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Abstract

Composite pavementsate become incesingly common in North Americathese
pavements usually resultofn the rehabilitation of Portland cemenbrcrete (PCC) pavements.
When a PCC pavement reaches close to the end of its service life, a layerMix Hagphalt
(HMA) is placed to increase service lifdowever with time, increasingdraffic loads and other
environmental factorghe composite pavements are experientiagvydistressesin order to
mitigate distressegoutine maintenance must be completed on tiMany muricipalities are
facing challenges allocating funds due to smaller budgets, thertfeyeare unable to keep up
with routine maintenancé his study looks at the challenges a large municipality faces when
majority of the residential roads are composite pavemehis.research focused on developing a
solution that would allow longerm paement performangeoncrete overlays have been deemed
successful in many parts of North America, mainly on highways. This study looksdsilye,
construction, testing and monitoring of a concrete overlay on a residential road, the first of its kind

in Ontario, Canada.

This thesis presents the current knowledge gaps in the construction of residential concrete
overlays through a literature review, focusing on the construction process for unbonded and
bonded overlaysThe trail section has been instaliedhe City of Hamilton (The City), Ontario,
Canada. Preliminary tests and inspections were conducted on the trial section prior to the

construction of a concrete overlay.

The research looks at the decision makingcpss for overlay design and material
selection. A stefby-step guideline for construction is presented along wighitlstrumentation
installation. Instrumentation installation was a key component of this project to understand the
behaviour of the section due to external factors. Fresh prepamnd hardened properties were
tested for during and immediately after construction to monitor the preliminary behaviour of the
concrete. Analysis of the concrete overlay was done using the data collected during the first year
of service. Nondestructive testing such as Falling Weight Deflectometre, Light Weight
Deflectometer, British Pendulum, SurPRO and T2GO were conducted before and after

construction to see the effect of installing a concrete overlay. Lastly, Life Cycle Cost Analysis was



completed fotwo alternatives to determine the most efficient solution for residential composite

pavements.

From the analysis and construction completed, it has shown the pavement to be performing
very well. Further monitoring throughout the service life will needo® done to confirm the
advantages and disadvantages of using concrete ovértayaim of this research is to provide a
feasible longterm solution and provide all the necessary information and data should they choose

to install a concrete overlay.
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1 Introduction

1.1 General Statement

In North America, the use of rigid pavements makeBugopercenof hard surfaced roads
(Atkins, 2003) The number of rigid pavements constructed has steadily setteice it was first
usedin Canada in 189QTAC, 2013) This increase can be attributeéo highertraffic, heavier
transport loads and the need for durabilRygid pavements are a combination of aggregate and
Portland cemeanwhen the right proportions are used a durable, low mainteaadcgafe roadway
can be constructe@€oncrete pavements are designed mainly to accommodate heavy traffic such

as hghways and main intersections.

Composite pavements are a layered comlonaif HotMix Asphalt (HMA) and Portland
Cement Concrete (PCC). Composite pavements are an effective methodhétlGQG providing
structural capacityhile the HMAacts as theurface layeand provides rider comfortiowever,
one of the challenges fatavith composite pavements is higttial cost andpotential failures
related to the underlying concrete joirdscomposite pavement is mainly used as a rehabilitation
method, where a layer of asph&bown as an overlaynay be placed on top of a destsed layer
of concrete(Haung, 2004) Pavement overlays can be concrete or asphalt depending on the

rehabilitation need.

Concrete overlays are one of the few rehabilitation methods used on high volume traffic
roadsexperiening heavy traffic loadingFor example, when a typical asphalt pavement is beyond
repair, instead of completing a full depth repair, a concrete overlay may be placed as a low
maintenance and more casftective option(Haung, 20@). Concrete overlays have been used in
North America since the 190Q0ACI Committee 325, 2002 'he range of thickness for each of
the overlays depend on the volume of traffic, climate, and subgrade conditomtsete ovdays
are easy to maintain as they do not experience rutting or shetich are more commowith
asphalt overlaysconcrete overlays can accommodate increasing traffic adidave a service
life from 20-30 yeargHarrington,et al., 2014)

One of the biggest challeng&scing Canadian cities andunicipalities withcomposite

pavements igeflective crackingReflective cracking occurs when the crack or joint pattern of the
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underlyinglayerpropagates to the top lay@gtaung, 2004)Once the reflective cracks forwther
distresses also begin to take place such as alligator cRekabilitation options for composite
pavements includéull depth repair, milling the existingsphalt surfackayerandreplacingt with

a new asphattverlay.Mill and replace is the most common method, however, if the asphalt is not
saw cut accordinglyreflective crackingnay appeain the early stages of the pavements service
life. Concrete overlays have been sasfulin many parts of Canaddue to highpavement
performance and lower future castsresearch studgonducted by the University of Waterloo on
Bloor St. and Auckland Rd in Toronton@rio, found the street to be in excellent condition with

minimal suface distresseafter 10 yeas of service(Kivi, et al., 2013)

There are two typesf concreteoverlays, bonded or unbondetie type of overlay is
mainly dependent on the condition of thederlyinglayer. Concrete overlayarenot commory
usedon residential streedue tobudget limitationgHarrington, et al., 2014)With increasing
traffic demands and use of technology, the puldidooking for more innovativetider and
environmentallyfriendly solutions.Using concrete overlays can be beneficial for residential
neighborhoods due to its 25+ years of service life v80 #ears forHMA (Atkins, 2003)
However, the benefits of this method will not be known unllessugh research and trial sections

areconstructed for further investigation

The Centre for Pavement anidansportationfechnology (CPATT) at th&niversity of
Waterloo in collaboration with the City of Hamilton, Concrete Association of Ca(@Ag),
Corcrete Ontari@nd Natural Sciences and Engineering Research Council (NS&ER@ken on
the first residential concrete overlay constructio®ntaria In order forconcreteoverlays to be a
viablerehabilitationoption for residential neighborhoods andrunicipalitiego implement them
the design, construction and performarafehis methodcheed to be understoadrhis particular
researclprojectexaminesoncrete overlagesignwith a constuctionguideline, preliminary test
resultsandcostanalysis.The City of Hamilton (The Cityherein has many composite pavements

in its Yeoville Neighbourhood, and Jameston Ave. was selected as the trial section for this project.
1.2 Background

Concrete overlaysan be either bonded or unbondé@ad. determine whethethe street

needs an unbonded or bonded overlay, the top layerfiraidbe milled off. Once the top layer

2



has been milled off, the existing layer mustassessetbr structural capacityand thetype of
overlay is chosenA distresssurveyof the underlyng layer is performedo assess whether a

bonded or unbondeaverlayshould beconstructed
1.2.1 BondedOverlay

Bonded overlays have been successfully used in many parts of North America, the main function
of a bonded overlay is to act as one monolithic stinecwiththe underlying layer~or a bonded
overlay to be constructed, the underlying layer must be in good to excellent corlitionded
overlay requires the existing pavemambe clear of full depth distresses ad/working cracks

to berepairedIf there are distresses beyond repaiichas material related distressexl the layer

has structurally failedhe pavement is considered to be in poor condgioth a bonded overlay
cannot be place®onded overlays relgn the underlying layer fordkural support and increases

the overall structural capacity, therefore proper bondage is c(H@aington, et al., 2014)

Bonded overlays successful whethe underlying pavement has been cleaned and has
grooves. Rwing should begimmediately after cleaning to prevent any dust or debisetween
layers If properly bonded, the layers will actonolithically, consequentlythe bonded overlay
canthinner than an unbonded overlay. If the underlying pavement is tR€Cthe joints on the
bonded overlay must be matched exactly, otherwise, reflective cracking will immediately
propagate to the overlayHarrington, et al., 2014)¥igure 1-1 below shows a typa bonded

overlay.
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Figure 1-1 Bonded Concrete Overlay (Wafa, et al., 2017)



1.3 Unbonded Concrete Overlay

Unlike bondedoverlays, unbonded does not rely on timelerlyingconcrete dér flexural
support, itacts as a separagatity. However, it des us the layer as a stable base whigsults in
an increasd overall structural capacityThe condition of the underlying concrete can range
betweenmoderate to significantly deterioratedl.concrete that is significantly deteriorated will
have working cracks, spalling, shattered slabs and pumping as some of the disDassesthe
existing concrete being significantly deterioratadseparation layer must be placed between the
concreteand the overlay to prevetite distresses from propagating and to provide a smooth base
for the overlayThe separation layer can either be a thin HMA layer (<25mm) ciomen fabric

such as geotextile (<3mm).

If severe faultingis observedn the comretelayer, ageotextilelayer can be used to
separate the existing layer with the new layiére underlyinglayer should still be cleaned é&n
cold patches should be pladedeven the surface lay@farrington, et al., 2014¥pince a separation
layer is used ibetweenthe jointing of the overlay is not required to match the joints of the
underlyingconcrete.Figure 1-2 below showsa typical unbonded concrete overlay with HMA
separation layerThe cioss section of an unbonded overlssesHMA as the separation layer,

wheread-igure1-3 displays a cross section with geotextile.
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Figure 1-2 Unbonded Concrete Overlay with HMA (Wafa, et al., 2017)
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Figure 1-3 Unbonded Concrete Overlay with Geotextile
(Wafa, et al., 2017)

1.4 Research Objective

The City of Hamilton hasbservedleterioration in its composite pavements. Many of these
streets have an existing concrete layer with an HMA surface layer. The HMA layers were
originally saw cut and sealed to match the underlying concrete. This allowed the concrete to remain
in good condibn for the first couple of years. However, as the pavement aged, routine
maintenancavas limited due to unavailable resources, thus many of the sections exhibit cracking,
faulting and joint spallingThe City is looking for a viable lontasting solutiorfor its residents.

A solution that would allow them to lower the need for routine maintenance, lower environmental

impacts and increase cadtectiveness

The City collaborated with partners within the industry to develop the most feasible
solution. Themain objective of this proposed research is to determine the feasibility of concrete
overlays for residential streets in Ontaridhe City in partnership with th€PATT aimed to

achieve the following objectives from the trial section, Jameston Ave.,amilt

Design and construct a ftdkcale trial section with instrumentation using concrete overlays
Assess the feasibility of concrete overlays al@abilitatiodmaintenance strategy on
municipal streets

1 Develop a guide that helps determine the type oflaydo be used based on existing

conditions



1 Evaluate the mechanical responses of the pavement structure under traffic and
environmental loading using embedded instrumentation

1 Monitor performance of the trial street through various-destructive testingt various
times of the year

91 Determine a Life Cycle Cost Analysis (LCCA) based on trial project to be used as a cost
and expense guideline

1 Provide recommendations and validate the use of concrete overlays for future projects

1.5 Methodology

Several sites whin Hamilton were investigated, and it was determined that Jameston
Avenue in the Yeoville neighbourhood was tmost suitable trial sectioithe design of the
concrete overlay was developed using StreetPave and the National Concrete Pavement Technology
Centrebds nAGui de t dhre€ gaparateentixedesions everé hrginstormed and
developed by CPATT, CA@nd Concrete Ontario.

Vibrating strain gauges were placed in each sedi@nstrain data from these senseese
be used to asseshe stressand strain relationships due to traffic, temperature and other
environmental and structural impactSWD test was conducted by Stantéonsulting Ltd.and
LWD tests were conduetl by CPATTon various surfaces. SurPRx@ofile machine was used to
determindhe roughness and compare the difference between a newly constructed rogeaand a

old road.

The British Pendulum test and T2@¢s conducted on the hardened ceteto evaluate
the friction. The methodology of this research project is to determinadbktcosteffectiveway
to increase the service life for composite pavements in the municipal streets of Ontario for years

to comeFigurel-4 below outlines theesearch methodology in this thefsisthe research project.
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Figure 1-4 Research framework for Jameston Ave. concrete overlay
1.6 Thesis Outline
This thesis containg chapters:

Chapter Jprovides a basic background on concrete overlays and the research franGhaptér

2is the literature review, focusing on composite pavements, reflective cracking, design of overlays
pavement evaluation and sustainabil@papter 3ocuses on the design of overlay, from the initial
testing done on the composite pavement to tieesi® process for an unbonded overl@iapter

4 outlines the stepy-step construction process that took place to implement the overlay along
with the instrumentation installationChapter5 dscusses the results collected through testing
throughout theyear and describes the current behaviour of the ovetif@ycycle cost analysis is

also compared between two alternativesapter6 concludes the project, with challenges faced

and recommendation for the future.



