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ABSTRACT

Most Australian roads have experienced potholesoéimel types of pavement failures.
An excessive amount of moisture in road pavemeantftén a major contributing factor
to these pavement failures. Queensland has darggy road network connecting rural

with urban and dense populations with sparse papuoka

This project seeks to investigate the penetratiomaber into road pavements due to the
compounding nature of traffic. This project widtdrmine if moisture enters the
pavement through the compounding nature of traffid quantify the extent of the

problem.

In Australia sprayed seal surfacing are used ort mioal, arterial and rural local roads.
Tyre pressures, traffic volumes, speed, loads lam@mount of heavy vehicles have
increased dramatically over time. This has ledrtancrease in pavement failures
particularly in the wheel paths. An obvious caokthese failures is excessive amounts

of moisture in these failure zones.

Data provided by Queensland Department of TrangpatMain Roads — Toowoomba
and samples that were collected were analyseda rAsult of this analysis it was found
that there was more moisture in the wheel pathgeoed to between the wheel paths.
Although the majority of locations had higher moistcontent in the outer wheel path
than the inner wheel path, infiltration through gieulder was an unlikely cause due to
the moisture content in the inner wheel path steyubeging less than that of the outer
wheel path in some cases. It is also evidentth@aiore re-seals there were, the less

moisture content there was within the pavement.

The results of the permeameter tests revealegphay seals are classed as ‘permeable’
under atmospheric pressure. Under pressure aathe locations the classification
increases to ‘moderately free draining’. This aades that under more realistic traffic

conditions, moisture does penetrate spray seals.

The results of this study show that moisture desefrate the pavement due to the

compounding nature of traffic.
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Chapter 1 INTRODUCTION

1.1 Background

Most Australian roads have experienced potholesoémet types of pavement
failures. An excessive amount of moisture in rpadements is often a major
contributing factor to these pavement failures.

Queensland has a very large road network conneatiagywith urban and dense
populations with sparse populations. All of thegerconnecting areas rely on

roadways for travel, communication, freight etc.

QDTMR is responsible for the state-controlled roatlvork which consists of more
than 34 000km of the state’s 177 000km road netwdikis may only be 20% of the
Queensland road network; but this component oh#tevork carries more than 80%
of its traffic (Guide to Queensland Roads, 200@eight movement is largely
responsible for heavy vehicles on road networkse @ the amount of heavy
vehicles using these roads, there is a crucial teepcbvide durable and reliable

surfacing techniques to prevent damage to the pasdment.

For roads with lower volumes and in particular fuoads, sprayed sealing is usually
adopted as the primary surfacing technique. Roatte Darling Downs region are

primarily spray sealed roads.

The study ‘Permeability’s of Chipseals in New Zealahas concluded that water
penetration in road pavements is one of the issa@sing road defects. Infiltration
of water into the pavement through the traffic moeat may act as an accelerator
when it comes to pavement defects. The weight émabityre patterns of heavy
vehicles combined with wet weather may contribatpavement flaws.
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1.2 Significance

This study focuses on the water penetration thrqaaylement surfaces due to the
forces of traffic. It is a commonly recognised lpem and has been emphasised
through the report titled ‘Permeabilities of Chiglsein New Zealand’ which says:
‘The actual amount of water absorbed will depentherainfall and on the amount
of heavy traffic'(Ball& Towler, 2001). This penetration may bedhgh either
asphalt, or sprayed surfaces. The extent of tloislem has yet to be proven in the

Toowoomba region.

Water penetration into road pavements is an ongmiaglem throughout the world.
Water has been known to penetrate the pavememwisginwater tables, infiltration
into shoulders, from lower soil layers, seepagenftogher ground, and infiltration
through the pavement surface. The control ofrtiassture is essential to ensure that
road pavements are durable and have predictatfi@pance throughout the life of

the road.

A study made from New Zealand state highway sy$temd that the two major
types of surface distress that lead to the decisioaseal are alligator cracking of the
seal and flushing on chipseal roads. It has beend that chipseals are more
permeable than first thought (Towler & Ball, 2001).
From the Transfund research reports No. 122 (Bafagrick, 1998) and 156 (Ball,
Logan & Patrick, 1999) it is evident that there atéeast two main causes of
flushing:
Trafficking . This is immediately apparent because flushirmgroonly
appears first in the wheeltracks. A subsequerdstigation of the relative
effects of traffic levels, seal type, seal bindegalogical properties and the
pavement construction beneath the top seal wastegpim Transfund
Research Report No. 122
An investigation of the effects of water in thesthing processes in chipseals

was reported in Transfund Research Report No. 156.

12



Moisture rising through the pavement beneath thé sehis results in
miniature ‘volcanoes’ appearing where bubbles oflbr form above the
water vapour and then collapse as the vapour bteaksgh and escapes.
This phenomenon can appear in seals that havdisamitexture depth (i.e.
it is not directly associated with loss of textdepth from trafficking), with
the binder rising to the surface in small pocketgclv eventually coalesce to
cause flushing. This type of flushing can be foangiwhere on a road
surface, although it is often more prominent whbeepavement is trafficked.

It is evident that water does penetrate seals tfirdyre pressure as stated below by

the Transfund Report - Permeabilities of Chipsealdew Zealand.

The predominant pavement type used in New Zealteue Slighways is an
unbound granular sub-base and basecourse, witipseahwearing course.
These pavements are very susceptible to the presémeoisture, which may
induce both cracking and flushing of the surfaceeaurraffic and
climatological stresses. It has been believedenpidist that chipseals were
impermeable provided there were at least 1.5ldfbitumen. However,
recent tests have suggested that water may ga@sste the pavement
undersurface by being forced through from the tojhe chipseal by tyre
pressure ...Core samples were taken from a seleatiseals and the water
permeability of these seals measured under pressline results support the
proposition that water access occurs through tipeugeal surface and it may
be a possible factor in causing chipseal distrégewler & Ball 2001 p. 1).

Therefore it is possible that seals are not egtjpekrmeable in the Toowoomba area,

and further investigation should be undertakeremitthe same phenomenon

oCCurs.

A report by titled Effects of Crack Width and Permeability on Moistimduced

Damage of Pavement&Chen et al, 2004) based in Taiwan revealed tlugdtore

does penetrate Stone mastic asphalt, dense gragedlitand porous asphalt, and the

relationship between permeability and air voidexponential. Therefore as asphalt

content is increased, and the air void contergdsiced, the asphalt becomes more
13



impermeable. From this report, both dense andestoastic asphalt are shown to be
impervious when air void content is below 7%.

The testing report titled ‘Investigation of the @bged Distress on the Stone Mastic
Asphalt Surfacing’ on the Bruce Highway (North Ciodsiterland District) has
revealed that asphalt permeability is minimal wbader heavy trafficked

conditions. Under the correct mix composition anthpaction, the SM14 layer,

DG14 layer and the DG20 layer were almost ‘impeifoiesa

For site 1, only one of the eight test locatioesafpout 12% were found to be
“permeable” with the remainder being classifiecbsost “impermeable”.

(Ramanujam et al, 2002)

The accelerated deterioration of pavements dueoistare has led QDTMR and

other road contractors to look for more econonscdditions to these problems.

After a comprehensive literature review sourcedhlfimim Australia and overseas,
studies show that there is ample data supporti@gation that water penetrates into
road pavements. Research reports from the Tran®esearch Centre have proven
very helpful in establishing the effects of trafircluced moisture into road
pavements. Hong Kong’s ‘Analysis of Pavement Residwoperties Under Moisture
Induced Attack at Tuen Mun Highway, Hong Kong’ (HnWong & Tang, 2003),
‘Effects of Crack Width and Permeability on Moisttinduced Damage of
Pavements’ (Chen, Lin & Young, 2004), and ‘Forensiestigations of Roadway
Pavement Failures’ (Chen & Scullion, 2008) havesproto be very useful in

gathering data for this report.

Despite all of the information that has been gatigthere is very little that has been
compiled from Australia, therefore this project aito provide data to confirm that
traffic plays a large part in moisture entry inb@d pavements within the Australian

environment.
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1.3 Aims and Obijectives

This study will analyse data collected world-widelaompare the results with those
acquired from this project. Key aspects such aBAApercent commercials,
location, climatic conditions and type of seal vl examined.

This project aims to investigate the penetratiowaffer into road pavements due to
the compounding nature of traffic specifically hetToowoomba/Darling Downs
region. It will focus on commercial vehicles ahe types of tyres that are used as

well as the loads associated.

From the literature review and some testing datatmed that water penetration
into spray seals will be the main focus for thigae. The objective of this study is
to determine if there is significantly more pavemmoisture located in the wheel
path of roadways in comparison to non-traffickegbarwithin the road. From this, a
further analysis of AADT and the percentage of lyeahicles using the road, will
determine the extent to which heavy vehicles cbuatd to the moisture penetration.
At the conclusion of this study it is anticipatéat through various data collection
methods it will be clear that the M/C in the whpaths will be higher than between

the wheel paths.
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1.4 Location

Toowoomba Queensland is located approximately 9itas west of Brisbane.
Toowoomba experiences a cooler climate with musk kaumidity than coastal areas
in Queensland. The climate pattern is describdthasg wet summers and dry
winters. The average summer temperatures rangeX27 degrees Celsius and
the winter temperatures range from 5-18 degreesiuzel

Toowoomba's recent rainfall has decreased ovepdise 13 years as shown in Figure
1.4.1. The average yearly rainfall at the ToowoarAbrport over the past 13 years
is 648.5mm and over the past 136 years the avées&@yelimm (Bureau of
Meteorology, 2009). This is significantly highéan the past 5 years where it has
dropped from 741mm to approximately 300mm. Thesdrshows that yearly

rainfall continuously decreases with time.

Due to minimal recent rainfall, testing data may In@ as accurate as it would be
during a wetter period and alternative data sousoel as permeameter tests, probe

data and existing data will also be analysed.

ToowoombaYearly Rainfall
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(1) Figure 1.4.1 — Toowoomba yearly rainfall
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This study will test relatively high commercialkatficked roads, and compare these
to low commercially trafficked roads. This willguide a comparison of the

different AADT’s and therefore assist in findingethoot cause of moisture entry into
road pavements. Testing will be located througllo@ffoowoomba area with test
samples gathered from various roads and chaindgessamples at each location
will be taken from the wheel paths, and in betwiéenwheel paths respectively to
compare M/C between a trafficked area and a ndhekad area. Moisture data
previously acquired by QDTMR will also be analysed.

The Darling Downs Regions and the Toowoomba Distrfilice location is shown
below in Figure 1.4.2.

(2) Figure 1.4.2 — Darling Downs Regional bouydar QDTMR
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Chapter 2 LITERATURE REVIEW

2.1 History of Roads

The first indications of manufactured roads arestiomed paved streets in Ur - Iraq
(400@Qs c), corduroy roads used in swamps in Glastonburpgidnd (400Qc) and
brick paving in India ((300£)c). By around 2009c. metal tools were available

which meant that villages could shape stones feingaoads, streets and paths. The
first stone road was formed around this time byNtoans. This road ran for 50km
and included 200mm thick pavement made from sandgpeeces which was bound
together by clay-gypsum mortar (Lay 1992).

From this, other countries began their road constm with the first recorded Asian
road builders in 11Q- constructing a mountain road for King Tiglath-gie using
bronze pick axes (Lay 1992).

European roads involved the Glastonbury cordurayg through swampy plains
linking settlements with an island in the swamgisTroad was 2km in length using

longitudinal logs and planks to form a path.

Roman roads were the pinnacle in ancient road nmi&in with the exception of the
Chinese. The Roman’s achieved well structuredsdadidges and tunnels. This
advanced road network was inspired by the incemtivailitary, economic and
administrative advantages. To produce a stronget, the Romans used lime cement
(300s.c) and pozzolan cement (20@) for their mortar. From this the Romans then
added aggregate to the mortar to form a strongretec This engineering marvel
was then forgotten for over a millennium after thk of the Roman Empire

(500sp.).

Roman roads construction process began with anséatwourse of up to 500mm
placed on the natural formation. From this, 50ntahdtones were then placed on

top of the statumen course followed by a cemeritiistad course of 250mm thick
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which composed of smaller stones. An additionattardayer or nucleus course up
to 250mm thick is added which consisted of evenllemiroken down stones well
compacted into position. If the traffic was exgecto be heavy, there would be a
wearing course called the sumna crusta or pavimenfuarge 600mm by 250mm
thick carefully fitted hexagonal flagstones. Tha@ment is constructed so it has a
cross fall and a longitudinal drainage. These sdaale been criticised that they
often look like walls, however they were skillecoeigh to create such a durable
road, aesthetics was not their priority. (Lay 1992)

The road builders of the late 1800s depended sotektone, gravel and sand for
construction. Water would be used as a binderwe gome unity to the road surface.
Modern tarred roads were the result of the workwaf Scottish engineers, Thomas
Telford and John Loudon McAdam. Telford designezidiistem of raising the
foundation of the road in the center to act asaandior water. Thomas Telford (born
1757) improved the method of building roads witbkem stones by analysing stone
thickness, road traffic, road alignment and gradstopes. Eventually his design
became widely used for many roads. John Loudon MoA(born 1756) designed
roads using broken stones laid in symmetrical tgiiterns and covered with small
stones to create a hard surface. McAdam's desadjedc'macadam roads," provided
the greatest advancement in road construction glitnisitime in the late 1700 and
early 1800’s. (Hindle B, 1990)

During the mid 1800's it became apparent that &niefit road system in Australia
was needed to transport agricultural produce, mm@ imines, and residents and
labourers around the rapidly expanding colony plitesof this need, rough unmade
roads, a lack of bridges, floods and rain, madeetra hazardous undertaking in
Adelaide until the first constructed roads in 18B@day our life style remains
dependent upon a suitable road network. (Early Raz@D3)

Colonel William Light surveyed Adelaide’s first dsin 1837, but it was mostly left
to the colonists to initiate early roadworks. Thstforidge, built by Alfred Hardy
over the River Torrens near the present Morphete$8ridge in 1839, was funded
by public donations. The South Australian Compaaig fior the construction of the
19



first major roadwork in the colony — an extensidithe existing roadway near the

port to the Company’s new wharf further north.

At the time of original surveys most roads werecpthon a regular pattern following
the land surveys without thought for the terrainll@k and horse drawn drays often
faced steep inclines making travel a difficult al@hgerous undertaking.

Since these pioneers in transport engineeringneergs have sought to develop
improvements and advancements in road construatidrsurfacing techniques.

This project will seek to continue these advancem#mmough improved road and

seal construction.
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2.2 Surfacing Treatments

There are many road surfacing treatments usedatltbe world. There are 3 major
surfacing treatments used in Australia, and thenvomonba regions in which this
study will focus on. These surfacing treatmenés ar
» Spray Seal/ Chip Seal — Sprayed bituminous sealwigsed due to ease of
construction and cost. See section 2.2.1.
* Dense Graded Asphalt (DGA) — Low air voids, gergnased in low traffic
areas, or heavy vehicle turning areas. See seZiibp.
* Open Graded Asphalt (OGA) — High air voids allowimater to flow through
the layer to prevent vehicle spray in wet weatl&ee section 2.2.3.

2.2.1 Sprayed Seals/Chip Seals

Chip sealing is one of the oldest bituminous sunenethods and most successful
of road surfacing due to its ease of placementhegii performance. In many
countries it is used for high volume roads. A ck@al is an application of binder in
the form of emulsion or hot spray and an applicatibaggregate. The aggregate is
the running surface of the road which means shgp€éjng, stone embedment,
amount of binder, application conditions and stdeanliness are critical.

Chip seals are used for restoring skid resistgmogecting a surface from ageing,
restoring a running surface, eliminating dust, sedling gravel pavements (re-seals).
Different stone sizes are used for different swfextures and different traffic
situations. The aggregate size is usually sandy,7b0mm, 14mm, 20mm or 25mm.
(Austroads,2004)
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(3) Figure 2.5.1 — Typical 10mm chip seal surface

2.2.2 Dense Graded Asphalt

The most common type of asphalt is dense graddthigPpGA) which is a mixture

of continuously graded aggregates, sands, filldratumen which is mixed and
placed while hot. When compacted it has relatil@ly air voids and has a tight
surface of close texture. The workability of D@&Adependent on its temperature
and therefore it is recommended that the layeddeeg while hot.

By varying the aggregate combination to providarage of different air voids, and
using different grades of binder, asphalt propsrt@n be adapted to suit applications
from low-traffic areas to highways and heavy dutas. (Austroads 2003)

A core of 10mm dense graded asphalt (Figure 2ig dhown below as well as a

cross section (Figure 2.4.2).
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Core from 1Dmm Dense Brade Asphalt

(4) Figure 2.4.1 — Core sample of dense gradeladtsp

(5) Figure 2.4.2 — Cross section of dense gradeldadtsp

Common modes of distress for asphalt layers are:

* Permanent deformation under heavy traffic due sofficient stability

* Cracking due to fatigue

* Ravelling due to oxidation and hardening of thedbin
The report, ‘Effects of Crack Width and Permeaypitin Moisture-Induced Damage
of Pavements’ (Chen et al, 2004) states that tisezeidence that water penetrates
the DGA layer when there is greater than 7% aidsoi'The intrusion of water can
be greatly reduced when the asphalt mixture isgrtggompacted to an air void

level of 7% or less.
Permeability’s of Chipseals in New Zealasthtes that the thinner layers of DGA

are clearly permeable, but layers that are 20-3@lanstop water. Therefore to

some extent water must penetrate the DGA to ainatépth.

23



2.2.3 Open Graded Asphalt

Open graded asphalt is used as a wearing coupevmle increased safety in wet
weather. The porous nature of the open gradedai@¥GA) allows water to flow
through the asphalt reducing the surface watettlae@fore increases skid
resistance, reduces spray and reduces noise darmgOpen graded asphalt is an
asphalt mix with little to no fines, and thereftwas large air voids (18%-25% voids)
to allow surface water to drain away. The sizéhefaggregate within the open

graded mix is usually 10mm or 14mm. (Austroads,3300

If there is no waterproofing layer placed underngae OGA then there is a high
possibility that water will enter the underlyingyéas or pavement. In most cases a
water-proofing seal or a uniform heavy tack coatlased prior to the OGA

surfacing to prevent this water penetration.

It is also important to provide an outlet for thater that enters the OGA seal. If
there is no outlet, dust and debris may build upraaduce the desired performance
of the OGA.

150mm. diam. core from 10mm. open graded bituminous macadam, !
note agaregate interlock and interconnecting voids, approx. 20%,

(6) Figure 2.3.1 — Core sample of open graded asphal

As seen above, there are approximately 20% airsvalidwing the force of the water
to disperse through the layers and reach the imgenta seal at the bottom of the
OGA.
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Force of vehicle

".,f':: The force of the vehicle is

dispersed through the voids.
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(7) Figure 2.3.2 — Cross section of open gracpthalt

Due to the large number of air voids in OGA thered direct pressure from the
water being forced into the pavement by the tryck as stated previously.
Therefore by the time the water reaches the impaibheechipseal layer, the force is

relatively low and therefore forced water penetmrais unlikely.

For there to be any water force to be applied édalyer, there first needs to be a
layer of water to be pushed down. As the OGA 1©ps, the water filters through
and does not rest on top of the road surface eddst filters to the impermeable
layer and flows to the kerb or water outlet awanirthe traffic lanes. This then
provides minimal surface water leaving no forcedstuwe into the pavement. There
is too much water movement within the OGA for thetev to be trapped and be

forced into the pavement. (Nichols, 1998)

It can be assumed that this type of pavement tibstth no contribution to traffic

induced moisture.
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2.3 Construction Techniques

2.3.1 Surface Preparation

Before any bituminous surfacing is applied, thénst heeds to be surface
preparation. The shape, compaction, M/C, sweegmuwatering of the surface are

necessary procedures that need to be checked leéosarfacing is placed.

The granular pavement must provide a smooth rla, seal will not correct existing
irregularities. To achieve this, the surface stidnd constantly checked using a
straight edge to measure the variations in sutfaeds. The surface should be free

from bumps, hollows, and sudden changes of grade.

Compaction of the pavement should take place fitwrbbttom up. Compaction
should be pneumatic tyred, multi-wheeled, steeleddoband rolled.
Moisture content of granular pavements affect lloghstrength and bearing capacity

of the pavement as well as the effectiveness afipg and primer-sealing materials.

The prepared surface should be swept with a rdmiarym to remove surface dust
and to provide a surface that is free of foreigriemal, with the larger sized stones at

the surface of the pavement exposed but not loodslodged (Figure 2.3.1.1).
If the pavement surface is too dry, the bitumern mok coat the surface evenly. A

light coat of water from a water truck will wet thead surface allowing the bitumen

to bond to the road surface properly. (Nichols,8)99
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(8) Figure 2.3.1.1 — Sweeping the surface in pagjman for spraying bitumen

2.3.2 Sprayed Seal / Chip Seal

First the application of bitumen is applied aftee surface has been moistened.
Before spraying the bitumen, the pavement temperatl be checked to determine
the appropriate concentration of cutter oil. Tharhen will then be applied at a
specific spray rate depending on the locationfitrahd weather conditions of the
road. Itis a general process for the use of ptvie paper at the start and end of the

spray run for protection of adjacent structureajrdy etc.

After the bitumen has been applied, the aggregateen placed as soon as possible
(Figure 2.2.3.1). If the aggregate is placed #de,lit will not bond to the bitumen
properly. The aggregate is applied at a spec#dad rate depending on its size.

Rolling is to commence as soon as possible afeeatjyregate spreading, paying
special attention to the number of roller pasdeslling is to continue until the
aggregate has properly bonded. The traffic is dikenved to drive over the new
surface at low speeds until the loose stones heee temoved by sweeping the road
surface. (Austroads 2004)
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(9) Figure 2.3.2.1 — Aggregate spreading ontoysgarditumen

2.3.3 Dense Graded Asphalt and Open Graded Asphalt

The asphalt mix usually consists of a mixture aftcwously graded aggregates,
sands, filler and bitumen which is mixed and plalsetd Open graded asphalt is
manufactured with a large proportion of course aggte and only a small amount of
fine aggregate resulting in a high void content.

After the surface preparation a thin layer of bieumftack coat) is applied to promote
bonding. The asphalt is then heated and laid thveroad surface at a specified
depth. The asphalt can be laid over a sprayeds@aévent water penetration into
the pavement layers. After the application ofdkphalt layer, it is then compacted
using a vibrating roller until optimum compactianachieved. (Nichols, 1998)
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2.4 Surfacing Failures

Deficiencies in road seal surfaces can occur aswltrof pavement support
deterioration of base material. Pavement deficgsncan include:

* Cracking

* Deformation

* Rutting

» Corrugation

* Shoving

* Depressions

* Potholes
2.4.1 Slippage Cracking

Slippage cracks are a result of tearing of asggheifacing arising from poor bonding
with the pavement. This poor bond is because o$ton@ in the underlying layer.
Where there is a lack of bonding, slippage cradksoacur in areas where vehicles
frequently brake or accelerate. Adjacent aredbepavement are also easily
stressed and material breaks loose. This leagsthmles. (Ayers, 2008)

2.4.2 Rutting

Rutting is the vertical deformation in the wheellpeaused by moisture and traffic
loading. It occurs due to deformation in the pagatlayers. Excess moisture

weakens the particle bonds and deforms the matdrakfore creating a rut.
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2.4.3 Depressions

There are some areas within the pavement whicloaesr than surrounding
surfaces. Depressions generally occur as a refssdtttlement or volume change in
the subgrade or subbase material because of:

* Service trenches

» Soft or poorly compacted areas

* Embankment material

e Change of M/C due to water penetration or dryingajuhe soils

2.4.4 Potholes

Potholes are local failures of the wearing surfzagsed by the action of traffic and
weather. The development of potholes often coexidith rain. Possible causes
include:

» Loss of surface materials by aggregate strippingeelling

* Moisture entry through the seal

» Disintegration of the seal due to large loads

Minimising water will help minimise potholing. (Ayg, 2008)

There are many other pavement deficiencies; howeeeabove are the ones that
relate to moisture entry into the pavement lay@&srmeability’s of Chipseals in

New Zealand’ bases the study on chipsealed roadth 66 percent of Australia’s
sealed network being chipsealed, it is an areahigiwneeds focus (Austroads 2000).
As chipseals have the thinnest layer before regdhi@ pavement surface, there is

more risk that water may penetrate into the paveiieaugh the seal.

