0.200 0.143 0.100 0.050

598 0.239 0.225 0.218 0.197 0.143 0.100 0.051

597 0.238 0.225 0.216 0.197 0.143 0.099 0.050

863 0.371 0.352 0.337 0.303 0.226 0.157 0.077
1129 0.524 0.488 0.438 0.408 0.313 0.216 0.103
3.350 590 0.216 0.188 0177 0.160 0.134 0.103 0.051

595 0.214 0.189 0.178 0.159 0.136 0.103 0.051

594 0.216 0.189 0.178 0.157 0.136 0.102 0.037

856 0.316 0.293 0.273 0.248 0.206 0.156 0.067

1119 0.450 0.399 0.370 0.338 0.277 0.211 0.095

3.399 573 0.186 0.173 0.164 0.142 0.123 0.090 0.048
568 0.185 0172 0.162 0.142 0.122 0.091 0.048
567 0.186 0.171 0.162 0.141 0.122 0.090 0.048
829 0.290 0.274 0.256 0.225 0.193 0.143 0.076
1111 0.409 0.383 0.357 0.310 0.266 0.196 0.104
3.449 554 0.215 0.192 0.175 0.149 0.123 0.089 0.041
553 0.214 0.191 0.174 0.148 0.122 0.087 0.043

558 0.215 0.193 0.176 0.150 0.124 0.088 0.043
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Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
841 0.329 0.305 0.277 0.236 0.197 0.140 0.068
1124 0.453 0.418 0.380 0.323 0.271 0.192 0.093
3.500 560 0.166 0.167 0.156 0.134 0.109 0.075 0.034
557 0.166 0.164 0.154 0.132 0.108 0.075 0.036
553 0.169 0.164 0.154 0.132 0.109 0.076 0.036
838 0.268 0.269 0.250 0.215 0177 0.123 0.058
1125 0.375 0.378 0.351 0.301 0.250 0.174 0.081
3.546 583 0.166 0.157 0.150 0.140 0.126 0.101 0.065
587 0.170 0.157 0.151 0.141 0.128 0.103 0.066
580 0.168 0.157 0.150 0.138 0.125 0.100 0.063
840 0.255 0.249 0.240 0.221 0.199 0.161 0.100
1119 0.354 0.339 0.327 0.299 0.271 0219 0.135
3.600 562 0.372 0.313 0.271 0.213 0.163 0.101 0.047
560 0.370 0.311 0.269 0.212 0.164 0.102 0.047
561 0.373 0.308 0.269 0.215 0.163 0.102 0.047
846 0.560 0.477 0.418 0.334 0.262 0.165 0.073
1133 0.761 0.648 0.569 0.457 0.363 0.230 0.100
3.650 580 0.232 0.203 0.192 0.178 0.152 0.120 0.071
577 0.232 0.204 0.193 0.179 0.153 0.120 0.073
574 0.231 0.202 0.191 0.178 0.152 0.120 0.073
843 0.371 0.331 0.310 0.275 0.244 0.189 0.116
1122 0.508 0.456 0.424 0.372 0.327 0.252 0.148
3.700 559 0.265 0.232 0.205 0.173 0.146 0.109 0.065
555 0.266 0.230 0.204 0.172 0.145 0.106 0.065
556 0.268 0.231 0.205 0.172 0.146 0.107 0.065
846 0.416 0.361 0.318 0.267 0.224 0.165 0.098
1134 0573 0.493 0.436 0.364 0.303 0.222 0.129
3.750 576 0.296 0.255 0.223 0.189 0.156 0.111 0.059
566 0.292 0.251 0218 0.186 0.153 0.110 0.058
563 0.291 0.250 0218 0.185 0.153 0.109 0.059
841 0.462 0.396 0.344 0.292 0.242 0.173 0.089
1125 0.650 0.545 0.469 0.399 0.331 0.236 0.122
3.800 599 0.224 0.192 0.182 0.160 0.139 0.106 0.052
594 0.224 0.191 0.180 0.159 0.138 0.105 0.055
596 0.225 0.192 0.183 0.160 0.139 0.106 0.055
857 0.334 0.305 0.285 0.252 0218 0.165 0.083
1133 0.488 0.425 0.393 0.348 0.299 0.224 0.115

Table F.2(g) - Site 4 - Chainage 28.500 - 29.600.eft Side

Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

28.500 630 1.095 0.809 0.593 0.349 0.212 0.100 0.044
632 1.070 0.793 0.577 0.346 0.213 0.106 0.043
632 1.064 0.793 0.574 0.344 0.214 0.105 0.045
915 1.410 1.074 0.802 0.501 0.313 0.153 0.066
1186 1.742 1.323 0.961 0.654 0.411 0.203 0.081

28.601 626 1,000 0.762 0.623 0.442 0.315 0.176 0.062
621 0.979 0.747 0.610 0.451 0.314 0.178 0.069
626 0.980 0.751 0613 0.454 0.316 0.177 0.073
900 1.356 1.057 0.874 0.653 0.461 0.261 0.095
1157 1.737 1.358 1.128 0.845 0.598 0.341 0.127

28.700 567 1.626 1.178 0.863 0.530 0.322 0.163 0.087
566 1.566 1.158 0.849 0.541 0.338 0.172 0.087
567 1.551 1.152 0.843 0.547 0.341 0.172 0.090
841 1.999 1.638 1.229 0.820 0520 0.264 0.135
1095 1.999 1.999 1577 1077 0.696 0.356 0177

28.800 613 0.646 0539 0.468 0.364 0.272 0.167 0.077
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

