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SUMMARY

The most common type of pavement rehabilitation is the asphdt concrete (AC) overlay. An
underganding of the factors affecting the long-term performance of overlays should endgble
pavement engineers to build overlays with longer service lives. Origind pavement conditions,
overlay thickness, mix properties, traffic characteristics, and weather conditions can dl affect the
long-term performance of AC overlays. There are some models that were developed to evauate
the performance of the overlay. One of these modds, by Haek et d, was developed to predict
the sarvice life of the overlay tha are condructed in Ontario. Hgek et d recommended updating
this modd usng new data that would be avalable later. In 1989, the Canadian Long-Term
Pavement Performance (C-LTPP) project was established with a man objective of identifying
the best procedure for pavement rehabilitation. Overlays with different characterigics were
congtructed over the existing pavement and their surface conditions were monitored.

The objectives of this sudy are; to investigate the effect of AC overlay thickness and mix type
[virgin vs recyded] on long-term peformance by usng the data available in C-LTPP, and to
evauate the results produced from applying Hajek et d modd on Ontario test sections available
in C-LTPP. The daa in the C-LTPP database were used to develop mathematicad models
correating the expected service life of the overlay to its thickness and mix types. These models
suggedted that thickness and mix type might have limited effect on the expected service life
under specific conditions. Therefore, pavement engineers must exercise a high degree of caution
to sdect the most cod-effective overlay rehabilitation technique. More data over longer periods
of time are needed to establish more accurate modds predicting the service life of a new overlay.
Also, the expected sarvice life of Ontario overlays were cdculated by Haek modd and the
developed models. It was found that there are some differences between the results of Hgek et d
mode and the results of the models developed in this sudy. The causes of these variations were
discussed in this report and it is recommended to re-evauate the accuracy of these modds later
after monitoring the actud sarvice life of the overlaysin thefidd.



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

1. INTRODUCTION

Asphat concrete (AC) overlay is one of the most common techniques of pavement rehabilitation.
Rapid deterioration of this type of rehabilitation is one of the biggest problems that face highway
engineers. The actud sarvice life for most overlays is usudly consderably less than the expected
design life. Consequently, an additiond budget will be required to bring these roads back to an
acceptable level of servicesbility. On the other hand, a good understanding of the factors
afecting the long-term performance of overlays should enable pavement engineers to desgn and
condruct overlays with longer service lives s0 tha the tota cost of mantenance work would
decrease.

There are many factors that can affect the long-term performance and rate of deterioration of AC
overlays. Among these factors are the origind pavement conditions, overlay thickness, mix
properties, traffic characterigtics, and weether conditions. In 1987, Haek e d [1] investigated
some of these factors by analysng data collected from Ontario roads to develop a mathematical
mode that can predict the design life of the overlay. The variables consdered in this mode were
the overlay thickness, equivdent sngle axle load (ESAL), petching works in the origind
pavement prior to the overlay, and the sarvice life of the origind pavement. However, due to the
limitations imposed by the data avalable while cregting this modd, the authors recommended
updating this mode using new data that would be available later.

In 1987, the Canadian Strategic Highway Research Program (C-SHRP) was initiated. The man
objectives of this project are to study the long-term pavement performance of Canadian roads
and trandfer the technology developed through the US-SHRP. In 1989, the Canadian Long-Term
Pavement Performance (C-LTPP) project was established as part of GSHRP. This project was
designed to dlow a comparison of the performance of different types of overlay rehabilitation
with respect to the overlay characteristics. The overdl god of this project has been dtated as to
increese  pavement life through the development of cod-effective pavement rehabilitation
procedures, based upon a systematic observation of in-service pavement performance [2].

2. PROJECT OBJECTIVES

The man objectives of this sudy are to investigate the effect of the overlay thickness and the
overlay mix type [virgin AC versus recycled AC] on the performance of the overlay, to evduate
the accuracy of Hgek e d modd in predicting the service life of the overlays. Thus, the results
of this sudy can hdp in sdecting the most gppropriate materia and thickness to be used in the
rehabilitation process usng AC overlay. The sections that are available in the GLTPP database
were classfied into seven different groups according to their environmental conditions, subgrade
type, and treffic leve. The data from C-LTPP database were andysed to determine the leve of
sarvicegbility for each section under study. Based on the outcome of this anadyss, a st of
mathematicd modds was developed to rdate the level of servicesbility for each group of
sections to the type and thickness of the overlay, the age of origind pavement before
condructing overlay, and the drength of origind pavement cross section. These developed
models were used in order to predict the expected surface life for the sections under study. Then

1
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Haek et d model was used to predict the expected service life for Ontario sections under study.
Findly, a comparison between the results of Hgek modd and the results of the developed
models for Ontario sections was carried out.