If bleeding in the wheel path occurs, it can bedted that there will be
deformation in that particular area in the futufidnis is because there is little
aggregate binding to the bitumen creating lessads between the vehicles wheel
and the seal surface. Therefore there is a higfemnce of water being pushed into

the pavement through the seal.
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As the following quote indicates, it has been proveHong Kong that there is less

possibility of water penetration if there is manan one layer of chipseal on the

road. This suggested that water does penetrasetiesurface due to aggregate

properties, mix design, construction proceduregirenmental conditions and

traffic.

(Hung et al, 2003 p. 32) says:
Moisture induced damage is found to be a causewdrment defects and the
moisture attack is more prominent on the pavemienigethe climbing
hillside direction owing to the higher chance ahveater accumulation.
Resurfacing is an effective maintenance strategydwent further moisture
attack and maintain the structural integrity of fa@ement. It appears that
there is a direct relationship between the numbessurfacing and the
resistance to moisture induced damages. The rheneumber of

resurfacing, the better is the resistance to m@shduced damages.
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2.5 Causes of Defects

2.5.1 Water/Moisture Penetration

Water/moisture can infiltrate the pavement in masays which will eventually
influence the road structure. The amount of mogsita any road usually results
from one or more of the following:

* Water on verges, shoulders and pavements. Perensadlls and surface
cracking will assist in water infiltration.

« Water flowing or standing in table drains, catchids, median areas, traffic
islands, or adjacent to the road.

» Leakage of water supply and drainage lines.

» Passage of water through construction joints irepants, and back and
front of kerb and channel, between old and new p&ves and behind
bridge abutments.

* Movement of subsurface water from aquifers.

* Water from rainfall or excessive watering duringnfi@ation and pavement
construction, and roadside watering or irrigation.

» Longitudinal seepage within pavements and subgrgdescularly in
cuttings and sag vertical curves.

+ Fluctuation of water tables levels.

Most of the above points can be controlled by ihetatable drains, catch drains,
kerb and channel, bituminous surfacing, road gegmstoulders, embankments,
barriers, subsoil drains, rubble drains and stihidithe pavement layers. A diagram

of the infiltration techniques is located belowFigure 2.1.1.
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(10) Figure 2.1.1 — Means of moisture movementoad pavements (Ayers 2005, p.5.3)

If water does happen to penetrate the pavementotiequences are usually a loss
of serviceability and a decrease in the integritthe road with an increase in
maintenance. Various forms of pavement damagediaj rutting, cracking,
potholes are likely to occur after long periodsah on sections of road which do

not drain well.

For this study, we will focus on the infiltratiohrough bituminous surfacing. Both
asphalt and bituminous seal are intended to berimgegble. However they are often
guite permeable and may develop cracks which Widixawater to penetrate the
lower parts of the pavement. Water often entexptvement through these defects.
The compounding nature of traffic continues to middeesituation worse. Once a
crack is formed and water has access, the natuhe dfaffic moves the water in and
out of the cracks which eventually disrupts thelsfirees bound into the pavement
therefore losing the bonding and more and moresfare removed until a pothole is

formed.

It is evident that the compounding nature of taéfnd in particular heavy vehicles
has a significant effect on moisture entry into th@d pavements. It is also evident
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from the report ‘Permeabilities of Chipseals in Négaland’ (Ball, Towler, 2001),
and Analysis of Pavement Residue Properties Undaesthre Induced Attack at
Tuen Mun Highway, Hong Kong’ (Hung et al, 2003)tthaals are permeable even
under static pressures — ‘Moisture induced damsfeund to be a cause of
pavement defects’ (Hung, Wong & Tang, 2003). Thort revealed that water
does penetrate the chipsealed layers at loweryressthan that of a typical truck as
stated below:
The water permeability of seals was measured upgssure using an
apparatus designed and constructed for the TramsfNiew Zealand
Research Report No.156 (“Flushing processes insgajs: effects of
water”). The apparatus was designed and constaitbeapply a head of
water to the surface of seal samples. The headeaulsed regularly at
pressures typical of those caused by truck tyrewetroads, and the rate of
ingress of water measured. Experience showedstraples were permeable
even under static pressures, and the work desctieeel was carried out
under these conditions...
...The proposed method of checking this possibikty @ apply pulsed water
pressure at a realistic level (around 500kPa, tgpif truck tyre pressures)
to the surface of lightly bleeding seals retriefexn the field, and to
measure the degree to which water penetrated ttiac Subsequently it
was found that samples were generally permeable ender static pressures
of much lower magnitude, and flow rates at highsptees were too high to
accurately measure with the apparatus availablenszquently the work to
be described here was carried out at static watespures up to 300kPa.
(Towler & Ball 2001, p. 2)
These reports suggest that water permeabilityrivdd seals may be more extensive
than first thought. These facts may be widespegablhave the same effects in
Australia. Through a series of tests in the Dgrldowns Region, this may be

confirmed.
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2.5.2 Heavy Vehicles

Vehicle loads are transmitted through the suspertsidhe tyres and on to the road
surface and into the pavement. These loads anedib&ibuted from the pavement
layers to the subgrade soil. The heavier theckehihe more force it will impact
into the road pavements. This study therefore bigsessearch on the effects of

heavy vehicles on road pavements.

From the research report ‘Effects of Heavy Veh@laracteristics on Pavement
Response and Performance’ (Gillespie 1992 p. 58) §dhe maximum axle load is
the strongest determinant of fatigue damage on tgithand flexible pavements.’
Therefore the vehicles with the heaviest axle laadsclassed as major contributors
to the damage of Australian roads. The durahbdityoads is dependent on the type
of truck, weight, speed, local geology, and clim&aB»n an average road it can be said
that it takes approximately 10 000 cars to prodheesame amount of pavement
damage as one single axle truck loaded to aboudatd maximum allowable axle-
load. This is proven using the Fourth Power Lawr{Ryers 2008 p. 5.7). This
gives reason as to why roads are designed fomtioeiiat of commercial and heavy
vehicles that utilise them.

Water has a higher probability of entering the paeet layers if there is a
combination of 3 factors:

1 Wet weather

2 Tyreltread that is not designed to release water

3 The force that is applied by the vehicle onto thegment surface

If the above 3 points are combined, then therehiglaer probability that water will
enter the pavement through the seal. For exarhjlesiraining to an extent where
the road surface has a reasonable layer of wateriog it and a fully loaded heavy
vehicle travels over it with tyres that are destytewear slowly rather than disperse
water, then water will be forced through the seal mto the pavement. The types of
truck tyres and the forces applied to the paverasnexplored in sections 2.5.2.1

and 2.5.2.2.
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2521 Tyres/Tread

There are many different types of tread for aletypf vehicles. After a brief

analysis comparing the tread on trucks tyres antlyoes, it can be assumed that

truck tyres do not disperse water as well as gasstgue to different tread

configurations, as shown below.

Tyre A Tyre B

(11) Figure 2.2.1.1 - Typical truck tyres — (wwaoglyear.com.au)

Tyre A — Haul Tyre (trailer tyre) Details

Strong, solid shoulder ribs

Reduces cupping and irregular shoulder wear
Penetration protectors

Resists stone retention for increased casing eakatglity
Optimised mould shape and construction

Reduces running temperature for durability

Tyre B — Haul Tyre (trailer tyre) Details

Rugged casing construction

Reduces casing fatigue with heavy loads at highspeeds
5-rib tread design with heavy shoulders

Resists uneven tread wear

High rubber-to-void ratio

Provides extended kilometres
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The patterns of both tyres are designed for lowfqlian trailer use. They have a
high volume of rubber to be worn and solid showdderresist uneven wear. They
are premium trailer tyres with a pattern desigreecetlise high mileage and to
minimise irregular wear. They are tyres primadgsigned for wear and durability,
not water displacement.

As you can see, the solid shoulders of the tread ha grooves to allow water to be
displaced. When the truck comes in contact witveasurface, the water becomes

trapped within the tread and is pushed down inégoidvement by the force exerted

from the load of the truck.

A typical passenger car tyre differs from a trugletdramatically. This is to provide
refined performance and handling, an aspect whichiler tyre does not need.
Below are typical passenger tyres:

Tyre A Tyre B
(12) Figure 2.2.1.1 - Typical truck tyres — (wwaoglyear.com.au)

Tyre A - Passenger Vehicle - Details
» Active Corner grip Technology
» Superior driving performance on straight roads @mdornering. Impressive
wet handling and reduced risk of aquaplaning.
* Racing compound Technology
» Excellent grip performance in wet and dry condision
* Asymmetric tread design

» Delivers superior control and comfort for a quietiaecure ride.

37



Tyre B - Passenger Vehicle - Details

e Silica based tread compound

e Superior braking, cornering and handling in wet dngdconditions. Also
reduces rolling resistance, which can enhancesit@homy.

* Low noise generation pattern

* Promotes a quieter and smoother ride

e Circumferential grooves

» Disperses water to reduce the risk of losing cémravet conditions.

These tyres are all rounder tyres which providd-b&lanced handling and low tyre
noise. This translates into a safe, smooth and adaffie ride. These tyres are
designed to give outstanding control of the catheut compromising on
performance. They allow the vehicle to achieve lsgeed cornering and grip.
These tyres provide high performance for the draret vehicle, therefore allowing
the movement of water throughout the tread of yhe tio allow better grip to the

surface of the road.

In conclusion, the truck tyres are much more likelyetain water within the tread,

and therefore it is another reason to focus rebeard testing on heavy vehicles

25.2.2 Forces Applied

For all pavements, performance is usually influeinog heavy traffic. Road
designers only take into account heavy vehiclesHepavement design, however
smaller vehicles are considered for the road capadihe maximum truck capacity
is 68.5 tonnes for a B-Double on a Queensland haghwAssuming there are
approximately 34 tyres on the truck and the weigletvenly distributed, there will be
about 2 tonnes of force applied to each tyre. Tdnse will then be absorbed by the

seal, base, subbase and subgrade.
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Compare this to a passenger car of about 1 torshd #&yres. This will have a force
of only 0.25 tonnes applied to the pavement lay&slow is a table extracted from
the Tyre and Rim Association of Australia showihg tifferent tyre loads at

different inflation pressures. As outlined beldiag maximum force on one tyre is
1.180 tonnes for a passenger vehicle (please hatéehis is the absolute maximum

load and pressure for a passenger vehicle tyre).
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TYRE LOAD CARRYING CAPAGITY (kg) AT VARIOUS COLD INFLATION PRESSURES (kFa)
METRIC DESIGMATION RADIAL PLY STANDARD LOAD TYRES
LoAD
o 170 180 180 200
a8 230 240 R4 285
[0 240 im0 20 &
i 248 50 70 280
71 55 P55 278 280
T2 50 78 265 )
73 270 280 256 5
T4 Z75 240 300 315
75 206 300 10 5
6 205 3900 Ta 335
T 308 315 3 45
8 310 325 240 355
) 320 s 350 368
] 30 45 360 a6
Bl 340 355 E 355
7] 50 g 360 395
i 360 5 390 405
B 365 305 400 420
85 360 208 115 430
86 250 410 425 445
ar A0 420 440 £55
[ 410 430 450 470
£9 425 A45 4 485
] 441 460 ABD o0
El 450 475 495 615
] 485 485 HOE 525
] 475 500 520 548
i) 460 515 ) 560
a5 505 530 555 518
6 g0 | BdS 570 [
57 535 580 08 BAD
[ 550 [0 00 2
g &l 535 520 =
100 e 15 640 | &0
101 T 835 BED 20
L 25 855 [ 710
103 545 5 05 T
A0 [T BED 25 7565
108 BED 710 T45 75
106 o0 a0 785 7ol
107 115 750 THE 615
108 735 T 805 B3k
109 TS T80 835 850
18 TH0 815 [ 285
1 a0 B40 ] EA
2 [T BED 500 938
13 BiS B85 g25 | 860
114 Bis 805 p45 | mes
| - | ees | #ee |

MOTES: 1, Minimum cold Inflation pressures ara &s indicated in the 1able for the various tyra Ioads,
2. Far rim and whesl load information sea note on Page F-03.
3. Loads shown shaded are not applicable for Wehlcke Normal Load.

RE AND RIM ASSOCIATION OF AUSTRALIA -~ STANDARDS MANUAL - 2009 AOF

(1) Table 2.2.2.1 — Tyre Load Carrying CapacityPassenger Vehicles (Tyre and Rim Association
of Australia Standards Manual)

Heavy vehicle tyres are designed to withstand nmicke pressure and therefore
more force. As shown below the most force alsitrgick tyre can withstand is 5.6
tonnes. This is approximately five times more thapassenger vehicles.
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TYRES FOR TRUCKS, BUSES AND TRAILERS USED IN NORMAL HIGHWAY SERVICE
RADIAL PLY TYRES RESTRICTRED TO 90 km/h MAXIMUM SPEED

TYRE AND RIM ASSOCIATION STANDARD

TABLE BTR-7
SINGLE () DUAL (D)
TYRE LOAD INDEX/PLY RATING TYRE LOAD LIMITS (kg) AT VARIOUS COLD INFLATION PRESSURES (kPa)
cmm.M.mij 0] 12 It} 50| 475 | 50| s25| ss0 | 51| eoe 625 | 650 | @78 700 725 | 750 5 800
W BEER bm_ ws|___ | 2730 2870 |3000] 3130| 3270 |3360 3460 | 3570] 3670| 3870 | 3875(1)| 3960 4050 | 4160 | 42502
i D| 152 F| 158| PRI o700l 2820 | 2020| 3020l 3120 |3190| 3270 | 3340| 3410| 2480 | 3550i1)| 3620 3700 3790 | 3875z
T 8| 167] (15| 161 1a| 164] o] 3310] 3550 | 3670 3800| 3030 | 4060 41251) | 4250| 4370 4490 46250 4710 4800| 4900 | 50002 |
; “' ol 154| PRI| 158| PRI| 161| PR 3210] 3250 | 2360| 2470 3500 | 3670 3750(1) | 3870| 3990| 4110 | 4250(2)| 4340| 4440 4530 | 46253
1s.00r24.25 LS| 165 .ﬁ_a | 168] ;o[ 3690| 3840 | 3990| 4150] 4310 | 4450 4590 | 4730| 4870 5010 | 51502 5260| 5370| 5490 (560043
0| 162 P 162| *®)| 185| "N 3610| 3740 | 3680| 2080| 4110 |4210) 4320 | 4430| 4530| 4840 | 4750z 4740| 4840| 4950 | 5150y

NOTES: 1. Minimum cold inflation pressures are as indicated in the table for the various tyre loads.

4, CAUTION — ALWAYS USE APPROVED TYRE AND RIM COMBINATIONS FOR DIAMETERS AND CONTOURS.
SEE GENERAL DATA TABLE FOR APPROVED TYRE AND RIM COMBINATIONS.

2. Figures in parentheses denote the Load Index and the corresponding maximum load value which is shown in bold face.
3. IMPORTANT — For speed limitations and inflation requirements, see Page B-25.

(2) Table 2.2.2.2 - Tyre Load Carrying Capacitycks buses and trailers (Tyre and Rim Association

of Australia Standards Manual)

From Table 2.2.2.1 and Table 2.2.2.2 we can saBghthat the impact of truck tyres

influences the pavement performance much morettitepassenger car tyres.

Therefore this project will use the data acquir@dnfeavy vehicles only.
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2.5.3 AADT — Percent Commercial Vehicles

As heavy vehicles are the major cause of road gefton, this study will be based
on testing the local roads in the Darling Downsaegvhich have high percentages
of heavy vehicles. By comparing the data with tifdow percentages of heavy
vehicles it can be concluded that heavy vehicledla cause of water penetration

into road pavements.
Further analysis will determine which roads to.teshe 2007 Traffic Analysis and

Reporting System describe all of the AADT in the'libg Downs Area. This will be

used to assist in finding optimum sample locatieithin the Toowoomba area.
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2.6 Conclusion

This literature review has revealed that therafisrmation available about ‘Traffic
Induced Moisture Into Road Pavements’, howevde littformation exists in
Australia. From the Transfund New Zealand Repibitssafe to conclude that water

does penetrate chipseals at a higher rate tharctexpe

The report from (Chen et al 2004) does suggestatatalt is permeable, however
when there is less than 7% air voids, it was regghaks impervious.

From research into the three major types of pavéswefacing, OGA, DGA and
chipseals, it can be expected that chipseals @ilelthe most moisture entry into the
pavement due to the thin layer it provides. OGgpdrses the force of water
throughout the voids therefore providing minimakevaorce into the pavement.
From various reports, it can be said that wates gemetrate DGA through very thin
layers and at different compaction levels, howekissugh thicker compacted layers
it was deemed impermeable. Further research atiddewill be required to confirm

the results of the literature review.

This report has revealed that water plays a madrip the sustainability of road
pavements, and there are a number of ways in whatar penetrates the pavements.
Through previous studies, water does penetratesehlp; however DGA and OGA
are relatively impermeable but costly. The revieas also revealed that heavy
vehicles are major contributors to pavement stig@asd attention needs to be focused
upon roads which carry many heavy vehicles.

Tyres are a contributing factor when it comes téewpenetration into pavements.
Tyres that are designed for wear and not to digpseger are more likely to have a
larger effect on the pavement. It was concludedlttiese types of tyres are used on

trucks, particularly on the haul trailers.

In conclusion, this report needs to focus on heahjcle routes, chipseal surfaces,

and wet areas.
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Chapter 3 METHODOLOGY

3.1 Introduction

Observations of roads show that moisture inducedagd@s such as shoving and
rutting occurs in the outer wheel path of the lailis is the usual location for
severe bitumen flushing or bleeding. From theditgre review, it was proven by
Towler & Ball (2001) that the two major types offace distress are alligator
cracking and flushing of the seal. From visuapexgions, it is clear that these types
of distress are located primarily in the wheel pathd in particular the OWP’s. This
type of distress may be due to traffic when comibwéh moisture. Therefore
testing will focus on M/C’s in the wheel paths.

As the area in the OWP’s and the area between lieepaths theoretically provide
the greatest contrast on moisture levels, it icckddo take samples and find data in
these areas. For this study previous moistureatadgrobe data were gathered from
the QDTMR database and critically analysed. Omtsisting involved sample
collection and permeability tests to determineodd surfaces are impermeable or

permeable.

On a newly constructed road surface the M/C shbealdniform across the pavement
layers. As the pavement becomes trafficked, theelpaths receive most of the
wear and use, particularly in the OWP. During i@@niods the wearing surface of
the road combined with the compounding natureadfitr provides ample

opportunity for traffic to induce moisture into thavement. It is an indication of
traffic induced moisture if there is more moisturéhe wheel paths compared to
BWP’s.

It is not unreasonable to assume that two roadstivé same surface characteristics
and similar AADT will have similar moisture pendtoam through the seal. If the

only variable is the variation in M/C across thefic lane, it should be possible to
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compare the data obtained in various locationsio gome quantitative results
across the pavement.

The recent climate in Toowoomba can be describedraty and dry. The winter
period is known to be the ‘dry season’ which witt mssist in providing accurate
data in the sampling process as shown in Figurd Bdlow. The rainfall in the
Toowoomba area is described to be ‘very much belevage’ which may not assist
in the sample analysis. High trafficked roads Mitished seals are more desirable to
test as there would be a greater chance of it songga higher moisture variation
within the pavement across the lane width. Anra#gve to testing the M/C is to
trial the permeability of the road surface by ustngermeameter. This is essentially
placing a constant head of water on the road andtormg the decrease in water
level over time (see section 3.5). A further alidive is to analyse past data that
QDTMR has acquired over many years of testing.s @aita includes pavement

investigations and the GBD Probe data.

.
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Australian Rainfall Deciles
1 July to 30 Seplamber 2009
Distribaion Rasod on Griddod Data
Product of ihe Natonal Chmate Cente
Tt v B v s
© Compeunmmentls of Ausbiks 200, Ak nbar Dursm of Moo oy T

(13) Figure 3.1.1 — 3 month rainfall history (Jdgtober) (Bureau of Meteorology, 2009)
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The results of this investigation and informatiathgered from other sources during
the literature review were combined to draw conolus relating to the penetration

of moisture into the road pavements due to thectffef traffic.
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3.2 Existing Data

Prior to the commencement of this project, QDTMMR bampleted many soil tests
within roadways. The previous data is stored ahiazes at QDTMR soil testing
laboratories. Permission to access the archivesis@ the data was verbally
acquired from Murray Peackock (QDTMR District Dite and written approval
was then specified by Allan Doulin (Core Tech Sesgi Coordinator) shown in
Appendix B3. It was requested that job numbersamdpany names be left out of

this report due to confidentiality requirements.

QDTMR archives contained an abundance of roachtggtformation however it

was difficult to find data that would specificabypport traffic induced moisture into
road pavements. A comparison of M/C in traffickedas compared to non-
trafficked areas would have been ideal data far phoject; however this data proved

to be difficult to acquire.

After a thorough search through QDTMR archivestaltof 4 testing locations were
found for which previous testing assisted the ne$eaf this project. These roads
are:

» Drayton Connection Road

» Gatton Bypass Duplication

* Toowoomba Cecil Plains Road

* Warrego Highway / Bowenville Road
The data analysis for the roads above is providdoWbin ‘Chapter 4 — Results and

Discussion’.
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3.3 On Site Soil Sampling

During August and September of 2009, soil sample®uaken in the wheel paths
and BWP at various locations around the Darling B®¥or comparison. Site
details such as location, rainfall history and AA@@&re noted prior to taking the
samples at each location. Location selection waiseld due to funding restraints
therefore co-operation with QDTMR and ‘RoadTek sétsServices South’ was
needed throughout the testing process.

Throughout the testing process there were numgnmidems to overcome and
demands that needed to be met, and there willdmaissed further in the below

sections.

3.3.1 Site Selection

It was originally anticipated that testing locasomould be selected by analysing
rainfall data, AADT data and seal type. Locatiarese to be selected based on
highest percentage of ‘heavy vehicle’ roads, hajhfall areas and the seal that was
desired (bitumen spray-seal or asphalt). QDTMR weble to grant funding for
this project due to the poor current economic cibmas. Therefore testing locations

were limited to low density roads.

The site selection process adopted was to simgleliwith RoadTek — Asset
Services South engineers to find out when a trédfie would be closed during other
works (bridge maintenance) in order for testingpéoccompleted at minimal cost.

This occurred at four separate locations listedwel

* Murgon / Byee Road
 Hampton / Esk Road
» Gatton / Clifton Road
* Chinchilla/ Tara Road
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The above roads were tested in liaison with Gepfif@neavy (RoadTek Asset
Services South — Structures Project Manager) atiddzeKrause (QDTMR - Soil
Labs). It was ensured that at each site the dosedety procedures were undertaken
in accordance with QDTMR. Safe working distangesftraffic, the use of traffic
control, the use of correct PPE, and constant sigien were all utilised during the

sample collection process on site.