608 0.636 0.531 0.464 0.361 0.270 0.164 0.076

607 0.636 0.532 0.465 0.362 0.270 0.163 0.078

878 0.934 0.790 0.697 0.549 0.415 0.252 0.115

1139 1.232 1.043 0.920 0.731 0.559 0.343 0.152

28.900 602 1.008 0.725 0.544 0.370 0.257 0.133 0.066

598 0.966 0.710 0.534 0.370 0.258 0.137 0.064

599 0.959 0.710 0.536 0.372 0.259 0.140 0.065

879 1.359 1.024 0.789 0.564 0.396 0.211 0.092
1143 1.731 1.309 0.962 0.746 0.526 0.287 0.117
29.000 633 0.445 0.314 0.242 0.176 0.127 0.068 0.027
628 0.439 0.311 0.237 0.174 0.128 0.068 0.028
627 0.438 0.311 0.237 0.174 0.128 0.068 0.028
916 0.604 0.443 0.339 0.249 0.182 0.097 0.039
1193 0.788 0.567 0.441 0.322 0.232 0.124 0.050
29.110 634 0.877 0.543 0.370 0.208 0.116 0.043 0.022
632 0.856 0.537 0.364 0.210 0.118 0.045 0.025
633 0.851 0.536 0.363 0.208 0.118 0.045 0.024
923 1.169 0.735 0.503 0.291 0.167 0.067 0.031
1197 1.501 0.919 0.616 0.371 0.213 0.084 0.042
29.200 574 0.573 0.465 0.404 0.312 0.236 0.154 0.085
570 0.567 0.462 0.401 0.312 0.239 0.159 0.083
566 0.562 0.458 0.399 0.309 0.237 0.158 0.082
850 0.827 0.683 0.597 0.471 0.368 0.247 0.125
1126 1.074 0.892 0.781 0.620 0.487 0.329 0.165
29.300 586 1.196 0.799 0.592 0.375 0.244 0.142 0.076
583 1.150 0.775 0.606 0.377 0.247 0.145 0.078
579 1.134 0.770 0.600 0.375 0.246 0.144 0.079
868 1.572 1.119 0.875 0.563 0.376 0.223 0.117
1142 1.972 1.430 1.100 0.743 0.524 0.303 0.159
29.400 622 0.368 0.280 0.237 0.176 0.129 0.068 0.030

622 0.364 0.276 0.234 0.175 0.127 0.071 0.029

620 0.365 0.276 0.234 0.175 0.127 0.070 0.029

891 0.535 0.407 0.344 0.258 0.188 0.105 0.040
1165 0.742 0.549 0.462 0.345 0.255 0.139 0.052
29.500 589 1.163 0.863 0.706 0.462 0.306 0.169 0.091
584 1.133 0.843 0.683 0.456 0.305 0171 0.094
583 1.130 0.842 0.679 0.456 0.306 0172 0.096
872 1.589 1.225 0.998 0.680 0.460 0.259 0.136
1141 1.999 1.578 1.276 0.892 0.607 0.343 0.177
29.600 614 0.515 0.429 0.385 0.303 0.229 0.133 0.047
613 0.510 0.426 0.382 0.301 0.227 0.133 0.049
608 0.510 0.426 0.381 0.301 0.226 0.132 0.050

893 0.734 0.616 0.550 0.433 0.329 0.194 0.073

1164 0.978 0.809 0.722 0.564 0.436 0.258 0.093

Table F.2(h) - Site 4 - Chainage 28.500 - 29.60®Right Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
28.500 624 0.796 0580 0.465 0.314 0216 0.109 0.046
625 0.780 0.568 0.449 0.312 0.224 0.114 0.042
621 0.778 0.563 0.448 0.311 0.221 0.112 0.044
917 1.053 0.780 0.619 0437 0.313 0.164 0.060
1184 1.315 0.965 0.755 0.544 0.390 0.203 0.083
28.600 586 1.446 1.020 0.723 0.464 0.303 0.174 0.101
587 1.390 0.994 0.713 0.457 0.302 0.176 0.103
584 1.368 0.982 0.706 0.452 0.301 0177 0.101
859 1,839 1.363 1.007 0.662 0.446 0.263 0.150
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Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
113 2.267 1.703 1.280 0.855 0.591 0.350 0.189
28.699 600 1.259 0917 0.726 0.499 0.335 0.178 0.084
596 1.246 0.910 0.716 0.495 0.334 0177 0.085
599 1.243 0.909 0.715 0.494 0.333 0177 0.084
880 1.665 1.245 0.997 0.706 0.484 0.263 0.122
1145 2.042 1.539 1.236 0.893 0.626 0.340 0.159
28.800 613 0.927 0.572 0.413 0.243 0.141 0.063 0.047
609 0.901 0.560 0.404 0.242 0.143 0.066 0.047
608 0.896 0.557 0.403 0.240 0.143 0.067 0.048
888 1192 0.769 0.567 0.346 0210 0.100 0.066
1158 1502 0.966 0.720 0.450 0.278 0.134 0.088
28.900 634 1,083 0.667 0.456 0.281 0.185 0.075 0.039
629 1.046 0.647 0.438 0.276 0.178 0.079 0.043
628 1.042 0.643 0.438 0.273 0.176 0.078 0.039
922 1.361 0.856 0.59%4 0.385 0.247 0.116 0.060
1191 1.658 1.032 0.724 0.478 0.308 0.151 0.075
29.000 627 0.456 0.345 0.266 0.178 0.114 0.051 0.021
626 0.444 0.334 0.263 0.173 0.114 0.052 0.024
625 0.443 0.335 0.261 0.174 0.113 0.052 0.024
909 0.603 0.456 0.355 0.239 0.155 0.075 0.034
1179 0.767 0570 0.441 0.299 0.194 0.094 0.040
29.100 615 0.864 0.623 0.473 0.312 0.207 0.095 0.040
611 0.843 0.603 0.463 0.310 0.206 0.100 0.046
612 0.840 0.603 0.463 0.312 0.206 0.100 0.041
912 1.151 0.821 0.630 0.431 0.282 0.136 0.060
1194 1.447 1.019 0.763 0.530 0.345 0.167 0.073
29.200 590 0.636 0.531 0.410 0.296 0218 0.127 0.051
586 0.622 0520 0.407 0.293 0216 0.126 0.052
586 0619 0517 0.406 0.291 0215 0.125 0.049
873 0.870 0.729 0.587 0.431 0.324 0.190 0.076
1149 1.096 0.921 0.733 0.560 0.426 0.253 0.099
29.300 623 0.797 0.470 0.366 0.256 0.175 0.092 0.034
623 0.779 0.460 0.360 0.250 0.170 0.090 0.035
623 0.776 0.458 0.357 0.249 0.170 0.091 0.037
914 1.109 0.654 0.506 0.359 0.250 0.134 0.050
1193 1418 0.838 0.645 0.458 0.320 0.170 0.064
29.400 616 0.608 0.460 0.379 0.277 0.195 0.098 0.039
614 0.59 0.453 0.372 0.272 0.191 0.098 0.040
612 0593 0.450 0.370 0.270 0.192 0.098 0.036
901 0.848 0.643 0.525 0.384 0.268 0.138 0.053
1178 1.099 0.820 0.668 0.488 0.345 0.177 0.061
29.500 616 0.542 0.430 0.366 0.270 0.183 0.097 0.043
612 0.525 0.415 0.355 0.264 0.181 0.099 0.041
611 0523 0.415 0.354 0.264 0.180 0.100 0.044
896 0.753 0.614 0.521 0.389 0.269 0.144 0.058
1167 0.991 0.800 0.682 0.509 0.355 0.187 0.073
29.600 613 0.659 0.481 0.384 0.273 0.192 0.110 0.042
612 0.647 0.469 0.376 0.269 0.191 0.112 0.048
613 0.645 0.468 0.375 0.269 0.191 0.113 0.047
903 0.927 0.683 0.549 0.398 0.285 0.169 0.069
1177 1.196 0.882 0.712 0.521 0.374 0.224 0.091