2 Literature Review

2.1 Overview of CompositePavements

A composite pavement is defined as a pavement consisting of two materials, a HMA layer
over a PCC layer. Composite pavements are widely used around the world as a rehabilitation
method. When a layer of PCC pavement experiences severe distresapproaches failuren
asphalt layer ranging from& inches of thickness may be placed on top to increase the longevity
of the roadChen, et al., 2015)

Placing an HMA layer on top allows the pavement to regain strengifease rider
comfort and reduce noise levels, interim making it a-effstctive solution. The underlying PCC
layer provides structural support, therefore decreasing the tensile stressesctimaulate
underneath the HMA layer. Whereas, the HMA layds a&s a preservation layer for the PCC,
preventing water or salt from reaching the concrete, helping it last |oRgersphalt layer can
also be an insulating layer, preventing temperature stresses for the underlying ¢blicreze et
al., 2008)

When developinga compositepavement various design factors should be taken into
consideration, including the thickness of egmvement layerUsing the (AASHTO, 1993)
guideline, a mechanistic analysiscomposite pavements was conductddny research studies
have shown that thethickness of the layers control the\gee life of the pavemenBottom up
fatigue failure in the HMA layer can be significantly decreased when a stiffer base is used; it has
been shown that HMA layer can experience compressive strain instead of tensilélstkaiver,
the bottom of the rigid layer accumulates more tensile strain than the granular base, hence when
designing the pavement structure, special attention shoyldide¢othe PCC taavoid reflective

cracking(Nuiez, et al., 2008)

To reduce the tensile strains at the bottom of the concrete layer, the modulus of bedrock
should be increased and the thickness of the HMA and PCC layedshsal increaseThe
maximum tensile strain was reduced by 71% once the PCC layer thickness was changed from
40cm to 80cmWhen designing the HMA layer, increasing the thickness increased the maximum

shear stress as well as the horizontal tensile Caio, et al., 2016)
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The interlayer bonding between the layers is also a factor in determining the types of
distresses that may result on the composite pavemnéstiayer damages can result between the
layers that determine tiserviceability of the pavement. The interlayer bond condition is defined
using the Goodman model seen beloveduation(2-1) (Zhu, et al., 2011)Wheret (Pa) is the
shear stress) is the shear modulus between the layers,¥mé the displacement between the

layers.
T 0Yo )

Higher shear stress contributes to an incredsedl coefficient between the layers. A
discrete element method dgisiwas conducted to better understand the interaction of aggregate
particles due to traffic loads. It was found thainly tensile stresses contribute to the interlayer
damagesTraffic loads contribute the interlayer damages when the bond coefficisemoi&Zhu,
et al., 2011)

2.1.1 Reflective Cracking

One of the biggest concerns in composite pavements is the development of reflective
cracks.Reflective cracks usually form due to repeated traffic loads, atmospheric temperature
changesand other environmental and material factors. These factors initiate a concentrated stress
point at the bottom of the underlying concrete layer, which propagate to the top of the overlying

asphalt layefYoon, et al., 2017)

Figure2-1 displays the three main causes of reflective cracking, a) is shear stress due to
traffic loading, b) is expansion and contraction due to temperature changes abeng)ing and
stretching due tslabwarping(Liu, et al., 2016)

Visual inspections before any rehabilitation is done can help determine the location where
reflective cracks have taken place. When an asymmetric load is applied with respect to an existing
crack it causes a viral movement at the edges, causing large shear stress; this phenomenon is
known as slab rocking. Subgrade properties can reduce the stress point by increasing the modulus,
as well as placing a stress absorbing layer or sealing existing (kadisierowiczFrankowska,

2008)
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Figure 2-1 Causes of reflective cracks in a composite paveme(hiiu, et al., 2016)

2.2 Overview of Concrete Overlays

Existing @ncrete resurfacing has been documented in the United States since the 1900s,
the American Concrete Pavement Association (ACPA) has documented that until 2012, 1,152
concrete overlays have been constru@ittatrington, et al., 2D4). The growth of concrete overlay
usagehas significantly increased in the last three decades. This is due to the transportation
community looking for sustainable solutions for aging roadw&amncrete overlays can be
constructed at a faster speed sittee existing layer does not require removal and the road can be
opened within a couple of days. Overlays have minimal maintenance, thin overlays without
reinforcement can be easily milled and repaired. They are also cost effective due to providing long
service life(ACI Committee 325, 2002)

Concrete resurfacing technology has improved significantly since its first installment in the
1900s Fibrereinforcement now allows the concrete to be much thinner than before. Resesarch h
also show thato achieve a successful overlay pavement, the underlying support should be

consistent and interface layer movement should be recog@edTech Centre, 2012A
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preservation fix is when the underlying pavemisnn good shape and a bonded overlay can be
placed A rehabilitation fix is when the underlying pavement has significant deterioration causing

an unbonded overlay to be placed. The main intent of overlay is to increase the structural capacity
of the orginal pavement which deteriorates with time and traffic loa@h#$SHTO, 1993) Figure

2-2 illustrates the structural capacity loss as developed in the 1993 AARME@QN Guide for
Pavement StructureSY0 is the structural capacity of a new paveméwit) is the effective
structural capacity once significant time has passed and the pavement has experienced traffic loads.
To achieve a certain structural capacity for the futi¥é,, the overlay must have a structural

capacity of YO (AASHTO, 1993)
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Figure 2-2 lllustration of structural capacity loss over time and with traffic
(AASHTO, 1993)

2.2.1 Design ofBonded Overlays
2.2.1.1 Visual Inspection

Bonded overlays are constructed when the underlying concrete is in good to fair condition.
To determine whether the concrete is in good or fair condition, certain distresses mugtdae not
during a visual inspectiobefore an overlay is choséWhen the existing overlay is aroposite
pavement, HMA over PCC, the surveyor should look for distress#sas a few potholatermal
cracking, loss of friction and block crackirifjcores hae been taken then they should be checked

for stripping.If the existing pavement is concrete, the surveyor should look for loss of friction,

11



random cracking, partial depth joint spalling, and surface deféften minor distressesre

reparable in a timgland efficient manner a bonded oegrtan be use(Harrington, et al., 2014)
2.2.1.2 Bonded Concrete Overlay on ComposkiA over PCC)

When constructing a bonded concrete overlay on a composite pavement, the thickness of
the ovelay is usually 50150mm thick. This is due to the underlying layers providing load carrying
capacity.The benefit of using a concrete overlay on composite pavements is the elimination of
rutting and shoving. The main intent of constructing a bonded gvierta ensure the underlying
layers and the overlay act as gA&SHTO, 1993)

To achieve proper bondage between the asphalt and the concrete, the asphalt layer should
be milled a minimum of 50mm to remove any distresses.slin@ace should be cleaned after
milling and concrete should be poured immediately to prevent debris from getting in between the
layers. When designing the joints for the overtag, patter should be small square panels ranging
from 0.97 2.4 m. This help reduce curling and warping as well as prevent significant differential
movement between thayers joints should also not fall on wheel paths. Paving can be completed
using aslip formmethod or fixed form. Proper curing is a crucial factor to allowcthecrete to
gain its ultimate strength capacity, curing compound should be sprayed within 30 minutes
(Harrington, et al., 2014)

2.2.1.3 Bonded Concrete Overlay on Concrete

The thickness of a concrete overlay on an existing conpegatement ranges from 50
125mm. The existing pavement must be in good condition for the overlay to be constructed and to
act as a monolithic layer. This type of overlay may be challenging due to the need to match the
overlay joints exactly with the existirmpncrete joints, which can sometimes be overlooked during
construction(Harrington, et al., 2014Slab stabilization and concrete patches may be done to
repair the existing concrete from faulting or asphalt patdfigkng may also ba&lone to remove
the existing distressdsowever, shotblasting is recommended to prevent any microcracks or
fracturegRyu, et al., 2009)

Shotblasting allows the overlay to have better bondage with the existingettayer.

Similar to composite pavement constructisarface must be properly cleaned and conventional
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concrete practices when placing the overlay. Curing and joint sawing should immediately begin,
30 min after placement and when the concrete will nigt, cespectively(Konduru, et al., 2010)

Figure2-3 shows the condition of the pavement improving after installing a concrete overlay.

CONDITION

Deteriorated

Failed

TIME

Figure 2-3 Bonded concrete overlay on concret@Harrington, et al., 2014)
2.2.2 Unbonded Overlay
2.2.2.1 Visual Inspection

Unbonded concrete overlays are constructed when the existing pavement is in poor to
deteriorated conditiorA visual inspection muse completed to determine the condition of the
pavement. When the existing pavement is composite, the surveyor must look for alligator cracks,
rutting, slippage and shoving, ravelin§evere structural distresses are also visible when the
asphalt is det@orated, Dcracking and joint deterioration can be seen. If the existing pavement is
concrete the surveyor should look for fd#pth joint deterioration, working cracks, faulting, and

severe structural distresggfarrington, ¢al., 2014)
2.2.2.2 Unbonded Concrete Overlay on Composité€oncrete(HMA over PCC)

Unbonded concrete overlays on existing composite pavements iratigekness from
100-280mm.Unbonded concrete is designed as a new pavement since it does not rely on the
underlying layers for flexural suppartherefore the design is similar for a composite and concrete
pavementThe underlying pavements are usually in poor to deteriorated condition, hdosmeser

overlay to be placed a uniforfmase is require@Mack, et al., 2006)Milling of the pavement
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should be done to remove the distresses, adequate drainage must be cortilindegth repair
and concrete patches may be also required for reflective faytiingspalling, pumping cgevere

distresses.

Drainage is a key factor in ensuring the longevity of the pavement, therefore, the existing
subgrade should be thoroughly checked, and deeper edge drains placed if necessary. Drainage
repairs ensure water does not accumulate betweday@es, and cause faulting and pumping.
Separation layer of either geotextile or HMA needs to be placed, which allows the overlay to act
as a separate entity, joints from the underlying layer are not matched. If the overlay thickness is
above 150mm, therhé joint spacing should be around 3.6m. If the overlay thickness is below

150mm, then the joint spacing should be around ZHanrington, et al., 2014)

Joint spacing is crucial in ensuring the concrete does not waquéen@ihesurface should
be properly cleaned before a separation layer is placed and curing done immediately after
placementLiao, et al., 2012)Figure 2-4 below shows the condition of the original pawearh

going from poor to excellent after placing an unbonded concrete overlay.