3.3.2 Sample Collection

After liaising with RoadTek Engineers and selecting location, the site was then
set up for work (bridge maintenance as shown infeéi.3.3.1). Equipment

required to complete the sample collection wasredthprior to arriving on site.

The equipment involved included:

» Marking paint to mark out testing locations of wheaths etc.

* Measuring tape to measure depth of seal, and dstaom shoulder and
control line.

» Generator for powering the jack-hammer.

e ear-plugs.

» Jack-hammer allows penetration through the seala®gning of the base-
course.

* Wheel barrow to transport the cold mix and excease] etc.

* Cold Mix to fill the sample holes.

* Shovel

» Crow-bar to compact the cold mix and to loosenbse-course.

» Air tight sample bags to keep the soil sample iactly the same condition as
found.

* Hard bristle broom to sweep the road clean.

» Sample spoon to collect the loose base materiapkue it into the sample

bag.
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This equipment enabled easier sample collectiofstinder supervision and

safety of traffic control.

% Locations marked

(14) Figure 3.3.3.1 — Collecting samples at Bdll@reek Bridge

After the site was established the samples weentak shown steps shown below
(Section 3.3.3):

3.3.3 Method

Step 1:
The site was firstly established to be safe, andtlons were then marked out for
sample selection. Locations were selected on theelngath and BWP.

Step 2:
Equipment was transported to the sample site.

Step 3:

The seal was removed, and the base-course wasi&bssing a jackhammer.
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Step 4:
The loose material was then gathered and placad air tight sample bag (ensuring
the bag was correctly labelled with the locatiomier, seal type, seal thickness,

distance from the shoulder and distance from timérabline).

Step 5:

All loose material was removed from the sample hokng the wheelbarrow and
shovel, the cold mix was then placed into the sarhple and compacted with the
crow bar, making sure the cold mix was heaped abwvéole to account for further

compaction by traffic.

(15) Figure 3.3.4.2 — After samples have beenntake

Step 6:
The site was then swept to ensure it was cleayasfd stones. Proceeded to next test

location.
3.3.4 Lab Testing

QDTMR laboratory permitted use of their equipmentetst the moisture content of
the samplesThe samples were taken into the laboratory ancedlato specimen

containers as shown in Figure 3.3.4.1 below.
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(16) 3.3.4.1 — Samples placed in specimen corrgine

Details of the specimens were recorded in QDTMRdsed “Worksheet for
Moisture Content’. These details include:

* Job Number

e Date

e Operator

* Specimen Number

* Mass of Container

* Mass of Container and Wet Soll

* Mass of Container and Dry Soil

* Check Mass

These worksheets are located in Appendix D.

After the wet specimen was placed in the specicosmainer, it was then weighed to
find the mass of the wet soil as shown in FiguBe432. The specimen was then
placed in a drying oven at 1%D (Figure 3.3.4.3) for a period of approximately 24
hours.
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(17) Figure 3.3.4.2 — Weighing the specimens (18) Figure 3.3.4.3 — Specimens placed in oven

After 24 hours, the specimen is then weighed agaththe M/C is calculated by

using the following equation:

. Wy
Moisture content = w(%) = W 100
S

Where, W = weight of the soil solids
W, = weight of the water

For a more direct approach, the weight details wetered into a spreadsheet and
the M/C was automatically calculated. An altewvatnethod would have been to
enter the details into ‘DataPro Laboratory Testaltocessing System — Version
4.1’, which would then provide a printout of the®¥ etc as shown in Appendix D.
After the M/C’s have been calculated, the sampleewplaced back into the oven for
another hour and are re-weighed. If the weigktiessame, then the soil is classed as
‘dry’ and the calculated M/C’s are assumed to hreex.
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3.4 Time Domain Reflectometry (TDR) - Probes

During 2003, Time Domain Reflectometry (TDR) Momitay units were installed on
the GBD during construction. These units use lfighuency electromagnetic pulses
to calculate the relative permittivity of the maa¢in the location where the probes
are installed. Initial recording of the data weegtient until disestablishment of the
trained staff. From there, recordings were six thign

For the purpose of this project, only the moistila&a was acquired for further
analysis. (O’May 2007)

The GBD probe data was provided by David O'May (QMIN — Engineer). There
were seven locations throughout the GBD where thbgs were installed. The
number of probes at each site varied (Table 3.8€ling dependant on the type of
cross section at each location. Site data inciuthe chainage, verge information,
number of probes, date of installation and crosi@etype is shown in Table 3.4.1.
Five (5) sites were located in fill cross sectiamkile two of the sites were located in
cut/fill areas (O’'May 2007).

Site Chainage | Verge | Cross Section Probes Date of
(m) Type Installed | Installation
A 56 090 -- Fill 9 07/06/03
B 56 570 2 Fill 13 23/04/03
C 58 320 2 Cut/Fill 13 24/04/03
D 63 430 2 Low Fill 13 15/08/03
E 66 268 -- Cut 12 25/08/03
F 72670 1-Top Fill 13 25/08/03
G 74 820 2 High Fill 13 20/06/03

(3) Table 3.4.1 — Probe location details (O'Ma@0?2, p. 80)
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3.4.1 Probe Installation Procedures

Installations were carried out after pavement qoicibn was complete and prior to

sealing. Installation procedures for the probeslived:

» Prior to installation the chainage was clearly nedriand identified by a
chainage marker.

* A backhoe then proceeded to excavate a trenchsattresoad at a width of
0.3m.

* The depths of the probes were then marked throughedayers of the
pavement.

* To ensure correct readings the probes were plabedevthere was a good
contact area along the wall of the trench.

* The probes were then secured into the pavemente&rngion bolts on the
probes.

e The probes were installed and M/C samples takehtoeach probe.

» The cabling for the probes was then installed tghoa rigid conduit. It was
ensured that the conduit was sealed correctlydoae false readings of the
probes.

« The trench was then backfilled using a small coripacammer around the
proximity of the probes to ensure no damage wasmad

* The pavement was then sealed, and the probesatatiio ensure accurate
recordings.

(O’'May 2007)
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3.4.2 Probe Locations within the Pavement

Probes were installed in the OWP of the fast aod $hnes and the control line. At
each of these locations there was a probe instaledch of the base, lower subbase

and subgrade layers as shown below in Figure 3.4Q@:May 2007).

TDR PROBE LOCATIONS =SITE B- Ch.26300
Schematic Plan (looking East) = Mot to scale

VERGE x 2 - BLACKSOIL

SLOW LANE Centrelimne FAST LANE
( 2:7HSSNNY ) NS 10 SO Y D
Type G1.1£012 i B2 ‘;}
e | ores G B4 ore1 G\ g7 ore10 B4 r1o ABH
2.5 = Lowet Subbase i
Dienzn
o ‘3;1' B8 3.5 Bl
Sandstone S grade '

idm | : | 35m

. = TOR. Probes tetalled mn type G1.1 /31 2 materale
-\;:f- TDR Probes weialled i Sandstons subgrads matenal

‘- TDR Probes matalled  typs 1 5 materal i = Temperatue Probe Locslaons

(19) Figure 3.4.1.1 — Probe locations at Site BA&Y, 2007, Appendix B)

As seen above, there are probes located througiepiavement. Probes B2, B3,
B6, B9 and B12 were analysed for this study. Ofintebe sites have a slightly
different probe configuration which can be viewad\ppendix E. The reason for
selecting these probes is because they will beteffeby traffic induced moisture to

a greater extent than the other probes.
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3.5 Permeameter Testing

Permeameter testing determines the permeabilipaeément materials using the
Even-flow Field Permeameter. The permeameter lietapplied to bituminous and
granular materials (bitumen spray seals, asphadtwaell compacted gravel). The
testing involves water under constant gravity head, testing water under constant
pressure. The pressurised environment adoptearigiaal test procedure by

placing an air tight lid and using a compressgoregssurize the inside atmosphere.

3.5.1 Apparatus

Two types of apparatus were used to completeéstiny. The first type consists of
an inverted clear plastic conical funnel attacleed tigid plastic base as shown in
Figure 3.5.1.1 and Figure 3.5.1.2.

FUNNEL
5 TOP INTERMAL DIMETER
{APPRONMATE)
I
|
1 ;
l § 700 MARK

WATER LEVEL

150 MR

100 MR

FUNEL
150 TOP NTERNAL DWMETER /— — — —
(APPROAMATE) ;

7NN

| \ \ WATER PATHS

WATER PATHS WATER PATHS

WATER PATHS WATER PATHS

|
l 10081 INTERNAL DWMETER J

. |
! 200 EXTERNAL DWMETER (APPROJINATE) |

(20) Figure 3.5.1.1 — Even-flow Field Permeamet&ross Section (QDTMR 2002, p69)
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720 EXTERNAL DIMMETER (APPROJNWATE)

0] 15] 20 | 15 15] 2 |15 ]10

10021 INTERNAL DUMETER

! 200 EXTERNAL DWAMETER (WPPROXMATE) J
SECTION A-A'
(21) Figure 3.5.1.2 — Even-flow Field Permeametelan view (QDTMR 2002, p70)

[
:

The second type consists of a cylinder of clead nidastic attached to a rigid plastic
base as shown in Figure 3.5.1.3 and Figure 3.5.1.4.

P ‘
} S T |\

10041 WTERRAL DAMETER ‘

- 200 EXTERWAL DMMETER (APPROXIMATE) I

(22) Figure 3.5.1.3 — Rapid-flow Field Permeamet&ide View (QDTMR 2002, p75)
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(23) Figure 3.5.1.4 — Rapid-flow Field Permeamet&ide View (QDTMR 2002, p76)

3.5.2 Testing Procedure

There were a total of four different types of tests
* The even-flow field permeameter under atmosphegssure.
* The even-flow permeameter under 30kPa pressure.
* The rapid-flow permeameter under atmospheric.

* The rapid-flow permeameter under 30kPa pressure.

These four tests were completed on an aged chipsdake over period of two
days. The location is a residential cul-de-sab \atv traffic flow. The calm
aspects of the cul-de-sac allowed the testing toolbepleted safely over a period
of two full days. This also allowed ample room fioe testing to be completed

without disturbing any of the residents.
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The testing procedure included the following equepin

* Broom and air compressor to clean the surfaceasfdanaterials.

* Marking crayon to aid application of the silicorakmnt to the pavement.

* Permeameter.

* Water container to fill the permeameters.

» Silicone sealant and silicone gun.

e Spatula to aid the application of the silicone.

» Assorted implements to clean the road surface Hfeetesting is complete.

» Air compressor to pressurise the permeameter.

e Custom made lid to seal onto the permeameter aodrioect to the
compressor.

* Timer / Stopwatch.

* Recording sheet.

3.5.3 Non-Pressurised Method

Step 1:

Any loose material was removed from the road paveme

Step 2:
The template was then placed onto the pavementh@ncrayon was used to mark

out the position for the test apparatus

Step 3:
The permeameter was attached to the pavement Iyirappilicone to the

pavement, and the permeameter was then pressdy dimto the silicone.
Step 4:

The circular weight was then positioned onto thengameter, and the silicone was

left to cure.
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Step 5:
Water was poured into the permeameter to the @EvES0 - 200mm and checked for

leaks.

Step 6:
A lid was then placed to prevent evaporation aminiy began. The water level was

measured after a significant drop.

Step 7:
The permeameter was removed along with any exdesms from the pavement.

(24) Figure 3.5.3.1 — Even-flow Permeameter (25) Figure 3.5.3.2 — Rapid-flow permeameter

3.5.4 Pressurised Method

Step 1:
Any loose material was removed from the road paveme

Step 2:
The template was then placed onto the pavementhancrayon was used to mark
out the position for the test apparatus
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Step 3:
The permeameter was attached to the pavement lyirappilicone to the

pavement, and the permeameter was then pressdy dmto the silicone.

Step 4:
The circular weight was then positioned onto thengameter, and the silicone was

left to cure.

Step 5:
Water was poured into the permeameter to the @EvES0 - 200mm and checked for

leaks.

Step 6:
The custom made lid was then attached to the ajysanaing silicone, and left to

dry.

Step 7:
Weights were placed onto the lid to counteract upviarces and the compressor

hose was also attached (Figure 3.5.4.1).

Step 8:
The compressor was turned on and allowed to slos¥ase pressure until 30kPa.

At this point it was kept constant.

Step 9:

Timing then began, and the water level was measafteda significant drop.
Step 10:

Once data collection was complete, both the perregamand any excess silicone

were removed from the pavement.
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(26) Figure 3.5.4.1 — Permeameter under pressure

(27) Figure 3.5.4.2 - Pressurised testing in B®ce
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3.5.5 — Calculations

First find the volume of the displaced water usaggation (1):
V=mir#*h 1)
Calculate the permeability using equation (2):

25.5%V

t 2)

k =

Where,
k = permeability (L m/s)
V = Volume water (mL)
T = average time (sec)
r = Radius (mm)

h = Height difference of water (mm)

Finally check the category and description withresponding ‘k-values’ in Table
3.5.5.1.

Compare results with the permeability categoriebahle 3.5.5.1 below.

Permeability (u m/s) Category Description
0.01-0.1 Al Very low permeability
01-1 A2 Low permeability
1-10 B Moderately permeable
10 - 100 C Permeable
100 — 1000 D Moderately free draining
1000 - 10000 E Free draining

(4) Table 3.5.5.1 — Permeability Category and Eipson (QDTMR 2002, p74)
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Chapter 4 - RESULTS & DISCUSSION

Four (4) types of testing were selected to proe tifaffic induces moisture into road
pavements in the Toowoomba Region. These fouradsthre tested in various
locations primarily in low volume roads. There artal of eight locations of M/C
sampling, seven locations along the GBD (probex),tavo locations for the

permeability testing.

4.1 Existing Data
Data acquired from QDTMR — Toowoomba District ird#s:

» Gatton Bypass Duplication
« Bowenville / Dalby Road
* Drayton Connection Road

« Toowoomba / Cecil Plains Road

This data was acquired with the permission from QIRT A copy of this approval

is in Appendix B3.

4.1.1 Gatton Bypass Duplication

These samples were taken on th& 26ly 2007 on the eastbound lanes. A series of
locations across the lanes were taken at varioaisapes as depicted in Table
4.1.1.1. The AADT on the GBD is 12 958 vehicledunling a heavy vehicle
percentage of 15.65% which totals approximatelyll@davy vehicles per day (The
Department of Main Roads, 2007).

Rainfall in 2007 was significantly below averageidg the time of the sample

collection (25/07/07). June’s rainfall was 1.5¢isrthe average rainfall (Figure
4.1.1.1) which may have had an effect on the reshiown in Table 4.1.1.1.
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Location; 848882 UNIVERSITY OF QUEENSLAND GATTON

125

75 H

Hean rainfall {nn}
Data for Year { 2887 )

25 H

Jan Feb Har Apr Hay Jun Jul Aug Sep Oct Hov Dec
Honth

040082 Mean rainfall cmm
I Data for Year ( 2007 2

@ Anstralian Government
£ Burean of Meteorology
Created on Wed 21 Oct 2009 185:22 PM EST

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec  Annual  Years
Mean rainfall {mm) 11120 1006 7T 49.4 46.1 42.7 377 26.7 3.9 64.8 79.9 883 7691 112
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec  Annual Years
Rainfall {(mm) for year 2007 50.6 288 47.0 26 66 £85.2 0.e 716 12.8 41.8) 1032 884 5314 1

123 =Not quality controlled

(28) Figure 4.1.1.1 — Rainfall Data for Gattor2007 (BOM, 2009)

The soil samples were taken directly after the esent in June. The combination of
a recent rain event, high AADT, high percentaghesvy vehicles, and spray seals is
ideal in analysing traffic induced moisture inte tload pavement.

Table 4.1.1.1 shows M/C’s in the slow lane andf#is¢ lane at various chainages.
This shows a comparison of M/C’s in the IWP, OWH #re shoulder. By looking
at the first three chainages it can be seen teaDiWP has higher M/C than the
shoulder. This indicates that something other thaltration through the shoulder is

assisting in the higher pavement moisture content.

Figure 4.1.1.2 has combined the M/C’s of OWPs rthdane with the chainages to
show that the OWP in the slow lane has higher m@stontent than that of the fast
lane. This could show that there may be moreitraifthe slow lane assisting in
moisture penetration during the rain period. Withknowledge of AADT for each

lane, this cannot be proven.
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Gatton Bypass Duplication (Eastbound)

Location Base Heavy Vehicle
Chainage | Unknown | IWP | OWP | BWP | Shoulder AADT Notes
63.47 45 | 49 4.3 15.65% or 1014 Outer Lane - slow lane
63.67 3.7 | 44 4.3 15.65% or 1014 Outer Lane - slow lane
67.94 4.6 4.2 15.65% or 1014 Outer Lane - slow lane
67.75 3.6 3.6 15.65% or 1014 Outer Lane - slow lane
67.31 4.3 15.65% or 1014 Outer Lane - slow lane
103.42 5.5 6.1 15.65% or 1014 Outer Lane - slow lane
103.42 4.9 5.6 15.65% or 1014 Inner Lane - Overtaking lane
103.577 5.5 15.65% or 1014 Outer Lane - slow lane
103.605 6.1 6.6 15.65% or 1014 Outer Lane - slow lane
103.605 6.2 6.4 15.65% or 1014 Inner Lane - Overtaking lane
103.611 6.2 15.65% or 1014 Outer Lane - slow lane
103.611 6.1 15.65% or 1014 Inner Lane - Overtaking lane
103.769 38 | 53 15.65% or 1014 Outer Lane - slow lane
103.769 4.2 3.8 15.65% or 1014 Inner Lane - Overtaking lane
104.045 4.9 15.65% or 1014 Good Condition
104.15 6 15.65% or 1014 Failure
104.158 5.2 6 15.65% or 1014 Outer Lane - slow lane
104.158 5.4 4.7 15.65% or 1014 Inner Lane - Overtaking lane
104.16 5.4 15.65% or 1014 Failure

(5) Table 4.1.1.1 — Gatton Bypass Duplication MaistGontents

Table 4.1.1.1 also shows the M/C in the OWP is istarstly higher than the IWP (Figure
4.1.1.2). This suggests either infiltration thrbule shoulder (this is not the case at

chainages 63.47, 63.67 and 67.94) or that trafflcices moisture into the pavement during

wet periods. The cross-fall of the road distrilsutee load of the vehicle (particularly heavy

vehicles) to the OWP in which the elevation slapeuinning (in most cases the OWP). This

assists in pushing water into the pavement.
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Gatton Bypass Duplication
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(29) Figure 4.1.1.2 — Gatton Bypass Duplication

4.1.2 Bowenville / Dalby Road

Bowenville / Dalby samples were taken on th& 38nuary 2008 on the Warrego
Highway at approximately chainage 72.64km. The AAdh the Bowenville /
Dalby Road (between 26.83km and 80.82km) carri&@844hicles per day with
21.75% heavy vehicles in 2007. Therefore the )Z@anicles that used the road
daily totalled 482 in each direction (The Departin&iMain Roads, 2007).

Rainfall in January 2008 was significantly beloveeage, however there was a major

rain period in November and December of 2007. &mam periods were far above

average which may also have an effect on the MéGli®shown in Figure 4.1.2.1.
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Location: 841522 DALBY AIRPORT

175

158 -

125 -

188

o

Hean rainfall {an}
Data for Year { 2887 }

i}

29

Jan Feb Har Apr Hay Jun Jul Aug Sep Oct Hov Dec

Honth

041522 Mean rainfall Cmm)
B Data for Year ¢ 2007 )

i Australian Government
Bureau of Meteorology
Created on Wed 21 Oct 2003 22:39 PH EST

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNow Dec  Annual Years
Mean rainfall {mm} 73.9 25.0 369 203 354 354 235 20.0 301 612 232 9383 6053 12
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec  Annual Years
Rainfall {(mm}) for year 2007 346 14.4 16.6 14.0 10,00 1040 0.0 61.8 26.0 594 1414 1088 5910 1

12.3 =MNot quality controlled

(30) Figure 4.1.2.1 - Rainfall Data for Dalby i6@. (BOM, 2009)

Figure 4.1.2.2 clearly shows that the M/C in the W significantly higher than
BWP. Between the four locations there is approxatyal % difference in M/C’s.
There is a good chance that the difference in Mi€tue to the long rain event that
occurred in November and December prior to the $esripeing taken. As the
shoulders at this location are not completely skdleere is a chance that this
moisture difference could be due to infiltratiomaibhgh the shoulder. As this is a
highly trafficked road with a large number of heasghicles, traffic may have

assisted in the high moisture readings.
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Bowenville / Dalby Road

o [l —$—0OWP
3 =i~ BWP

Moisture Content (%)

7265 7264 Location (chainage) 7254 72.54

(31) Figure 4.1.2.2 — Bowenville / Dalby Road (Weégo Highway)

4.1.3 Drayton Connection Road

These samples were taken on thE D&cember 2008 on the Drayton Connection
Road at approximate chainages of 1.5km to 3.68khe AADT on the Drayton
Connection Road carried 3745 vehicles per day 92t81% heavy vehicles in 2007.
Therefore the heavy vehicles that used the rody tidalled 231 in each direction
(The Department of Main Roads, 2007).

As can be seen in Figure 4.1.3.1, the rainfaltherNovember/December period is
close to average. Therefore under these condjtibasVi/C’s should be as expected
for an average year of rainfall. Moisture pena@rashould be evident in the wheel

paths due to the rainfall of November and Decentailing over 160mm.
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Location: Mo station defined

125 [

Hean rainfall {(mm)
Data for Year { 2006 )

=

g 3 g

n
(1]

il
Jan Feb Har Apr Hay Jun Jul Aug Sep Oct MNov Dec

Honth
1041529 Mean rainfall Cmn)
B Data for Year ( 2005 O
2
Australian Government
e " Bureau of Metcorology
Created on Thu 22 Oct 2009 17:52 PM EST

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual Years
Mean rainfall {(mm) 655 1104 52.7 272 33.9 331 302 30.0 354 62.5 92.0 89.9 6505 13
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec  Annual Years
Rainfall (mm) for year 2008 352 97.6 44.2 200 E2 48.0 728 82 31.8 34.8 1104 93:6] 9616 1

12.3 = Not quality controlled

(32) Figure 4.1.3.1 - Rainfall Data for Toowoonb&008. (BOM, 2009)

Figure 4.1.3.2 shows that the M/C in the IWP idkigthan BWP. Although the
BWP plot does overlap the IWP plot, the averaggefl\WP is 6.49% compared to
5.87% for BWP. This shows a significant differeme@/1/C’s between the two
locations. As the IWP is near the middle of thedrdhere is a good chance that the
difference in M/C’s is due to the long rain eveattbccurred in November and
December prior to the samples being taken as siowigure 4.1.3.1. Infiltration
through the shoulder can be exempt as BWP would hagher M/C if that was the
case. Evidence suggests as this is a highly¢kaffi road with a large amount of

heavy vehicles that traffic did assist in the higbisture readings.
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Drayton Connection Road
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(33) Figure 4.1.3.2 — Drayton Connection Road

4.1.4 Toowoomba / Cecil Plains Road

The Toowoomba / Cecil Plains Road samples weretakethe 4 March 2008 at
various locations between chainage 28.3km and &0.6khe AADT for
Toowoomba / Cecil Plains Road has a total of 163tcles per day with 13.09%
heavy vehicles. With 106 heavy vehicles using dach per day, it is feasible that

moisture can be pushed into the road base by tivement of traffic.