Table F.2(i) - Site 5 - Chainage 4.800 - 7.400 —ft Side

Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

4.800 631 0.187 0.176 0.168 0.152 0.135 0.105 0.074
627 0.186 0.175 0.166 0.152 0.133 0.105 0.073
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500
627 0.187 0.175 0.165 0.154 0.133 0.102 0.073
891 0.270 0.264 0.251 0.223 0.199 0.162 0.100
152 0.375 0.355 0.337 0.301 0.265 0.208 0.128

4.900 605 0.231 0.211 0.198 0.171 0.145 0.106 0.048

604 0.232 0.209 0.196 0.169 0.144 0.105 0.050

599 0.229 0.208 0.195 0.168 0.143 0.106 0.053

871 0.336 0.320 0.300 0.258 0.220 0.160 0.083
1143 0.474 0.433 0.404 0.346 0.296 0.216 0.128
5.000 610 0.200 0.191 0.176 0.153 0.133 0.097 0.065

610 0.206 0.190 0.175 0.152 0.134 0.103 0.060

613 0.206 0.190 0.176 0.153 0.138 0.106 0.059

888 0.286 0.287 0.270 0.240 0.210 0.160 0.095

1148 0.404 0.389 0.361 0.316 0.275 0.210 0.124
5.100 623 0.189 0.182 0.172 0.149 0.127 0.090 0.050
620 0.195 0.184 0171 0.148 0.128 0.089 0.045
623 0.197 0.184 0171 0.149 0.127 0.089 0.053
885 0.258 0.277 0.257 0.223 0.191 0.135 0.069
1148 0.381 0.374 0.347 0.298 0.255 0.179 0.089
5.201 622 0.162 0.144 0.136 0.117 0.097 0.067 0.031
621 0.160 0.143 0.134 0.115 0.096 0.066 0.032

622 0.160 0.142 0.135 0.116 0.097 0.066 0.031

894 0.230 0.213 0.200 0.172 0.143 0.100 0.047

1157 0.317 0.282 0.264 0.226 0.190 0.130 0.061

5.300 604 0.277 0.242 0.225 0.186 0.156 0.101 0.036
600 0.273 0.238 0.220 0.185 0.153 0.102 0.038
601 0.273 0.238 0.222 0.183 0.154 0.100 0.035

874 0.415 0.363 0.336 0.278 0.233 0.152 0.050

1144 0.564 0.487 0.446 0.373 0.309 0.203 0.069

5.400 602 0.191 0.172 0.161 0.138 0.115 0.081 0.039
602 0.191 0.172 0.160 0.139 0.117 0.085 0.045
603 0.191 0.168 0.163 0.136 0.113 0.080 0.041
875 0.291 0.262 0.247 0.211 0.178 0.128 0.064
1147 0.405 0.358 0.336 0.286 0.241 0.172 0.087
5.500 597 0.189 0.173 0.165 0.147 0.130 0.095 0.044

598 0.188 0.174 0.164 0.147 0.128 0.095 0.044

596 0.187 0.174 0.164 0.147 0.128 0.095 0.044

868 0.277 0.260 0.247 0.219 0.191 0.140 0.063
1138 0.378 0.348 0.328 0.290 0.251 0.183 0.082
5.600 604 0.171 0.167 0.156 0.136 0.115 0.082 0.040
600 0.175 0.167 0.155 0.134 0.113 0.082 0.039
601 0.177 0.168 0.157 0.134 0.113 0.081 0.039
870 0.253 0.252 0.233 0.202 0.171 0.125 0.056
1143 0.357 0.339 0.313 0.269 0.226 0.159 0.078
5.700 606 0.129 0.124 0.117 0.102 0.088 0.065 0.037
605 0.129 0.124 0.116 0.101 0.087 0.065 0.036
602 0.128 0.123 0.116 0.101 0.088 0.065 0.036
870 0.200 0.189 0177 0.154 0.134 0.099 0.054
1140 0.277 0.259 0.242 0.210 0.181 0.134 0.073
5.800 606 0.312 0.237 0.202 0.162 0.128 0.085 0.044
605 0.308 0.236 0.200 0.160 0.127 0.083 0.046
608 0.309 0.236 0.201 0.161 0.127 0.083 0.048
884 0.461 0.358 0.303 0.241 0.194 0.131 0.066
1158 0.615 0.476 0.405 0.322 0.259 0.175 0.091
5.906 596 0.221 0.205 0.197 0.177 0.155 0.117 0.053

597 0.220 0.203 0.196 0.175 0.154 0.115 0.051

593 0.219 0.205 0.195 0.174 0.154 0.115 0.052

865 0.325 0.311 0.298 0.265 0.232 0.173 0.077
1133 0.450 0.420 0.401 0.353 0.309 0.228 0.098
6.000 595 0.284 0.255 0.241 0.210 0.182 0.136 0.066
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

595 0.283 0.253 0.240 0.209 0.180 0.135 0.066

596 0.283 0.253 0.240 0.208 0.180 0.135 0.066

863 0.423 0.383 0.361 0.315 0.271 0.203 0.104
1133 0.580 0.511 0.481 0.417 0.359 0.268 0.138
6.100 614 0.579 0.493 0.442 0.362 0.298 0.213 0.100

609 0.572 0.485 0.435 0.356 0.288 0.206 0.100

608 0.573 0.486 0.436 0.356 0.288 0.206 0.101

892 0.797 0.678 0.604 0.495 0.406 0.291 0.143

1165 1.027 0.864 0.743 0.625 0.514 0.368 0.185

6.201 600 0.253 0.228 0.211 0.181 0.152 0.112 0.062

594 0.249 0.224 0.208 0.178 0.150 0.110 0.061

593 0.249 0.224 0.208 0.178 0.150 0.110 0.061

866 0.380 0.344 0.317 0.272 0.229 0.168 0.092

1134 0.516 0.461 0.425 0.364 0.305 0.223 0.122

6.300 610 0.425 0.381 0.351 0.291 0.240 0.144 0.059

613 0.423 0.377 0.349 0.289 0.237 0.143 0.059

610 0.422 0.376 0.348 0.289 0.237 0.142 0.060

886 0.594 0.530 0.487 0.404 0.331 0.204 0.085
1160 0.779 0.682 0.626 0.518 0.424 0.262 0.112
6.400 602 0.247 0.206 0.187 0.153 0.124 0.082 0.038
599 0.248 0.202 0.184 0.151 0.122 0.085 0.035
601 0.249 0.202 0.184 0.151 0.122 0.082 0.039
874 0.351 0.304 0.275 0.226 0.182 0.123 0.059
1144 0.505 0412 0.369 0.302 0.242 0.162 0.077
6.500 598 0.193 0.169 0.155 0.128 0.104 0.069 0.030