Excellent

Good

Fair

CONDITION

Deteriorated

Failed

TIME

Figure 2-4 Unbonded concrete overlay on composit@Harrington, et al., 2014)

2.2.3 Separation Layers

Sepaation layers for unbonded concrete overlay can be either HMA or geotextile.
Separation layers are also known as: interlayer and stress absorbinglfeyqrurpose of a

separation layer is toreate a shear plane that reduces reflective cracks from iagcutralso
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allows the overlay to act as a separate structural layer. Stress absorbing layers such as asphalt, has
been shown to significantly increase the -anéicking ratio of an unbonded overl@yi, et al.,
2011)

When etermining the type of overlay for a pavement, three key factors should be taken
into consideration: separation from the underlying pavement, proper bedding for the overlay and
drainage. A properly placed separation layer is usually around 25mm in thlEckiesed on the
existing layer and thoroughly covers any distresses. It does not provide any structural support
therefore should not be thickekASHTO, 1993) Asphalt layers also fills in any existing cracks
and joints in thainderlying pavement. A geotextile layer can also be used to meet certain height
specifications of the road. When placing geotextile, it should be properly attached to the underlying

pavement to prevent any folding during construcfidarrington, et al., 2014)

Intrusion of water between the layers can cause significant damage to the asetiayvn
by Harrington & Fick, 2014

Longitudinal joint trapping
Clay subgrade unable to drain
High water table

Lack of subdrains

= =2 4

To ensire the pavement has proper, adequate draitfageross slope should be designed
to direct water towards the edge and into the subdrains. Sealing joints can help prevent water from
accumulating in them. Open graded HMA or meoven geotextile fabric cabe used to allow
proper drainag€AASHTO, 1993)

Geotextile should be brought to the edge of the pavement to help direct water. Research
has found that HMA asphalt acts as a much better layer of stress absorbing mategyedtenetiie,
formation of reflective cracks significantly slowed down as the asphalt absorbed flexural tensile
stresses and shear streqsds, et al., 2016)
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2.2.4 Fibre Reinforcement

The use offibre reinforcement concrete has sificantly increased due to thigres
allowing a thinner overlay design. Concréiteres can beglass, synthetic or natural, synthetic
fibres such as polypropylene are commonly used in concrete ovdtigyse2-5. They are know
to reduce plastic shrinkage, cracking, settlement of aggregates and sf@&atismgatka, et al.,
2011)

Flexural, fatigue resistance and load carrying capacity of concrete increases with the
addition offibres. The concrete overlay design thickness can be reduced by 60mrfilweare
used(Bordelon, et al., 2012 here is no specific design for use of FRC, most designs are based
on an experience approach. Studies have shown FRC reduces the crack width by 1mm in
comparison to an unreinforced concrete. The FRC was also had lower deflections than the
unreinforced cocrete. FRC also reduces construction time by avoiding laying down mesh or other

reinforcementKim, et al., 2015)

Figure 2-5 Polypropylenefibre s (CEMEX UK Mater ials Ltd)
2.3 Pavement Evaluation

Pavement evaluation for concrete overlays are similar to regular concrete pavements. Site
evaluations are necessargfore constructioto determine the type of rehabilitation strategiye
evaluationsare also conductedlfter construction and during the service life of the pavement to
understand its behavior. Various instrumentations canbasmplemented into trial field tests to

understand the various factors that contribute to the stress strain locations within the pavement.
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Lastly, various nofdestructive tests such as: Falling Weight Deflectometer (FWD), Light Weight

Deflectometer (LWD,) SurPRO and frictional tests can be conducted during the service life.
2.3.1 Condition Evaluation

Pavement condition evaluation is the first step in ensuring alésting pavement.
Distresses recognized during the surveyloalp determine repair methods well as the type of
overlay. The Federal Highway Administration (FWHA) has develofstress Identification
Manual for Long Term Pavement Performance Progfaf03a) which can help municipalities
identify the condition of theipavement. The ride qualitof a pavement refers to the surface
smoothness of the pavement section. The surveyor should look for whether the ride was

uncomfortable with frequent bumps or smooth and provide a r@fif@, 1995)
2.3.2 Instrumentation

Pavemats can be hard to monitor until the end of its service life, this is due to safety
concerns where once the pavement reaches towards the end of life it may not be structurally
capable for traffic. Due to this reas@oftwaresuch as Mchanistic EmpiricaPavement Design
Guide (MEPDG) are used to understand the life cycle of the pavement. However, for the software
to be successful, historical and present data for traffic loads, cost, temperature, moisture and
pressure must be available. Using the various,da coseffective and sustainable pavement
structure can be designed. With the huge advancement in technology many instrumentations have
been designed to successfully collect data and allow a precise prediction. These instruments can

be embedded into meor rehabilitated pavements to help future designs.

Placing instrumentation can be a difficult task in the field, there is a significant amount of
cost and time associated to embedding them into the pavement. For the instrumentation to function
properly,it must be carefully placed without any damagr@isial readings must be taken to ensure
functionality and constant data collection and monitoring must be (nies, 2008). Some of

the most common types of instrumentati@ve been researched by Willis, 2008:

1. Strain Gauges
2. Linearly Variable Differential Transducers (LVDT)

3. Pressure Cells
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4. Thermocouples

5. Moisture Probes

Stresses that develop underneath the pavement layers due to environmental and traffic
factors can determinehgre a fatigue crack may take place. Fatigue cracks occur due to repeated
traffic and temperature loadifyITO, 1995) To determine whether bottom up reflective cracking
will take place on the pavement strain gauges can ladletsto better understand the lo@déllis,

2008)

Vertical strain measurements are not as popular as horizontal strain meassjrénseis
due to difficulty of installing them vertically on the pavement. Instead, LVDTsbeansed to

measure the pavement deflection due to curling and wafyfiitis, 2008).

Pressure cells are usually placed on top of a pavement layer, e.g. subbase to determine the
change in stress state due to temperature. &lseymonitor the change in pressure due to traffic
loading. To receive valid data, it is a key component for pressure cells to have a plain uniform

level, otherwise inconsistency will be seen during data angWaiks, 2008).

Concrete is known for its ability to expand and contract due to change in temperature.
Therefore, thermocouples can aid in understanding the relationship between temperatige and
stress zone in the pavement laydmsmperature is known to be a largmtributor of reflective
cracking(KazimierowiczFrankowska, 2008 Most strain gauges now come with thermocouples
installed within,(Geokon Inc., 2016)

Lastly, installation of moisture probes beww layers help understand if the pavement is
experiencing any drainage issues. It also is an indicafav@ment strengtihat maychangedue
to weakened pavement from over saturatideta retrieved from the moisture proves can also help
understand frst depth(Willis, 2008).

2.3.3 Non-destructive testing

Non-destructive testing is a method that involves collecting data without altering or

damaging the physical structure of the pavement, allowirggtype of testingo be condued
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more frequently.Some of the more common ndestructive testing conducted for concrete
pavements includgCP Tech Centre, 201:2)

Falling Weight Deflectometer (FWD)
Light Weight Deflectometer (LWD)
SurPRO

British Pendulum

T2Go

ok w0 e

FWD tests are one of the most common tests conducted on pavements. The test involves
simulatingmoving wheel loads, where a load is dropped on a portion of the pavement and the
deflection of the pavement is measured. This is a useful tool when desigremgpavement since
it provides the current state of the layewD canalso determine the Load Transfer Efficiency to
understand whether the function of joints on a concrete pavement are satigfaobgan, et al.,

1998) LWD tests can be used for the same function as FWD, however it is portable allowing

testing to occur more often.

SurPRO is a rolling inclometer that determines the longitudinal or transverse profile of the
pavement along with the International Roughnestex (IRI). Analysis of the transverse or
longitudinal profile can pinpoint locations within tlagers or rutting or severe pumping has taken
place(International Cybernetics, 2007Mhe instrumentation is uséiendly and care conducted

on a yearly basis to monitor the condition of the pavement.

British pendulum tests the skid resistance on the surface of the pavement. By testing the
site yearly, the change in skid resistance can be deterigddl E303-93, 2013) Similar to the
BP, T2GO is a rolling device that can be used to determeedéfficient of friction (COF), and

can be monitored at various times of the year.
2.4 Sustainability

Sustainability i s drafmeeatdhe neads of thehpeesefit avithoue | o p m
compromising the ability of future generations to meet their own 0€B88), 2017) Sustainable

design has become one of the key components of Civil Engineering. To ensure sustainable
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developmenthree primary factors must be taken into consideration: 1) environment, 2) society
and 3) economic@Harrington, et al., 2014)Jsing concrete overlays can be beneficial since the
existing pavement is preserved and less naseare used. Construction costs are much less in
comparison to a newly constructed road; user delays are also reduced. Concrete pavements have a
longer service life and require minimum maintenance providing service to the public for many
years bafre refabilitation is requiredTAC, 2013)

2.4.1 Environmental Impact

To properly understand the implication of pavements on the environment a Life Cycle
Assessment (LCA) needs to be completed. Concrete and asphalt are the most coreatbnly u
materials in pavement structures. A comparison of LCA for both the materials can help a user

determine which material maybe more sustainable.

Horvath & Hendrickson, 1998 look at the LCA of 1km of new asphalt pavement and
compare to a new 1km of contegavement with steel reinforcement. Both pavements experience
the same traffic loads and environmental factors. The design materials and cost for both types of
pavement were determined and the type of resources needed for construction were also accounted
for seen inTable2-1. The table further shows the total amount of energy required for each type of

pavement, asphalt pavement requires much moeegythan steefeinforced concrete.

Environmental outputs into the atmosphenecab e cat egori zed i nto th
Release Inventory (TR hemi cal emi ssi on, hazar d¢{orgathwast e
et al., 1998) Asphalt roadway was found to produce the most hazardous waste andeconcre
released more pollutant emissions. Asphalt pavement also release bitumen fumes during
construction, due to the various chemicals it can beHifeatening for the human hea({thAC,

2013)
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Table 2-1 Environmental Effect of 1km Asphalt and Concrete Pavement(Horvath, et al.,

1998)

Resource inputs Unit Asphalt | Concrete | Ratio (asphalt/concrete)
Electricity kWh million | 0.1 0.1 1
Coal
Anthracite coal metric ton 0.05 0.1 1
Bituminous coal metric ton 30 100 0.3
Total metric ton 30 100 0.3
Other Fruels
Natural gas metric ton 70 20 35
Liquefied natural gas metric ton 9 1 9
Motor gasoline meltric ton 3 6 0.5
Aviation fuel metri¢ ton 0.1 0.1 1
Jet fuel metric ton 0.5 0.5 1
Kerosene metric ton 0.001 0.001 1
Light fuel oil metric ton 7 9 0.8
Heavy fuel oil metric ton 3 2 1.5
Liquefied petroleum gas | metric ton 10 2 5
Total metric (on 100 40 2.5

M 7,000,000 | 5,000,000 | 1 4
Ores
Iron ore metric ton 2 40 0.05
Ferroalloy ores $ 6 40 0.15
Copper ore metric ton 4 7 0.6
Bauxite metric ton 0.3 0.5 0.6
Gold ore metric ton 1 6 0.2
Silver ore metric ton 0.02 0.1 0.2
Lead-zinc ore $ 3 100 0.08
Uranium-vanadium ore | $ 1 10 0.1
Fertilizers
Ammonium nitrate $ 5 20 0.25
Ammonium sulfate $ 5 5 1
Mixed fertilizers $ 5 5 1
Organic fertilizers $ 20 40 0.5
Super phosphate 3 2 2 1
Total $ 40 70 0.6

Numbers may not sum due to rounding.

To promote sustainable developmenrd reduce emissions and wastecycling of
pavementdhave become more practidar asphalt and concref@ AC, 2013) From a survey
conducted in the United States, it was found that from the total number of pavements surveyed,
80% get recycled. Research on Recycled Asphalt Pavement (R&meen successfubhere a

minimum of 20% can be used in new constructi@anchezCastillo, 2014)

The percentage of concrete that gets recycled is lower than asphalt, this is due to concrete

structures staying in place in the pavement &ng structural capacity. The amount of material
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saved from recycling asphalt is 2 times the amount of materials saved for c@rorgtgh, et al.,
1998) Based on the research completed by Horvath & Hendrickson, 1888, fibound that asphalt
pavements are more environmentally friendly if recycled properly.

2.4.2 Concrete Overlay Success in Canada

Concrete overlays have become more popular as a method of rehabilitation in Canada.
Particularly in the province of Ontari®@he City of Torontoconstructed a concrete overlay in one
of the major intersections at Bloor St. W and Aukland Rd. diogectbeing in service over 14
yearsand has shown excellent results as discussed below. Concrete overlays have a long way to
go in Canadahowever it is these projects that act as guidelines and help teach industry partners

and municipalities about the benefit of their usage.

The intersection of Bloor St. W and Aukland Road in Toronto, ON experiences heavy
traffic throughout the year. ThevArage Annual Daily Traffic (AADT) of Bloor St. W is
approximately 30 000 vehicl€Kivi, et al., 2013) Heavy traffic loads on the street was causing
various distresses that needed constant repairs. The intersection is elgmblic transit station;
therefore, busses are more frequent along Aukland Road sEeure2-6. A visual inspection
conducted in 2003 found that both the streets had rutting and shoving, along with reflective

cracking.