The rainfall data in Figure 4.1.4.1 shows that Baby’s rainfall for 2008 is
approximately double the average with 142mm of caimpared to 77mm. Due to
this excessive amount of rainfall, there is a higitence that M/C’s may vary and

show that traffic contributes to moisture penetrainto road pavements.
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Location: 9841882 PITTSHORTH YANDILLA STREET

200 |
175 |
150 [
125 [

i6e

Hean rainfall {(mn)
Data for Year { 2088 )

25

Jan Feb Har Apr Hay Jun Jul HAug Sep Oct Nov Dec

Honth
1041082 Mean rainfall (mmd
B (ata for Year © 2008 2
2
2 Australian Government
e " Buresu of Meteorulogy
Created on Thu 22 Oct 2009 19:08 PM EST
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nowv Dec  Annual Years
Mean rainfall (mm) 921 770 618 385 40.6 410 406 300 36.6 637 T6.8 964 6938 122
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual Years
Rainfall (mm) for year 2008 59.6 1420 344 330 (o] 230 57.0 15.0 548 194 1684 1126| 7192 1

12.3 = Not guality controlled

(34) Figure 4.1.4.1 - Rainfall Data for Pitswomh2008. (BOM, 2009)

From Table 4.1.4.1 and Figure 4.1.4.2 it can be seat BWP is consistently lower
than the OWP and IWP. The IWP has less moistae tihe OWP which could be
due to infiltration from the shoulder or the crdaB-of the road. As can be seen on
many roads, flushing generally occurs on the OWH,this may be the case for
moisture penetration. The flushing on the OWPeisggally caused by the cross-fall
of the road which distributes the weight of theieghtowards the direction the
cross-fall is sloping.

In this case it is clear that there is more moestacated in each of the wheel paths
particularly in the OWP when compared to BWP.

Chainage (m) 29.18 30.2 42.33 50.6
IWP M/C (%) 11.5 4.6 4.3 8.1
OWP M/C (%) 10 6.2 5 8.7
BWP M/C (%) 6.9 4.5 3.4 7.1

(6) Table 4.1.4.1 — Moisture contents at variagations
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Toowoomba / Cecil Plains Road
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(35) Figure 4.1.4.2 — Toowoomba / Cecil PlainsdRoa

4.1.5 Conclusion

In conclusion it is clear that there is high maistaontent in the wheel paths
compared to between the wheel paths. It is comimati of the test locations that a
significant rain event occurred prior to the sangu#ection. The rain events
combined with reasonable AADT and percent heavyclehplays a significant part

in the moisture penetration into the road pavement.

From the GBD data (Table 4.1.1.1), it has beengmam this case that infiltration
through the shoulder does not occur as the OWmRigasr M/C than that of the
shoulder.

See Appendix C for M/C tables for each location.
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4.2 Field Testing Data

4.2.1 Esk/Hampton Road

Esk / Hampton Road is a narrow two lane road latatethe Northern edge of
Toowoomba. Samples were taken on thB $6ptember 2009. Both of the
approaches to the Ballard Creek Bridge are of aingibnstruction and appearance.
The approaches to the bridge have recently beeeneititherefore two gravel types

have been used.

The AADT states that there are a total of 726 elekithat use the road
(combination of both directions) and an averag®.8% heavy vehicles (Figure

4.2.1.1). This means that approximately 35.6 he@hyjcles use each lane per day.

District 3 SOUTHERN DISTRICT
Road Section 414 ESK - HAMPTON ROAD

Year 2007|
TDist | ] | Status
Direction |All Directions |
Through Distance Site
0 DOO‘- ‘ 45.760| |30008 At Ravensbourne National Park Td 32.96
- %wperVehicleClass ————

Gaz Light Heavy Short Truck Articulated Road % Growth————
Dir AADT Vehicle Vehicle Vehicle orBus Vehicle Train 1Yr 5Yr 10 Yr
G 358 91.92 8.08]| 91.92 3.96 3.59 53 -6.04 3.70 3.10
A 368| 88.54 11.46/| 88.54 7.74 3.60 12 -7.54 492 4.07
B 726 90.20 9.80 90.20 5.87 3.60 33 -6.80 431 3.58

(36) Figure 4.2.1.1 - AADT for Esk / Hampton Rq&DTMR, 2007, p57)

The samples were taken on thd' Beptember 2009. According to the Bureau of
Meteorology, the closest location for weather rdoags for the Esk / Hampton
Roads is Gatton (Figure 4.2.1.2). This indicalbes there has been a ‘very much
below average’ rainfall in this area during thertstd September and August 2009.
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Location: 848682 UNIVERSITY OF QUEENMSLAND GATTOM

Hean rainfall {mn}
Data for Year { 2609 }
3

B_Jan Feb Har #fApr Hay Jun Jul Aug Sep 0Oct Hov Dec

Honth
1040082 Mean rainfall (mm)
B Oata for Year ( 20089 3
*
Australian Government
Buresu of Meteorology
Created on Thu 22 Oct 2002 23:27 PM EST
Statistics dan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep Ot  Nov  Dec Amnual Years
Wean rainfall (mm} 111.2) 1006 717 494 461 42.7 37 26.7 349 G4.8/ 79.9 98.3| 76941 112
Statistics Jan  Feb  Mar  Apr  May Jun  Jul  Awg  Sep  Oct  Hov  Dec Annual Years
Rainfall (mm) for year 2003 1006| 850 340/ 1202 970l 428 10 44 468 1

12.3 = Not quality controlled

(37) Figure 4.2.1.2 - Rainfall Data for Gattor2®09 (BOM, 2009)

As can be seen in Figure 4.2.1.4, the moistureatian on the Esk / Hampton Road
is not significant. The reasons for this may bedbse,

1. Itis a low volume road with few heavy vehicles.
The recent rainfall is very minimal.

3. The road has once been widened and there is tves tfsoil. The OWP
soil is different to the BWP soil (see Figure 4.3)1

(38) Figure 4.2.1.3 — Sampling at Esk / HamptoadRo
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Esk / Hampton Road
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(39) Figure 4.2.1.4 — Esk / Hampton Road

As can be seen in Figure 4.2.1.4 above, the M/@teeare inconclusive and
therefore do not support the theory that traffauices moisture into the road
pavement. If there had been a recent rain everddba may have provided more
positive results, however a low volume road witfiedlent soil types indicates that

the moisture variation is not as predicted.

4.2.2 Chinchilla/ Tara Road

Chinchilla / Tara Road is a narrow two lane spreglad road with non-sealed
shoulders. Samples were taken on tHe @August 2009 at various locations along
the Chinchilla/ Tara Road. The road has a tdt#ll® vehicles per day with 14.11%
heavy vehicles. This totals 51 heavy vehiclesaichdane per day.
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District

[} SOUTHERN DISTRICT

Road Section

(341 CHINCHILLA - TARA ROAD

Year

2[]07|

TDist

Status El

Direction

[All Directions |

Through Distance

Site

{].ODq-| 22_51[)1 p2094 1km N Chinchilla/Hopelands Sign Td 8.0
% per Vehicle Class ——
Gaz Light ~Heawy Short  Truck Articulated Road % Growth———
Dir AADT Vehicle Vehicle WVehicle orBus  Vehicle Train 1Yr 5Yr 10 Yr
G 352 86.77 13.23 86.77| 973 244 1.06| 5.34 4 44 3.73
A 367 8503 14.97 8503 11.63 2.35 a9 17 .63 5.84 4.64
B 719 85.89 14.11 85.89 10.70) 2.39 1.02 11.82 5.6Y 4.18
| 22.5'Iq -| 43_49[)1 pZOE}E 360mS of Kogan-Condamine Rd Td 22.9 |

% per Vehicle Class

(40) Figure 4.2.2.1 - AADT for Chinchilla / TarasoRd (QDTMR, 2007, p46)

The rainfall data in Figure 4.2.2.2 shows thatfedinn 2008 for July/August is

significantly lower than average with 5mm of raongpared to 66.4mm. Minimal

rainfall explains the low M/C’s at each location.

Location: 842023 HILES POST OFFICE

120 -
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e
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18 H
[ i
Jan Feb Har Apr Hay Jun Jul Aug Sep Oct MNov Dec
Honth
C1042023 Mean rainfall Cmnd
B Data For Year ¢ 2008 )
2
p b, Australian Government
e * Bureau of Meteorology
Created on Fri 23 Oct 2009 00:23 AN EST
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual Years
Mean rainfall (mm} 95.1 74.9 58.2 36.6 391 39.6 37.3 291 308 54.0 66.0 89.0 B494 125
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec  Annual Years
Rainfall (mmy} for year 2009 74.7 646 8.0 37.2 356 432 1.0 4.0 144 g

12.3 = Not quality controlled

(41) Figure 4.2.2.2 - Rainfall Data for Miles i6@9 (BOM, 2009)
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Figure 4.2.2.3 shows that the M/C is very low vathOWP average of 1.6% and an
IWP average of 1.3%. The recent dry weather mag teason for the low M/C data.
It is clear that the OWP has higher M/C than thé’IWAs the shoulders are not
sealed infiltration may have occurred during thst fain event, however traffic may

have contributed to this moisture difference ad.wel

Chinchilla / Tara Road
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(42) Figure 4.2.2.3 — Chinchilla / Tara Road
4.2.3 Byee Road

Byee Road is a narrow road primarily accessed &gl leesidents and farmers.
Samples were taken on th&df October 2009. The soil type is primarily blaszkl
with a recent upgrade to the Barambah Creek Braghgpeoximately 2 years ago.
The traffic analysis and Reporting System — AADDi&ents Report details the
AADT of Byee Road as shown in Figure 4.2.3.1 beldwis figure states that there
are a total of 137 vehicles that use the road (@booation of both directions) and an
average of 9.7% heavy vehicles. This means th@bapnately 6.65 heavy vehicles
use each lane per day. This is a very minimal rerrobheavy vehicles and the

variation of moisture may not differ across thédficked lane.
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District 3 SOUTHERN DISTRICT
Road Section ¥365 BYEE ROAD

Year 2007|
TDist | | | Status
Direction |All Directions
Through Distance Site
0.000|-| 14.4701 |20504 4Km From RPC 1 Td 4.0
% per Vehicle Class ——
Gaz Light Heavy Short Truck Articulated Road % Growth———
Dir AADT Vehicle Vehicle Vehicle orBus Vehicle Train 1 Yr 5Yr 10Yr
G 67 91.03 8\.97 91.03 7.38 1.48 A1) -43.22)| -18.35 -8.32
A 70 89.60 10.40 89.60 8.82 1.47 || -47.37|| -16.65 -8.71
B 137 90.30 9.70 90.30 8.12 1.47 || -45.42|| -17.52 -9.02

(43) Figure 4.2.3.1 — AADT for Byee Road (QDTMR(Z, p84)

The Australian Bureau of Meteorology states thataterage annual rainfall from
1905 to 2001 is 776.2mm. Over the past 8 yeamsfalhhas decreased significantly
in the Toowoomba region. It can be assumed tbat ffigure 3.1.1 and the recent
drought that rainfall from the July, August and ®epber is very minimal ranging

between 5-10mm per month.

The test results in Figure 4.2.3.2 show that th® INgs higher M/C than BWP.
There is an overlap in some areas showing thaettent dry weather may have an
effect on the moisture conditions within the pavameOverall it is clear that the
IWP has higher M/C than BWP. The average IPW caoatgpto the average BWP is
IWP=4.15% and BWP=3.6%.
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(44) Figure 4.2.3.2 — Byee Road

4.1.4 Gatton / Clifton Road

Gatton / Clifton Road is a narrow road with variaygrades and widening
completed over the past years. Samples were takéme 10 September 2009. By
visual inspection at Heifer Creek Bridge, the Nerthapproach is a new road, whilst
the Southern approach is much older. This may shoamparison between seal

thicknesses under the same conditions, possiblgledimg that M/C decreases with
a greater number of seals.

The AADT in Figure 4.1.1.1 states that there ateta of 666 vehicles that use the

road (combination of both directions) and an averaigl5.97% heavy vehicles.

This means that approximately 53 heavy vehiclessasé lane per day.
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District 3 SOUTHERN DISTRICT

Road Section 313 GATTON - CLIFTON ROAD

Year 2007‘

TDist

| | | Status

Direction WI Directions ‘

Through Distance

Site

43.730‘ ‘32561 600m N of Heifer Ck Td 22.68

% per Vehicle Class

(45) Figure 4.1.4.1 - AADT for Gatton / Clifton R (QDTMR, 2007, p20)

O‘UOO|- | 5.890‘ ‘32070 N of Winwill Connection Rd Td 0.97
— % per Vehicle Class
Gaz Light Heavy Short  Truck Articulated Road % Growth————
Dir AADT Vehicle Vehicle Vehicle orBus Vehicle Train 1Yr 5Yr 10 Yr
G 494/ 86.76 13.24|| 86.76 8.65 4.31 .28 3.56 2.86 53
A 493/| 88.94 11.06(| 88.94 6.88 3.83 .35 -.40 1.01 AT
B 987|| 87.86 12.14|| 87.86 7.77| 4.06 31 1.54 1.92 48
5‘890|- | 26.790‘ ‘30023 12 S Gatton-Helidon Rd Td 12Km Prem Site
% per Vehicle Class
0,
Gaz Light Heavy Short Truck Articulated Road % Growth———
Dir AADT Vehicle Vehicle Vehicle orBus Vehicle Train 1Yr 5Yr 10 Yr
G 336 81.76 18.24)[ pB1.76] 11.84 6.11 .29 3.07 1.52 .16
A 330| 86.32 13.68/| 86.32 7.97| 5.37| .34 2.80 1.97| 1.08
B 666/| 84.03 15.97|| 84.03 9.92 5.73 .32 2.94 1.74 .60
‘ 26 790| - |

Recent rainfall in the Gatton region is dramaticaklow the annual average. The

Gatton / Clifton Road samples were taken ofi $8ptember 2009. As shown below

in Figure 4.1.4.2, rainfall prior to this date iremely low with only 5.4mm of rain

in the previous 2 months. April and May showsrgedluctuation in rainfall when

compared to the average. This type of rain pemagt show a slight difference in

M/C.
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Location: 0846882 UNIVERSITY OF QUEENSLAND GATTON
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“Jan Feb Har fApr Hay Jun Jul HAug Sep DOct Hov Dec

Honth
1040082 Mean rainfall (mm)
B Data for Year ( 2009 )
3
_ Australian Government
e * Bureau of Meteorulogy
Created on Fri 23 Oct 2009 15:56 PM EST
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec  Annual  Years
Mean rainfall (mm) 1112 1006 77T 49.4 461 427 T 26.7 349 G4.8 79.9 98.3| T769.1 112
Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec  Annual Years
Rainfall (mm) for year 2009 100.8 §3.0 340 120.2 97.0 428 1.0 44 46.8 1

12.3 = Not quality controlled

(46) Figure 4.1.4.2 — 2009 Rainfall data for GattBOM, 2009)

Samples at locations one, two and three were tak#dre southern approach of the
bridge (numerous reseals) whilst locations fowme faind six were taken at the
northern approach (new section). The seal thidasen the southern approach of
the bridge averaged between 80mm and 140mm wtaladhthern samples were
only 10-25mm thick.

Samples were taken at the OWP, IWP and BWP as shofigures 4.1.4.3 and
4.1.4.4. Figure 4.1.4.3 shows a comparison betw&E&hand BWP at various
locations. It can clearly be seen that locatiarr fes significantly higher than
locations one, two and three. This indicates thenge in road type from old to new
gives a direct comparison between seal thicknesse@d1/C’s. The soil types do
differ between these locations which may also faveffect on the M/C. For
locations one, two and three the M/C in the IWRwger than BWP indicating that

the dry weather and thickness of the seal haveeatdielationship with M/C.
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(47) Figure 4.1.4.3 — Gatton / Clifton Road

Figure 4.1.4.4 shows a comparison between the OMUBYP. There is a
significant difference in M/C’s between the twoadtions. It is clear that the
moisture in the OWP is much higher than BWP. THE®lare much higher than
locations one, two and three showing this may ssigipat the thickness of the seal

and soil type does have an impact on M/C results.
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(48) Figure 4.1.4.4 — Gatton / Clifton Road

4.1.5 Conclusion

In conclusion, there is higher moisture conterthemwheel paths as opposed to
BWP. The moisture difference in the inner and outieeel paths compared to
‘between the wheel paths’ is much closer than Exsting Data’ analysis. The

reason for this is a combination of low AADT, lowdvy vehicles and minimal

recent rainfall.

It can be seen in section 4.1.4 that seal thiclagekave a significant impact on the
M/C’s in the wheel paths as well as the amount ofstare in the road.

See Appendix D for M/C recordings for each location
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4.3 Gatton Bypass Probe Data

4.3.1 Site A

This site is located at the Eastern end of the @Blject. Irrigation occurs beside
the road reserve, which may have an impact on MAQis site. The cross section
has no verges, therefore there are no probes tboatbe shoulder.

As shown below in Figure 4.3.1.1, the average My@e fast lane is slowly
increasing over time. This may indicate that thebp is unstable.

M/C’s in both lanes appear to be higher than therobline therefore depicting the
trafficked area has higher moisture readings.

Gatton Bypass Probe Data - Site A
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(49) Figure 4.3.1.1 — Gatton Bypass Probe ResuBite A
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4.3.2 SiteB

Site B is located only 480m from site A and it skildoave the same influences from
irrigation as site A. The cross section of sitkd two verges constructed of black
soil.

The trend remains relatively level which indicatiest there is no deficiency in the
probe. At the beginning of the installation thes&s a slight rain event which is
visible on Figure 4.3.2.1. The OWP of the slowelgumps to 4.19% after the third
reading and then drops with the other probes asotbdries out.

The moisture readings of the slow lane (average359%) are slightly higher than the
fast lane (average = 3.24%). This may indicatettiere is more traffic in the slow
lane, however there is no AADT to support thisfilthation through the shoulder is
possible as the moisture readings at the shoufdbeslow lane is higher (average =
4.37%) than the OWP of the slow lane (average §%)3 Infiltration into the fast
lane is unlikely as the OWP of the fast lane (agera 3.24%) is higher than the
shoulder of the fast lane (average = 2.97%). dvident that there is more moisture

in the wheel paths compared to the control line.

Gatton Bypass Probe Data - Site B
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(50) Figure 4.3.2.1 — Site B
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4.3.3 SiteC

This site is located in a cut / fills transitionthe Western side of the Eastern most
cut on the project.

The M/C has remained stable within the pavememriaynder the control line and
slow lane OWP. The fast lane OWP slowly increases time showing signs of
instability. Both the fast lane and slow lane hammificantly higher moisture
readings than the control line.

The average M/C in the slow lane shoulder is 3.89%pared to that of the wheel
path which is 3.56%. It is possible that infiltcat was occurring here as the
shoulder moisture readings are slightly higher tte@nslow lane OWP. The fast lane
shoulder probe has an average M/C of 3.30% compareéd OWP of 4.32%. This
shows that infiltration is not occurring in the fféene (if the probes are stable).

Gatton Bypass Probe Data - Site C
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(51) Figure 4.3.3.1 —Site C
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4.3.4 Site D

Site D is located in a low lying area with manyidege structures designed to carry
water under the road.

Probe D3 ceased working in September 2003 and tachda been recorded since
this date. The M/C in the control line is highlean that of the fast lane — OWP. The
average M/C in the fast lane’s OWP is 4.39% congpoehe control line which is
4.74%. This may be because Site D is locatedvieralow lying flat and influence

of lateral movement of moisture into the pavemetikely.

Both the slow lane and the fast lane OWP ceasédga&adings prematurely due to
unknown faults. From the data in Appendix E5 amgife 4.3.4.1, it appears that the
control line has higher M/C than the wheel paths.

Gatton Bypass Probe Data - Site D
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(52) Figure 4.3.4.1 — Site D
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435 SiteE

Site E is the only probe that has been installédiva cut.

The M/C has shown a gradual increase within thepant layers. Once again the
slow lane OWP ceased working sometime in Septe2®@3 and only recorded four
readings. The M/C in the fast lane OWP is highantthe control line. The average
M/C in the control line is 4.57% compared to 4.82%he fast lane OWP. The

average M/C in the fast lane shoulder is 5.23%gefoee infiltration is possible.

Gatton Bypass Probe Data - Site E
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(53) Figure 4.3.5.1 — Site E
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4.3.6 SiteF

Site F is located in a high fill area with a wat@ble influence. Pavement and

selected sub-grade were constructed on four metrembankment.

In Figure 4.3.6.1 the M/C has remained relativelgstant throughout the duration of
the readings until the most recent reading. Thtrobline stopped recording in
approximately April 2005. At this time the M/C tife fast and slow lanes jumped
significantly to almost 8% which is out of the ardry considering there were no
major rain events around that time.

It is obvious that the M/C’s of the fast and sl@més are higher than the control line.
Both of the shoulder probes have average M/C rgadiigher than the OWP'’s.
This may indicate that infiltration through the shder is a possibility at this

location.

Gatton Bypass Probe Data - Site F
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(54) Figure 4.3.6.1 — Site F
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4.3.7 Site G

Site G is located on the most Westerly region ef&BD. The pavement is
constructed on a high fill. The pavement and si#ulg were constructed on four

metres of embankment.

Figure 4.3.7.1 indicates that the slow lane hasitjeest moisture readings with an
average of 4.35% compared to the control line @yer= 4.02%) and the fast lane

(average = 2.44%).

Gatton Bypass Probe Data - Site G

8.00 O o o

7.00

6.00 /\//\
5.00

\
400 ¢ P Slow Lane OWP
Centreline

3.00 FastLane OWP

Moisture Conetent (%)

2.00 S, — |

1.00

0.00 B

1 2 3 4 5 6 7 8 $ 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 2

o}

Readings

(55) Figure 4.3.7.1 — Site G
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4.3.8 Conclusion

In conclusion by viewing the above figures (Figdr8.1.1 — Figure 4.3.7.1), the M/C
in the wheel paths is generally higher than the M/@e control line. At times
infiltration through the shoulder and the water¢aiay have affected the readings.

Some readings may not be accurate and as a réshi snay therefore show
obscurities in the data such as dramatic jumps/i@ (#Figure 4.3.6.1). The M/C in
the fast lane is at times higher than the M/C efdlow lane. This may be because

of infiltration into the pavement, inaccurate rewas, or the location of the probes.
On average, the M/C in the slow lane OWP and &ast OWP is higher than the

control line. As this is a constant trend in mestdings, it can be suggested that

traffic plays a part in the moisture penetratioio ithe road pavement.
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4.4 Permeameter Testing

Permeameter testing was conducted on thar@®l 4' October under typical fine
weather conditions. Rapidflow and Evenflow FielfiReameters were used to test

the permeability of the spray seal.

The permeameter testing was conducted in a quiketezaac with little AADT. The
permeameters were positioned in the traffic pathiwi4 metres of each other. For
ease of testing, safety and proximity to power tésts were conducted close

together to avoid traffic and minimise the testanga.

Four permeameter beacons where installed to tediithmen spray seal
permeability. Two evenflow field permeameters amd rapidflow field

permeameters were installed. See section 3.5e&urghtion and installation details.