599 0.195 0.170 0.156 0.129 0.106 0.070 0.028

599 0.196 0.170 0.157 0.130 0.106 0.070 0.030

869 0.290 0.257 0.237 0.196 0.160 0.108 0.044

1135 0.408 0.351 0.322 0.266 0.216 0.146 0.059

6.607 587 0.194 0.179 0.172 0.154 0.136 0.106 0.062

588 0.193 0.178 0.172 0.154 0.136 0.106 0.061

586 0.192 0.178 0.172 0.153 0.136 0.105 0.062

858 0.294 0.276 0.264 0.237 0.208 0.164 0.093

1130 0.404 0.372 0.355 0.317 0.281 0.217 0.124

6.700 607 0.203 0.181 0.165 0.138 0.112 0.071 0.026

607 0.203 0.179 0.163 0.137 0.110 0.070 0.025

604 0.204 0.179 0.162 0.136 0.110 0.069 0.026

886 0.300 0.272 0.247 0.204 0.164 0.103 0.037

1164 0.427 0.370 0.332 0.274 0.217 0.136 0.048

6.800 600 0.278 0.248 0.232 0.190 0.150 0.097 0.038

600 0.276 0.247 0.228 0.188 0.150 0.096 0.038

597 0.275 0.245 0.227 0.187 0.148 0.096 0.039

876 0.422 0.379 0.348 0.287 0.228 0.147 0.058

1154 0.589 0.515 0474 0.387 0.308 0.197 0.077

6.900 587 0.198 0.181 0172 0.152 0.131 0.092 0.053

580 0.196 0.180 0.169 0.151 0.130 0.092 0.049

579 0.196 0.180 0.169 0.150 0.128 0.094 0.050

852 0.298 0.274 0.260 0.229 0.199 0.139 0.080

1126 0.401 0.365 0.343 0.302 0.262 0.185 0.100

7.000 601 0.183 0.168 0.156 0.130 0.107 0.072 0.037

600 0.183 0.166 0.153 0.129 0.104 0.072 0.035

596 0.183 0.166 0.152 0.128 0.102 0.072 0.035

868 0.267 0.254 0.233 0.195 0.159 0.109 0.054

1144 0.366 0.345 0.314 0.261 0.211 0.144 0.070

7.100 587 0.260 0.239 0.209 0.168 0.130 0.080 0.035
587 0.258 0.236 0.209 0.167 0.129 0.080 0.033

586 0.261 0.233 0.207 0.168 0.129 0.078 0.035

851 0.406 0.367 0.326 0.256 0.202 0.128 0.050

1130 0.567 0.498 0.441 0.348 0.274 0.173 0.068
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

7.200 586 0.249 0.216 0.193 0.155 0.122 0.079 0.034
583 0.248 0.211 0.191 0.154 0.119 0.079 0.037
583 0.248 0.213 0.190 0.153 0.121 0.077 0.035

849 0.378 0.333 0.298 0.240 0.190 0.123 0.054

1126 0.528 0.455 0.404 0.325 0.259 0.169 0.071

7.300 579 0.252 0.224 0.201 0.158 0.121 0.076 0.033
574 0.252 0.221 0.195 0.155 0.117 0.075 0.032
571 0.252 0.220 0.196 0.155 0.118 0.075 0.032

842 0.385 0.342 0.308 0.245 0.190 0.118 0.053

1117 0.532 0.465 0.413 0.329 0.254 0.162 0.071

Table F.2()) - Site 5 - Chainage 4.800 - 7.400 —dRit Side

Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

4.799 586 0.162 0.147 0.140 0.123 0.105 0.079 0.049
587 0.162 0.147 0.138 0.122 0.104 0.078 0.048
585 0.162 0.146 0.138 0.121 0.103 0.077 0.049
849 0.248 0.227 0.213 0.188 0.161 0.120 0.082
1114 0.342 0.310 0.290 0.254 0.217 0.161 0.111

4.899 585 0.161 0.151 0.144 0.133 0.117 0.093 0.051
585 0.159 0.150 0.144 0.131 0.116 0.092 0.054
586 0.158 0.149 0.144 0.131 0.115 0.093 0.051

847 0.247 0.233 0.225 0.206 0.183 0.147 0.079

1112 0.339 0.320 0.309 0.282 0.254 0.203 0.104

5.000 579 0.246 0.235 0.223 0.203 0.177 0.139 0.083
574 0.244 0.232 0.221 0.200 0.175 0.137 0.083
572 0.246 0.232 0.221 0.199 0.174 0.136 0.079
839 0.372 0.359 0.341 0.306 0.268 0.209 0.121
1105 0.505 0.476 0.454 0.405 0.354 0.276 0.159
5.100 555 0.175 0.151 0.134 0.110 0.086 0.057 0.022
548 0.171 0.147 0.131 0.106 0.085 0.054 0.023
547 0.171 0.146 0.130 0.107 0.084 0.055 0.021
830 0.260 0.228 0.205 0.165 0.133 0.085 0.036
1119 0.358 0.311 0.276 0.224 0.178 0.116 0.047
5.200 548 0.235 0.217 0.198 0.170 0.141 0.094 0.040

544 0.233 0.213 0.196 0.168 0.138 0.094 0.040

545 0.235 0.213 0.196 0.168 0.139 0.095 0.040

826 0.358 0.329 0.304 0.259 0.214 0.146 0.061

1112 0477 0.435 0.403 0.342 0.283 0.194 0.082

5.299 593 0.264 0.237 0.217 0.182 0.147 0.099 0.041
594 0.262 0.234 0.215 0.180 0.146 0.098 0.042
591 0.262 0.234 0.215 0.180 0.146 0.098 0.042
868 0.401 0.357 0.330 0.275 0.221 0.149 0.063
1135 0.541 0478 0.439 0.364 0.293 0.196 0.085
5.397 591 0.225 0.196 0.182 0.162 0.140 0.105 0.057
592 0.225 0.197 0.183 0.164 0.140 0.108 0.055
587 0.224 0.193 0.181 0.160 0.140 0.103 0.057