To accommodate the daily vehicle traffic and ensure vehicle safety, the City of Toronto
practiced the mill and replace strategy on these streets. The layer of asphalt was milled off and a
new layer of asphalt was placed on top of concrete. However, the atergmsement did not last
as long as expected and required routine maintenance. Routine maintenance would cause constant
user delays and increase construction costs; therefore, a more permanent solution was proposed
(Kivi, et al., 2013)

Concrete overlay was suggested as a rehabilitation strategy for the intersection. Once the
existing asphalt layer was milled off, the condition of the underlying concrete layer was observed.
Based on the assessment, an unbonded concrete aMetEMm with 25mm HL3 asphalt as the
separation layer was design@dvi, et al., 2013) The concrete base was sprayed with a tack coat

prior to the separation layer being installed.
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Vibrating wire straigaugesvere embedded in the concrete to monitoprdormance of
the overlay. The gauges were embebdevarious heights and locations along Bloor St. W and
Auckland Rd, seven were installed on Bloor St. and five on Aukland Road. The intent of this was
to monitor the change in concrete due to environmental and traffic eff@dats.the teryear
analysisperiod, it was found that temperature had the largest impact on the concrete overlay. The
largest strain values occurred at higher temperatures while strain decreased as temperatures dropped.
In order to validate the concrete overlay design, a key compomas monitoring the data and
conducting visual surveys every couple of years. A visual inspection conducted in 2013 found the
joints to experience minor spallinue to the movement and settlement of catchbasins and manholes,
some diagonal cracks weréesile. Other than that, the street seemed to be in excellent shape with

minimal requirement for maintenance.

Figure 2-6 Bloor St. W and Aukland Road Intersectioni City of Toronto (Kivi, et al.,
2013)

The Bloor St. W and Aukland Rd. project is the fusbondedctoncrete overlay in Toronto
Ontaria The original condition of the street requrmajor rehabilitation, installation of an unbonded
concrete overlay, not only accommodates the daily growing traffic but also has been in service for the
past 14 years without any maintenance. The overlay continues to show excellent performance with
very minor distresses and is likely to exceed the 25+ years of service life. The project is a good

representation of the use of overlays as a rehabilitation strategy on composite pavements. Use of
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overlays as a rehabilitation method, reduces overall cost @f usaterials and has been highlighted

through this project at the City of Toronto.
2.5 Chapter Summary

1 Composite pavements are common in many parts of North America, they are considered
to be the perfect combination of pavement materials. A combinati®Caf and HMA
where rider comfort and structural capacity can both be achieved.

1 Preserving composite pavements poses to be a challenge for the industry as reflective
cracking is the main cause of deterioration. Reflective cracking occurs foutdap of
tensile stresses at the bottom of the concrete layer and shear stress due to vehicular loading.

1 Concrete overlays can be used to rehabilitate composite pavetherdsare two types of
overlays unbonded and bondeeparation layers such as asphalt arateydile can be
used in unbonded overlays.

1 Visual inspections are crucial to understand the condition of the underlying layer and
determine the type of overlay that should be used. Specific distresses are key indicators of
pavement condition and the typerepair needed to ensure a uniform layer is maintained
for an overlay.

1 Fibre reinforcement provides support from shrinkage cracks, spalling and aggregate
settlement. Use of fiber reinforcement has been known to significantly reduce the overall
thicknes=of the overlay.

1 Concrete overlays have been successfulCanada;however, they have not been
implemented in residential streets. Municipalities require -k@ngn solution to reduce
routine maintenance due to the limited budgets. City of Toronto hasssiiclty installed
concrete overlay and the overlay has been in service for 14 years without any major

distresses.
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3 Trial Selection and Preliminary Design

This chapter looks at the research project in depth; providing background information on
the selectin process for the trial section. The project location is discussed waitingyisual
inspections that were conducted to determine the existing condition of the pavement. A coring
report was also conducted and discussed in this chapter to determinedHgingadondition of
the pavement layers. FWD tests along with LWD tests were conducted on the selected trial section,
Jameston Ave., to understand the functionality of the pavement layers and determine repair

options.
3.1 Introduction i Jameston Ave.

The City of Hamilton, Ontario has many residential roadways that are composed of
composite layersf asphalt over PCQMany of these streets were first constructed around the
1960s or earlie(City of Hamilton , 1969) The condition othese streets is poor and need major
rehabilitation. The City was looking for an innovative solution that would be cost and construction
efficient. A solution that could potentially provide theses stress with a longer service life and

reduce the need oggular maintenance.

The City had previously rehabilitated these streets usma@sphaltmill-andreplace
strategy. Where the topmost asphalt layer would be milled off and a new layer of asphalt would
be placed. Oncthe asphalt layer was placdtie asphawould be saw cut to match the joints of
the underlying PCC layeiThis design strategy was usaa mitigate the effects of reflective
cracking.The joints were then sealed withubberizedsealant to prevent moisture or other debris
from damaging thewerall pavementdowever, with time the sealants began to degrade and were

not regularly maintained causing more distresses along the street.

The Centre for Pavement and Transportation Technology (CPATT) at the University of
Waterloo (UofW) in partnershigrith the Cement Association of Canada and Concrete Ontario
developed a preliminary proposal for the City of Hamilton to construct a trial concrete overlay.
The proposal was aimed to show the benefits and implementation of a concrete overlays as a
rehabiltation method. Residential concrete overlays are not common, and this project is the first

one of its kind in Ontario, Canada.

25



If the implementation and behavior of the ovenegsdeemedo besuccessful, the City
would consider future usage of concreierlays as a viable option faehabilitation Other
municipalities facing similar challenges would also gain the necessary knowledge to determine
whether they should invest overlays as eesidential street rehabilitatiaption.

3.2 Project Location

To determine the trial street, various residentamposite pavementsithin the City of
Hamilton were observedlhe streets were all asseddor: accessibility for residents during
construction, construction costed challengedtaffic, pedestrian safetgonditionand feasibility
of the individual pavement. The Yeoville neighbourhood in the City was foumavEecomposite
pavements that would megdt the criteriongor a successful trial street. Within the neighbourhood,
Jameston Ave., Hawkridge Ave.,daCaledon Ave., were the most suitable pavement options.
From the three viable streets, Jameston Ave. was chosen as the trial pavement due to it being the

most accessible during construction.

Jameston Ave. is approximately 400m long and 8.5m witlere ae 12 houses on the
north side of the road with their driveways facing Jameston Ave. and 8 on the south. The residents
in these houses can solely access their driveways through Jameston Ave. This would be
problematic during construction; however ample ettrparking is available for residents on
Hawkridge Ave. and Caledon Ave. The street acts as a connector between two arterial roads
leading to the highway, it faces heavier traffic and therefore it would be a suitable candidate to fix.

Having a concrete oviay would allow for increase in traffic and serviceability.

Figure3-1 shows the location of Jameston Ave., Hamilton, Ontario. The street is East of
Highway 403 and about an hour drive west from Toronto. The street lies betw@eanterial
roads, Upper James St. to the east and WeSt.50 the west of the road. Jameston Ave. is north
of the Lincoln M. Alexander Parkway, a collector highway, which can be accessed through Upper
James St. There are three blocks within the epatlit is intersected by Hawkridge Ave. on the

west and Caledon Ave. on the east.
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Figure 3-2 Section 13, Jameston AveSatellite Image (Google , 2017)
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Jameston Ave. was divided into three sections shovAigure 3-2, Section 1 is between
West 8" St. andHawkridge, Section 2 is between Hawkridge Ave. and Caledon Ave., Section 3 is
between Caledon Ave. and Upper James St. Section 1 and 2 mostly comprise of residential homes.
A church is located on Section 3 and the driveways to two plazas also exit oegiclakve. as
displayed inFigure 3-3. Alexanian Carpet and Floors, a furniture store, is location on the south
side of the street, the 2 driveways are used by trucks during deliveries. Goodyear Certified Auto,
an automotive shogas two driveways on the north of Jameston Ave. used by their customers.
Finally, the church heavy usage by the community on Sundays.

[PV x
IAEWilllams] JewellEry s

/

Figure 3-3 Section 3 driveways for church, furniture store and automotve (Google , 2017)

3.3 Pre-Construction Assessments

Once the street waselected preconstruction assessments were conducted to understand
the current state of the pavement. Part of the assessments include: investigating ahe sit
evaluating the various distresses on the road, conducting FWD and LWD tests and collecting cores.

Cores were collected for various composite pavements in Hamilton before the trial street was
chosen.
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3.3.1 Site Condition Evaluation

During visual inspectionf the composite pavement, Jameston Ave, a distinct design was
observed. There were two rows of 100mm wide bricks at the edges eftihe length of the
pavement seen fRigure3-4. The structural intent of these bricks attinge of inspection was not
understood. However, similar to interlocking pavers used for drainage, the bricks may have been
placed for the same intent. The bricks were not routinely maintained, in many parts of the street,
some of the bricks are covered hiasphalt, which may have taken place during resurfacing
(Pickel, et al., 2016)The surfae layer of the road was asphalt withnsverse saw cuts all along

the road.

‘)-. 5

Figure 3-4 Brick gutter along Jameston Ave.(Pickel, et al., 2016)

Once the transverse sawt joints were identified, the distance between joints were
measured, the spacing of the joimtgsapproximately 9.5m. The transverse joiwesre sealed to
prevent bottorrup reflective cracking from the underlying layer. Due to the lack of maintenance,
the sealant in the transverse joints had significantly deteriorated. This deterioration caused
distresses such as alligator cracks to form fileenjoints as seen Figure3-5. These cracks were

seen along the entire street.
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Figure 3-5 Typical deterioration on transverse sawcut joints (Pickel, et al., 2016)

Since theasphalt layer was not longitudinally saw cut to match the underlying layer, this
caused longitudinal cracks to develeigure3-6. The longitudinal cracks appeared at the center
of the street and at3? of the width in some sectioiiBickel, et al., 2016)The cracks did not run
in a straight line, at certain locations they meandered. At the time of inspection, the cause of the
cracks was unknown, they could have resultemim the longitudinal joints or distresses
underneath. The deterioration along the street did not necessarily indicate the condition of the
underlying pavement.

Figure 3-6 Longitudinal cracks along JamestorAve. (Pickel, et al., 2016)
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The City ofHamilton provided elevation drawings of Jameston Awigure3-8., the ends
of the street at Upper James St. and WBsSt5 are at a higher elevation. Thedudiie portion of
the street (Section 2) is at the lowest elevation. The difference between the highest and lowest
point on the street is about 6m. Water is likely to run from the higher elevation points in Section 1
and Section3 towards the middléw-point, Section 2 Significant amount of deterioration had
developed in Section,2with increased rainfalls and lack of proper drainage, water had
accumulated in the lower regid@Rickel, et al., 2016)The accumulation of water i8ection 2

caused the soil to be overly saturated causing noticeable distortions

The catch basins settled overtime and voids were visible through the gFagitgg 3-7.
At the time of the visual inspection it was not cleawhauch damage the underlying concrete
experienced. The impact of water to the bondage between each layer was also unknown. The
sidewalks along the street were in need of repair, sidewalk distresses in Section 2 were more

apparent.

Figure 3-7 Settled catch basins in Section @Pickel, et al., 2016)
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3.3.2 Coring Report

A coring report was conducted and complied by Peto MacCallum Ltd., a coring report
outlines the pavement structure and can give inside into the current condition of the pavement
materials. The coring rept was provided to the City and CPATT during the selection process for
the trial street. A total ofix cores were taken along Jamestore Awwo cores for each section.
Table3-1 shows the thicknesses of each layer along Jaméste. The cores were taken starting
from Upper James St., where 5E215D 34 and 5D 56 represent Section 3, Section 2 and Section
1, respectively. The asphalt thickness is consistent throughout the street whereas the concrete
thickness ranges signifindy from 150mm to 235mm. The lowest concrete thickness is-8D 3
Section 2, which maybe be indicative of the original state of the section. The subgrade for most of

the street is clay except Sectionich is topsoil, top soil is known to absorb moratev.