The water level drop was not rapid; therefore mesasents were taken at large
intervals. Measurements were taken after 90 menael 150 minutes for both of the
types of permeameters under normal atmospherisymesiead. Four tests were
completed under pressurised (30kPa) conditiona fmeriod of 30 minutes. Two of
the pressurised tests failed (evenflow) due to akweint/seal and therefore as a

result of this no results were recorded. The resark as follows:

Atmospheric Pressure Results at 90 minutes

Test 90min Radius | V=rt*r"2*h | k=25.5V/s
No Test Type | drop (mm) | (mm) (mm?) (um/s) Description
1 Rapidflow 0.5 72.5 8256.50 38.99 C
2 Rapidflow 0.6 72.5 9907.80 46.79 C
3 Evenflow 7 20 8796.46 41.54 C
4 Evenflow 2 20 2513.27 11.87 C
5 Evenflow 6 20 7539.82 35.60 C

(7) Table 4.4.1 — Permeameter results at atmoppirssure after 90 minutes
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Table 4.4.1 shows measurements after a period ofi@0tes under atmospheric
pressure. The water level dropped relatively gvémoughout the timeframe
providing volume changes as shown. The volumen®§ calculated using equation
(1) in section 3.5.5. The volume (V) is then siibtd into the permeability
equation (2) in section 3.5.5. The permeabilityaopn calculated the ‘k’ value
which ranges from 11.§fm/s) to 46.79um/s) in Table 4.4.1. The ‘k’ values are
then categorised in the ‘Permeability Category Redcription Table’ (Table
3.5.5.1). All of the values are described as aatetf"’ which is described as
permeable.

Tests four and five differ from tests one, two dimee as tests four and five were
emptied and re-filled the next day. This is thesan for the low ‘k-values’ as the

seal already has a significant amount of moistuiié i

Atmospheric Pressure Results at 150 minutes

Test 150min Radius | V=rt*r"2*h | k=25.5V/s
No Test Type | drop (mm) | (mm) (mm?) (um/s) Description
1 Rapidflow 1 72.5 16513.00 46.79 C
2 Rapidflow 1.25 72.5 20641.25 58.48 C
3 Evenflow 14 20 17592.92 49.85 C
4 Evenflow 3 20 3769.91 10.68 C
5 Evenflow 8 20 10053.10 28.48 C

(8) Table 4.4.2 — Permeameter results at atmosppissure after 150 minutes

Table 4.4.2 shows measurements from the same perebes after 150 minutes
under atmospheric pressure. The drop in the peneiegis are not significant,
however all of the k-values show that the seakisneable (Table 3.5.5.1). Once
again, tests four and five differ from tests om& aind three as these permeameters
were emptied and re-filled the next day. Despitelow readings, the description is
still classed as permeable. If this is the cas@afow volume residential cul-de-sac,
then it can be assumed that under heavy volume Atkie Beal will be equally or

more permeable.
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30kPa Pressure Results at 30 minutes

Test 30min
No | Test Type drop Radius | V=rt*r"2*h | k=25.5V/s | Description
1 Rapidflow 5 72.5 82564.98 233.93 D
2 Rapidflow 6 72.5 99077.98 280.72 D
3 Evenflow -- -- Failed Failed Failed
4 Evenflow -- -- Failed Failed Failed

(9) Table 4.4.3 — Permeameter results at 30 kiea 30 minutes

The same permeameters were then pressurised tstaobpressure of 30kPa. After
attaching the pressure hose and slowly releasmg@ussure, the silicone seals broke
between the base plate and the plastic conicakfunfhis was to be expected as
these permeameters are not constructed to with&barel other than 200mm of

water head. Due to the broken seals, only twaogRidflow permeameter were used

under 30kPa pressure.

The pressurised tests were conducted on'fh@ctober 2009. After the
permeameters were filled with water, the customerimbiwas then attached. While
the silicone was drying the water level still desed, therefore before pressurising
the permeameters the water level was re-measumacttunt for the drop in water
level. This ensured that the readings did not aettor any water loss prior to

pressurising the permeameter.

As can be seen in Table 4.4.3, the k-values arérhigher and therefore the
description has moved to a level where it is cldsse'moderately free draining’.
This is a significant increase at just 30kPa. FFagure 2.2.2.1 the pressure that
truck tyres will exert onto the road pavement i2dKPa. If a permeameter was
constructed to withstand this force, the ‘k’-valwgsuld increase significantly. At

this higher pressure the seal can be assumeddiadsed as ‘free draining’.

Therefore Table 4.4.3 shows that by slightly regiling actual traffic conditions by
pressurising the permeameters at a low pressurgetidoecomes much more
permeable when compared to standard atmosphedsyee Pressurised
permeameters may revolutionise permeability testirtge future.
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4.6 General Discussion of Results

By comparing the existing data (Table 4.6.1) with hew data certain trends have
developed. By comparing the AADT, rainfall, ddteation and seal types, some
sample locations have more prominent data tharrth®e comparison of these

results is shown below in table 4.6.1.

When comparing the sample moisture results itaardhat the top four locations
(Gatton Bypass, Bowenville/Dalby, Drayton Conneatt@md Toowoomba/Cecil
Plains) have more desired results than the laitar§amples (Esk/Hampton,
Chinchilla/Tara, Byee, Gatton/Clifton) showing gieadifferences in the wheel
paths and BWP’s.

From Table 4.6.1, the OWP has consistently higyh€ than BWP’s and IWP’s.
The data states that the IWP has higher moistureenbthan BWP. It was expected
that BWP would have the lowest moisture conteniltess it is not trafficked. The
existing data (the top four roads) have all reattilaege amounts of recent rainfall
and high AADT and heavy vehicles. This is evidenthese roads have larger
margins between the OWP, IWP and BWP when compdérioghe other four
roads.

It is noticeable that the first four (4) roads hdmgher moisture readings than that of
the bottom four (4) roads. It is clear that wheoking at past and present M/C
results that there is more moisture in the OWPI#d than BWP. The reason for
the OWP having higher M/C than the IWP is becatdtkeohigh wear of the OWP
due to the cross-fall of the road, and infiltratioom the shoulder. The major
underlying reason as to why the IWP consistentlytigher M/C may be that it is
due to traffic induced moisture. It can therefoesassumed that the compounding
nature of traffic during rain periods assists iduoing moisture into the road

pavement.
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sample ' AADT % Average Avi;agte Mtoi;ture
Road Name B Seal Thickness Recent ontent (%)
Vehicles | Heavy Rainfall OWP | BWP | IWP
(Existing)
Gatton
Bypass 25-Jul-07 Unknown 12958 1014 141% 5.31 -- 4.95
(Existing)
Bowenville /
Dalby 10-Jan-08 Unknown 4433 482 137% 5.08 | 3.75 --
(Existing)
Drayton
Connection 18-Dec-08 Spray 30mm 3745 231 90.20% -- 5.87 | 6.49
(Existing)
Toowoomba
/ Cecil
Plains 4-Mar-08 | Spray 20-60mm 1624 106 118.90% 7.48 | 5.48 | 7.13
(New)
Esk /
Hampton 10-Sep-09 | Spray 20-70mm 363 35.6 8.40% 6.9 6.8 --
(New)
Chinchilla /
Tara 20-Aug-09 | Spray 30-80mm 360 51 7.50% 1.6 1.3 --
(New)Byee
Rd 1-Oct-09 Spray 30-50mm 68.5 6.65 ? -- 3.57 | 4.15
(New) Spray 80-
Gatton / 100mm & 10-
Clifton 30-Sep-09 20mm 333 53 8.40% 3.87 | 2.56 | 2.32

(10) Table 4.6.1 — Existing data, and new datap=oiaon

The (TDR) probes were installed at various locaiamithin the road pavement

including the subgrade, verge, lower subbase asd @aseven locations within the

GBD. Understanding of the long term trends in nuwes content within the

pavement structure was limited by the reliabilifypoobes and the frequency of the

data collection.

The GBD probe data shows that there is more meaistuthe OWP of both lanes

when compared to the control line. Although theme some inaccuracies in the

probe readings over time at some of the locatibasioisture content in the wheel

paths is consistently higher. The readings froengtobes in some of the shoulders
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show that the OWP has higher M/C than the shouldiis suggests that at some of
the locations there is no infiltration through gteulder (as the moisture content

should be higher if infiltration is occurring).

Without knowing the AADT and heavy vehicle percg@s in each lane, it is
difficult to define why the fast lane has higher@® at certain locations. There is a

possibility that the higher moisture readings i@ tast lane are due to higher AADT.

Although the past data, new data and the proldings show that there is more
M/C in the wheel paths when compared to the cotitrelor BWP'’s, there is no
evidence proving that the seals are permeablendzneter testing was therefore
used to determine the permeability of spray sesitsguthe evenflow and rapid flow
permeameters. The atmospheric and pressurisedésstled that spray seals are

permeable.

The atmospheric permeameter test results shovitbaeals are indeed permeable
for both types of permeamters. Even though the pameter water level dropped
very slowly, it was revealed after calculating tkevalues’ that the permeability of

the seal was quite evident.

The pressurised permeameter test was simply a oatitin of the original
permeameters to see if there was any effect didiaerate under a small pressure.
Further testing revealed that water under pressgreases the permeability of the
seal even at a low pressure. This proves thdbtice of any vehicle will have an
effect on the M/C in the wheel paths, not only heashicles. To achieve better
results at higher pressures specialised permeaneileneed to be constructed that

can withstand higher forces.

From the various testing methods and past dataciear that spray seals are
permeable. Evidence suggests that there is moigur®in the wheel paths;
therefore traffic does have an effect on the M/@irithe wheel paths. The extent

of this is unknown and further testing and researitihneed to be conducted.
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4.7 Further Work

A formal investigation detailing traffic induced msture into road pavements has not
been undertaken in the Toowoomba region and thereio site sampling for M/C’s

in the wheel paths and BWP’s has not been a pritoitQDTMR. Further
investigation and more samples of moisture readivgs a longer period of time

would help confirm that there is consistently moreisture in wheel paths.

The permeameter tests did prove that seals aregpbie) however the pressurised
test was not constructed to withstand high pressemeivalent to that of a heavy
vehicle. Therefore further research into the desigd construction of a
permeameter that can withstand high pressuresrantate the movements of traffic
(pulsing motion similar to the New Zealand Rep&¢rmeabilities of Chipseals in
New Zealand’will greatly assist in proving that traffic inducenoisture into road

pavement.

Due to limited time and resources the present aisalyas limited to a broad
overview of past and present data and testing tfmout the Toowoomba Region. If
additional time and resources were available tcettae further studies, then more
testing locations over a longer period of time vdopdint a clearer picture into this
study. Once it is certain that traffic induces staie into the road pavement, then
preventative actions that need to be taken canlibersearched. Due to the limited

number of samples it is not possible to draw definonclusions at this stage.
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Chapter 5 CONCLUSION

In Australia sprayed seal surfacing is used on mosl, arterial and rural local
roads. Tyre pressures, traffic volumes, speedisl@ad the amount of heavy
vehicles have increased dramatically over timeis Tias led to an increase in
pavement failures particularly in the wheel paths logical cause of these failures

is excessive amounts of moisture in these failores.

Moisture ingress into the road pavement due tdidcregquires a combination of
rainfall, high AADT and minimal surface texturerobn the literature review, spray
seals appear to have the greatest amount of défiegards to traffic induced
moisture into road pavements. Spray seals pravitin layer of protection for the
pavement. This thin layer provides a shorter patlthe moisture to travel before it

reaches the pavement layers.

Sprayed seal surfacing is successfully used on toeds carrying only a few
vehicles per day through to major highways carryimmusands of vehicles per day.
There is a hierarchy of sealing treatments depgnaimthe location, AADT and the
purpose of the road. Therefore a ‘quick fix’ ig possible as each road is unique
and will require different preventative treatmewtsch will need much more

research and testing.

This study utilises M/C data collected through QDR MSoil Laboratories, and on
site testing to compare moisture penetration abuarocations throughout the lane
width. This has shown a comparison between titicareas and non-trafficked
areas at the same location. Proving that trafiiticed moisture is a phenomenon
that occurs frequently will allow road designerapply preventative actions such as

transverse variable spray rates, polymer modifiathien etc.

The reason for undertaking this study is that @eresive literature review revealed

that even though traffic induced moisture has dlydseen tested, it has not been
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tested in Toowoomba. This topic has always bedoaght on many engineer’s

minds, however there was no research to back it up.

Previous data, present data and permeability testas undertaken and the results
were then analysed and compared to determine whie#fiec contributes to
moisture within the road pavement. Eight (8) samptations were compared as

well as seven (7) probe locations at GBD and s€¥epermeameter tests.

This analysis indicated that there was more mastuthe wheel paths compared to
BWP’s. Although the majority of locations had hegtM/C in the OWP than the
IWP, infiltration through the shoulder was an ualikcause due to the M/C in the
shoulder being less than that of the OWP in sorsescalt was also evident that the
more re-seals there were, the less M/C there widgnithe pavement (see Figure

4.1.4.3 and Figure 4.1.4.4 for direct comparison).

The results of the permeameter tests revealedinay seals are permeable under
atmospheric pressure with k-values ranging betvi®@eand 50 um/s. Under
pressure of 30kPa at the same locations, thestuks/ancreased to 200-300um/s.
This indicates that under more realistic traffinditions, moisture does penetrate

spray seals.
The results of this study show that moisture dassepate the pavement due to the

compounding nature of traffic. Due to the lackwfding and minimal data
available, further work will need to be undertakewerify these results.
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APPENDIX Al — Project Specification

University of Southern Queensland
FACULTY OF ENGINEERING AND SURVEYING
ENG4111/4112 Research Project

PROJECT SPECIFICATION

FOR: Aaron George LANGDON

TOPIC: Traffic Induced Moisture Entry into RoBdvements

SPONSORSHIP: Queensland Department of Transporiiaia Roads
/ Faculty of Engineering

PROJECT AIM: This project seeks to investigateghaetration of water into

road pavements due to the compounding naturefiittra
This project will determine if there is excess nais in the
wheel path of traffic, quantify the extent of th@iplem and
recommend feasible preventative actions which cbeld
applied.

PROGRAMME: Issue A — 03 April 2009

1.

Research the background information relating tostooé entry into road
pavements and pavement types. Investigate anseUIDTMR resources
and information, utilise previous projects whicle amilar in context, and
utilise resources such as the internet and lilsddeany information
gathered across the world.

Create a testing procedure to be used on the GBDingestigate particular
test locations.

Analyse the new data, and compare to existingtdagae if there are any
similarities or significant differences.

Evaluate significant moisture readings and examnmegentative strategies.

5. Outline possible preventative strategies and rekgaiese and their major

uses.

Report on the work in the required oral and writi@mats.
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If Time Permits:

7. Test these possible preventative strategies arsgiprréhese results in my

report.
AGREED:
Aaron Ron Ayers
Langdon,
/12009 /12009

Examiner/Co-examiner:
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APPENDIX A2 — Project Methodology

Funding
To begin testing and analysis, | first need spastgprfrom QDTMR — RoadTek.
For this to be achieved, | have put together & business case of costs, tasks,
resources etc to justify why this project needsling. This has been approved by
Chris Lunson (RoadTek Works Manager) and passeéd QDTMR in Brisbane.
Costs associated to the project are:

e Traffic control for taking samples

e Soil labs for samples and tests

» Coring machine (possibly) — for samples

* Maintenance — fixing the road where samples wedena

» Travel — To liaise with Brisbane soil labs and data
This is the major features of the costs associatéd main costs will be for the soil

labs and taking the samples.

Road Data
Data for the roads that are to be tested need &makysed in order to achieve the
best results. Data that needs to be acquiredédstdecting a site to be tested is:
* AADT for Darling Darling Downs road network
» Age of seals and roads to determine if water igfprating from age, or from
traffic induced moisture
» Seal type — Some seals may perform better thamsptbe knowledge of this
will be necessary in the overall outcome.
» Aggregate type — Larger aggregate may have lesgyehaf penetration or

visa versa.

Once all of the road data is collected, then it laél suitable to select locations

throughout the Darling Downs area.

Testing
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After the locations of the tests have been analytheth the samples need to be taken.
This will involve setting up traffic control at tloesired location. One lane will be
blocked off, and samples taken from that particldae. Once traffic control is set

up, the samples will be gathered.

Due to cost restrictions, only the M/C testing Vol analysed from samples located
on the wheel path, and BWP. Other data that regqursly been taken by QDTMR
will also be analysed if it is applicable.

Once the samples have been collected, testindaki place. The main focus is the
M/C, and a visual test on the seal surface.

Sample testing has been organised to be complgtdeekend of July 2009.

Analysis
This will involve reviewing the data and presegtthe results in my final report and

dissertation. The expected results are that ipsdails there will be high M/C in the
OWP than any of the other seal types.
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APPENDIX A3 — Consequential Effects,

Implications and Ethics

Aspects of Sustainability

1. What impact will this project have on finite resources and waste
production?
This project will have to impact on finite resousaa waste production. The
only waste that will be a result of this projectlwie the soil samples after
analysis. Cold mix asphalt will also be used fmareany damage of the road
where the samples will be taken.

2. ldentify any environmental protection dimension?
This project will not impact the environment in angy. All field work will
be done on the road, and within the road reseBample testing will be
completed within the soil labs, and reporting andlgsis will be done in the
RoadTek office.

3. What could be the global impact of this project?
This project may impact the future by re-assespagement seal designs on
heavy vehicle travel paths. In the future, new sgees may be developed to
prevent water infiltration through road seals. tker studies and testing may
need to be done in this area.

4. s there any uncertainty about researching this prgect topic?
There is uncertainty as to whether traffic is thase of water in pavements;
however the need for action is required. Testiflpbe needed to conclude
whether this is evident or not. From other redeaitere is proof that traffic
is a contributing factor in water penetration ttgbuoad seals. The purpose
of this project is to find out if this occurs inetifoowoomba area.

5. Who might impact the environment, and set out a pla for their
involvement?
N/A

6. If there are any environmental concerns, does theocnmunity have

access?
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N/A

7. Are there any costs to reduce pollution within thigproject work?

There are nil costs for pollution as there are marenmental effects due to
this project.

8. ldentify any impact on women, youth and indigenougpeople?

Those involved in this project will be anyone wardkifor QDTMR, Soil
Labs, and RoadTek. The Queensland Government goues opportunity to
those wish to apply to work for them. There areyigpes of races, and
religious views in which QDTMR does not discrimieagainst.

9. Are sustainability outcomes the same if this projecoutcomes were ised
in all countries around the world? Would it be different for undeveloped
countries?

If the outcomes of this project work were to bdisgd in all countries around
the word, undeveloped as well as developed, thismibuld result in
roadways to last longer due to minimal water pextiein. It would not be
different for undeveloped countries if the constirt processes were the
same, however maintenance and monitoring of thdsrazay be difficult for
undeveloped countries.

10.How might this project and its outcomes contributeto international
understanding?

This project and its outcomes will contribute ttenmational understanding as
roads are located throughout the world. If thera chance that these roads

could be improved, than it would be understoodugrmut the world.

The purpose of this project is to conclude whetradfic is a problem in moisture
entry into road pavements. If this is evident andable solution is discovered, it
would be my ethical responsibility to present tlishe correct authorities in order to
improve roads in Toowoomba, and even around thé&wor
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APPENDIX A4 — Risk Assessment

Risk Identification:

As part of the testing is to be done on highlyficked roads, there is risk that
someone may get hit by oncoming traffic. Tasks tieed to be completed while on
the road are:

1 Road analysis — This is simply checking roads &ikthey are able to be
tested or not, and to gather photos and informatidms is a very short task
and will only take a few minutes at each location.

2 Sample collection — This involves stopping onefitdane for enough time
to take samples out of the road. This will involae as the supervisor,
traffic control, possibly machinery, soil testerglanaintenance. This task
will take a lengthy amount of time and at least haday should be set aside
per location.

Risk Evaluation: - Slight (possible but unlikely)

Without any safety precautions’ (eg traffic conjrivlis would be assessed as a
substantial risk event. However, with traffic amht and the correct supervision
there is slight chance that this event will octwrwever it is unlikely.

Exposure: Occasionally (Once or twice a month)

Consequences:Possible death/major destruction if someonetigitihout any
safety precautions in place, however with the spedped to 40km/h, | would
classify it to be minor equipment / minor injury.

For the entire project, | would set aside approxatyeb days for sample collecting.
Risk Management:

Risk 1 - This will be a relatively short exercise, arsd@ssing the road from the
shoulder can be done. To be on the safe sideteesgsomeone to look out for

oncoming traffic) will accompany me during this exse.

Risk 2 - The risk will be managed by the use of traffomtrol when taking the
samples. It is part of QDTMR and RoadTeks polioger the WPH&S act that a
traffic control plan is submitted and approved ptmany works is begun. Below is
a Risk management chart:
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Risk Management Chart

_ Parts
Description of People at | Number _
) ) of Risk Level
Hazard Risk at Risk
Body
Persons
Someone getting hit| working on
) ) ] Upto 8 All Low
by oncoming traffic | the traffic
lane
_ Long Term ) )
Categories| Short Term Controls Completion Details
Controls
Employer: QDTMR
RoadTek
Road Work on the shoulder asHave a spotter on prepared By: Aaron
Analysis much as possible. site at all times | Langdon
Date: 26/05/09
Assented By: Chris Lunson
Use traffic Position: Works Manager
Use data already Sj :
Sample _ ) control, and 'gnature:
_ acquired previously — _ | Date: 02/07/09
Collecting submit a traffic

No Works on the Road

control plan
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APPENDIX A5 — Resource Analysis

The major resources that will be required for fingject are:

These resources will be supplied by QDTMR — RoadTlekm assured of the

Office equipment — Computer, printer, scanner rivdeetc
RoadTek’s Maintenance crew — Fix up soil samplatioas
QDTMR Soil testers & equipment— Toowoomba and Baredb
Traffic control

USQ library and resources

QDTMR library and resources

availability of the above items if there is enouwitice given. Generally about 1

week should be enough notice.

There is currently budget approved by RoadTek whiak derived from actual costs

from the soil lab, maintenance and traffic contrdhe budget will be minimal and

cost effective. This budget was declined as"biSptember 2009 (see Appendix .

There is no direct cash involved, however if a pase is required, RoadTek will

reimburse the person who purchased the item.
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APPENDIX A6 — Project Timeline

WE WE WE WE WE WE WE WE WE WE WE WE WE WE WE WE WE
12/6 19/6 26/6 3/7 10/7 17/7 24/7 31/7 7/8 14/8 21/8 28/8 4/9 11/9 18/9 25/9 30/10
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APPENDIX A7 — Extended Abstract

Paper Number: 09-121
COURSE ENG4903 PROFESSIONAL PRACTICE: Project Conference, 2009

TRAFFIC INDUCED MOISTURE ENTRY INTO
PAVEMENTS

Sponsorship: QDTMR, QLD - Southern District / Faculty of Engineering &

Surveying

Aaron LANGDON
DEGREE: Bachelor of Engineering — Civil

Supervisors:
Associate Professor Ron AYERS
Mr Trevor DRYSDALE

1. INTRODUCTION
Most Australian roads have experienced potholesotimer types of pavement
failures. An excessive amount of moisture in rpadements is often a major
contributing factor to these pavement failures.
This project seeks to investigate the penetratiomater into road pavements due to
the compounding nature of traffic. This projecl \wetermine if there is excess
moisture in the wheel path of traffic, quantify #eetent of the problem and

recommend feasible preventative actions which cbaldpplied.

2. BACKGROUND
QDTMR is responsible for over 34000km’s of Queendla roads. Freight
movement is largely responsible for heavy vehiolesoad networks. Due to the
amount of heavy vehicles using these roads, tisesecrucial need to provide durable
and reliable surfacing techniques to prevent pav¢mi@mnage.
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3. OBJECTIVES
To quantify the extent of M/C located in wheel gatthen compared to BWP. By
using testing data, AADT data, rainfall data anal skata a model will be developed

to discover the extent of the problem and to exampieventative actions.