854 0.339 0.304 0.282 0.250 0.216 0.162 0.086

1120 0.466 0417 0.385 0.340 0.293 0.219 0.112

5.499 600 0.214 0.193 0.180 0.158 0.133 0.096 0.045

598 0.211 0.190 0.178 0.156 0.132 0.094 0.043

595 0.210 0.189 0.178 0.156 0.132 0.094 0.044

862 0.316 0.287 0.269 0.235 0.198 0.142 0.066

1120 0.425 0.385 0.359 0.312 0.264 0.187 0.084

5.600 558 0.196 0.185 0.168 0.139 0.109 0.067 0.033

555 0.199 0.183 0.166 0.138 0.107 0.067 0.034

555 0.200 0.183 0.166 0.137 0.108 0.067 0.033
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500

838 0.302 0.284 0.258 0.212 0.167 0.103 0.050

1129 0.422 0.385 0.350 0.285 0.224 0.137 0.066

5.694 559 0.419 0.345 0.303 0.238 0.178 0.107 0.045
552 0.412 0.336 0.297 0.232 0.173 0.105 0.045
549 0.411 0.336 0.295 0.230 0.174 0.104 0.043
838 0.612 0.502 0.439 0.346 0.261 0.159 0.066
1119 0.804 0.654 0.572 0.452 0.342 0.210 0.089
5.800 588 0.393 0.264 0.211 0.147 0.102 0.064 0.035
582 0.388 0.260 0.207 0.145 0.102 0.064 0.034
584 0.388 0.260 0.209 0.145 0.101 0.062 0.037
864 0.560 0.391 0.314 0.221 0.157 0.098 0.052
1137 0.741 0.513 0.416 0.293 0.207 0.126 0.074
5.900 572 0.479 0.351 0.291 0.216 0.159 0.097 0.044

569 0.470 0.345 0.287 0.214 0.158 0.097 0.044

567 0.470 0.344 0.286 0.214 0.158 0.097 0.045

849 0.675 0.505 0.420 0.315 0.234 0.144 0.066

1131 0.861 0.649 0.542 0.409 0.305 0.190 0.089
6.000 581 0.282 0.223 0.196 0.155 0.121 0.075 0.040
576 0.279 0.220 0.193 0.154 0.120 0.076 0.039
571 0.274 0.219 0.193 0.153 0.120 0.077 0.037
842 0.388 0.332 0.290 0.232 0.181 0.117 0.056
1116 0.545 0.444 0.387 0.307 0.241 0.157 0.076
6.100 604 0.287 0.233 0.198 0.146 0.108 0.062 0.031

606 0.287 0.229 0.196 0.145 0.106 0.063 0.032

607 0.287 0.228 0.196 0.146 0.105 0.063 0.032

880 0.421 0.341 0.293 0.220 0.162 0.097 0.048
1148 0.572 0.454 0.391 0.294 0.217 0.131 0.062
6.200 604 0.282 0.247 0.226 0.192 0.155 0.109 0.061

602 0.280 0.243 0.223 0.189 0.153 0.107 0.061

603 0.278 0.243 0.223 0.189 0.153 0.107 0.061

877 0.420 0.376 0.344 0.291 0.236 0.166 0.094
1141 0.589 0.510 0.466 0.393 0.318 0.223 0.126
6.300 617 0.257 0.211 0.190 0.149 0.113 0.070 0.022
621 0.255 0.210 0.187 0.148 0.114 0.067 0.029

620 0.255 0.210 0.189 0.148 0.112 0.067 0.025

885 0.357 0.305 0.275 0.216 0.165 0.098 0.035

1144 0.484 0.404 0.359 0.283 0.218 0.131 0.042

6.398 611 0.213 0.166 0.144 0.110 0.082 0.048 0.022
605 0.209 0.163 0.141 0.108 0.080 0.049 0.023
609 0.211 0.164 0.142 0.108 0.081 0.047 0.022
880 0.333 0.259 0.223 0.170 0.125 0.074 0.034
1145 0.471 0.360 0.308 0.234 0.170 0.101 0.044
6.500 603 0.402 0.352 0.329 0.277 0.228 0.161 0.075
596 0.394 0.348 0.319 0.271 0.226 0.159 0.075
596 0.395 0.347 0.320 0.271 0.225 0.159 0.075
869 0.571 0.510 0.466 0.393 0.327 0.231 0.110
1138 0.775 0.666 0.609 0.509 0.422 0.298 0.144
6.600 593 0.267 0.244 0.239 0.220 0.203 0.166 0.100
594 0.262 0.242 0.236 0.218 0.201 0.165 0.099
595 0.263 0.242 0.236 0.218 0.200 0.165 0.100
856 0.369 0.364 0.351 0.323 0.295 0.239 0.143
1127 0.507 0.486 0.467 0.425 0.385 0.309 0.186
6.700 600 0.260 0.230 0.214 0.174 0.140 0.090 0.035

597 0.259 0.230 0.210 0.174 0.138 0.089 0.036

596 0.259 0.228 0.213 0.172 0.139 0.088 0.034

871 0.390 0.344 0.316 0.259 0.205 0.132 0.049
1150 0.537 0.466 0.424 0.347 0.273 0.175 0.064
6.800 615 0.845 0.633 0.500 0.338 0.224 0.130 0.065
622 0.835 0.631 0.488 0.333 0.225 0.134 0.067
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Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
618 0.830 0.624 0.482 0.329 0.223 0.134 0.067
901 1.148 0.869 0.674 0.471 0.329 0.204 0.102
172 1499 1105 0.833 0.604 0.430 0.276 0.139
6.899 600 0.348 0.300 0.276 0.235 0.192 0.142 0.064
604 0.346 0.296 0.273 0.235 0.194 0.136 0.068
608 0.351 0.295 0.274 0.236 0.195 0.141 0.064
872 0.503 0.447 0.411 0.353 0.292 0.197 0.103
1139 0.700 0.603 0.549 0.464 0.380 0.264 0.126
7.000 588 0.259 0.204 0.170 0.135 0.098 0.061 0.023
585 0.256 0.202 0.169 0.134 0.097 0.060 0.023
590 0.258 0.204 0.171 0.135 0.099 0.061 0.023
872 0.387 0.307 0.267 0.207 0.153 0.091 0.035
1149 0.521 0.413 0.355 0.277 0.205 0.122 0.045
7.100 593 0.325 0.272 0.242 0.188 0.142 0.080 0.026
594 0.323 0.271 0.238 0.187 0.141 0.082 0.033
592 0.321 0.270 0.239 0.185 0.141 0.082 0.029
862 0.461 0.403 0.354 0.278 0.212 0.127 0.046
1132 0615 0.531 0.470 0.366 0.281 0.167 0.061
7.200 600 0.253 0.221 0.201 0.166 0.133 0.087 0.036
602 0.253 0.221 0.200 0.167 0.133 0.086 0.037
599 0.251 0.221 0.199 0.165 0.132 0.085 0.036
867 0.377 0.338 0.304 0.250 0.201 0.131 0.054
1137 0.530 0.456 0.410 0.333 0.269 0.175 0.072
7.300 588 0.418 0.303 0.260 0.196 0.145 0.088 0.036
582 0.415 0.299 0.257 0.195 0.145 0.089 0.037
579 0.412 0.299 0.256 0.194 0.144 0.088 0.036
848 0.583 0.442 0.380 0.290 0.219 0.135 0.053
1127 0.769 0575 0.497 0.379 0.290 0.181 0.072