Figure 3-9 below shows a typicgdavementore from Jameston AvAppendix A presents
photos of all the cores that were obtained for this projddbst of the cores the asphalt was
separated from the concrete. The bottamtipn of the concrete core has degraded significantly
more than the top. For Section 2, it was not possible to pull out the concrete coreothd
was due to a layer of sand and gravel existing between the asphalt and concreeetayer

MacCallum Ltd., 2015)This wasnot observed with the other remaining cores

Table 3-1 Jameston Ave. Pavement StructuréPeto MacCallum Ltd., 2015)

Borehole Asphalt Thickness (mm) Concrete| Granular Thickness (mm)

No Thickness Subgrade
: Surface ‘ Binder ‘ Total (mm) Base ‘ Subbase ‘ Total
Jameston Avenue from Upper James Street to West 5th Street
5D-1 40 a5 75 935 150 . 150 CLAY: Brown silty clay, trace sand, low
plastic, APL
50-2 45 40 85 205 260 . 260 CLAY: Brown silty clay, trace sand, low
plastic, APL

TOPSOIL: Dark brown silty clay topsaoil,

5D-3 40 40 80 150 140 - 140 low organic, WTPL

TOPSOIL: Dark brown silty clay topsoil,
5D-4 40 40 80 170 275 - 275 low organic, WTPL
5D-5 40 40 80 193 277 . 277 CLAY: Brown silty clay, trace sand,

non-slightly plastic, APL

340 CLAY: Brown silty clay, trace sand,

5D-6 45 40 85 175 340 slightly plastic, WTPL to APL

33



\I
ulIIIIIIKIIIIIIIKIIIIIIII

Figure 3-9 Typical sample core from Jameston AveSection 1
(Peto MacCallum Ltd., 2015)

3.3.3 StreetPave 12 Design

Prior to construction, a preliminary design of concrete overlay, bomdkdrdonded, was
created for Jameston Ave. The purpose of creating a preliminary design is to determine range in
thickness for the overlay. This would allow better preparation for construction when the asphalt in
the composite pavement is milled off. Tongoete the preliminary designs, StreetPave 12, a
software designed by the American Concrete Pavement Association (ACPA), was used. This
software allows the user to input various design parameters and outputs the minimum thickness

that would be required tmeet design criterions.

The coring report provided to the City of Hamilton and CPATT was heavily used in this
preliminary design. Using the pavement information of the six cores provided for Jameston Ave.,
an unbonded and bonded concrete overlay wasroasitpr each core. The final design for the
overlay can only be determined once the underlying pavement has been assessed, however, having

both unbonded and bonded designs completed for each cores will further benefit that process.
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3.3.3.1 Pavement Design Requinents

1 Each concrete overlay designed is required to meet a performance with 85%
reliability.
The overlays should have 2% cross slope down for proper drainage.
All designs would be completed for the right wheel path

The overlays should have a minimum dediée of 25 years
3.3.3.2 Pavement Design StreetPave 12

As previously mentiord StreetPave 12 will providepreliminary design, therefe many
assumptions were made that wouldcbafirmed during construction. The first design variable is
AADT, based on the datprovided by the City of Hamilton, the AADT for Jameston Ave. was
used as 5@00 average daily traffic. From the daily traffic, it was estimated that about 20 trucks
per day would be passing through Jameston Ave with a growth rate of 1%. From theeqmoihg r
it was found that most of Jameston Ave. sits atop of clayey subgrade, with the exception of Section
2 where topsoil was founalifornia Bearing Ratio (CBR) for clayey subgrade ranges from 3
5%, to be conservative 3% was used in the dg8igkel, et al., 2016)

During the software design process, very minimal information was known about the actual
condition of the pavement layers. To emulate the condition of the pavement layers, adjustment
factors are required. Adjusemt factors can be useéd consider any distresses that may not be
accounted for during actual design and construction process. There are various adjustment factors
for both unbonded and bonded concrete overlay. Joints and crack factor is applied tmteth b
and unbonded overlay where fatigue and durability adjustment factors are applied for bonded. To
simulate the effect of these factors, the effective thickness of the existing concrete is reduced in
the programTable 3-2 below outlines the type of adjustment factors and the values used during

preliminary design.
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Table 3-2 Adjustment factors used on StreetPave 12 for Jameston Ave.

Type of Adjustment Factor Adjustment Factor

Joints and cracks due toreflectingcracking 0.9
from alack of maintenance

Fatiguei cause of transverse cracks along 0.9
the road
Durability factori cause of spalling and 0.8

preventing bondage between layers

The concrete overlay is expected to hawwmpressive strength of 32MPa and a flexural
strength of 3.5 MPa, the use of polypropylene fibres were not taken into account in StreetPave 12.
For residential pavement it is expected that approximateBb¥b of the slabs will be cracked and
the pavemerwill reach terminakerviceability aR.0 (Pickel, et al., 2016)

3.3.3.3 Preliminary Results

Table3-3 provides a summary of an unbonded and bonded overlay for each of the six cores
extracted from Jamestdtve labelled 5D16. A worst case scenario has also been presented, where
minimum thickness for existing concrete and granular base has been used. For each type of
overlay, a design thickness and a required thickness was determined. The required ikitkeess
one presented by the software StreetPave 12, whereas the design thickness has been rounded up to

the nearest-20mm.

From the design analysis, it was found that unbonded overlays have a higher thickness than
bonded overlays. This is due to unbondedrlays not relying on the existing underlying concrete
for flexural support. Case 5B was found to have the highest thickness for an unbonded overlay,
this portion of the core is from Section 2 of the pavement. As mentioned in the coring report,
Sectin 2 was found to be the weakest of all the sections due to its underlying topsoil subgrade.
The worstcase scenario requires an unbonded thickness of 115mm, which would require a
separation layer. Use of a separation layer along with the overlay wouitcaiggthy increase the

height of the pavement.
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Across the table, NRnhot required)s used for unbonded overlays. This occurred due to
StreetPave 12 deeming the existing underlying concretetwtally sound to withhold vehicular

load, therefore an unbdad overlay would not be required.

Table 3-3 Preliminary Design Inputs and Results

Case
Worst Case| 5D-1 5D-2 5D-3 5D-4 5D-5 5D-6
Existing Concrete Thickness (mm) 130 235 205 150 170 193 175
Existing Granular Base Thickness (mm) 140 150 260 140 275 277 340
CBR (%) 3 3 3 3 3 3 3
AADTT (# of trucks/day) 20 20 20 20 20 20 20
Growth Rate (%) 1 1 1 1 1
Terminal Serviceability
Cracking Factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Fatigue Adjustment Factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Durability Factor 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Design Life (years) 25 25 25 25 25 25 25
Unbonded Overlay
Design Thickness (mm) 115 NR NR 100 50 NR NR
Required Thickness (mm) 110 NR NR 90 40 NR NR
Bonded Overlay
Design Thickness (mm) 90 15 50 90 50 40 50
Required Thickness (mm) 80 10 50 80 45 35 45

Based on the summary of results from the preliminary design it was determined that
Jameston Ave. would be a good trialts@t for unbonded and bonded overlay design. Once the
existing concrete is inspected visually there is a possibility of installing bonded in one section and
unbonded in another section to monitor the behavior of two types of overlay. However, if the
condiion of the underlying comete is in pooifair condition and require unbonded overlay only,
then various separation layers can be tested to determine the most feasible one in a residential
street. If the pavement is in goedcellentcondition,then varios thickness of bonded overlay

can be tested and monitored for performance.
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3.3.4 FWD and LWD Testing

Prior to the start of construction, a Falling Weight Deflectometer (Fi&&Jigure3-10,
was conducted on the existing compopdgement by Stantec Consulting Ltd. FWD testing serves
three important functions when evaluating an existing rigid (concrete) pavement, including
providing insight into load transfer efficiency (LTE), differential deflection, and the presence of
subslab wids. The FWD and LWD tests were completed to understand the strength of the
underlying concretpavementthe LWD testing was done for comparison purposetetermine
if it producessimilar values as the FWD.

FWD is a nordestructive method of testinghere moving wheel loads are simulated. A
falling load is dropped on to a plate at a selected portion of the road and the response of the
pavement is measuredJs i n g a N S-FHWAt calibratetl Dyh&test FWD witl®
di fferenti al & BeBin TtableB# thegtestingwas condudctéBtantec Consulting
Ltd. , 2016)

Table 3-4 FWD Sensor Configuration (mm)(Stantec Corsulting Ltd. , 2016)
D1 D2 D3 D4 D5 D6 D7 D8 D9
0 300 450 600 900 1200 1500 1800 -300

A seatingload of 40 kN was used for the test, the test was conducted on"Jua615
with an average temperature of 20°C. The testing was conducted on 40eskpEatadns along
the street east to west from Upper James St td"\8t%nd then another 40 locations travelling
west to east from WSt to Upper James Sthree loaddrops of 40kN, 55kN and 70kN on
each pavement locatiomere appliedStantec Consulting Ltd. , 2016)he 80 test locations were
selected randomly along the road, some of them were over distresses such as alligator cracking,
while others on good condition pavemehhey were conducted in the outer wheehgetch of

the | ocations were spray painted and marked w
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Figure 3-10 Falling Weight Deflectometer (FWD)

After the testing was conducted at various points alongptiag the joints were tested. The
vehicle travelled from WSt towards Upper James St (west to east) and a total of 40 joints were
tested, however not all joints along the wheel path were accessible due to parking on both sides of
theroad. Theloadwasp pl i ed adj acent to the joint, mar k e
to the west and then to the east of the je@@n belowrigure3-11.

Figure 3-11 FWD Test marking on Jameston Ave.

The analysis from the testing prior to construction is discussed in detail in the analysis
portion, Chapter 5. From the testing it was found that most of the transverse joints were not
functioning at full capacity. Many of them were below #%6 load transfer efficiency limit and
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would need immediate repait.was found that the normalized deflection for the pavement layer
was above the maximum capacity, indicating the pavement lacked in stiffness. Lastly, voids were
detected underneath Siect 2 the pavement layer during testing. Due to the poor results from the
FWD testing, it was decided that the pavement needed atéomgrehabilitation solution.
Concrete overlay was suggested, selection of the type of overlay would be completedliger mi

the asphalt layer.

A Light Weight Deflectometer (LWD) is a portable Falling Weight Deflectometer and
functions similarly to the FWD machine. It is a portable device and can be used to test the subsoil
degree of compaction. A release mechanism hthldsfalling weight at a constant height, the
weight drops and transts the load onto the pavement seelfrigure 3-12. In compliance with
health and safety at the University of Waterloo, hard hats were not required duringitigectes
LWD. The LWD is a manual procedure where human error is introduced, especiallywéitie
is not droppedproperly. The analysis from the testing prior to construction is discussed in the

analysis portionChapter 5

Figure 3-12 Light Weight Deflectometer (LWD) testing on Jameston Ave.

Similar to the FWD, the details of the LWD tests are discussed in the analysis chapter,
Chapter 5. The LWD test produced simitieflection results as the FWD tgswhich further
confirmed a weak pavement layer. Based on both the pavement layer evaluations, concrete overlay
was chosen as the rehabilitation method.
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3.4 Chapter Summary

1 The City of Hamilton needed a more feasible rehabilitation solution for the camposi
pavements. Jameston Ave. was selected duectmssibility for residents during
construction and pedestrian safety. The trial section connects two major arterial roads,
therefore would be the perfect candidate to repair.

1 The street has been dividedarthree separate sections, this allows various components of
the same street to be tested by having different construction methods. Section 1 and Section
3 are at a higher elevation than Section 2.

1 Visual inspection of the existing pavement was condudtediitudinal cracks all along
the road was observed at "/8f the pavements width. Transverse joints are in poor
conditions with most of the sealdrging deteriorated.

1 Section 2 experienced the most distresses along the street with settlement asioatchba
and water accumulation due to lack of drainage.

1 Coring report conducted by Peto MacCallum Ltd found the clayey material as the subgrade
for Section 1 and 3, Section 2 had topsoil as subgrade layer. The concrete had degraded in
the cores for Section gravel and sand was observed in between the layers.