The report is divided into four parts; the first part gives a brief description of the GLTPP project.
The second part presents the technique used in this study to predict the level of serviceshility of
the overlay. The third pat describes the data collection and andlyss, while the fourth part
presents the summary and conclusions.

3. CANADIAN LONG-TERM PAVEMENT PERFORMANCE PROJECT

As mentioned before, the GLTPP project was established in 1989 as part of GSHRP. The main
objective of this project is to develop cost-effective overlay rehabilitation techniques (to increase
the sarvice life of the asphalt concrete pavement) based on monitoring the actud performance of
the pavement in the fidd [2]. Through the C-LTPP project, twenty-four test stes on the mgor
provincid highway sysem across Canada were established by congructing AC overlays with
different thicknesses and mix types over the exiding pavement. The peformance of these
overlays has been monitored from the time of congruction to date. These test Stes were divided
into gxty-five sections, where each test Ste has between two to four adjacent sections. The
reason for using adjacent sections is to neutrdise the effect of other factors (subgrade, climate,
traffic, etc) on the comparison of the performance of the different types of overlay [2]. Table 1
illugtrates the rehabilitation drategies for GLTPP project and Table 2 illustrates GLTPP test Ste
locations.

Table 1. C-LTPP Rehabilitation Strategies

Experiment Experiment Description Number
Type Code of Sites
1 - Peaformance comparison of overlay thickness (HMAC*)- Two 14
adjacent test sections.

2 - Peaformance comparison of overlay thickness (RAP**)- Two 0
adjacent test sections.

3 - Peformance comparison of overlay materid type, HMAC vs. 0
RAP - Two adjacent test sections.

4 - Peformance comparison of overlay thickness (HMAC)- Three 2
adjacent test sections.

5 - Peformance comparison of overlay additive or mix property 1
varidion - Two adjacent test sections.

6 - Combination of experiments 1, 2, and 3 2

7 - Combination of experiments 1 and 3 1

8 - Combination of experiments 1, 3, and 5 2

9 - Combination of experiments 1 and 5 2

Total 24

* Hot Mix Asphalt Concrete
** Recycled Asphalt Pavement
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Table2. C-LTPP Test Sites L ocations

Province C-SHRP No. of Experiment
ID sections Type Code
Alberta 810404
British Columbia 820205
820502
820605
Manitoba 830403
830801
New Brunswick 840101
840204
840604
Newfoundland 850201
850206
850601
Nova Scotia 860501
860603
Ontario 870102
870504
870505
870701
Prince Edward Idand 880203
Quebec 890503
890702
Saskatchewan 900402
900802
900803
Tota 24 test Stes | 65 sections

AN

(SIIAIEN] ENIEN N [ N ENTTES] FRIEA] DSTENTEN] FENT TR EN TS DTSN
A e B e R G E ) R R R IR R I )

The main factors that can affect the performance of the overlay that were included in the GLTPP
can be summarised as follows:

- Overlay materid: two materid types are used - virgin mix and recycled mix.
- Ovelay thickness: overlay thickness is classfied into three groups - 30-60 mm, 60-100 mm,
and 100-185 mm.

- Climatic condition; dimatic conditions a the tes dtes are clasdfied into three classes - wet
low-freeze, wet high-freeze, and dry high-freeze.

- Subgrade: two types of subgrade materid are included - fine and coarse subgrade.
- Trafic: two treffic levels are included - low and high.

Table 3illustrates the main characteristics of each section.
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Table 3. C-LTPP Sections Classified by climatic zone, subgrade type, traffic level, overlay material, and overlay thickness

Moisiure, Freezing Index and Subgrade

Traffic Overlgy O_verlay Wet Dry
Materia Thickness Low Freeze High Freeze High Freeze
Fine Subgrade Coarse Subgrade | Fine Subgrade | Coarse Subgrade Fine Subgrade
30-60 mm 8104044
Recydled 60-100 mm 8104043
AC 100-185 mm 8205021
8205022
8705054
30-60 mm 8206051 8202051 | 8802031 8707011
Low 8701022 8606033 | 8802033
60-100 mm 8206052 8202052 | 8506012
Virgin 8701021 8402042 | 8606031
AC 8705051 8502012 | 8606032
8705052 8502062 | 8802034
100-185 mm 8402041 | 8506011 8707012 8104041
8502011 | 8802032 8304031
8502061 9004021
30-60 mm 8104042 | 8304033
Recycled 8304032 | 9004022
AC 60-100 mm 8401013
100-185 mm 8401012 | 8406041
High 30-60 mm 8605011 8406043 | 8705041 8907021 8905031 9008021
8605013 8406044 8905032
Virgin 60-100 mm 8605012 8406042 | 8705042 8907022 8905034 9008022
AC 100-185 mm 8401011 8905033 8308013 | 9008031
8308014 | 9008032
9008023




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

4. PAVEMENT EVALUATION

There are four criteriathat can be used for the pavement evauation process [3]:
- Pavement roughness (rideshility).