Table F.2(k) - Site 6 - Chainage 153.600 - 155.10Qeft Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
153.600 622 0.592 0.491 0.429 0.340 0.267 0.163 0.081
620 0.585 0.485 0.424 0.338 0.265 0.163 0.082
618 0.583 0.484 0.424 0.338 0.266 0.163 0.083
905 0.824 0.700 0.617 0.498 0.396 0.249 0.122
1182 1.049 0.891 0.789 0.642 0515 0.326 0.160
153.700 639 0.497 0.430 0.385 0.278 0.225 0.154 0.089
635 0.488 0.422 0.378 0.272 0.223 0.154 0.086
634 0.487 0.421 0.377 0.271 0.223 0.155 0.085
920 0.701 0.611 0.548 0412 0.338 0.233 0.128
1195 0.917 0.792 0.709 0.543 0.447 0.309 0.167
153.800 623 0.680 0.550 0.466 0.338 0.251 0.163 0.089
621 0.665 0.539 0.455 0.330 0.250 0.165 0.091
618 0.659 0.532 0.451 0.330 0.248 0.163 0.092
902 0.939 0.776 0.661 0.493 0.378 0.250 0.134
1181 1.210 0.994 0.824 0.646 0.499 0.330 0.175
153.900 624 0.771 0.564 0.469 0.343 0.254 0.167 0.093
620 0.751 0.546 0.458 0.338 0.252 0.168 0.095
619 0.746 0.547 0.458 0.337 0.252 0.169 0.095
904 1.071 0.796 0.673 0.501 0.384 0.256 0.140
1179 1.397 1.027 0.870 0.656 0.507 0.341 0.187
154.000 604 0.832 0.574 0.461 0.327 0.239 0.156 0.085
602 0.813 0.563 0.454 0.324 0.238 0.156 0.085
600 0.806 0.560 0.451 0.322 0.238 0.156 0.084
891 1137 0.817 0.667 0.485 0.362 0.237 0.129
1171 1463 1.056 0.870 0.636 0.480 0.315 0.170
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Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
154.100 613 0.611 0.491 0.421 0.329 0.252 0.168 0.088
617 0.604 0.486 0.419 0.328 0.253 0.169 0.090
612 0.601 0.483 0.416 0.325 0.252 0.168 0.092
896 0.870 0.712 0.615 0.487 0.378 0.253 0.132
1177 1.134 0.932 0.807 0.641 0.501 0.336 0.174
154.200 625 0.691 0.615 0.544 0.439 0.345 0.219 0.101
620 0.678 0.602 0.533 0.431 0.339 0.216 0.101
617 0.675 0.599 0.531 0.430 0.340 0.218 0.100
902 0.929 0.830 0.735 0.602 0.479 0.314 0.151
1178 1192 1,045 0.927 0.763 0613 0.410 0.200
154.300 621 0.932 0.633 0.479 0.315 0.225 0.140 0.083
618 0.887 0.610 0.464 0.312 0.226 0.143 0.082
617 0.876 0.609 0.459 0.311 0.226 0.143 0.081
898 1.251 0.893 0.682 0.474 0.342 0.217 0.117
1170 1.609 1.158 0.900 0.642 0.463 0.290 0.156
154.401 604 0.984 0.603 0.437 0.299 0.221 0.144 0.081
604 0.938 0.596 0.433 0.306 0.227 0.149 0.082
603 0.924 0.594 0.431 0.307 0.227 0.148 0.080
889 1311 0.884 0.652 0.469 0.349 0.229 0.124
1160 1,662 1153 0.855 0.627 0.467 0.305 0.167
154,500 616 0.938 0.709 0510 0.315 0217 0.134 0.082
612 0.901 0.690 0.504 0.317 0.213 0.131 0.084
613 0.896 0.691 0.508 0.319 0.218 0.136 0.083
901 1.277 0.999 0.750 0.484 0.333 0.205 0.121
1177 1.633 1.284 0.988 0.646 0.450 0.277 0.155
154.600 614 0.964 0.645 0.479 0.329 0.238 0.157 0.089
612 0.924 0.634 0473 0.329 0.240 0.159 0.086
611 0915 0.633 0473 0.329 0.241 0.159 0.089
895 1293 0915 0.700 0.497 0.365 0.239 0.130
1165 1646 1.181 0916 0.657 0527 0.317 0.169
154.700 603 1.061 0.695 0.497 0.329 0.236 0.157 0.089
597 1.005 0.671 0.487 0.331 0.240 0.161 0.090
596 0.995 0.668 0.485 0.333 0.242 0.162 0.089
886 1.389 0.972 0.725 0.508 0.369 0.245 0.134
1166 1.771 1.250 0.948 0.673 0.492 0.327 0.173
154.800 627 0.720 0.480 0.356 0.251 0.189 0.133 0.082
623 0.700 0.469 0.351 0.250 0.189 0.135 0.083
620 0.694 0.466 0.351 0.250 0.189 0.136 0.083
910 0.984 0.686 0528 0.387 0.294 0.207 0.126
1186 1.286 0.89%4 0.695 0.515 0.394 0.274 0.161
154.900 611 1.050 0.730 0.536 0.354 0.254 0.167 0.096
606 1.002 0.705 0.524 0.351 0.254 0.168 0.096
603 0.991 0.699 0.521 0.351 0.253 0.168 0.097
896 1403 1017 0.774 0.531 0.390 0.257 0.147
1166 1.800 1.299 1,003 0.697 0520 0.341 0.194
155.000 613 0.860 0542 0.392 0.274 0.207 0.145 0.089
610 0.829 0528 0.384 0.274 0.206 0.146 0.091
607 0.821 0.524 0.383 0.272 0.204 0.145 0.091
897 1.160 0.767 0.571 0.412 0.316 0.221 0.132
1173 1.515 1.001 0.754 0.548 0.425 0.297 0.174
155.101 597 1.240 0.823 0.610 0.405 0.293 0.187 0.101
594 1.178 0.790 0.600 0.403 0.294 0.186 0.103
589 1162 0.784 0.594 0.404 0.299 0.193 0.106
876 1635 1152 0.883 0616 0.463 0.292 0.160
1146 2.106 1487 1.154 0.818 0.622 0.393 0.215
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Table F.2(l) - Site 6 - Chainage 153.600 - 155.18®Right Side