4. SURFACING TREATMENTS
* Open Graded Asphalt

* Dense Graded Asphalt

» Sprayed Seal

5. TYPES OF DEFECTS AND CAUSES
Investigates the major causes of pavement failares jllustrates how these failures

occur within the road pavement.

6. DATA AQUISITION
» Testing procedures
* ARMIS data
* BOM rainfall data
* AADT - heavy vehicles

7. METHODOLOGY & RESULTS

* Using existing data

» Selecting and analysing locations
« Comparison sections

« Results
8. CONCLUSION

The conclusion will compare the results of theréitare review to the data obtained in

the field. From these results, preventative sohgiwill be discussed.
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APPENDIX B1 — Funding Request

@ RoadTek

| am a final year Engineering student at the Ursirgrof Southern Queensland

10 June 2009

working for QDTMR — RoadTek, and | in the processampleting my Thesis
titled ‘Traffic Induced Moisture into Road Pavem&ntThis thesis is based with
QDTMR. | would like to apply for the use of the QMR soil labs and staff to

complete testing in the Toowoomba area.

| believe this funding is directly relevant to te#iciency and effectiveness of the

department because:

» | feel this funding will contribute to the succedgoad seals in the
Tooowoomba region. The outcomes of this projedtlwe to find out whether
traffic is a large contributor of water penetratiato road pavements.
Solutions that could be applied to resolve thisawaenetration will also be
examined. This research which will have a sigaiftcimpact on the
Departments operation.

» | will gain skills and knowledge on seals and tggtihat are required by the
department and are also in scarce supply. By catioplof this research | will
have the opportunity to learn and manage my owjegirtéhrough this
funding.

* As part of this funding, | will be part of an intate team that will help me find

the right data and resources to provide an accotdat®me to this project.
Costs associated with this project involve sampliection (2 x soil testers), soil

testing, 2 x traffic control / maintenance (4 hopes location). A dissection of

the costs associated with this funding are detditddw:
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Cost per Location

DescriptionCost QtyTotal

Soil Testers - Sample Collection$120.00/hour8$960.00
Traffic Control / Maintenance$65.00/hour8$520.00

Soil Testing$40.00/each2$80.00
Variations$120.00/each1$120.00

$1,680.00

To give me accurate results, | will need testinglanfollowing:

Description Location Cost
s
Open Graded Asphalt 2 $3,360.00
Dense Graded Asphalt 2 $3,360.00
Spray Seals 6 $10,080.00
$16,800.00

| will allow $3200 for additional costs such asvebs to Brisbane soil labs,
unforseen costs and accommodation. These c@stsaimum costs, and

alternative data collection may be suitable.

As you can see by the number of tests, | am emgihgany studies on spray
seals. Due to my research to-date, | think speajsshave the most problems in
terms of moisture entry through the seal surface.

Please note, the above outlined costs are absokxenums and | will be using
data that has already been collected, and datavtlh&ie collected in the future to
minimise costs.

I intend on competing this testing by the end gtS8eber, where | will then
analyse the data to present in my final dissertaidJSQ.

Thank for your time, and | look forward to heariingm you.
Regards,

Aaron Langdon
Ph 0401 286 825
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APPENDIX B2 — Response to Funding
Request - RoadTek

RoadTek

Queensland Government

A commancsl business en’t of {he
Bepatment of

Main Roads

& September 2009

Mr Aaron Langdon

C/- RoadTek Asset Services South
Greenwattle Street

Toowoomba Q 4350

Dear Aaron

I refer to your recent application for funding of $20,000 to assist you with completing your thesis.

L apologise for the delayed response but I needed to undertake some research in relation to your
request,

Tunderstand that you are currently on full time study leave for Semester 2 of the 2009 education year
and receive a living allowance commensurate with your substantive position salary level.

Due to current economic conditions the Department is required to be more prudent than in previous
times when it comes to the expenditure of public monies. Unfortunately given this situation,

[ regretfully am unable to approve your request for funding assistance,

I have made my decision in accordance with the Department's SARAS Policy-Guidelines for
Financial and Leave Assistance for Study Purposes.

Yours sincerely

Grant McDonald
Executive Director (RoadTek Asset Services South)
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APPENDIX B3 — Response to Funding
Request — QDTMR (Toowoomba)

Queensland
Government
Memorandum
Qur ref
Your ref
Date 21 October 2009
To Aaron Langdon

Copy to Chris Lunson

Belinda Krause

Subject Uni Project

Aaron — this memo confirms that Core Tech’ Services (via Toowoomba Lab) can provide
assistance with your project “Traffic Induced Moisture into Road Pavements”.

This assistance will include —

Accessing existing test results

Use of selected Lab equipment on specific request and subject to operational needs
Advice from Lab staff to interpret test results

Accompanying/assisting Lab staff with specific testing on MR projects

Following conditions must be met —

Data provided is to be used ONLY for your Uni project and must not be forwarded to
a 3™ party

You must comply with any reasonable directions from Lab staff

You will participate in risk assessments (if required) and comply with all WH & S
requirements

Have available your usual RoadTek PPE when on site and comply with any site-
specific requirements.

| trust this assistance will enable access to worthwhile data and lead to a successful project
assessment. ,In the event_os any queries please contact Belinda Krause on 46 999 315.
/

/

Alan Doulin
Coordinator (CTS)

Department of Transport and Main Roads Enquiries Belinda Krause

Telephone +617 46 999 315
Facsimile +61 7 46 999 371

1 i Work G Doulin\Aaron Langdon Memo 21* Oct 08.doc
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APPENDIX C1 — Previous Data (Gatton Bypass Duplicadn)

Gatton Bypass Duplication (Easbound)

Location Base Heavy Vehicle
Chainage | Unknown | IWP | OWP | BWP | Widening | Shoulder AADT Notes
63.47 4.5 4.9 4.3 15.65% or 1014 Outer Lane - slow lane
63.67 3.7 4.4 4.3 15.65% or 1014 Outer Lane - slow lane
67.94 4.6 4.2 15.65% or 1014 Outer Lane - slow lane
67.75 3.6 3.6 15.65% or 1014 Outer Lane - slow lane
67.31 4.3 15.65% or 1014 Outer Lane - slow lane
103.42 5.5 6.1 15.65% or 1014 Outer Lane - slow lane
103.42 4.9 5.6 15.65% or 1014 Inner Lane - Overtaking lane
103.577 5.5 15.65% or 1014 Outer Lane - slow lane
103.605 6.1 6.6 15.65% or 1014 Outer Lane - slow lane
103.605 6.2 6.4 15.65% or 1014 Inner Lane - Overtaking lane
103.611 6.2 15.65% or 1014 Outer Lane - slow lane
103.611 6.1 15.65% or 1014 Inner Lane - Overtaking lane
103.769 3.8 5.3 15.65% or 1014 Outer Lane - slow lane
103.769 4.2 3.8 15.65% or 1014 Inner Lane - Overtaking lane
104.045 4.9 15.65% or 1014 Good Condition
104.15 6 15.65% or 1014 Failure
104.158 5.2 6 15.65% or 1014 Outer Lane - slow lane
104.158 5.4 4.7 15.65% or 1014 Inner Lane - Overtaking lane
104.16 5.4 15.65% or 1014 Failure

5.485714 495 5.30909 3.6
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APPENDIX C2 — Previous Data (Bowenville / Dalby Roa)

Warrego HWY, Bowenville - Dalby 10/01/08

Site No. Seal Type Location Base
Chainage Unknown |IWP | OWP | BWP | Widening Shoulder | Heavy Vehicle AADT Notes
Spray 72.65 5.2 3.7 53 21.75% or 482
Spray 72.64 4 2.7 4.8 21.75% or 482 Type 2.1 material
Spray 72.54 4.7 3.9 5.5 21.75% or 482 Type 2.1 material
Spray 72.54 6.4 4.7 6.3 21.75% or 482
5.075 3.75
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APPENDIX C3 — Previous Data (Drayton Connection Rod)

Drayton Connection Road

Site No. Seal Type Location Base
Chainage Unknown IWP OWP | BWP | Widening | Shoulder |Heavy Vehicle AADT| Notes
1 Asphalt 70-125mm 1.72km left 6.8 6.6 12.31% or 231
2 Asphalt 30-60mm 2.10km Right 4.9 4.4 12.31% or 231
3 Spray 25-40mm 2.45km Left 8 7.3 5.5 12.31% or 231
4 Asphalt 80-190mm 2.75km right 8.1 9.3 13.7 12.31% or 231
5 Spray 30mm 3.05km left 5.7 3.8 12.31% or 231
6 Asphalt 1775mm 3.35km left 7.1 6.5 12.31% or 231
7 Spray 20mm 3.60km right 4.8 3.2 12.31% or 231
6.48571 5.87
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APPENDIX C4 — Previous Data (Toowoomba / Cecil Plas Road)

Toowoomba Cecil Plains Road

Site
No. Seal Type Location Base Heavy Vehicle
Chainage | Unknown | IWP | OWP | BWP | Widening | Shoulder AADT Notes
1 Spray 15-50mm 28.4 5.5 16.22% or 23.8 Rut at outer wheelpath
2 Spray 34-40mm 29.18 11.5| 10 6.9 16.22% or 23.8 Crocodile & lateral cracking
3 Spray 25-60mm 30.2 4.6 6.2 4.5 16.22% or 23.8 rutting, cracking
4 Spray 35mm 42.33 4.3 5 3.4 16.22% or 23.8
5 Spray - 20mm 44.22 7 16.22% or 23.8
6 Spray 10-40mm 45.5 7 16.22% or 23.8
7 Spray 35mm 46.68 4.6 16.22% or 23.8
8 Spray 40-60mm 47.6 4.2 16.22% or 23.8
9 Spray 30mm 48.96 4.1 16.22% or 23.8
10 Spray - 10-20mm 50.6 8.1 8.7 7.1 16.22% or 23.8 Crocodile cracking
11 Spray 50-60mm 59.33 8.6 16.22% or 23.8
12 Spray 60-60mm 59.76 7.4 16.22% or 23.8
13 Spray 30-35 60.9 6.6 16.22% or 23.8
14 Spray 10-15 62 9.4 16.22% or 23.8
15 Spray 30-60mm 63.2 5 16.22% or 23.8
16 Spray 30-70mm 64.5 6.2 16.22% or 23.8
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APPENDIX D1 — 2009 Data (Esk / Hampton Road)

Esk - Hampton Road - 414 - 10/09/09

Moisture Content (%)

Heavy Vehicle

128

Site No. Seal Type Chainage IWP OWP | BWP AADT/day Notes
1 Asphalt 90-120mm 41.5 - 6.1 6.9 8.08% or 29 Widening section, OWP is different material
2 Spray 40-80mm 41.55 - 9.2 | 6.8 8.08% or 29 Widening section, OWP is different material
3 Spray 50-60mm 4.14 - 53 | 6.5 8.08% or 29 Widening section, OWP is different material
4 Spray 20-25mm 41.35 - 7 7.2 8.08% or 29 Widening section, OWP is different material
5 Spray 25mm 41.3 - 6.9 | 6.6 8.08% or 29 Widening section, OWP is different material
Average 6.9 6.8




APPENDIX D2 — 2009 Data (Chinchilla / Tara Road)

Chinchilla / Tara Road

Moisture Content (%)
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Site No. Seal Type Chainage IWP owpP BWP Heavy Vehicle AADT/day Notes
1 Spray 1.7 15 9.8% or 35.6
2 Spray 1.7 1.2 9.8% or 35.6
3 Spray 2.5 1.8 9.8% or 35.6
4 Spray 0.9 0.8 9.8% or 35.6
5 Spray 1.2 1.2 9.8% or 35.6
1.6 1.3




APPENDIX D3 — 2009 Data (Byee Road)

Byee Road - 4635 - 01/10/09

Moisture Content (%)
Site No. Seal Type Chainage IWP owpP BWP Heavy Vehicle AADT/day Notes
1 Spray 4.15 4.7 - 33 14.11 % or 51
2 Spray 4.26 4.6 - 3.7 14.11 % or 51
3 Spray 4.3 4.1 - 4 14.11 % or 51
4 Spray 4.43 3.5 - 3.8 14.11 % or 51
5 Spray 5 4.6 - 33 14.11 % or 51
6 Spray 51 3.4 - 33 14.11 % or 51
4.15 3.566667
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APPENDIX D4 — 2009 Data (Gatton / Clifton Road)

Gatton / Clifton Road - 313 - 30/09/09

Moisture Content (%)

Site No. Seal Type Chainage IWP owpP BWP Heavy Vehicle AADT/day Notes
1 Spray 80-100mm 32.35 2 1.8 9.7% or 68.5 Heifer Creek
2 Spray 80-100mm 324 15 1.8 9.7% or 68.5
3 Spray 120-150mm 32.51 13 1.8 9.7% or 68.5
4 Spray10-20mm 32.72 3.2 3.4 9.7% or 68.5
5 Spray10-20mm 32.79 3.6 3.2 9.7% or 68.5
6 Spray10-20mm 32.85 4.2 2.4 9.7% or 68.5
7 Spray10-20mm 32.9 3.7 2.7 9.7% or 68.5
8 Spray10-20mm 32.96 3.7 34 9.7% or 68.5

2.32 3.866667 2.5625
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APPENDIX D5 — 2009 Site Recording
Sheet (Esk / Hampton Road)

Worksheet for
Moisture Content

D[112!415l6]
Date: (o {ari{’pq

Y Queensland Government

Department of Main Roads
Q102 [A/B/IC/DIE]

Correlation Report Number:

Job No: (';ch /Ha,...c{:z. Operator: ,4(:(,_
7 v
Ad

Test Method: AS1289.2.1

Article No, { = A ot

Container & 2 6 <1 36 <3 {T

Mass of Container (g) 7 & = 2,7 ‘6? 2687 2 F [ AF =2

| Container and Wet Soil  (g) 132%.-53 1PE=2 | Re5-2 itos 9

Container and Dry Soil  (g) 12673 (499F- 5 1017-¢ S22

Check Mass (@ {26 7-3 1qo 7§ NZEISAGE S22

Oven | Balance / i / /
Test Method Q102A-1993 Software version 4.1
Sample no C2B a1 C36 c39
Mass of container (9) 268.80 268.70 271.40 271.20
Mass container & wet soil (g) 1328.50 1486.20 1305.20 1605.90
Mass container & dry soil (g) 1267.30 1407.50 1217.80 152120
Moisture content (%) 6.1 6.9 9.2 6.8
Min. acceptable check mass (g) 1266.69 1406.71 1216.93 1520.35

Articie No. = (4 Z %

Container (E TP 4D <Ly SR

Mass of Container (@) LR S 272, j,_é‘fl.?.n\’z‘ 2. 76

Container and Wet Soil (g) YRS ,3, i :.:",L( Ne) tgRE~ ':4‘ o "8 2 7

Container and Dry Soil  (q) i>%70-9 {pstf-q 360-0 | ltor .y

Check Mass (9) g’b?.l.‘?' lptile- & ! ’j@"f‘& (e 2l

Oven / Balancs / / / /
Sample no c32 c43 C45 c22
Mass of container (9) 270.50 21220 268.80 270.60
Mass container & wet soil (g) 1430.60 1521.00 1436.40 1483.90
Mass container & dry soil (g) 1371.90 1444 .90 1360.00 1402.40
Moisture content (%) 5.3 6.5 70 72
Min. acceptable check mass (g) 1371.31 1444.14 1359.24 1401.59

Variation(s) to Test Method(s):
Remark(s):
Checked by: Date:
SWF104 Page 10of 1 Last Updated: 08-May-2007
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N Queensland Government Worksheet for

¥y Department of Main Roads Moisture Content

Test Method:

Q102|:|[AIB!CIDIE] AS1280.2.1 |:|[112!4I5i6]

Correlation Report Number:

Job No: i.(.:; A’/ﬁ/qu:;/aq Operator: /4& c Date: 10/9 oq
Poagf

Article No.

Container

el C 4

Mass of Container

()]

2763 T

Container and Wet Soil

(9)

fé‘ﬁ’l‘? -'"El.l.’.

Container and Dry Soil () 1592+ i349-0

Check Mass (@) (592 (>9%-9

Oven | Balance / ! /
Test Method Q102A-1993 Software version 4.1
Sample no 21 Cc41
Mass of container (9) 276.30 272.80
Mass container & wet soil (g) 1682.70 1462.40
Mass container & dry soil (g) 1592.10 1389.00
Moisture content (%) 6.9 6.6
Min. acceptable check mass (g) 1591.19 1388.27

Article No.

Container

Mass of Container (a)

Container and Wet Soil (@)

Container and Dry Soil (a)

Check Mass (9)

Oven / Balance / / /

Variation(s) to Test Method(s):
Remark(s):
Checked by: Date:
SWF104 Page 1 of 1 Last Updated: 08-May-2007
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APPENDIX D6 — 2009 Site Recording
Sheet (Chinchilla / Tara Road)

C ¥

A\ Queensland Government

" Department of Main Roads

/luuc[q /["\L/rcuq

Worksheet for

M Moisture Content

Test Method: Q102 [A/B/C/D/E] AS1289.2.1 [1/2/4/5/86]
Correlation Report Number:
T /
JobNo _ operstor: PF butei o 7a 9 -
7 [3 T
! /e
20t o8
26 pvs Gt e el
N VA {250 {250/ sl 12511
Container i < 9 <L 5 < F S &7
Mass of Container (@ 27/ 3 5959 2(? ? 249-7
Container and Wet Soll  (q) AL IZ-ST 26973 |2 7486 | An€d o
Container and Dry Soil  (g) 2207.7 29600 |27 j9:7 Z4rceg
Check Mass @ [Rler-9 |14 €o.0 2197 L4lig
Oven / Balance A [ /€~ / / /-
O =[es a~{e0 T o=~leo
Test Method (Q102A-1993 Software version 4,1
Sample no T09/1250 T09/1250.1 T09/1251 T09/1251.1
Mass of container (g) 271,30 269.90 - 269.90 7 269.70 ~
Mass container & wet soil (g) 2237.50~ 2497.30 - 2748.60 < 2463.00 7
Mass container & dry soil (g) 2207.90~ 2460.00 7 2719.70 2425.40 ~
Moisture content (%) G 1.7 1.2 iy
Min. acceptable check mass (g) 5 2207 R S 2459 .63 535 AudT19.4knv aud 2425.02
Article No. Aoq [— 52 1452 1 {253 g3 !
Container = Cu? <49 =7 ‘ <50
Mass of Container (@ 272-8 29 8 270 'F 270/
Container and Wet Soil  (g) AT, 22275 | 2793 A3k
Containerand Dry Soll  (g) 208G G 122290 2_‘700 7/ 24154
Check Mass (9) 2054 ¢ 2224 ¢ 27009 QY
Oven / Balance A - / / /
Sample no T09/1252 T09/1252.1 T09/1253 T09/1253.1
Mass of container (g) 273.807 268.80 ~ 270.80 7 270.10 ~
Mass container & wet soil (g) 2117.30/ 22775007 2719.30 - 2434.20~
Mass container & dry soil (g) 2084.40/ 2229.00 2700.90 ~ 2415.40 ~
Moisture content (%) 1.8 255 0.8 0.9
Min. acceptable check mass (g) 2084.07 2228.51 2700.72 2415.21
Variation(s) to Test Msthod(s):
Remark(s):
Checked by: L Date: 2{'[%7
SWF104 Page 1of 1 Last Updated: 08-May-2007
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W QueenslandGovernment

" Department of Maii Roads

Al

Worksheet for

Moisture Content

Sample no

Mass of container

Moisture content

Test Method: Q102 [AIB/CIDIE] AS1289.2.1 [1/2/4/516]
- Correlation Report Number:
JobNor | : Operator:L Date:_ﬂ_c‘z?_
£6 fus =1
Atca No. [AAAo9 /o | [a5tr 1254/
Container i cCay C 3¢
Mass of Container (@) 729 2 69 -9
Container and Wet Soil  (g) (Sl 9 Lol 9 '/
Contzinsrand DiySoll (@) |/26'C  |2028 7
Check Mass (9) [!26‘5 JOLF <)
Oven / Balance 8 |/ /€= / /
Test Method Q102A-1993
Software version 4.1
T09/1254 T09/1254.1
: ) (g) 272.90 - 269.90
Mass container & wet soil (g}  1541.80 - 2049.10 ~
Mass container & dry soil (g 1526.50 - 2028.70
: (%) 1.3 1.2
Min. acceptable check mass (g) 1526.35 2028.50
Article No. /f;q =
Container o
Mass of Container (@)
Containar and Wet Soil {g)
Container and'Dry Soil (@)
Check Mass @
Oven / Balance R /i~ / /
Variation(s) to Test Msthod(s):
Remark(s):
Checked by: _L Dats: ,‘l’._(/_/éqé)a]’
SWF104 Page 1ol 1 : Last Updated: 08-May-2007
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APPENDIX D7 — 2009 Site Recording

Sheet (Byee Road)

L\

) Department of Main Roads

\§ QueenslandGovernment

Worksheet for

Moisture Content

Test Method:

Q102 [A/B/C/DI/E]

Correlation Report Number:

AS1280.2.1

D [1/2/4/5/86]

Job No: ﬁ)'z'e:p ﬂa{ Operator: /45 = Date: /Gﬂ
" ]
i s \wir? [l il
Article No. | 7L = o
Container - f;‘? <34 S S
Mass of Container (@ 15 ( ISS.@ 4. ¢ 146-9
Contziner and Wet Soll (g) ISo2-7 (c(qg..*;: 2l | 5047
Container and Dry Soil  (g) 142 8.7 1776-5 204 LGty
Check Mass (@ 14287 17768 Zief-g {4 Gt
Oven / Balance / / / /
Test Method Q102A-1993 Software version 4.1
Sample no S9 S39 T3 S11
Mass of container (g) 158.10 155.00 145.60 146.90
Mass container & wet soil (g) 1502.70 1845.70 2211.10 1504.80
Mass container & dry soil (g) 1429.70 1776.50 2101.60 1444.20
Moisture content (%) 5.7 4.3 546 4.7
Min. acceptable check mass (g) 1428.97 .~ 1775.81 gpuo 2100.51 p~u7 1443.59
Ariicle No. s £ =T ¥
Container S=Z i 3 T4 'r‘f-
Mass of Container (@) =93 (47 -5 iSSP 1§25
Container and Wet Soil  (g) 1464733 (6643 19 £ [0
Container and Dry Soil  (g) I ¥56¢ |1s953 17495 (AG-7
Check Mass (9) | ES4-5 (5953 [ 769-4 RGO 7
Oven / Balance / / / i
Sample no S7 T3 T9 T4
Mass of container (g) 158.30 147.50 155.90 150.50
Mass container & wet soil (g) 1943.30 1668.30 1841.60 1440.30
Mass container & dry soil (g)  1856.60 1595.30 1769.50 1380.70
Moisture content (%) Bk 5.0 4.5 4.8
Min. acceptable check mass (g) 1855.73 1594 .57 1768.78 1380.10
Variation(s) to Test Method(s):
Remark(s):
Checked by: Date:

SWF104 Page 1of 1 Last Updated: 08-May-2007
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Sample no

A\ Queensland Government

Worksheet for

Moisture Content

Mass of container

Moisture content

Min. ac

Department of Main Reads
Test Method: Q‘IOZJ:I[A!B!CIDIE:[ AS1289.2.1 D[112.’4I5/6]
Correlation Report Number:
Job No: Operator: Date:
Atticle No. ] (o ¢l [
Container L Sl TE Sty
Mass of Container (@ 1559 1§55« (G4y. @ [49-7
Container and Wet Soil (@ IS9Y- % 12726~ IQQQ,-X | S54 -3
Container and Dry Soil (@) 1 522-2 1209 57 { ¥2 4 |ig e ¢
Check Mass @ [is22.2 ||202-§ 192%-3 |19 ¢-2
Oven / Balance / / / /
Test Method Q102A-1993 Software version 4.1
812 S512 T6 S14
(g) 155.90 155.40 144.90 149.70
Mass container & wet soil (g) 1598.40 1775.50 1902.80 1554.30
Mass container & dry soil (g) 1522.20 1708.80 1828.40 1496.40
(%) 5.6 4.3 4.4 4.3
(@) 1521.44 1708.13 1827.66 1495.82
Article No.
Container
Mass of Container (9)
Container and Wet Soil (@)
Container and Dry Soil (g)
Check Mass (g)
Oven / Balance / / / /
Variation(s) to Test Method(s);
Remark(s):
Checked by: Date:
SWF104 Page 10f 1 Last Updated: 08-May-2007
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APPENDIX D8 — 2009 Site Recording
Sheet (Gatton / Clifton Road)

Worksheet for
Moisture Content

D [1/2/14/5/6]
Date: '?:OEO"?{JL?

| Queensland Government

Y Department of Main Reads
Qioz D [A/BICID/E]

Correlation Report Number:

Test Method: AS1289.2.1

Job No: QATTOM /(-[_f @roas Operator; A //.L‘_
1

Atticle No. i 2 = 3

Container 7R D2 i DK

Mass of Container (@) iy L ', ’."‘l & - f? 14 7—-6 S22 =50

Container and Wet Soil (@) 22906 2 SS5-S | 2B29°S RUE22Y6

Container and Dry Soil (g) 22¢| ﬁ 25071 22973 2 77 43

Check Mass (9) 22N S e 2.2 47-2 |2774-F7

Oven / Balance i / / /
Test Method Q102A-1993 Software version 4.1
Sample no T2 Ss12 T1 S8
Mass of container (g) 147.10 145.90 147.60 152.50
Mass container & wet soil (g) 2280.60 2555.50 2329.50 2822.60
Mass container & dry soil (g) 2241.90 2507.20 2297.30 2774.80
Moisture content (%) 1.8 2.0 1.5 1.8
Min. acceptable check mass (g) 2241.51 2506.72 2296.98 2774.32

Article No. S (4 b4 %

Container Sz S 523 TS

Mass of Container (9) (e é-| IS6-5 (5 7.-© e ?