- Pavement distress (surface condition).

- Pavement deflection (structurd failure).

- Skid resstance (safety).

Using these criteria, the concept of Present Serviceability Index (PSl) was presented to correlate
the qudity of the pavement to the road roughness, cracking, petching, and rutting [4]. The
minimum vaue for PSl is zero, which corresponds to a very poor pavement, and its maximum
vaue is 5, which corresponds to a very good pavement. Practicdly, the maximum vaue for PS
that can be actudly achieved in the fidd is approximatdy 4.5, which is reached directly after the
initid condruction. On the other hand, the minimum limit for PSI should not be dlowed to drop
bedow 25 for mgor roads and 20 for minor roads. Beyond these limits, rehabilitation or
recongtruction works should be applied to bring these roads back to an acceptable level of
sarvicegbility. The typicd rdationship between PSl and pavement age (or accumulated traffic)
can be presented graphicdly as shown in Figure 1 [3].

PSI A
Pi
c
i)
S =
z g
= h
P
|
Time or Traffic

Figure 1. Pavement Life Cycle.

As shown in the figure, the maximum vadue of PS (referred to as initid serviceshbility index, pi)
is achieved directly after the initid condruction. This vaue then decreases gradudly with time
and the rate of reduction of PS aso incresses with time. When PS reaches its minimum
acceptable level (referred to as termina serviceability index, p;, and its vdue is usudly 2.5 for
magor roads and 2.0 for minor roads), mgor maintenance work (rehabilitation) should be applied
to increase PSI again to an acceptable level. After the rehabilitation, PSI decreases again with
time. If, after a number of rehabilitation cycles, the rate of deterioration of PSl is so high that the
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benefits of the rehabilitation process are too smdl rdative to its cost, a recongtruction should
take place as an economical solution.

The origind equation for determining the PSI was developed based on the data of the AASHTO
Road test, and can be expressed in metric units as follows [4,5]:

PS =5.03- 1.91og (1+ SV)- 0.01(C +P)° - 0.002139 RD* @)
where:
PS = Present Serviceability Index,
SV =dopevariance,
C = cracksin m per 1000 nt area,
P = hituminous patching in n? per 1000 Y area, and

RD = rut depth in mm (both whed tracks) measured with a 1.2-m sraightedge.

However, previous studies that were carried out using the data from the AASHTO Road test
showed that the pavement roughness could contribute about 95 percent in describing the
servicegbility level of the pavement [5]. Therefore, another formula was developed by Al-Omari
[6] to predict the PSI as afunction of the International Roughness Index (IRI) asfollows:

PS — 5e(0.26IRI ) (2)

5. DATA COLLECTION AND ANALYSIS

5.1 Data Collection

Out of the totd 24 test Stes with 65 sections in the GLTPP project, the data that are available for
edablishing the relationship between PS of an overlay and its characteristics (thickness and mix
type) are for 17 test Sites with 42 sections. As shown in Table 4, the test Sites and sections cover
dl Canadian regions and nearly al the provinces. The sections dso cover dl the parameters
addressed in the C-LTPP project that can affect the overlay performance. These parameters
include overlay characteristics, which are thickness and mix type (virgin mix vs recycled mix),
as wdl as fidd conditions, which are treffic leve, environmenta conditions, and subgrade type.
However, the data collected on these Sites and sections had to be checked againgt irregularities
that may have been introduced during collection or documentation.

To examine the avalable sites and sections agangt possble data irregularities, the trend of PS
versus time was examined on dl avalable sections. A linear regresson equation between PSI
(based on the collected data of IRI) and time for each section was established. The sole objective
of this linear regresson was to separate the sections that exhibit the trend of incressing PSI with
time due to possible data irregularities. This step should not be confused with the modeling of
PSl, where the relationship is more accurately moddled as a curve as shown in Figure 1. The
developed linear relationship between PSl and time was found to have a podtive dope on seven
sections, indicating that the pavement servicesability increases with time (see for example Section
3 in Figure 2). As such a trend is counter-intuitive and violaes the concept of PSl, it must have
resulted from data irregularities on the associated sections. As a result, the sections that displayed
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this trend were excluded from this study. Subsequently, a tota number of 16 dtes with 35
sections were used for anayds in this sudy. Figures B-1 to B-42 in gopendix B illudrate the
trend of PS versustime for al the sections under study.