Chain Press Deflections (mm)
(km) (kPa) 0 200 300 450 600 900 1500
153.600 604 0.528 0.415 0.357 0.285 0.222 0.147 0.080
598 0.517 0.406 0.350 0.281 0.220 0.144 0.080
598 0.517 0.406 0.350 0.280 0.219 0.146 0.080
879 0.764 0.622 0.541 0.432 0.341 0.225 0.124
1153 1.029 0.825 0.717 0575 0.457 0.303 0.163
153.700 598 0.773 0589 0.487 0.341 0.243 0.149 0.086
596 0.756 0579 0.480 0.340 0.243 0.154 0.085
598 0.752 0575 0.478 0.340 0.243 0.155 0.089
882 1.075 0.839 0.706 0.509 0.368 0.237 0.131
1152 1.395 1.092 0.924 0.673 0.490 0.311 0.172
153.800 605 0.647 0.440 0.359 0.267 0.203 0.136 0.083
599 0.628 0.430 0.353 0.260 0.201 0.139 0.082
596 0.623 0.428 0.349 0.262 0.201 0.137 0.083
884 0.891 0.639 0527 0.398 0.307 0210 0.124
1160 1471 0.840 0.697 0.530 0.410 0.280 0.163
153.900 593 0.816 0.609 0500 0.349 0.273 0.175 0.087
588 0.793 0593 0.490 0.346 0.268 0174 0.089
589 0.788 0.593 0.490 0.346 0.269 0.176 0.087
872 1.132 0.881 0.736 0.531 0.416 0.271 0.131
1143 1.487 1.159 0.974 0.711 0.568 0.365 0177
153.992 593 0.889 0.567 0.425 0.308 0.222 0.146 0.093
593 0.862 0.556 0.420 0.305 0.224 0.147 0.092
589 0.852 0.550 0.417 0.303 0.224 0.147 0.092
879 1.200 0.809 0.627 0.460 0.344 0.227 0.137
1156 1528 1,049 0.823 0.608 0.464 0.306 0.180
154.100 607 0.454 0.406 0.358 0.283 0.221 0.147 0.085
601 0.449 0.397 0.355 0.279 0.219 0.145 0.080
597 0.446 0.395 0.352 0.278 0.218 0.145 0.084
882 0.667 0.599 0.528 0.421 0.332 0.223 0.127
1158 0.909 0.796 0.702 0.560 0.444 0.299 0.168
154.200 600 0517 0.412 0.370 0.296 0.231 0.152 0.086
598 0.509 0.406 0.364 0.292 0.229 0.152 0.087
596 0.506 0.404 0.363 0.291 0.228 0.152 0.086
876 0.740 0.604 0542 0.439 0.349 0.232 0.128
1149 0.981 0.798 0.720 0.580 0.460 0.309 0.171
154.300 598 0.794 0.479 0.374 0.279 0.220 0.149 0.080
595 0.764 0.467 0.367 0.277 0.217 0.149 0.084
591 0.757 0.463 0.366 0.275 0.217 0.148 0.082
877 1.055 0.695 0.561 0.426 0.339 0.230 0.123
1145 1.362 0913 0.746 0.569 0.457 0.309 0.161
154.400 607 0.993 0.656 0.489 0.312 0.218 0.133 0.083
602 0.957 0.645 0472 0.308 0218 0.136 0.081
601 0.949 0.648 0.469 0.305 0217 0.139 0.079
889 1.338 0.936 0.69%4 0.464 0.332 0.211 0.119
1165 1.717 1.201 0.907 0.616 0.444 0.283 0.154
154.499 595 1.033 0.677 0.522 0.351 0.257 0.167 0.096
589 0.990 0.655 0.504 0.348 0.256 0.168 0.093
587 0.980 0.654 0.499 0.349 0.256 0.168 0.098
883 1.389 0.972 0.751 0.536 0.397 0.261 0.144
1156 1772 1.264 0.990 0.714 0535 0.352 0.193
154,599 614 0.689 0.541 0.448 0.317 0.220 0.142 0.083
610 0.680 0534 0.441 0.313 0.220 0.142 0.080
607 0.675 0.531 0.437 0.312 0.220 0.143 0.081
890 0.956 0.766 0.634 0.468 0.341 0.221 0.123
1165 1.248 0.987 0.806 0.616 0.456 0.296 0.163
154.700 604 0.764 0.558 0.466 0.341 0.246 0.165 0.087
609 0.750 0.551 0.461 0.343 0.248 0.165 0.091
608 0.746 0.547 0.459 0.343 0.248 0.167 0.092
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Chain Press Deflections (mm)

(km) (kPa) 0 200 300 450 600 900 1500
889 1.057 0.791 0.674 0.512 0.372 0.247 0.142
1160 1.362 1,022 0.875 0.671 0.494 0.330 0.190

154.799 611 0.446 0.342 0.295 0.231 0.181 0.128 0.075
608 0.439 0.339 0.290 0.228 0.180 0.128 0.073
608 0.438 0.339 0.290 0.228 0.180 0.129 0.073
894 0.667 0.518 0.448 0.353 0.281 0.199 0.109
1173 0.903 0.695 0.599 0.473 0.378 0.267 0.146

154.900 609 0.892 0.654 0.508 0.345 0.251 0.162 0.086
602 0.865 0.636 0.499 0.342 0.250 0.162 0.086
602 0.857 0.630 0.495 0.341 0.250 0.163 0.088
892 1213 0.909 0.732 0526 0.386 0.251 0.135
1170 1,564 1472 0.926 0.695 0517 0.337 0.183

155.000 599 0.835 0.602 0.497 0.367 0.264 0.165 0.096
597 0.818 0.592 0.492 0.364 0.265 0.169 0.095
597 0.814 0.591 0.490 0.364 0.264 0.167 0.096
883 1.152 0.864 0.726 0.549 0.405 0.258 0.146
1157 1.475 1.116 0.942 0.725 0.537 0.341 0.195