Container and Wet Soil (9) 2L R L. 5‘ 224 | 2 9oF-7 BT [~O

Container and Dry Soil (9) 2209 2 22 -2 262 <R 2. 655-3

Check Mass (9) 209 -2% |2 (Fe.0 |262F-6 26583

Oven / Balance / / / {
Sample no Sil S30 S23 T5
Mass of container (g) 146.10 156.50 157.00 146.90
Mass container & wet soil (g) 2236.50 2216.10 2708.70 2741.00
Mass container & dry soil (g) — 2209.20 2180.00 2628.80 2655.30
Moisture content (%) 1.3 1.8 3.2 3.4
Min. acceptable check mass (g) 2208.93 2179.64 2628.00 2654 .44

Variation(s) to Test Methed(s):
Remark(s):
Checked by: Date:
SWF104 Page 1 of 1 Last Updated: 08-May-2007
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W Queensland Government

Y Y Depatment of Main Roads

Worksheet for
Moisture Content

Test Method:

Q102|:|[AIEIICIDIE]

Correlation Report Number:

Job No:ggf{gn /(/, ‘-ﬂ-{gW Operator: 4& i

AS1289.2.1

Poaof

D [1/12/14/5/6]

Date: ™/ o g;q

Sample no

Mass of container

Moisture content

Sample no

Mass of container

Moisture content

Article No, | (& il {2
Container e T39 T8 Sy
Mass of Container (@) j]S§6-7 I159-¢ las5-6 i5%-3
Container and Wet Soil (g 2¥2o. | 23944 | 28435-9 |[20mn2
Container and Dry Soil ~ (g) 27226-C [2322-6 |2923-8 1975
Check Mass (a) 27059 1—‘3)-3_?).6 2 ¥23+% lo&7q~?
Oven / Balance / ! / /
Test Method Q102A-1993 Software version 4.1
54 S39 T8 S22
(9) 155.70 159.00 145.60 158.30
Mass container & wet soil (g) 2800.10 2394.40 2935.80 2033.20
Mass container & dry soil (g) 2706.00 2323.60 2823.80 1978.80
(%) 37 3.3 4.2 3.0
Min. acceptable check mass (g) 2705.06 2322.89 2822.68 1978.26
Atticle No. i3 14 {50 [ &
Container s q ‘r’:‘; Si ‘f‘ [SiQ
Mass of Container (@) ;g*& % (g~ 7/ I156-0 (49~ 4
Container and Wet Soil (9) 2245 QLU T qus‘.f 21466 o5
Container and Dry Soil (a) 2T Y AgEeN O LTS 2 <O -5
Check Mass @ |26« 25629 17752 |25Ke-§8
Oven / Balance / / / /
S9 i) S17 S10
(g) 158.80 145.70 156.00 149.80
Mass container & wet soil (g) 2241.50 2647.10 1835.50 2664 .50
Mass container & dry soil (g) 2167.40 2563.00 177520 2580.50
(%) 2 5.5 7 355
Min. acceptable check mass (g) 2166.66 2562.16 1774.60 2579.66
Variation(s) to Test Method(s):
Remark(s):
Checked by: Date:
SWF104 Page 1 of 1 Last Updated: 08-May-2007
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APPENDIX E1- Probe Instrumentation

Site A

TDR PROBE LOCATIONS = SITE A- Ch.25820

Schematic Plan (Jeckang East) — Mot to scale
NOVERGE - BLACK SOIL

SLOW LANE Centredine FAST LANE

1%m |} : | 35m

@ = TOF Probes tratalled in type 0L 1 /01 2 snateridla
4 b TOR Frobes retaled o Sasclstons subgrade ssesial

A\~ TOF Probas tntalied im type 25 materil b = Tempuratum Frcke Locutions
(O’'May, 2007, Appendix B)
Site B

TDR PROBE LOCATIONS = SITE B - Ch.26300

Schematie Plan (looking East) = Net to reale
VERGE x 2 - HLACKSOIL

SLOW LANE Centreline FAST LANE
[ 1R ) N Y S W
,’?_ T 111. ‘I:I'
B nx
£k s kea- 1+ En
3 | 1 { 3im

.-mmﬂ-wﬂ-i”ﬂl 2 madvrale
ﬁ-mmmnsmmm

M- TOR Prsten tnstied i typs 2% material @ = Temprmabm Proe Locations

(O'May, 2007, Appendix B)
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Site C

TDR PROBE LOCATIONS =SITE C = Ch.28050 -

Schematic Plan (looking East) - Not to scale
VERGE x 2 - CUT / FILL TRANSITION

SLOW LANE Ceatrelme FAST LANE

[ Xeo BN Xz E

Sudstare Subgrade
35m o } | 35m

@ - TOR Probes mtalled i type G1.1 1G12 materisl

3§~ TOR Probes rstaled in Sandstone subgyade materal

‘-TDRPWMMHWMWN @ = Temperature Probe Locations

(O’May, 2007, Appendix B)

Site D

TDR PROBE LOCATIONS — SITE D - Ch.33160
Schematic Plan {looking East) — Mot to scale
VERGE x 1 -LOW LAYING ARFA

SLOW LANE Centreline FAST LANE

Sandstore Subgrade l

I5m | | 35m

. = TDR. Probes installed in type G1 .1 /G112 materisls
-{}- TDR Probes installed in Sandstors subgrde material

M= TOR Frobes instaled in type 2.5 material 1 = Tempenius Probe Locations

(O’May, 2007, Appendix B)
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Site E

TDR PROBE LOCATIONS - SITE E — Ch.35998

Schematic Plan (locking East) - Not to scale
NO VERGE -CUT

SLOW LANE Centreline FAST LANE

o
g o o
L e i s g

e L L

[ A ¥ S 3

i

o
e
¥

35m | { 35m

@ - TOR Probes installed in type G1.1 /G1 2 materials
$0= TOR Probes irstalled in'Sncstone subgyade material
‘-mmmmﬂhw‘.\sm @ = Temperature Probe Locations

(O’'May, 2007, Appendix B)

Site F

TDR PROBE LOCATIONS = SITE F = Ch.42400

Schematic Plan (looking East) = Not to scale
VERGE - TOPSIDE ONLY

SLOW LANE Centreline FAST LANE

.

------

@ F Fm._ ‘3:1’

1 F13

35m | | 35m

'“mmﬂmhimﬂl.llﬁl?m
ﬁ-mm tallerd in ©amds! O o)

i

M= TOR Protoes installed in type 2.5 waterial @ = Tewpersture Probe Locatiors

(O’May, 2007, Appendix B)
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Site G

TDR PROBE LOCATIONS = SITE G = Ch.44550

Schematic Plan (locking East) - Notto scale
VERGE x 2 -HIGH FILL

SLOW LANE Centreline FAST LANE

i e o

2. - =

G6

- TSR

@ - TOR Probes installed in type G1.1/G1.2 materials
{}-mammmasmmmw

A\~ TOR Probes installed in type 2.5 matemial @ = Temperature Probe Locations

(O’'May, 2007, Appendix B)
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APPENDIX E2 — TDR Data (Location A)

Site A* A3 A6 A9 A4 A7 || A0 | A5 A8 || A11
Ch MC MC MC MC MC MC MC MC
25820 % % % % % % % % MC%
1.1 1.1 1.1 2.5 2.5 2.5 SS SS SS
Readin Day
g No. DATE s A3 A6 A9 A4 A7 || A0 | A5 A8 || A1l
17-Jun- 10.2
1 03 1 4.00 || 420 || 3.80 | 4.40 | 4.20 || 4.80 0 9.20 [ 11.20
18-Jun- 10.2
2 03 2 400 ] 420 ] 380 | 440 | 4.20 | 4.80 0 9.20 | 11.20
24-Jun- 10.2
3 03 8 421 | 445 | 429 | 456 | 432 | 4.92 3 9.21 | 11.37
10.1
4 4-Jul-03 18 425 1| 453 | 426 | 456 | 4.25 | 4.89 2 9.09 | 11.32
10.4
5 11-Jul-03 25 424 1 455 | 503 | 461 | 435 | 6.20 3 9.27 | 12.06
10.6
6 18-Jul03 = 32 | 431 | 450 | 5.45 | 4.73 | 4.42 | 5.69 0 9.34 | 12.01
10.2
7 25-Jul-03 ¢ 39 | 438 | 409 | 525 | 464 | 3.91 | 5.45 8 9.15 | 11.74
10.1
8 1-Aug-03 | 46 | 413 | 430 | 4.99 | 453 | 4.23 | 5.44 7 9.07 | 11.65
10.3
9 8-Aug-03 53 | 4.41 | 3.77 | 529 | 474 | 3.91 | 5.40 7 9.09 | 11.84
18-Aug- 10.1
10 03 63 | 404 | 416 | 5.46 | 456 | 4.06 | 5.40 6 8.41 | 11.14
26-Aug- 10.1
11 03 71 | 412 | 414 | 534 | 458 | 4.02 | 5.43 9 8.30 | 10.77
10.1
12 5-Sep-03 81 | 425 ]| 410 | 534 | 468 | 4.06 | 5.52 7 8.58 | 11.02
16-Sep- 10.0
13 03 92 | 425 3.05 | 488 | 485 | 3.23 | 5.46 9 8.40 | 11.20
10.2
14 6-Oct-03 @ 112 | 437 | 3.71 | 596 | 4.85 | 3.60 | 5.82 1 8.78 | 11.58
13-Oct- 10.9
15 03 119 | 437 | 296 | 6.22 | 491 | 3.07 | 5.93 1 8.46 | 12.19
30-Oct- 11.0
16 03 136 | 442 | 320 | 6.35 | 497 | 3.24 | 6.03 9 8.54 | 12.43
10-Nov- 11.2
17 03 147 | 448 | 3.34 | 6.47 | 495 | 3.30 | 5.92 4 8.41 | 12.08
11.5
18 1-Dec-03 168 | 460 | 2.49 | 6.67 | 5.18 | 297 | 6.12 8 8.64 | 12.33
17-Dec- 11.6
19 03 184 | 434 | 439 | 6.41 | 5.01 | 4.02 | 6.00 2 8.80 | 12.14
30-Jan- 12.4
20 04 228 | 469 | 3.97 | 713 | 5.36 | 3.13 | 6.55 0 9.10 | 12.67
12-Mar- 12.9
21 04 270 | 454 | 3.46 | 6.94 | 5.40 | 3.39 | 6.26 0 9.19 | 12.46
11.9
22 6-Apr-04 © 295 | 443 | 356 | 656 | 5.17 | 3.39 | 5.96 8 9.36 | 12.27
11.0 | 10.3
23 7-May-04 | 326 | 429 | 3.53 | 6.21 | 5.02 | 3.34 | 5.88 0 3 11.63
10.4 | 10.6
24 20-Jul-04 | 400 | 4.16 | 4.47 | 5.39 | 5.08 | 4.23 | 5.40 3 0 10.95
22-Oct- 11.3 | 12.0
25 04 494 | 439 | 461 | 6.07 | 5.14 | 4.25 | 5.60 3 2 11.52
26 16-Nov- | 519 | 479 | 370 | 6.79 | 5.73 | 3.25 | 6.03 | 11.5 | 11.7 | 12.19
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04 2 6
11.7 | 135
27 8-Apr-05 | 662 | 527 | 3.66 | 6.78 | 5.70 | 3.32 | 5.82 6 7 12.02
19-Oct- 12.7
28 05 856 | 5,89 | 3.97 | 762 | 584 | 3.50 | 5.09 X 3 11.57
11-Jan- 13.4
29 06 940 | 6.47 | 5.83 | 9.19 | 6.00 | 4.74 | 5.48 X 6 12.56
112
30 10-Jul-06 0 6.41 | 412 | 8.39 | 5.94 | 3.56 | 5.45 X X 11.08
126
2-Dec-06 5 7.95 | 5.12 X 6.71 | 4.45 | 5.40 X X 12.21
150 12.3
26-Jul-07 1 6.27 X 752 | 4.47 X X X 3 X
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APPENDIX E3 — TDR Data (Location B)

Site B B2 B3 B6 B9 B12 B4 B7 B10 Bl B5 B8 B11 B13

Ch 26300 MC% || MC% || MC% || MC% || MC% | MC% || MC% || MC% | MC% MC% MC% MC% || MC%
1.1 1.1 1.1 1.1 1.1 2.5 2.5 2.5 SS SS SS SS SS

DATE Days B2 B3 B6 B9 B12 B4 B7 B10 Bl B5 B8 B11l B13

23-Apr-03 1 4.40 || 4.00 | 3.80 f| 3.80 [| 4.00 | 4.40 4.20 4.20 7.20 9.40 8.00 10.00 |f 11.60

1-May-03 9 4.40 4.00 3.80 3.80 4.00 4.40 4.20 4.20 7.20 9.40 8.00 10.00 11.60

19-May-
03 27 4.85 | 4.19 341 3.80 3.83 4.13 4.01 3.97 8.64 9.88 8.09 10.09 | 11.38

3-Jun-03 42 4.41 3.72 3.13 3.40 3.25 3.86 4.06 3.95 7.90 9.46 8.26 10.24 11.47

18-Jun-03 57 4.16 3.32 2.72 3.14 2.73 3.51 3.90 3.67 8.15 9.20 8.01 9.96 10.96

4-Jul-03 73 4.18 3.18 2.74 3.01 2.82 3.51 3.97 3.63 7.73 8.91 8.08 9.92 11.09

11-Jul-03 80 4.24 3.47 2.87 3.26 2.84 3.58 4.10 3.78 8.06 9.20 8.16 9.92 10.95

18-Jul-03 87 4.24 3.42 3.03 3.30 2.90 3.61 4.08 3.75 8.06 9.01 8.22 10.16 11.13

25-Jul-03 94 4.03 || 3.19 | 258 f| 293 [| 2.55 [ 3.44 3.95 3.57 7.84 8.96 8.13 9.99 11.19

1-Aug-03 101 3.96 || 3.06 | 262 || 298 || 2.47 [ 3.45 3.91 3.64 7.48 8.55 8.11 8.97 10.80

8-Aug-03 108 4.03 || 3.26 | 295 f| 3.02 [ 2.63 [ 3.48 3.99 3.70 7.63 8.74 8.08 9.19 11.02

18-Aug-03 : 118 4.11 || 3.30 | 2.43 | 2.89 [ 2.78 [ 3.39 3.96 3.61 7.74 8.72 8.14 9.14 11.13

26-Aug-03 : 126 4.04 || 3.16 (| 252 | 271 [ 2.61 [ 3.36 3.96 3.08 7.74 8.63 8.12 8.92 10.70

5-Sep-03 136 4.14 || 3.23 (| 253 | 253 [ 2.81 [ 3.37 4.04 3.00 8.16 8.78 8.25 8.93 11.20

16-Sep-03 | 147 4.16 3.17 2.62 3.03 2.77 3.43 4.00 3.72 7.98 8.80 8.18 9.00 11.32

6-Oct-03 167 4.03 3.20 2.96 3.34 2.79 3.50 3.94 3.58 8.25 9.23 8.59 9.24 12.08

13-Oct-03 174 4.56 3.47 2.98 3.12 2.80 3.54 4.05 3.46 8.60 8.66 9.18 9.36 11.87

30-Oct-03 191 4.64 3.29 2.43 3.32 3.85 3.61 4.12 3.68 8.66 9.26 8.63 9.59 11.73

10-Nov-03 | 202 4.75 3.38 2.53 3.27 3.57 3.66 4.13 3.72 8.50 9.21 8.74 9.50 11.35

1-Dec-03 223 4.24 3.38 3.57 3.10 3.22 3.57 4.22 3.90 9.00 9.74 9.95 9.39 12.59

17-Dec-03 | 239 4.79 || 272 || 3.32 || 3.59 f| 3.97 [ 3.63 4.05 3.74 8.92 9.23 9.94 9.60 12.52

30-Jan-04 | 283 4.68 || 3.71 || 3.01 || 3.86 | 3.73 [ 3.60 4.29 3.81 9.35 9.83 9.68 9.62 13.29

12-Mar-04 @ 325 557 || 3.07 || 279 || 3.22 || 3.83 || 3.75 4.24 3.33 9.56 9.75 10.01 9.89 13.68

6-Apr-04 350 4.84 || 3.42 | 2.44 | 298 [ 3.37 [ 3.52 3.99 3.82 8.72 9.09 9.92 9.23 13.21

7-May-04 381 539 || 284 || 2.37 || 2.85 | 3.33 || 3.47 4.07 3.71 9.29 8.42 8.68 9.46 12.63

20-Jul-04 455 481 || 262 (| 239 | 279 [ 2.32 [ 3.28 3.90 3.61 7.40 8.21 X 9.30 11.83

22-Oct-04 549 4.59 3.67 2.78 3.21 2.38 3.42 4.00 3.77 8.25 10.43 11.62 9.79 14.01

16-Nov-04 : 574 5.81 3.87 3.21 3.67 3.47 3.53 4.22 3.47 8.92 9.67 10.22 X 17.00

8-Apr-05 717 3.00 2.95 3.54 | 3.93 2.13 3.40 4.08 3.75 5.96 9.26 9.98 X 14.10
6-Oct-05 898 3.95 4.15 4.30 2.25 3.34 4.26 3.49 8.63 9.16 9.15 X 13.03
11-Jan-06 995 4.79 4.09 4.82 3.53 2.11 4.20 3.62 9.60 11.46 10.11 X 15.94
10-Jul-06 : 1175 | 3.45 2.72 4.33 1.59 2.55 3.92 3.42 8.26 9.55 7.73 X 12.50
2-Dec-06 ' 1320 | 3.80 5.20 5.67 2.14 2.08 4.19 7.41 X 7.35 X X

26-Jul-07 : 1556 | 3.44 4.43 3.84 1.84 3.03 4.02 8.01 9.86 7.56 X 10.05
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APPENDIX E4 — TDR Data (Location C)

Site C c2 c3 C6 co || ci2 | ca c7 || cio c1 c5 cs ci1 | cis
Ch 28050 MC% || MC% || MC% || MC% || MC% | MC% || MC% || MC% | MC% || MC% || MC% || MCc% | MC%
1.1 | 12 | 12 || 122 | 11 | 25 2.5 2.5 SS SS SS SS SS
DATE | Days | c2 c3 C6 co |[cr2 | ca c7 || cio c1 C5 cs ci1 | ci3

24-Apr-03 | 1 3.60 || 4.00 || 3.40 || 360 || 320 | 420 | 3.60 || 3.20 | 6.40 || 9.00 [ 860 | 1060 | 7.40
1-May-03 8 3.60 || 4.00 || 3.40 || 3.60 || 3.20 || 420 | 3.60 || 3.20 | 6.40 || 9.00 | 8.60 | 10.60 | 7.40

0 g/|3ay 26 | 439 || 3.97 || 3.46 || 438 || 387 | 386 || 331 || 3.08 | 552 || 818 || 7.92 | 1052 | 7.40
3-Jun-03 . 41 | 4.00 || 355 || 322 || 3.82 || 3.41 || 3.64 || 3.18 || 292 || 535 || 817 | 7.65 | 1047 | 7.74
18-Jun-03 . 56 | 3.86 || 3.42 || 220 || 357 || 3.07 || 3.63 | 3.05 || 276 | 533 || 7.93 | 7.17 || 1010 | 7.29