Table 4. Selected Test Sites

Province C-SHRPID No. of sections
Alberta 810404 4
» . 820205 2
British Columbia 590605 >
Manitoba 830801 4
) 840101 3
New Brunswick 810204 >
850201 2
Newfoundland 850206 2
850601 2
870102 2
Ontario 870504 2
870701 2
Prince Edward Idand 880203 4
Quebec 890702 2
900402 2
Saskatchewan 900802 3
900803 2
Total 17 test Sites 42 sections
3.75
3.70 :: .
[ ] °
3.65 e~
6 * = —
he] L ie— & e °
§3.60 ~< T ea L * m  Sec. 1
% 355 . =~ - \'~-;- . ® Sec.2
o A A \A: ~ A Sec. 3
g 3.50 - ° Sec. 4
g Linear (Sec. 1)
g 3.45 . S~ == -Lfnear (Sec. 2)
(7} [ ] — - -Linear (Sec. 3)
g 3.40 \\\ — — Linear (Sec. 4)
[ ]
3.35 \l\
3.30

1988 1990 1992 1994 1996 1998 2000

Years

Figure 2. Example of examining thetrend of PSl with timefor Site 810404
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It should be noted that dthough this prdiminary andyss, as well as the andyss presented in the
following sections, was based on Equation 2 that uses the IRI data, both models in Equations 1
and 2 were tried. As mentioned earlier, the data required to calculate the PSI usng Equation 1
are dope variance, cracks in meter per 1000 mMi area, hituminous patching in n? per 1000 n?
area and rut depth in mm (both whed tracks) measured with a 1.2-m draightedge. All these data
can be calculated based on the information avallable in the GLTPP database. On the other hand,
only the value of the IRI is required to caculate the PS wsng Equation 2. The data of the IRI are
avalable directly in C-LTTP database for both the outer whed path (OWP) and the inner whed

path (IWP).

However, it was noted that some of the PSl values estimated usng Equation 1 were unredidtic.
For example, the vaues of PS immediately after rehabilitation for some sections were found to
be less than 2.5, which is not logicd. These unredistic values may have resulted from inaccurate
measurements for the types of pavement distress that were used as input data in Equation 1 or
from unsuitability of Equation 1 under the conditions of test Stes and sections. On the other
hand, the PS vaues that were estimated usng Equation 2 were found to be more redidic.
Consequently, the PSI vaues obtained using Equation 2 were used in the further stages of this
study. Tables A1 to 42 in appendix A summarises the IRI vaues for each section under study as
well asthe caculated values of PSI using equation 2.

5.2 Factor s Affecting Overlay Performance

As mentioned before, dl sections in the C-LTPP project, including those sdected in this study,
ae cdasdfied according to five main factors. These factors are climatic conditions, subgrade
type, treffic level, overlay materid, and overlay thickness. In addition to the previous factors,
two more factors can be extracted from the C-LTPP database, which are the strength of the
origind pavement structure and the age of the pavement layer before congtructing the overlay.

The drength of the origind pavement dructure before overlay can be cdculated usng the
Asphdt Inditute converson factors (AICF). These factors, shown in Table 5 are used to
determine the equivdent asphat concrete thickness corresponding to each layer in the pavement
structure (base, subbase, cracked AC layer before rehabilitation) [5]. The summétion of dl these
thicknesses can be used as an indication of the strength of the origina pavement dructure. Table
6 summarises the characteridtics of each section used in this sudy based on dl the factors
discussed above.

Table 5. Asphalt Institute Conversion Factors.

Materia Type Equivaency Factors
Asphalt Materials
1-cm AC (uncracked, little deformation in the whed paths) 0.9-1.0cmAC
1-cm AC (fine cracking, dight deformation, stable) 0.7-09cmAC
1-cm AC (appreciable cracking and crack patterns) 0.5-0.7cmAC
Unbound Granular
1-cm Granular base or subbase (CBR > 20, Pl £ 6) 0.1cmAC
[-cm Granular base or subbase (CBR > 20, Pl > 6) 0.2cmAC

AC = asphalt concrete: CBR = California Bearina Ratio: Pl = Plasticitv Index
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Table 6. Characteristics of Selected Test Sections.