1 FWD and LWD tests were conducted on the existing composite pavement. It was found
that the transverse joints were functioning at a lower percentage than the minimum

requirement of 70%.
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4 Construction of Concrete Overlay

4.1 Asphalt Removal

Construction began for the Hamilton overlay on Jul{,2®16. During the week of July
25th, the asphalt was milled off using an asphalt milling machine, the underlying existing concrete
pavementvas observed for dissees. Amicro milling machine was used to completely remove
theresidualasphalt pavement that varies in thickness betweed08&im along Jameston Ave. A
few of the catch basins and manholes along the rodtden patched with concrete, which was
also milled off due to visible distress Removal of the asphalt layer is necessary in evaluating

the existing concrete for joint deterioration afistresses
4.2 Existing Concretei Site Evaluationand Design

Once the asphalt layer was removed, on July 25 aonf Z&BL6 members of CPATT, CAC
and Concrete Ontariasited the site to determine the current performaridbe concrete layer
This was done to verify the assumptions made about the condition of the pavement during the
original visual inspectionTable 4-1 displays the major distresses observed during the visual
inspection.

Table 4-1 Types of distresses and visual observations on concréRickel, et al.,
2016)

Type of Distress Observations

- Lack of longitudinal joints in the
underlying concrete layer resulted in

longitudinal cracks to be reflected to the t

Longitudinalcracks - The cracks were mainly at 19®f the

road, however some appeared altmay
street at random

- Many transverse joints along the roag
was missing sealant however settlement

joints was not noticed

Transverse cracks
- Transverse cracks formed from the

transverse joints, meandering from the
joints and expanding
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The overd condition of the underlying pavement was poor. Unbonded overlays are chosen
as the overlay option when the condition of the street is poor. As mentioned in the literature review,
this method would prevent construction delay and reduce rehabilitatits1 &eparation layers
for each of the sections were chosen based andhadual condition of the street and tG&y of
Hamiltonds specifications. Catchbasins and ma
the American Concrete Pavement Asaotii ons6s gui de for fAConcrete
Design and Constr uct inhaoles werelisolated toaltow $epasate lateral a n d
movement of the pavement and the structures. Various isolation joint designs are shown from the
design gide inFigure4-1 below.The elevation of the manholes and catchbasins were constructed
to match the height of the overlaffhe saw cuts for the streets were according to Harrington &

Fickés AGuide to concrete Overlayso.

In orde to have a successful pavement structure, it was recommended that any distresses
along the street be filled and leveled for a uniform surface. Several utility cuts were observed along
the road, they exposed granular substance what was previously meinidmedoring report. It
was recommended the granular substars compacted and filled wittoncrete. It was also
recommended that any asphalt patchesebe®vedand tak coats should not be applied to allow

the overlay to act as a separate entity.

Square Manhole Boxout Diagonal Manhole Boxout Circular Manhale Boxout

Square Inlet (no Boxout)

[
N

Isolation

Isolati Isolation s
Isolation Joint jg%ta on joint Joint
Square Boxout with Fillets Manhole (no Boxout) Telescoping Manhole

Round Inlet Boxout
1 | |

O [

Isolation L No boxout or
joint/bond breaker isolation joint i
|solation Joint around . necessary Isolation
'

- 1 b
perimeter . . joint 1

Notes: 1. Isolation joints should be at least 2 in. (12 mm) wide and filled with a compressible material.
2. Boxouts should be large enough to provide at least 1 ft (0.3 m) clearance between the fixture and the
surrounding isolation joint.

Figure 4-1 Details for boxing out fixtures (ACPA, 2007)
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4.2.1 Section 1i West 5" St. to Hawkridge Ave.

The design for this section was restricted due to the existing sidewalk andTowr
sidewalks and curbs were newly constructed a year before in 29t6ving them would not be
economical or environmentally friendlyhe concrete base in this section is also thicker than the
rest of the streetccording to the coring repgReto MacCallum Ltd., 2015pPnce the asphalt was
milled off, the height from the bottom of the exiting concrete base was measured to the top of the
curb. As shown irFigure 4-2, the elevation difference wa&25mm.In theCi t y o f Hami | t
Public Works Department Standard Road Drawings-(RB) the specified curb heightis 150 mm.
In order to meet the specified curb height, the concrete overlay could only be a maxidtummof
(Pickd, et al., 2016) However, the minimum thickness of a concrete overlay according the
Harrington & Fick, 2007 is 100mm. Due to this restriction, it was recommended that a concrete
overlay with a thickness of 100mm be used angeotextile separation layesith a maximum
height of5bmm. The City of Hamiltonds standard specifi
curb being 120mnfPickel, et al., 2016)

Figure 4-2 Height from the bottom of existing concrete to top of curb (Section 1(Pickel,
etal., 2016)
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Thegeotextile thickness was about 3mm aredghied440 g/nt (13 oz/yd) (Pickel, et al.,
2016) It was recommended to use a white colouredwowmen geotextile to prevent the pavement
from becoming overheated, however only blackwoven geotextile was available. The
geotextile was recommended tofdaced and secured in plagéh nails once an even base surface
had been achieved through repairs. Beetion hadour catchbasins antivo manholes, the
isolation joints were desigdeaccording to ACPA, 2007. For the two manholes, seBigure4-3

below, a rectangular boxout with joints connecting to the corners of the rectangle.

Figure 4-3 Manhole detail for Section 1(Pickel, et al., 2016)

The driveways in section one protrude onto the roadway, sddgure4-4. Due to this specific
designand elevation limitations, the slope was recommendéé gawcut flush with the vertical
outside face of the curbnd the overlay elevation matched to the drivewdgwever, during
construction it wasleterminedhat no changes should be made to the drivewagighe concrete
would be poured to keep the original shape. Althoudghthe driveways on the north side of
Section 1, rubberized material was placed along the edge of the sidewalk to alloypdnsion

and contraction of concrete.
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Proposed Saw-cut

Figure 4-4 Proposed sawcut for extended driveways Section {Pickel, et al., 2016)

When designing joints for this sectidtarringtona d Fi ck6és A Gui de t o Co
Sustainable Solutions for Resurfacing and Re
maximum joint spacing of 1.8m (6ft). For transverse joints it is recommended to not exceed 1.5
times the thickness of the overlay inches. Therefore,the longitudinal joint spacing was
recommended to be 1.5nmowever, due to construction efficiency it was decided for the

longitudinal joints to be 2.1 m.

The transverse joints were chosen also as 1.5m to match the existing ayubi@mndketails.
It was recommended for the joints for curbs on the north side and south side align with each other,
to ensure minimal cracking. During construction it was determined that 1.5m apart longitudinal
joints separates the width of the road (8.5nto 5.6 rows which would be inconvenient to
measure. & construction efficiency it was decided for the longitudinal joints to be 2.1 m. This
allowed for the joints to be it rows and reduce the number of saws.Use of polypropylene
fibres were sugested for this mix due to thinner thickness and to prevent shrinkage crables.

4-2 below summarizes the design for the entire overlay.
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Table 4-2 Summary of unbonded overlay degini Section 1

Section 1 =lgonNeiEs Note:
Overlay
Separation Geotextile 440 g/ntweight
Layer
Overlay The thickness has been bdson the desig
Thicknesgmm) 105 assumptions from Harrington & Fick, 2014
Longitudinal jointscan be a maximum of 1.8
Spacingof for overlays in thickness less than 125mj
Longitudinal 2.1 Suggested 1.5m was not construction frien
Joints (m) Therefore the maximum spacing limit w
exceeded and 2.1m was selected
, Spacing to match | Maximum transverse spacing = 1.5 x over
Spacingof . o . . .
joints onexisting/new|{t hi ckness in inches
Transverse
Joints (m) curb and gutter, max|
@1.5
Saw cut denth Unbonded overlay Longitudinal and Transvers
P 35 joint depths should be one third of the over
(mm) .
thickness
Saw cut To eliminate the need for sealing
; 3
thickness (mm)
Concrete 32 MPa Exposure Class €2 0.9 kg/m3 fibrillated polypropylene
fibre s (mix 2)

4.2.2 Section 2i Hawkridge Ave. to Caledon Ave.

The condition of the curb and gutters in Section 2 waw pod needed to be newly
constructed. This allowed more flexibilifgr the thickness degn and type of separation layer,
unlike Section 1. When observing Section 2, the existing seemed to be the worst condition of all
three sections. There were more oty and loose granular material that needed compaction. Due
to the condition of the pavement, it was decided a thicker separation layer would be suitable.
Therefore, 25 mm layer of Hot Laid 3 (HL3) highability asphalt was selected to separate the

overlay from the existing paveme(Rickel, et al., 2016)

The minimum thickness of the overlay is suggested to be 100mm according to Harrington
and Fickbés fAGuide to Concrete Overl alitatingSust ai
Exi sting Pavementso. Wi th the oYbangR2amynthbei ng

sidewalk height was raised to ensure 150mm of difference of curb height from the bottom of the
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overlay to the top of the curb. To test the differendeehavio due tofibres and noffibres along

the street, Section 2 was selected not to have any polypropyiesse

There ardour manholes anébur catchbasins along Section 2, this section is in the lowest

point of elevationThis section was experiences meterm water flow than the rest of the street

due to the elevation. Saguts and joints were designed the same way as Sectiorallgn with

the new concrete curb at 1.5frable4-3 below summarizes the design for Section 2 ucleal

overlay.
Table 4-3 Summary of unbonded overlay desigfi Section 2
Section 2 SlomeEe Note:
Overlay

Separation Layer HL3 25mm HL3 Hot mix asphalt
Overlay 100 The thickness has been bdsn the design assumptiof
Thickness (mm) from Harrington & Fick, 2014
Spacinaof Longitudinal jointscan be a maximum of 1.8m for

pacingo overlays in thickness less than 125mm. Suggested 1
Longitudinal 2.1 ) : )

: was not construction friendly. Therefore the maximuy
Joints (m) e

spacng limit was exceeded and 2.1m was selected

Spacingof . L :
Transverse Joint 15 _I\/IaX|mgm transverse SE)acmg = 1.5 x overlay thlckpe
(m) in inches = 1.5 x 3.930
Saw cut depth 35 Unbonded overlay Longitudinal and Transverse joint
(mm) deptts should be one third of the overlay thickness
Saw cut - .
thickness (mm) 3 To eliminate the need for sealing
Concrete 32 MPa Exposure Class €, nofibres (mix 1)

4.2.3 Section 3i Caledon Ave. to Upper James St.

Similar to Section 2, the curb and gutteedel replacement for Section 3. Therefore, it

was also recommended to use asphalt as a separation layer; 25 mm layer of Hot Laid 3 (HL3) high

stability asphalt. Section 3 needed to

Furniture neding access for delivery truckBo ensure the street would be structurally capable for

traffic, high early strength mix was recommendé&de recommended minimum thickness was

be

also 100mm for the concrete overlay in Section 3 and the height of the gusterdjuated to

ensure 150mm height difference.
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With Section 2 and Section 3 having the same separation layer, it was recommended to use
polypropylene fibres for comparison with Section Polypropylendibres will be fibrillated and
to be added at a dosage0.9 kg/infas per the manuf ac(Piakel etrads r ec
2016) Three catchbasins atndo manholes were observed on Section 3, the catchbasins are at the
lower portion of the street. Similar to the rest of ttieed, the saveuts on the concrete overlay
would match new concrete cugaw-cut spacing.Table 4-4 below summarizes the design for

Section 3 unbonded overlay.