4-Jul-03 72 | 382 || 3.42 || 2.43 || 3.65 || 3.03 || 353 || 3.05 | 271 | 518 || 7.85 || 6.83 | 9.95 | 7.21
11-Jul-03 | 79 | 3.98 || 3.41 || 2.18 || 3.84 || 3.12 || 353 || 298 || 2.82 | 543 | 7.88 | 676 | 9.98 | 7.65
18-Jul-03 = 86 | 3.86 || 3.46 || 2.44 || 3.83 || 3.11 || 358 || 3.06 || 2.66 | 551 || 7.78 | 6.81 | 10.16 | 7.55
25-Jul-03 | 93 | 373 || 3.30 || 2.96 || 3.58 || 2.84 || 3.36 || 292 || 263 | 534 || 7.81 | 7.03 || 9.96 | 7.39
1-Aug-03 | 100 | 379 || 3.13 || 2.85 [| 3.60 || 2.86 | 3.46 || 2.98 | 2.65 (| 519 | 764 || 6.95 | 9.98 | 7.20
8-Aug-03 | 107 | 386 | 334 || 299 || 3.74 || 2.96 || 3.47 || 302 || 272 || 549 | 7584 | 716 || 9.98 | 7.65
18-Aug-03 | 117 | 363 || 337 || 2.97 || 3.82 || 2.99 || 347 || 308 || 268 | 508 | 764 | 7.18 | 1004 | 7.82
26-Aug-03 125 | 364 || 328 || 2.89 || 358 || 276 || 341 || 294 || 264 | 525 | 772 || 7.03 | 9.91 | 754
5-Sep-03 135 | 367 || 339 || 3.04 || 3.91 [ 2.91 || 343 | 310 || 274 || 531 | 777 | 7o1 || 1022 | 7.64
16-Sep-03 © 146 | 357 || 335 || 2.91 || 3.69 || 3.02 || 343 || 302 || 281 | 515 | 7.92 | 7.22 | 1038 | s.68
6-Oct03 © 166 | 363 || 3.41 || 2.78 || 3.84 || 3.00 || 355 || 3.05 | 2.80 | 534 || 800 || 7.16 | 10.78 | 9.01
13-0ct-03 173 | 362 || 3.40 || 2.23 || 3.87 || 2.95 || 3.44 || 3.00 || 2.70 || 5.42 | 7.88 || 7.18 || 10.63 | 8.84
30-0ct-03 © 190 | 3.80 || 357 || 2.89 || 4.00 || 2.98 || 356 | 3.10 || 278 | 5.98 | 828 | 7.37 || 11.05 | 10.43
10-Nov-03 | 201 | 3.79 || 353 || 2.61 || 455 || 3.16 || 362 || 3.11 || 2.84 || 612 | 840 || 7.44 | 10.78 | 10.47
1-Dec-03 | 222 | 373 || 367 || 2.35 || 4.48 || 325 || 375 || 3.14 || 2.96 || 6.12 | 864 || 759 | 11.01 | 10.17
17-Dec-03 238 | 3.65 || 355 || 2.84 || 5.18 || 2.98 || 353 || 3.05 || 276 | 641 | 854 | 752 | 11.19 | 9.50
30-Jan-04 | 282 | 384 || 3.83 | 251 || 492 || 334 || 364 || 329 || 294 || 789 || 874 [ 7.90 | 1174 | 9.75
12-Mar-04 | 324 | 396 || 3.76 || 2.47 || 555 || 327 || 364 || 334 | 272 | 829 | 859 | 7.98 | 11.42 | 9.06
7-May-04 | 380 | 3.33 || 336 || 219 || 477 || 2.92 || 3.41 || 2.96 | 245 || 640 || 7.81 [ 721 | 1065 | 9.12
20-Jul-04 454 | 364 || 327 || 215 || 4.43 || 2.98 || 3.38 || 288 || 251 || 649 [ 751 | 6.85 || 1056 | 9.34
22-0ct-04 | 548 | 359 || 348 || 211 || 485 || 3.07 || 352 | 303 || 250 || 656 [ 7.99 | 7.24 | 11.40 | 8.79
16-Nov-04 © 573 | 443 || 366 || 278 | 5.78 || 3.75 || 3.66 || 3.10 || 2.76 | 9.49 | 818 | 803 | 12.05 | 10.74
8-Apr05 @ 716 | 3.98 || 3.48 || 2.93 || 5.92 | 3.46 || 3.61 || 3.25 || 275 | 5.16 | 839 | 806 | 1171 | 7.08
19-0ct-05 @ 910 | 5.10 || 353 || 2.82 || 5.97 || 4.18 || 3.21 || 3.19 || 268 | 9.01 | 860 | 7.79 || 11.21 | 8.70
11-Jan-06 994 | 5.13 | 3.68 || 2.81 X || 514 || 279 || 337 || 2.82 | 857 | 964 | 8.31 X 8.79
10-Jul-06 | 1174 | 3.91 || 3.61 || 2.51 X || 380 || 302 || 314 || 260 | 520 | 853 | 7.06 X 5.94
2-Dec-06 | 1319 | 3.93 || 4.09 || 2.51 X || 396 || 302 || 318 || 267 | 571 | 897 | 7.1 X 6.81
26-Jul-07 1555 | 4.44 | 414 || 257 || 5.24 || 4.37 || 3.04 | 306 | 273 | 680 | 800 | 6.75 X 6.54
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APPENDIX E5 — TDR Data (Location D)

Site D D2 D3 D6 D9 || p12 | D4 p7 | p1o D1 D5 D8 p11 | p13
Ch 33160 MC% || MC% || MC% || MC% || MC% || MC% || MC% | MC% || MC% | MC% | Mc% | mMcw | mMcw
11 || 21 || 21 | 11 || 12 | 25 25 25 SS sS sS SS SS
DATE | DATE | D2 D3 D6 D9 || D12 | D4 D7 || D10 D1 D5 D8 D11 || D13
15-Aug-03 1 480 | 440 | 480 | 420 | 3.80 | 6.60 | 6.60 | 6.20 | 1020 | 760 | 800 | 820 | 9.20
18-Aug-03 | 4 480 | 440 | 480 | 420 | 3.80 | 6.60 | 6.60 | 6.20 | 1020 | 760 | 800 | 820 | 9.20
26-Aug-03 12 | 439 | 522 | 482 | 463 | 368 | 6.89 | 659 | 6.21 | 1017 | 765 | 805 | 820 | 9.16
5Sep03 22 | 453 | 490 | 484 | 443 | 374 | 705 | 674 | 629 | 1032 | 770 | 801 | 823 | 9.36
16-Sep-03 33 | 452 | 469 | 470 | 4.44 | 384 | 818 | 6.76 | 657 | 1041 | 777 | 808 | 824 | 9.28
6-Oct-03 53 | 5.62 458 | 441 | 386 | 818 | 7.03 | 668 | 1274 | 7.85 | 7.97 | 868 | 9.73
13-Oct-03 = 60 | 5.10 447 | 397 | 407 | 809 | 701 | 669 | 1378 | 7.98 | 835 | 865 | 965
30-0ct-03 77 | 5.88 455 | 438 | 406 | 7.97 | 698 | 663 | 1379 | 7.77 | 850 | 863 | 931
10-Nov-03 83 | 5.18 472 | 453 | 419 | 718 | 7.08 | 7.09 | 1340 | 7.97 | 7.93 | 879 | 958
1-Dec-03 109 | 5.37 478 | 470 | 434 | 715 | 725 | 727 | 1392 | 7.90 | 854 | 894 | 1013
17-Dec-03 125 | 6.16 463 | 430 | 427 | 785 | 706 | 707 | 1427 | 803 | 873 | 880 | 998
30-Jan-04 i 169 | 6.37 480 | 452 | 438 | 825 | 7.49 | 755 | 1434 | 910 | 9.05 | 899 | 1022
12-Mar-04 : 211 | 5.57 469 | 462 | 437 | 843 | 730 | 749 | 1335 | 981 | 888 | 912 | 10.10
6-Apr-04 236 | 4.95 376 | 395 | 362 | 878 | 730 | 813 | 1276 | 9.86 | 8.03 | 877 | 9.48
7-May-04 267 | 551 445 | 422 | 391 | 880 | 617 | 703 | 1233 | 976 | 856 | 8.8 | 9.0
22-0ct-04 435 | 6.20 456 | 471 | 441 | 866 | 658 | 737 | 1327 | 1030 | 9.00 | 932 | 9.84
16-Nov-04 460 | 5.75 488 | 460 | 422 | 912 | 699 | 815 | 1298 | 1062 | 913 | 9585 | 9.76
8-Apr-05 603 | 4.87 490 | 414 | 399 | 9.04 | 730 | 826 | 1210 | 10.27 | 8.69 | 10.11 | 9.38
6-Oct-05 784 | 550 5.37 3.77 | 868 | 7.96 | 8.25 | 1357 | 1027 | 958 X 9.50
11-Jan-06 881 | 6.16 5.84 4.25 | 10.64 8.40 | 14.08 | 11.11 | 11.72 X 10.26
10-Jul-06 = 1061 | 4.67 5.15 3.57 | 9.52 6.65 | 11.01 | 9.94 | 10.14 X 8.82
2-Dec-06 1206 | 4.51 5.86 3.75 | 9.98 7.63 | 11.68 | 10.35 | 11.10 X 10.06
26-Jul-07 - 1442 | 2.17 3.08 2.64 | 7.62 492 | 783 | 779 | 5.98 X 7.72

148




APPENDIX E6 — TDR Data (Location E)

Site E E2 E3 E6 E9 || E12 | E4 E7 || E10 E5 E8 E11 E13
Ch 35998 MC% || MC% || MC% | MC% || MC% || MC% || MC% || MC% || MC% [ MC% [ MC% | MC%
11 || 21 | 21 | 12 || 12 | 25 || 25 | 25 sS SS SS sS
DATE [ DATE | E2 E3 E6 E9 || E12 | E4 E7 || E10 E5 E8 E11 E13
25-Aug-03 1 520 | 460 | 480 | 420 | 540 | 6.00 | 560 | 6.20 | 10.40 | 10.60 | 10.00 | 12.20
26-Aug-03 | 2 520 | 460 | 480 | 420 | 5.40 | 6.00 | 560 | 6.20 | 1040 | 10.60 | 10.00 | 12.20
5-Sep03 12 | 501 | 448 | 427 | 417 | 512 | 631 | 581 | 6.69 | 1047 | 10.80 | 10.00 | 12.32
16-Sep-03 | 23 | 459 | 430 | 4.00 | 405 | 484 | 636 | 576 | 6.70 | 10.84 | 1091 | 1082 | 12.91
6-Oct-03 43 | 540 424 | 434 | 516 | 6.43 | 6.89 | 6.83 | 11.21 | 11.81 | 10.92 | 13.82
13-Oct-03 = 50 | 5.27 422 | 441 | 517 | 657 | 7.67 | 6.68 | 11.29 | 11.76 X 15.07
30-0ct-03 | 67 | 6.40 441 | 462 | 530 | 6.76 | 7.85 | 7.11 | 11.52 | 12.24 X 13.64
10-Nov-03 = 78 | 6.17 439 | 444 | 525 | 655 | 750 | 7.090 | 12.68 | 12.35 X 13.87
1-Dec-03 = 99 | 6.03 457 | 459 | 528 | 7.18 | 7.88 | 7.28 | 14.90 | 12.79 X 13.25
17-Dec-03 . 115 | 6.00 437 | 426 | 540 | 7.67 | 6.60 | 7.18 | 14.70 | 12.46 X 13.11
30-Jan-04 159 | 6.11 484 | 467 | 546 | 861 | 7.00 | 7.69 | 16.07 | 13.11 X 14.57
12-Mar-04 : 201 | 6.56 441 | a81 | 560 | 7.87 | 6.72 | 7.68 | 15.19 | 12.96 X 13.17
6-Apr-04 - 226 | 6.15 437 | 454 | 544 | 840 | 7.09 | 751 | 15.26 | 12.63 X 13.43
7-May-04 i 257 | 6.02 407 | 454 | 491 | 8.03 X 719 | 1432 | 1161 X 13.12
20-Jul-04 | 331 | 555 4.00 | 429 | 503 | 7.54 X 6.69 | 13.34 | 11.04 X 12.44
22-0ct-04 . 425 | 6.13 434 | 495 | 543 | 8.10 X 7.37 | 1439 | 1219 X 12.50
16-Nov-04 = 450 | 6.33 442 | 544 | 503 | 8.81 X 8.20 | 15.05 | 12.62 X 13.30
8-Apr-05 593 | 556 464 | 551 | 468 | 8.94 X 8.02 | 14.84 | 13.95 X 13.12
6-Oct-05 774 | 6.23 505 | 564 | 525 | 9.83 X 7.69 | 14.44 | 14.99 X 13.46
11-Jan-06 . 871 | 6.30 532 | 6.25 | 555 X 8.32 X X X 13.42
10-Jul-06 . 1051 | 5.90 5.03 | 5.36 | 4.97 X 6.99 X X X 13.15
2-Dec-06 = 1196 | 6.14 5.03 | 5.40 | 5.15 X 7.34 X X X 13.69
26-Jul-07 | 1432 | 571 546 | 6.07 | 5.46 X 6.95 X X X 11.19
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APPENDIX E7 — TDR Data (Location F)

Site F F1 F3 F6 F9 F12 F2 F4 F7 F10 F5 F8 F11 F13
Ch 42400 MC% || MC% || MC% || MC% || MC% | MC% || MC% || MC% | MC% | MC% || MC% || MC% || MC%
11 | 21 | 11 | 12 1.1 25 | 25 25 sS SS sS SS SS
DATE [ DATE | F1 F3 F6 F9 F12 F2 F4 F7 F10 F5 F8 F11 F13

19-Jun-03 1 4.40 [ 4.00 [ 3.20 [ 3.60 4.20 4.00 4.40 4.20 4.60 8.80 8.40 10.40 || 11.20

20-Jun-03 2 4.40 4.00 3.20 3.60 4.20 4.00 4.40 4.20 4.60 8.80 8.40 10.40 11.20

24-Jun-03 6 5.01 4.06 3.82 4.31 4.64 4.27 4.70 3.53 4.77 8.56 7.56 10.46 11.08

4-Jul-03 16 5.16 4.97 4.54 4.78 4.78 4.38 4.75 3.88 4.90 8.72 7.92 10.61 11.19

11-Jul-03 23 5.22 4.91 4.42 4.58 4.79 4.31 4.74 4.69 4.96 8.93 8.40 11.50 11.11

18-Jul-03 30 550 || 4.86 || 3.55 || 4.79 4.90 4.58 4.82 3.82 5.07 9.24 7.18 11.03 || 11.46

25-Jul-03 37 522 || 452 || 4.11 || 457 4.72 4.47 4.70 4.56 4.97 9.37 8.56 11.35 || 11.04

1-Aug-03 44 5.00 || 4.33 || 3.90 || 4.36 4.50 4.46 4.63 4.46 4.87 9.12 8.55 10.93 || 10.89

8-Aug-03 51 5.18 || 4.50 || 4.14 || 4.57 4.76 4.38 4.69 4.61 5.08 9.28 8.39 11.53 || 10.92

18-Aug-03 61 511 || 441 | 3.86 || 4.31 4.60 4.49 4.73 4.51 4.88 9.50 8.86 11.20 || 10.56

26-Aug-03 69 510 || 4.11 | 3.85 || 4.10 4.48 4.43 4.67 4.37 4.84 9.14 8.76 10.83 || 10.54

5-Sep-03 79 5.20 4.16 3.88 4.25 4.49 4.32 4.78 4.33 4.85 8.80 8.53 11.42 10.59

16-Sep-03 90 4.98 4.17 3.86 4.25 4.55 4.39 4.66 3.63 4.88 8.69 8.76 11.34 || 11.83

6-Oct-03 110 5.36 4.20 3.81 4.35 4.67 4.70 4.75 3.45 5.09 9.49 9.00 11.43 11.92

13-Oct-03 117 5.74 4.05 3.80 4.29 4.61 4.93 4.50 3.60 4.92 9.42 8.65 11.46 11.57

30-Oct-03 134 6.02 4.09 3.83 4.55 5.05 5.31 4.58 3.15 5.21 9.57 8.77 12.38 12.32

10-Nov-03 145 5.93 4.41 3.57 4.60 5.14 4.87 4.67 3.49 5.23 9.78 8.79 12.31 12.30

1-Dec-03 166 5.62 || 462 || 3.57 || 4.66 5.30 4.88 4.62 3.49 5.46 10.01 9.26 13.29 || 12.77

17-Dec-03 182 6.17 4.64 || 3.73 || 4.53 5.03 5.51 4.84 3.28 5.34 10.49 X 13.15 | 12.54
30-Jan-04 226 6.54 || 494 | 3.92 4.67 5.68 5.38 4.83 3.80 5.73 10.95 X 14.69 | 13.04
12-Mar-04 268 6.21 4.66 4.19 || 4.97 4.61 4.77 4.63 4.94 5.50 10.17 X 12.51 | 13.06
6-Apr-04 293 6.40 4.59 4.17 4.96 5.35 5.29 4.86 3.95 5.45 10.10 X 12.33 |[ 13.03
7-May-04 324 6.22 4.36 3.95 || 4.93 5.17 5.35 4.72 4.44 5.08 11.78 X 11.26 | 12.43
20-Jul-04 398 5.47 4.21 3.72 5.06 5.02 4.65 4.68 4.34 4.55 9.14 X 10.20 | 11.71
22-Oct-04 492 5.73 4.60 4.15 5.97 5.42 5.07 4.90 3.96 5.48 10.04 X 11.44 | 12.84
16-Nov-04 517 6.51 5.29 4.14 7.28 6.27 5.57 5.07 3.89 5.60 10.75 X 12.12 | 13.07
8-Apr-05 660 6.27 5.56 X 7.12 6.57 4.85 5.06 3.87 5.55 9.72 X 9.01 13.45
6-Oct-05 841 6.19 5.56 X 7.23 7.82 4.88 5.19 3.31 5.24 10.13 X 8.44 14.63
11-Jan-06 938 8.44 7.38 X 6.26 10.04 [ 6.36 5.52 4.44 6.17 13.02 X X 16.72
10-Jul-06 1118 5.94 5.93 X 5.94 6.74 5.15 4.76 4.48 5.14 9.02 X X 12.30
2-Dec-06 1263 7.81 7.80 X 6.64 8.62 5.97 5.58 4.96 6.08 10.50 X X X

26-Jul-07 1499 6.44 6.83 X 5.67 || #REF! || 5.32 5.34 4.80 5.65 9.46 X X 11.30

150



APPENDIX E8 — TDR Data (Location G)

Site G G2 | 3 || c6 | c9 | c12 | ca c7 | g0 | a1 G5 G8 c11 | c13
Ch 44550 MC% || MC% || MC% || MC% || MC% | MC% || MC% || MC% | MC% | MC% | MC% | MC% | MC%
11 || 21 | 21 | 12 || 12 | 25 || 25 || 25 SS sS SS SS SS

DATE [ Days | G2 | &3 | 66 || 69 | c12 | G4 G7 | G0 | o1 G5 G8 G11 | c13
20-Jun-03 : 1 | 440 [ 360 || 3.60 || 3.40 || 3.80 | 6.40 || 6.40 || 7.60 | 840 | 9.40 | 10.20 | 10.80 [ 10.40
24-Jun03 . 5 | 440 [ 360 || 3.60 || 3.40 || 3.80 || 6.40 || 6.40 || 7.60 | 840 | 9.40 [ 10.20 | 10.80 [ 10.40
4-Jul-03 15 | 462 || 384 || 408 || 3.76 || 433 || 6.72 || 6.46 || 7.96 || 805 | 9.49 | 10.00 | 1051 [ 10.79
11-Jul-03 22 | 4.48 | 363 || 389 || 354 || 435 || 6.73 || 660 [ 782 || 850 || 9.76 || 10.48 || 10.50 || 11.08
18-Jul-03 29 | 434 | 362 || 376 || 352 || 3.68 || 6.86 || 6.75 [| 7.66 | 9.01 || 10.35 || 11.10 || 10.73 || 10.67
25-Jul-03 36 | 4.03 || 336 [| 3.48 || 2.38 || 4.05 || 6.62 | 654 || 7.44 | 9.06 | 10.09 || 10.81 | 10.88 || 11.13
1-Aug-03 43 | 402 || 323 || 332 | 217 || 395 | 6.48 || 6.47 || 672 | 892 [ 945 | 9.87 | 10.80 || 10.78
8-Aug-03 = 50 | 417 | 337 [| 374 | 214 || 430 | 654 || 667 || 6.95 | 9.12 || 9.65 || 9.83 | 10.89 || 10.98
18-Aug-03 60 | 4.10 || 3.30 || 3.48 || 1.84 || 3.95 | 6.19 || 665 || 753 | 9.20 [ 9.75 || 9554 || 10.96 || 11.74
5Sep-03 78 | 4.09 || 333 || 340 || 244 || 3.87 || 6.26 || 663 [| 635 | 9.27 || 972 || 954 | 11.11 || 11.17
16-Sep-03 89 | 3.98 || 3.43 || 356 || 253 || 413 | 6.63 || 6.70 || 6.44 | 9.26 [ 9.97 | 1051 || 11.07 || 11.19
13-Oct-03 116 | 4.94 || 325 | 409 || 232 || 405 || 6.37 || 671 || 753 || 11.76 || 8.98 | 10.49 || 11.61 || 11.44
30-0ct-03 133 | 5.86 || 329 || 3.92 || 2.05 || 416 || 6.27 || 687 || 936 || 1272 || 9.62 || 11.07 || 1257 || 12.05
1-Dec-03 165 | 544 || 3.71 || 3.87 || 203 || 431 | 6.09 | 7.07 | 9.73 || 12.84 || 10.69 || 12.06 || 12.57 || 13.13
17-Dec-03 181 | 5.81 || 353 || 377 || 257 || 433 || 6.43 || 6.90 || 9.52 || 13.32 [ 10.67 || 12.07 || 12.34 || 12.53
30-Jan-04 225 | 6.09 || 405 || 3.60 || 203 || 516 || 7.37 || 7.16 || 9.77 || 13.89 | 11.32 || 12.23 (| 12.97 [ 13.36
12-Mar-04 267 | 584 || 487 || 412 || 182 || 522 || 7.45 || 7.22 || 9.73 [ 13.16 [ 11.32 [ 11.78 X 13.29
6-Apr-04 292 | 550 || 477 || 401 | 1.72 || 542 || 7.26 || 7.17 || 9.73 || 12.71 | 11.05 [ 11.51 X 13.66
7-May-04 323 | 5.40 || 582 || 3.92 || 2.33 || 4.49 [| 755 || 6.68 || 9.11 || 12.33 X 10.47 X 12.39
20-Jul-04 397 | 490 | 538 || 3.92 || 1.85 || 350 || 7.14 | 6.36 [ 9.07 || 11.80 X 10.23 X 12.16
22-0ct-04 491 | 5.90 || 6.05 || 3.95 || 2.15 || 438 | 7.20 || 6.86 [ 9.09 || 12.31 X 10.55 X 11.72
16-Nov-04 516 | 6.44 || 6.35 || 420 (| 288 || 464 || 7.21 || 7.00 || 9.50 | 12.98 X 10.65 X 12.81
8-Apr-05 659 | 480 || 6.70 || 4.15 || 2.92 || 495 | 7.94 || 656 [ 9.19 || 12.80 X 10.48 X 11.59
19-Oct-05 853 | 560 || 6.94 || 554 || 2.29 || 859 || 7.83 || 6.86 [ 8.97 || 13.65 X 10.93 X 10.50
10-Jul-06 1117 | 4.93 || 5.86 || 540 || 1.77 || 457 || 7.12 | 6.38 [ 8.73 || 12.66 X 10.75 X 10.78
2-Dec-06 1262 | 497 || X | 531 (| 178 || 476 || 7.49 || 6.38 || 9.11 [ 12.96 X 10.82 X 11.40
26-Jul-07 - 1498 | 525 | X | 486 || 2.22 || 5.40 || 7.14 | 6.69 [ 757 || 11.78 X 12.01 X 11.42
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APPENDIX F1 — Permeameter Results

Atmospheric Pressure Results at 90 minutes

Test
No Test Type | 90min drop | Radius | V=nt*rA2*h | k=25.5V/s | Description
1 Rapidflow 0.5 72.5 8256.50 38.99 C
2 Rapidflow 0.6 72.5 9907.80 46.79 C
3 Evenflow 7 20 8796.46 41.54 C
4 Evenflow 2 20 2513.27 11.87 C
5 Evenflow 6 20 7539.82 35.60 C
Atmospheric Pressure Results at 150 minutes
Test 150min
No | Test Type drop Radius | V=rt*rA2*h | k=25.5V/s | Description
1 Rapidflow 1 72.5 16513.00 46.79 C
2 Rapidflow 1.25 72.5 20641.25 58.48 C
3 Evenflow 14 20 17592.92 49.85 C
4 Evenflow 3 20 3769.91 10.68 C
5 Evenflow 20 10053.10 28.48 C
30kPa Pressure Results at 30 minutes
Test
No Test Type | 30min drop | Radius | V=rt*r*2*h | k=25.5V/s | Description
1 Rapidflow 5 72.5 82564.98 233.93 D
2 Rapidflow 6 72.5 99077.98 280.72 D
3 Evenflow -- - Failed Failed Failed
4 Evenflow -- - Failed Failed Failed
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