Province C-SHRP| Sec. | Trdfic | TH M Environmentd | Subgrade| EQTH| SLIFE
ID No.| Leve | (mm) Conditions (mm) | (year)
1 61.0 | virgin 134.4
Alberta 810404 | 2 low [103.0( virgin | dry-highfreeze fine 136.2| 13
3 94.0 | recycled 141.6
British 1 42.0 | wvirgin 142.6
Columbia 820205 5 low 83.0 | virgn wet-low freeze | coarse 1396 13
1 185.0| recycled 126.1
. 2 . 103.3| recycled , , 132.5
Manitoba 830801 3 high 1260 virgn dry-highfreeze | fine 1965 18
4 170.0| wvirgin 130.5
N 840101 | 3 high | 87.0 | recycled | wet-low freeze | coarse |171.8| 14
ew 1 1140 virgn 110.0
Brunswick : - :
840204 > low 880 | virgn wet-low freeze | coarse 113.0 14
850201 | 2 low | 73.0 | virgn | wet-low freeze | coarse |163.2| 24
1 106.0| virgin 187.2
Il;lr%vfound 850206 5 low 630 | virgn wet-low freeze | coarse 1878 25
1 122.0| virgin 221.2
850601 5 low 72.0 | virgn wet-low freeze | coarse 5542 29
1 94.5 | wvirgn , 195.1
870102 5 low 262 | virgn wet-low freeze | fine 1051 22
. 1 . 31.0 | virgn 293.9
Ontario 870504 5 high 613 | virgn wet-low freeze | coarse 5847 14
1 425 | virgin wet-high , 294.6
810701 = 1oW 5601 virgn freeze it Zoag| 23
Prince 1 51.0 | virgin 83.6
Edward 880203 2 low 109.0 IIN | wet-low freeze | coarse 782 11
Idand 3 51.0 | wvirgn 109.4
4 99.0 | virgin 113.0
1 . 44.0 | virgn wet-high , 293.2
Quebec | 890702 —— hoh = —an freeze fire 1—og2] 3
900402 | 1 low | 86.3 | virgn | dry-highfreeze| fire 770 | 26
1 545 | virgin 99.2
Saskatchew | 900802 | 2 high | 66.7 | virgn | dry-highfreeze | fire 956 | 21
an 3 104.3| virgin 93.2
1 . 157.5| wvirgin , , 67
hi -high f f
900803 > gh 107.6] virgn dry-high freeze ine &7 5

TH = overlay thickness, EQTH = equivaent thickness of the origind pavement, SLIFE = service
life of the origind pavement before congtructing overlay, and M = overlay materid.
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5.3. Model Development

The linear regresson andyss technique was used to develop mathematicd modeds to relate the
pavement’s PSl to its age. As a single model that would be gpplicable to dl the sections included
in the sudy could not be edtablished, the sections were firgt classfied according to the traffic
level, environmenta conditions, and subgrade type. Then, a unique model was developed for
each class of sections, where the dependent variable in each model was the PSI. The independent
vaiables incdluded in dl modds were the overlay sarvice life, overlay thickness equivdent
thickness of the origind pavement, service life of the origind pavement before condructing the
overlay, and findly the overlay materid whenever gpplicable. The totd number of data points
used in the regresson was 282. The various models are described in Table 7, which summarises
the constants and the coefficient of determination () for each modd. Severd trids were carried
out to establish the best form for the developed modds. The generd form for dl modes is as
follows

PS =C,+C, t*+C, TH+C, EQTH +C, SLIFE+C, M €)
where PS = Present Serviceability Index,
t = expected sarvice life for the overlay to reach acertain PSl (years),

TH = overlay thickness (mm),

EQTH = equivadent thickness of the origind pavement (mm),

SLIFE = savicelife of the origind pavement before congtructing overlay (years),
M = overlay materid (O for recycled mix, and 1 for virgin mix), and

C's  =mode’s constants.

5.4. Models Evaluation and Analysis

Basad on the results in Table 7, it can be shown that the R values for Models 6 and 7 are low.
This indicates that the accuracy of the predicted values of the PSI usng Modds 6 and 7 would
dso be low. These low vaues of R may be explained by the fact that the period of monitoring
the sections of these models is not enough to establish an accurate trend to predict the PS.
Consequently, these two models (6 and 7) will not be taken into consderation during the
andysis, and it is recommended to update these two models when more data are available.

The developed modds were used to investigate the effect of the overlay thickness and mix type
on the expected sarvice life of the overlay. In Equation 3, the value of the PSI was set equa to
the termind PSl, assumed 2.5 for dl sections, and the equation was solved to determine the time
required to reach this teemind PSl vaue. To neutrdise the effect of EQTH (for Modd 2) and
SLIFE (for Models 2 and 4), these two variables were assumed to be congtant and their values
were st as 160 mm and 15 years, respectively. Based on these assumptions, Figure 3 illustrates
the effect of increasing the overlay thickness on the expected service life of the overlays.

10
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Table 7. Constants of Developed Models.

Model description R

Co

Cq

C

1. Low Trafic,
Fine Subgrade, Wet-Low
Freeze

0.80

2.724

-0.0012

0.0123

N/A*

2. Low Traffic, Coarse
Subgrade, Wet-Low Freeze

0.61

3.170

-0.00036

0.000288

N/A*

3. Low Trdfic, Fine
Subgrade, Wet-High

Freeze

0.96

3.231

-0.00058

0.00781

N/A*

Low Traffic, Fine
Subgrade, Dry-High Freeze

0.67

3.038

-0.00012

0.00357

-0.011

High Traffic, Coarse
Subgrade, Wet-Low Freeze

0.79

3.119

-0.0003

0.00424

0.491

x

6. High Traffic, Fine 0.27
Subgrade, Wet-High

Freeze

3.871

-0.0018

-0.0041

N/A*

x

7. High Traffic, Fine 0.30

Subgrade, Dry-High Freeze

3.765

-0.00024

0.0029

-0.0082

0.0415

-0.160

* Not applicable (value of parameter is constant for all data points in the mode!).
8 Parameter was excluded from the model asit was statistically insignificant.
" These mode s will be discarded because of low of R vaue.
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Figure 3. Effect of Overlay Thicknessand Material on Expected Service Life.
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From Figure 3 the following can be concluded:

For dl models, except Modd 2, the effect of overlay thickness on the sarvice life of the
overlay was gpproximately the same regardless of the mix type, traffic level, subgrade type,
and envirormenta conditions. Furthermore, the effect of increasing the overlay thickness on
the expected sarvice life (for these modds) was minima for al sections. For example, to
increase the expected service life of an overlay by two years, the overlay thickness should be
doubled.

For Modd 2 (low traffic, coarse subgrade, wet low-freeze), increasing the overlay thickness
had dmog no effect on its service life. Such a finding may be explained by the smdl effect
the low traffic levd and low-freeze conditions have on the rate of deterioration of a pavement
constructed over agood quality subgrade.

Comparing results of Modes 2 (low traffic, coarse subgrade, wet-low freeze) and 5 (High
traffic, coarse subgrade, wet-low freeze) for a virgin AC show that the predicted service life
under high traffic conditions is higher than that under low traffic conditions. Such a trend is
clearly counter-intuitive and may have resulted from the previous finding related to Modd 2
and/or the sdected values of EQTH and SLIFE that were included in Mode 2 but not Mode
5. In addition, excluding Models 6 and 7 does not dlow a good comparison of the effect of
low and high traffic levels when dl other conditions are the same.

A condderdble difference exists between the sarvice life predicted usng Models 1 (low
traffic, fine subgrade, wet-low freeze) and that predicted usng Modd 2 (low traffic, coarse
subgrade, wet-low freeze). Such a difference can be attributed to the effect of subgrade
qudity on the pavement performance. However, as mentioned above, the vaues assumed for
EQTH and SLIFE that were included in Modd 2 but not Model 1 might have influenced the
absolute value of the effect of subgrade type.

Comparing Modds 3 (low traffic, fine subgrade, wet-high freeze) and 4 (low treffic, fine
subgrade, dry-high freeze) shows that the environmental condition of pavement moisture can
ggnificantly affect the pavement performance and the expected service life of the overlay.

The effect of the overlay materid can be evduated by comparing the results of Modes 4
(low traffic, fine subgrade, dry-high freeze) and 5 (high traffic, coarse subgrade, wet-low
freeze) for virgin AC againgt recycled AC. For Modd 4, the overlay materia has dmost no
effect on the expected service life. Such a finding indicates that the favourable conditions of
low traffic level and dry pavement conditions make a pavement made of recycled AC more
cod effective than the higher quaity pavement made of virgin AC. Alternaively, the high
freeze condition might have been an overiding factor, over the overlay materid, in
determining the expected service life of the overlay. Thus, recycled AC overlays would be a
better rehabilitation technique under these conditions consdering both the environmental and
economic points of view. On the other hand, the results of Mode 5 shows that the expected
sarvice life usng recycled AC was less than that of the virgin AC by about 2.5 year. Thus,
the higher qudity pavement of virgin AC provides better performance under unfavourable
conditions of high traffic level and wet pavement.

Table 8 presented the estimated service life, for the sections under study, based on the developed
modeds
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Table 8. Predicted Overlay’s Service Life Based on Developed Models

Province C-SHRPID| Sec. No Predicted Service Life
1 19.9
Alberta 810404 2 20.9
3 20.7
British 1 15.6
Columbia 820205 2 15.5
840101 3 14.9
New 1 143

Brunswick :

840204 > 144
850201 2 14.4
Newfound- 850206 % 121
lend 1 15.6
850601 5 157
1 10.5
870102 > 57
) 1 16.1
Ontaio 870504 > 166
1 12.4
870701 5 139
1 13.7
Prince 2 13.6
Edward Idand | 880203 3 148
4 15.0
Saskatchewan 900402 1 21.7

6. COMPARISON WITH HAJEK MODEL

As mentioned before, there are many factors that can affect the long-term performance of the AC
overlays. In order to develop a mathematicd modd that can predict the overlays cycle life for
Ontario roads, a datistica analysis for the performance of the overlays was carried out by Haek
et d [1]. The purpose of this andyss is to develop a modd that can be used to evaduate the long
term-performance of the overlays. This modd (Hgek e d model) corrdates the duraion of the
overlay life cycle (a a specific termina serviceshility) to some related factors that can affect the
overlay peformance. The factors that were included in this modd are; overlay thickness, number
of equivdent sngle axle loads life cycde of the initid pavement dructure, and findly patching
during the initid life cycle of the origind pavement (pavement before condructing the overlay).
Thefind equation for this mode was asfollows