Table 4-4 Summary of unbonded overlay desigri Section 3

Section 3 SSETeEE Note:
Overlay
Separation Layer HL3 25 mm Hot mix asphalt layer
Overlay Thickness 100 The thickness has been bdon the design
(mm) assumptions from Harrington & Fick, 2014
Longitudinal jointscan be a maximum of 1.8m for
Spacingof overlays in thickness less than 125mm. Suggested
LongitudinalJoints 2.1 1.5m was not construction friendly. Therefore the
(m) maximum spacing limit was exceeded and 2.1m wj3
selected
Spacingof - L
Transverse Joints 15 Marl]x[mum transverse spacing = 1.5 x overlay B
(m) thickness in inches = 1
Saw cut depth Unbonded overlay Longitudinal and Transverse
P 35 joint depths should be one third of the overlay
(mm) :
thickness
(Srgm)cut thickness 3 To eliminate the need for sealing
Concrete 32MPa Exposure Class Q 0.9 kg/m“’ fibrillated polypropylene
fibre s (mix 3)

4.3 Concrete Overlay Design

Once the recommendations for each section were made, the final mixes were confirmed
andsubsequently supplidaly Lafarge IncTable4-5. Mix 1 without fibre was used in Section 2,
mix 2 with fibre was used in Section 1 and Section 3. Finally, mix 3 high early strength was only
used in Section 3. In fast track paving, use of f@gHy-strengthmixture allows traffic to open
within a few hours after concrete is placed. Hegrly-strength concrete on Jameston Ave. was

used to achieve a specified strength of PaNh 24 hours for half of section 3 due to truck traffic
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near the furniture store Alaxianand weekend church servicdhe remainder of Section 3 was
paved with mix 2Figure4-5 displays the plan view of Jameston Ave. with the mix design number

for each section.

Table 4-5 Final Mix Designsi Jameston Ave.

Mix Number (3 mixes submitted)

1

2

3

With F100 Fibres With F100 Fibres
Mix Code RMXC32M511X RMXC32M511X RMXN23225XY
Mix Description CITY 32MPA 20MM C2 CITY 32MPA 20MM C2 Ry 2478)
Structural Requirements -
g - CSA Exposure Class C2 C2 Cc2
PR Maximum W/CM Ratio (if Specified) 0.45 0.45 0.45
5 "N’ - Minimum Specified Strength 32 32 32
= : - Maximum Aggregate Size 20 20 20
3 8 - % SCM 25% Slag 0% Fly 25% Slag 0% Fly 0%
5 i Durability Requirements
w ol - Exposure to Sulphate Attack normal normal normal
2 @l -Akai Aggregate Reactivity normal normal normal
E - Other — BASF F100 FIBRE AT 0.9KG/M3 BASF F100 FIBRE AT 0.9KG/M3
~ JArchitectural Requirements
- Colour - - -
- Other - - -
Slump Range 75+/-25 75 4/-25 75 +/-25
g Plastic Air Range 5-8% 5-8% 5-8%
G o [StrengthiAge 32 /28 days 32 /28 days 32 /28 days
§ E (Other
EE S pecialty Information
8 - Initial Set (Delay, Normal, Accelerated) N N 20MPA @ 24HR
Method of Placement Razorback horizontal screed Razorback horizontal screed Razorback horizontal screed
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4.4 Instrumentation Implementation

To monitor the change in behavior of the overlay, strain gauges wsigndd to be
installed at the bottom of the overlay layer. This would validate the design of the overlay and
determine the main contributing factor for stress points; environmental or tfaéftective
cracking on composite pavements occur due to exeesnsile stresses underneath the concrete
layer. Strain sensors were placed underneath the overlay to monitor the strain readings in relation
to the cracks that may appear on the surface of the pavement.

The vibrating wire strain gauges were purchdsech Geokon Inc., model number 4202.
These are gauges that can be directly embedded into cofi@eketermine the strain in concrete,
a vibrating steel wire is tensioned between two blocks. When the concrete expands or contracts
due to various factorshé blocks move along with the steel wire. The change in this movement is
recorded as change in frequency of the weokon Inc., 2016) Along with the ability to
determine the strain of the concrete, these vibrating staigegahave a thermistor embedded

allowing a more accurate temperature reading.

Six strain gauges were installed along Jameston Ave. with 2 sensors in each section. In
Section 1, the instrumentation was designed to be in the right wheebfp#ik lane gaig
eastbound. In Section 2, the instrumentation was in the right wheel path of the lane going
westbound. Lastly, in Section 3, the instrumentation was in the right wheel path of the lane going
westbound. Belowrigure4-7 illustratesthe sensor locations on the street.

The sasors were placed longitudinal direction (parallel to the direction of traffid)
transverséperpendicular to the direction of traffity see the varying strain differendable4-6.
This method will allow a comparison between the different types of separation layer and their
impact. The strain gauges were approximately 15mm above the base of the separation layer. This
is to understand the most critical stress points at the battéhe section on a thin overlayhe

stepby-step installation of the strain gauges are provided below:

1. Prior to installation, theesistance of the strain gauge wires was checked using an

ohmmeter.
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2. The wires of the strain gauges were covered in bldagtip piping to prevent any
damages that may occur during installation on the field. Each sensor was labelled for
easier identification during installation.

3. On site, four holes per sensor was drilled, for Section 1, the underlying concrete was
drilled, and the geotextile was placed on top and cut to match the holes. For Section 2
and 3, holes were drilled into the asphalt separation layer.

4. Tapcon Concrete Anchors © were placed into the drilled holes and 15mm of Styrofoam
was cut into small squares.

5. TheStyrofoam was placed underneath the sensors and was fastened with a copper wire

and attached to the Tapcon Concrete AnchorsSi@yre4-6.

S il (Bl

Figure 4-6 Typical Vibrating Wire Strai n Gauge along Jameston Ave.

The strain gauges were placed on top of Styrofoam to remain at the lowest portion of the
concrete overlay. It was also done due to the overlays not having any reinforcement, this method
allowed the concrete to remain embeddeddncrete intact without touching the separation layer.
During paving it was crucial to ensure the instrumentation does not get damaged during paving,
or get moved due to any strong forces.dordination with the contractéine sensors were placed
diredly in front of the paver. The encased cables were run across the street through the PVC pipes
installed underneath the sidewalk towards thesubace mount box. The sensors were covered
with asmall amounof fresh concrete before the paver went ovgareaventany damages, seen in

Figure4-8.
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Figure 4-7 Instrumentation layout on Jameston Ave(Pickel, et al., 2016)
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Table 4-6 Orientation and location of Strain Gauges along Jameston Ave.

Section Strain Gauge Strain location Orientation
Number
1 S1EBO1 15mm above Transverse
geotextile layer
1 S1EBO02 15mm above Longitudinal
geotextile layer
2 S2EBO03 15mm above Longitudinal
asphalt layer
2 S2EB0O4 15mm above Transverse
asphalt layer
3 S3WBO05 15mm above Transverse
asphalt layer
3 S3wWB06 15mm above Longitudinal
asphalt layer

Figure 4-8 Typical sensos being covered using fresh concrete and cable running acros
the street
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4.4.1 Data Acquisition Center

In order to cokct the data from the gaugdsta loggeswereinstalled in a location where
it can be accessed by members of the CPATT t8ased on theverall design involving three
test sectionstwo separatsubsurface mount boxes were instalkedaccommodate data loggers
attached to the various gauges and sensbessensor wires from Section 1 and Section 2 run into
one subsurface mount bolocaied at the soutkast corner of Jameston Ave. and Hawkridge Ave.
The sensor wirefor Section 3 runs across the street towards a seartirface mount box
located at the soutbast corner of Jameston Ave. and Calefioa.

The idea of the data acquisit cente was to take the strain readings and temperature
readings hourly. The program was designed to take readings every 15 minutes for most of the day,
however during rush hour it was programeddoord measuremen&very 5 minutes and also
continue b record measuremengsery 15 minutes. Th&ystem observeid Figure4-9 was set up
in March 2017

Figure 4-9 Sub-surface mountbox with instrumentation box and datalogger

Batteies for the data loggers were replaced once @varynonths to prevent any loss of
data. Members of the CPATT team went out to the site and collected data using a portable laptop
through the software ALoggernet: Data Support
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Some of the chadhges faced with a subsurface mount box in Section 2 and Section 3 was
that theyare inthe lowest elevation point of the section, near a catch bEsimwas problematic
as there was heayyecipitationin Fall 2016 resulting iwaterpenetraing intothe instrumentation
box. To remove the water from the instrumentation box, a trench hole was dug to prevent water

from accumulating in the stdurface mount box and gravel was placed for drainage.

Figure 4-10 Trench hole and gravel to allow drainage of watef Section 1

The City of Hamilton created further trenches to direct the flow of water towards the
catchbasin on Hawkridge Ave. and Caledon Ave. Howewvegn attempt to solve the water
accumulation issy damage was caused to the vibrating wires resulting in missing data for 4
months. The screws for the subsurface mount box was also broken during thisheémdrating
wires were rewired and rebooted during the 4 months on a regular basis. The egltbohange
of battery in June had the sensors up and running.

4.5 Construction Timeline

During the week of August 2nd, the sidewalks on section 2 and 3 were removed due to
major deterioration, formwork was set up for the new sidewalks. The curb at easbatiter wa
also newly constructed for Section 2 andChce the assessment for all three sections were
completed, the entire street was washed and swept with a mechanical dvigeedr11. All the
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excess debris were removedPATT members conducted LWD and SurPRO testing on the
existing concrete and finalized the instrumentation location on all three sections. Location for the

subsurface mount box and sensors were spray painted.

Figure 4-11 Washing and Sweeping on Jameston Ave.

For the week of August™® 2016temperaturein the City of Hamilton almost rose
high of33¢€ and a heat warning was issy&svironment Canada, 201@)ue to the he#i risks
associated with the heat warning as welpagential for rapid curingnd drying out ofeady
mixed concrete concrete pavingvas postponed to the following week. However, sidewalk
construction continued, concrete was pouwedAugust 9, 2016 a joint spacing of 1.5m and a
height of 120mm. PVC pipes for the instrumentation were placed before concrete was poured to
allow wires from the sensors to run past the sidewalk and intaubiseigace mount box location
Figure4-12.
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Figure 4-12 PVC pipe below sidewalk for instrumentation

On August 18, 2016 concrete paving on Jameston Ave. begamstruction began at
8:00am Black geotextile was placed along tBection1 as theseparation layer, geotextile was

laid through the intersection to the beginningsettion2, Figure4-13.

Figure 4-13 Placement of geotextile on Section 1

The geotextile wasut out at manhole and catch basin locations and along the sidewalk to
accommodate the extended driveways, seéigare4-14. The geotextile was not attached to the
underlying concretegpavementtherefore it moved out of place wheconstruction vehicles
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including concretetrucks traveled along the section. The movement due to vehicles also caused

tears on the geotextile along the section.

Figure 4-14 Geotextile cutout for manholesand catchbasins

Since the overlay on Jameston Ave. was to be unbonded, not many repairs on the existing
concrete base was made therefore the galatdrok the shape of deformities along the road.
Section 1 was a mixture with9 kg/nt fibrillated polypropylendibres. The first mixing truck that
arrived on site did not meet the 75+25mstamprequirement and was rejected, the subsequent
trucks on ge passed slump and air void requirements. A razorback was usedifg fedlowed
by a transverse broofimish, Figure4-15.

Figure 4-15 Razorback horizontal screed and broom finish
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To ensure the geotextile was uniform along the road, a worker oversaw smoothing out the
layer as theoncrete was being poured. The paving was slow due to the razorback being reversed,
once corrected progress was made. A wiptgmented curing compound was sprayed
subsequently following the broom finish. This white compogndtected the concrete from
excessive evaporatioas well as refleetd sun's rays to keep the concrete cooleraedentheat
buildup. It allows the applicator twisibly see whether the proper concrete coverage had been
achievedBest application practice for the curing compoundnedgollowed, many patchesong

the section were visible seenkigure4-16

Figure 4-16 Uneven placement of curing compound

Paving concluded at 5:00 pm on August 15th and goeany butt joint was constructed,
paving stopped at about 2/3 of the section length away from the intersection. Using a compact
roller, 25mm of HMA was placed as the second separation layer from 2 to the Sactioh 3,
paving of HMA sarted at 11:00aran Augustl5" Figure4-17.
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Figure 4-17 Placement of HMA separation layer

The asphalt separation layer was crowned to the existing crafs?8l To prevent early
cracking, soffcut of concrete began hours after paving. Joint spacing in Section 1 between
West %' St. and Hawkridge Ave. viad, 30 m transverse joint spacing before the first set of
manholes on Jameston Ave. and 1.5m spacing after the manhole thedrégnainder of Jameston

Ave seerin Figure4-18.
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Figure 4-18 Transverse and longitudinal joint spacing
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CPATT members conducted slump and air void ngsthroughout the day and cast
cylinders for compressive and tensile testingaccordance with OPSSurpro testing on the

asphalt separation layer and set up of sensor locations were also completed.