155.100 604 1,039 0.741 0593 0.437 0.314 0.199 0.099
599 1,003 0.722 0.581 0433 0.310 0.199 0.100
599 0.993 0.718 0580 0433 0.310 0.200 0.102
881 1.389 1.035 0.849 0.646 0472 0.303 0.151
1150 1.769 1.340 1.110 0.855 0.631 0.403 0.204
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APPENDIX G — FWD COMPARISON TEST RESULTS

Table G.1 lists the calculated moduli for the stdddest locations at the six sites as
listed in Table E.4 - Acceptance Test Data — Sete&8ites (Appendix E), together with
the Relative Dry Density test results for each fimra as measured at the time of
construction. The FWD Subgrade Modulus in MPa (@wui 4) was obtained from the
pulse time analysis during the Falling Weight Detiteneter tests. The moduli for the
Subgrade, Subbase and Base (the Stabilised top lasted were calculated using the
CIRCDEF program to match the deflection bowl meeduby the Falling Weight

Deflectometer tests — refer Appendix F.

Table G.1 - FWD Comparison Test Data — Selected $#&

Site 1
. FWD
Test ID ity |- (RPID Subgrade Modulus MPa
m % Modulus | Subgrade Subbase| Base

1.1.2 153221 93.0 130 111 107 1229
1.1.3 153537 96.9 80 96 24 115(
1.1.4 153602, 100.4 130 133 52 162D
1.1.5 153821 95.1 250 200 260 10440
1.1.6 153946 98.9 50 74 20 818(
1.1.7 154186 97.4 60 82 26 750
1.1.8 154441 96.4 50 80 25 127(
1.2.2 153313 95.3 180 145 225 129D
1.2.3 153462 98.2 110 77 24 187¢
1.2.4 153588 91.6 40 50 44 111%
1.2.5 153755 99.0 80 88 29 2494
1.2.6 153871 96.6 80 92 33 102%
1.2.7 154115 93.2 100 94 70 640
1.2.8 154204 95.2 90 90 73 534
1.2.9 154365 97.1 90 72 21 241
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Site 2

. FWD
i D Chain R(I):)D Subgrade Modulus MPa
m % Modulus | Subgradeg Subbase| Base
2.1.1 66837 101.8 250 154 8217 20000
2.1.2 66913 100.0 250 286 5744 146B
2.1.3 66980 102.8 250 202 10000 78
2.1.4 67171 100.4 250 150 6000 20000
2.2.1 66826 93.1 250 264 220 8871
2.2.2 67028 101.4 250 279 1970 15000
2.2.3 67045 100.7 250 243 6000 15000
2.2.4 67254 99.3 250 212 3654 150Q0
Site 3
. FWD
TestID Chain RDD Subgrade Modulus MPa
m i Modulus | Subgrade Subbase| Base
Design - - 30 30 - 2000
3.1.1 2334 100.8 130 110 4217
3.1.2 2596 98.0 160 151 1124
3.1.3 2660 102.7 160 133 5096
3.1.4 2913 99.5 140 117 1874
3.2.1 3115 100.3 190 149 3864
3.2.2 3314 98.5 170 138 2636
3.2.3 3495 99.2 140 120 8351
3.2.4 3665 93.5 100 80 1182
3.3.1 2296 102.1 140 115 5357
3.3.2 2424 97.5 140 122 3664
3.3.3 2723 98.1 200 154 604(
3.34 2904 97.9 250 187 5224
3.4.1 3122 96.9 200 144 2121
3.4.2 3351 97.9 250 244 3071
3.4.3 3544 100.7 210 154 790(
3.4.4 3718 93.0 130 105 2910
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Site 4

. FWD
i D Chain R(I):)D Subgrade Modulus MPa
m % Modulus | Subgradeg Subbase| Base
411 28579 95.2 140 165 23 4600
4.1.2 28929 96.6 250 340 25 501%
4.1.3 29035 96.1 250 490 34 937
42.1 28643 94.0 50 60 26 688
4.2.2 28726 95.5 60 68 15 786
4.2.3 29062 98.4 250 228 16 626
43.1 29255 98.7 100 93 107 2689
4.3.2 29313 101.9 180 136 64 735
4.3.3 29486 98.6 240 171 74 182%
4.3.4 29521 99.4 220 154 53 1184
Site 5
. FWD
i D Chain R(I):)D Subgrade Modulus MPa
m % Modulus | Subgradeg Subbase| Base
51.1 4981 103.7 160 132 23854
5.1.2 5060 100.7 200 155 1116f
5.1.3 5321 100.2 160 140 8257
5.2.1 5359 97.3 240 176 15704
5.2.2 5645 102.6 160 132 1452p
5.2.3 5921 105.9 190 124 232911
5.3.1 6004 97.6 140 108 1357B
5.3.2 6424 99.2 160 178 7953
5.3.3 6498 100.3 250 160 20821
54.1 6765 99.8 190 147 7286
5.4.2 6965 99.7 140 123 11234
5.4.3 7255 99.9 250 211 2170[L
55.1 5001 103.6 160 104 1996
5.5.2 5061 101.5 130 117 4723
5.5.3 5243 98.5 230 144 1119p
5.6.1 5454 99.8 150 132 1316p
5.6.2 5630 99.7 250 149 1136
5.6.3 5813 98.6 250 215 17984
5.7.1 6014 100.2 250 260 305(
5.7.2 6332 97.1 250 293 1602B
5.7.3 6641 99.7 180 141 6307
5.8.1 6770 98.8 250 238 3721
5.8.2 7031 99.5 250 182 1673
5.8.3 7242 99.2 240 146 1180
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Site 6

NI

)

. FWD
i D Chain R(I):)D Subgrade Modulus MPa
m % Modulus | Subgradeg Subbase| Base
6.1.1 | 153632 95.3 70 89 23 1514
6.1.2 | 153828 104.1 100 95 87 957
6.1.3 | 154170 96.4 120 90 22 282%
6.1.4 | 154296 103.1 90 103 43 123
6.1.5 | 154646 96.1 130 93 69 553
6.1.6 | 154910 93.4 80 80 63 360
6.2.1 | 153649 101.2 120 114 76 157
6.2.2 | 153784 101.4 100 99 136 738
6.2.3 | 154227 96.2 120 115 121 259
6.2.4 | 154291 98.5 140 95 220 473
6.2.5 154607 100.1 110 104 70 132
6.2.6 | 154918 104.1 70 81 60 107¢
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