AFTS5 = 1.32 * BEF55>% * THOVO*" * ESAL™®9%7 * 1 14PATCH @)
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where

AFT55 = Ovelay life cyce corresponding to the termind Pavement Condition
Rating (PCR) leved of 55, the different ranges of PCR are illustraed in
Table9, (years),

BEF55 = Life cycle of the initid pavement Structure corresponding to the termind
Pavement Condition Rating (PCR) level of 55 (years),

THOV = Thickness of overlay (mm),

PATCH = Dummy variable is equa to O for no or limited amount of patching and is
equa to 1 for all other cases

ESAL = Number of equivalent Sngle axle loads per day
= AADT83 * TRUCK* TRUCKF*LDF/200
where
AADTS3 = 1983 annud average dally treffic,
TRUCK = truck percentage,
TRUCKF = truck factor, and
LDF = |lane factor.

This was a preliminary modd and the authors recommended updating it when more data become
avaladle. Therange of the variadblesthat are included in thismodd are asfollows

AADT ranged from 1000 to 8000 vehicles.

Percentage of trucks ranged from 4 to 24.

Freezing index ranged from 420 to 2040 degree-days Celsius.

Total overlay thicknesses ranged from 40 to 175 mm with the average value equa to 70 mm.
Average vaue of BEFF was 13.1 years.

In order to caculate the expected service life by Haek modd, for the GSharp section dted in
Ontario, usng the data available in C-L TPP database the following assumption were applied:

The patching work dong the service life of the initid pavement were sgnificant (i.e. dummy
variable=1)

ESAL was cdculated as an average vdue for the data avalable through the C-LTTP
database, which were collected from the year 1989 to 1993. Table 10 illugtrates a detailed
cdculation of the ESAL for the C-SHRP section in Ontario.

PCR 55isequivaent to PSl 2.75

Because there are no data available about the performance of the origind pavement before
the overlay condruction (with exception of the evauation that was made just before the
overlay congtruction), it was assumed that there is a linear relationship between PS (or PCR)
and the age of the initid pavement. This assumption will be used to caculate BEFS5, which
is required as an input factor in Hgek moded. Also, the initid PSl just after congtruction of
the origind pavement was assumed equd to 4.5. Table 11 illudrates the service life of the
initid pavement, PS vaues for Ontario sections just before overlay congruction, and finaly
the calculated service life of the initia pavement corresponding to PSI equd to 2.75.

14



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

Based on the previous assumptions Table 12 summarises the data required to caculate the
AFT55 usng Haek e d modd, cdculated service life usng Hgek modd (AFT55), as well as
the calculated service life using the developed modds of this study (see section 5-3).

Table 9. Pavement Condition Rating

PCR Range Pavement Condition

Pavement is in poor to very poor condition with extendve severe cracking,
0-20 dligatoring and dishing.
Rideability is poor and the surface is very rough and uneven

Pavement is in poor condition with moderate dligatoring and extensve severe
20-30 cracking and dishing.

Rideability is poor and the surface is very rough and uneven

Pavement is in poor to far condition with frequent moderate dligatoring and
30- 40 extensve moderate cracking and dishing.

Rideability is poor to fair and the surface is moderately rough and uneven

Pavement is in poor to far condition with frequent moderate cracking and
40 -50 dishing, an intermittent moderate dligatoring.

Rideability is poor to fair and surface is moderately rough and uneven

Pavement is in far condition with intermittent moderate and frequent dight
50 - 65 cracking, and with intermittent dight to moderate aligatoring and dishing.

Ridesbility isfar and surface is dightly rough and uneven

Pavement is in farly good condition with dight cracking, dight or very dight
65— 75 dishing and afew areas of dight dligatoring.

Ridesbility isfairly good with intermittent rough and uneven

Pavement isin good condition with frequent very dight or dight cracking.
Rideshility is good with afew dightly rough and uneven sections

75-90

Pavement isin excdlent condition with few cracks.
Rideahility is excdlent with few areas of dight digtortion.

90 - 100

Source: Manual for condition rating of flexible pavement [ 2]
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Table 10. Calculation of ESAL For Ontario Sites Under Study.

C-SHRP| Year |AADT|DDFY|% Trucks| LDF % Trucks TF  |ESAL" | Average

ID (C-SHRP ESAL
lane)

870102 | 1989 | 1250 | 0.5 15 1 15 095 | 89.1

870102 | 1990 | 1400 | 0.5 15 1 15 095 | 99.8

870102 | 1991 | 1300 | 0.5 15 1 15 095 | 926 | 938
870102 | 1992 | 285 | 0.5 5 1 5 095 | 6.8°