Due to extreme heat alert issued on August 16th, etsmevas not poured. Construction
continued August 17th at 7:30am. The first set of vibrating wire gages were inbigliee4-19,
paving continued from the end of Section 1 through the intersection of Jameston Ave and
Hawkridge Ave. A new batch of concrete containing polypropylenefibres were sent to the
construction site for the beginning of section 2. Once paving started, the second pair of vibrating

wires were placed in Section 2

Figure 4-19 Installation of vibrating wire strain gauges (Section 1)

As paving continued for the rest of the section, like section 1, ccwmgoundvas applied
and soff cutting began-8 hours latelin accordance with OPSEPATT members condued
slump and air void tests as well as casted cylinders for compressive and tensile testing. Paving
stopped on the 17at 5:30pm abou80m away from theCaledonAve. However soff cutting
continued later it that eveningof August 17", 2016,Figure4-20.
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The final day of paving began on August"& 7:30am, the no polypropylene mix was
continued from Section 2 through the intersection of Jameston Ave and Caledon Ave.
Polypropylendibres were used again f@ection 3, the last set of sensors were installed by the
CPATT members. Paving continued Section 3 until thdirst driveway for the New Testament
Baptist Chuch, once reaching theeginning of the driveway theirwas switched to a high early
strength concrete with polypropylefieres Figure4-21.

Figure 4-20 Soff-cutting of longitudinal and transverse joints

Figure 4-21 Use of high early stremth concrete on Section 3
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Similar toSection 1 and 2, CPATT members conducted slump and air void tests and casted
cylinders for compressive and indirect tensile strength testing. The concrete was cured as well as
soff cutting began similarly to the othsections. Paving completed on August 18th at 5:30pm,

however soff cutting continued.

On August 19th, paving on Hawkridge Ave. and Caledon Ave. was completed to create
the transition from the concret@erlayon Jameston Ave to the adjoining streets. Ogusti 20th,
the manholes and catch basin were placed, as omtirete poured in the box outs (Figure 22).

Lastly, the sulsurface mount boxes were installed.

Figure 4-22 Concrete Poured in boxouts
4.6 FreshProperties

During construction, various tests and observations were made to ensure the concrete was
in suitable condition to be opened to the public avill perform well. Initial pavement
assessments were conducted to document any early crackingress#ist Air void and slump
tests were done to ensure the construction process and quality of concrete was satisfactory.
Compressive and indirect tensile strength tests were completed in the CPATT lab at 3, 7 and 28

days. SurPRO profiling test was done thwe various layers of the pavement to monitor the

64



thickness as well as the indirect roughness index (IR1). The British Pendulum Friction test as well

as T2GO test were conducted to ensure the initial friction of Jameston Ave. was satisfactory.
4.6.1 Air Content

It is crucial to maintain the quality of materials during construction; therefore, air content
and slump of theeadymixedconcrete was frequently tested. The air content was measured using
the pressure metho@€EA A23.24C), where the applied pressurengpresses the air within the
concrete sample, including the poresagiregateFigure4-23. Too much air can decrease the
density and increase workability. Variations in air content can be expected with variations in
aggregate mportions and gradations, mixing time, temperature, and slump. Consistency in
batching is needed to maintain adequate control. Therefore, it was crucial to maintain the air
content range between83% for this mix. The resistance of hardened concrete &zifrg and

thawing in moist condition is significantly improved using entrained air.

Figure 4-23 Pressure method testing on Jameston Ave.

4.6.2 Slump Test

The slump test is the most generally accepted methatitageeasure the consistency of
concrete and it was tested usib§A A23.25C. The concrete was placed into the conical mould

in three separate layeand rodded 25 time#\ high slump value is indicative of a more fluid
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concrete. Air content can also rease as slump increases; therefore, it was crucial tuamathe
slump between 75+25mm as seerFggure4-24. The slump and air content for each section was

also collected by Lafarge

Figure 4-24 Conducting slump test on Jameston Ave.

Table 4-7 through toTable 4-9 below outlines the air contenhé slump for all three
sectionsjn truck numbers marked with * indicate higdarly strength concrete miased on the
numbers displayed the slump and air content percentage were maintasgaeviously
mentioned, fyh-early stength concrete mix was used to open up Section 3 earlier as the furniture

store and church needed acdesthe driveways.

Table 4-7 Slump and air content of truck load on Section 1

Truck Slump (mm) [ Air Content Concrete [Air Te
Number (%) Temp

1 80 7.8 26 18

2 90 6 26 20

3 85 6.4 27 24

4 90 6.4 28 25

5 90 7.2 27 25
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Table 4-8 Slump and air content of truck load on Section 2

Truck Slump (mm) Air Content Concrete | Ai r Ten
Number (%) Temp U
1 100 23 20
2 85 24 20
3 80 5.8 26 20
4 100 7 26 22
5 85 6.4 27 24
6 115 6.3 25 25
7 115 7.6 25 27
8 95 7.0 26 28
9 90 6.6 26 28
10 120 7.0 25 28
11 100 6.8 25 27
12 100 6.6 25 28
Table 4-9 Slump and air content of truck load on Section 3
Truck Slump (mm) Air Content Concrete [ Ai r Te
Number (%) Temp U

1 80 6 25 20

2 90 6.2 24 21

3 100 6.2 25 21

4 90 6.5 25 23

5 70 6.8 24 26

6 90 7.5 25 27

7 80 7.2 25 26

8 95 5.8 25 27

o* 105 6.5 25 27

10* 110 6.8 23 27

11* 135 6.8 23 27

12* 100 6.0 23 27

13* 115 7.0 23 27
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4.7 Hardened Properties

Compressive strength anddiirect tensile strength tests determiine hardened properties
of concrete. Using the test results the stremdtthe concretean be monitored. In the case of
pavement design it is crucial to test the cosspive andensile strength of the concrete; it is an
indication of when the road is safe enough to be opened to the public. The testing was completed
every 3, 7 and 28 days to ensure proper hydration of contretesections below further discuss

the praedure that was followed and analysis of test results.
4.7.1 Compressive Strength and IaDirect Tensile Strength

Premoulded specimens for field and laboratory strength testing was made and cured in
accordance witlcSA A23.23C. Using cylinders of 100 x 200 mrabout 40 were cast each day
of construction. Since the slump was greater than 40mm, the test cylinders were rodded and filled
in three equal layers. The strength of the test specimen can be greatly affected by changes in
temperature, exposure to dryingdgjostling. Therefore, to ensure minimum changes, they were
cast in coolers and placed on even surface to prevent subsequent movement. The samples were
then brought into the CPATT lab after 24 hours anchdelded. They were placed in moist curing
room inaccordance t€SA A23.23C. All test specimen was end ground to ensi@iracyseen
in Figure4-25.

Figure 4-25 End grinding of concrete cylinders
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Compressive and Splitting msile Strength tests were conducted @8A A23.29C and
13CrespectivelyThe concrete cylinders were tested at 3 days, 7 days and 28 days after casting.
Based on the testing conducted in the CPATT lab it was found that the average of all compressive
strength tests was equal or exceeded the specifi@hf&trength, which was to be at least M
The 3day testing was done to determine if the road could be opened and withstand traffic;

compressive strength of 13M4 The Zday cylinders monitor early gingth gain.

All three mixtures performed well, the mixture f8ection 3 with higkearly strength
concrete and polypropyletiéres had the highest average compressive strength for all three days
of testing. The mixture iBection2 with no-fibre, had thdowest compressive strength as expected.
The addition offibres is known to add reinforcement and strength to the concrete. The average

compressive strength results for all three sections can bénséiguire4-26.

Tensile stragth is also an important property to determine as concrete is known be highly
vulnerable to tensile cracking. The polypropyléibees were added into the mixtures to aid in the
strength of concrete. However, based on the testing conducted, it seemixtinag in Section 2
without fibre had the highest tensile strength at 28 days, this may require further investigation.
However, mix inSection 3 for the high early strength withre, is the highest for both 3 days and
7 days in comparison to the otheixes as expected. The average tensile strength can be seen in
belowin Figure4-27. The mixture performed well based on the observations made from the split
cylinder samples, on one side seems to be rough while the other sidegrassions indating

the aggregate strong,Figure4-28.
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Figure 4-26 Average compressive strength for Section-3
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Figure 4-27 Average indirect tensile strength for Section 13
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Figure 4-28 Split cylinder after tensile testing

4.8 Chapter Summary

1 Visual inspection of the underlying concrete was examined once the asyealivas
milled off. From the inspection it was found that tendition of the base was poor and
had experienced a lot of longitudinal and transverse cracks.

1 Based on the visual inspection, it was determined that an unbonded overlay would be the
best salition for Jameston Ave. Each section was designed according to guidelines.

1 Section 1 was designed to use a geotextile separation layer due to curb and sidewalk height
limitations. In order to meet the City of Hamilton's guidelines, the separation lay¢o ha
be thinner as well as the thickness of the overlay. Use of polypropyleneiibeld be
used as reinforcement for the overlay.

1 Section 2 was designed to use an asygggdaration layer. The curb and sidewalk needed
to be reconstructed allowing these of thicker separation layer and concrete overlay,
polypropylene fibers were not used for this section.

1 Section 3 was designed to also use an asphalt separation layer the design of the overlay
was very similar to Section 2. However, fibers were usedsémtion 3 and higlearly

strength mix used for the second half of Section 3.
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Challenges were experiencddring placement of the geotextile and use of a horizontal
razorback screed. Proper practice ofagprg curing compound should be followémt
futureprojects. The concrete should be cut withit Bours afteplacement to ensure clean
sawcuts.

Two vibrating wire sensors were placed per section, one longitudinally and one transverse
to better understand the behaviour of the concrete.

Fresh and haraed concrete properties indicated the overlay to be behaving #imve
minimum requirementTest results from-flay compressive aneénsile strength allowed

the street to be opened to the public.

Visual inspection conducted immediately after constructmmwed the street to be free of
distresses.A transverse crack has been noted in Section one, protruding from one of the

catch basingrigure4-29.

Figure 4-29 Transverse crack inSection 1 close to catchbasin
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5 Unbonded Concrete OverlayEvaluation

Once the road was constructed the street was assessed various times of the year to monitor
performance. Before the road was opened for traffic,-destructive tests such as British
Perdulum, T2Go and SurPRO. A year after the street was opened to the traffic, FWD, SurPRO,
British Pendulum and T2GO were conducted again compare any noticeable changes within the
year. Sensor data that was collected throughout the year was analyzed.visasilycondition

was done on the pavement to validate pavement design.
5.1 Vibrating Wire Strain Gauges Evaluation

As previously mentioned in Chapter 3, the data was collected in an hourly basis throughout
the course of eight months. The vibrating strainggaucollected the raw stress values and the
concrete temperatur8ensors S1IEBO$1EBO4 did not function for about three months between
April to July. This was due to drainage issues where water was accumulating in the subsurface
mount box, in an attempo fix the water issues, damages were made to the sensor wires causing
no collection of data during that period. The sensors were fixed again in July and began to collect
normally, with another outage in m#sligust to beginning of September. The semaoecurrently
functioningvery well. Sensors S3WBO05 and S3WBO06 also experienced the same outage however,
they were able to be fixed at a much earlier date, no data was recorded between end of April to

beginning of June, they have not experienced any outages s

Quality control check was completed each time the data was downloaded from the
dataloggerThe initial strain values were recorded and used as the baseline to determine the strain
of the concrete. To determine thetual strain of concrete, the measuent and correction for
temperature effects were considered. Ushapkon Inc, 2016 instrumentation manual, the actual
strain of concrete was calculatesing Eq. (41). The concrete is restrained which only allows the
vibrating wire to expand, if the oarete was free the coefficient of expansion of concrete would

be used as well.

Where:
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