870102 [ 1993 | 809 | 0.5 | 135 1 135 095 | 5192
870504 | 1990 [10650| 0.5 13 0.8 13 095 | 526.1
870504 | 1991 [11600| 0.5 13 0.8 13 095 | 5730
870504 | 1992 [11600| 0.5 13 0.8 40 095 [5730 | o,
870504 | 1993 [11800| 0.5 13 0.8 40 095 | 5829 '
870504 | 1994 [12000| 0.5 13 0.8 40 095 | 592.8
870504 | 1995 [12100| 0.5 13 0.8 40 095 | 597.7
870701 | 1990 | 6200 [ 0.5 15 1 15 095 | 4418
870701 | 1991 | 6000 | 0.5 15 1 15 0.95 [4275] ,,-
870701 | 1992 | 807 | 0.5 10 1 10 095 | 383 '
870701 | 1993 | 4727 | 05 | 65 1 6.5 0.95 [145.95

9Directional distribution factor

" Lane distribution factor
I Truck Factor
" ESAL = AADT CDDF CLDF C%Truck CTF, the shadded cells were discarded because there are unlogical

values

@ Values are not included in the average values

Table11. Service Life For Initial Pavement Calculated

From Hajek Model (BEF55)

C-SHRP| Section | Servicelife PSI BEF55
ID number (Years) (Years)
870102 1 22 2.08 15.9
870102 2 22 2.18 16.6
870504 1 14 3.3 20.4
870504 2 14 3.26 19.8
870701 1 23 3.49 39.9
870701 2 23 3.39 36.3
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Table 12. Overlay Service Life Calculated by Hajek model Vs Calculated
by Developed M odels.

C-SHRP| Section | BEFS5| Overlay | ESAL | Patching AFT55 Overlay
ID number thickness factor svicelifer
870102 1 15.9 94.5 93.8 1 20.5 9.8
870102 2 16.6 46.2 93.8 1 14.8 7.7
870504 1 20.4 31 574.3 1 11.0 14.9
870504 2 19.8 61.3 574.3 1 15.1 155
870701 1 39.9 425 | 434.7 1 16.4 11.2
870701 2 36.3 106 434.7 1 24.4 13.1

* Calculated service life using the devel oped models of this study are based on terminal serviceability index equal to
2.75.

Based on the results in Table 12, it is clear hat, there is a big difference between the results of
Haek modd and the developed modds in sections 8701021, 8701022, and 870701. On the other
hand, the differencein the other sectionsis rdatively small especidly in section 870504.

There are many fctors that may have caused this variation in the results. For example the factors
that are incdluded in each modd are different. Also the range of the factors that are included
during the development of Hgek modd does not include some vaues of the characterigtics of
Ontario dtes. For example the range of the freezing index that is included in Haek mode is from
420 to 2040 degree-days Celsus but the freezing index for site 870102, as in GLTPP database,
is 376.1 degree days Celsus.

So it is recommended to re-evduate these modeds, the Haek model and the developed models,
after monitoring the actud service life of the overlay in the fidd and updaing these modds
based on the actua monitoring data, to sdlect the most appropriate mode to be used for Ontario
road.

7. SUMMARY AND CONCLUSIONS

The main objectives of this sudy were to investigate the effect of the overlay thickness and mix
type on the performance of the overlay as wel as to evauate Hgek e ad modd. The data
avalable in the C-LTPP project were collected and analysed. Based on these data, a number of
mathematical models were developed to study the effect of the overlay thickness and type on its
expected sarvice life. These models were classfied according to the traffic level, subgrade type,
and environmenta conditions. Some of the developed models had low vaues of the coefficient
of determination, and were not teken into condderation during the anadyss Rather, it is
recommended to update these modds when more data are avalable. On the other hand, the
models that had high values of coefficient of determination were used to predict the expected
savice life of the overlay a different thicknesses and different mix types (virgin and recycled).
Basad on the results of the developed modds, it was concluded that the effect of increasing the
overlay thickness on the expected service life is negligible for the conditions of low treffic,
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coarse subgrade, and wet low-freeze environmenta conditions. For dl other combinations of
conditions, the overlay service life increases with the increase of overlay thickness. However,
within the range of the data used in the analyss, the economic vaue of the increase of expected
sarvice life due to the use of thicker overlays may be questionable. Such a finding affirms the
concluson by Bekheet e d that was based on quantitative economic analyss [8]. Also, the
results indicate that using recycled AC under the favourable conditions of low traffic leve and
dry pavement conditions yieds dmost the same service life had virgin AC been used. On the
other hand, usang a high qudity pavement of virgin AC provides better peformance under
unfavourable conditions of high traffic level and wet pavement where the expected service life
for the recycled AC was found to be less than that of the virgin AC by about 2.5 year. Also, the
expected service life for the overlay congructed in Ontario Sites were calculated by usng Haek
et d modd and the modes that were developed in this sudy. Some variaions were found
between the results of Hgek mode and the developed models. These variaions may refer to:
that, the variables that were included in the models are different, and the range of the variables of
Haek e d modd does not incdude dl the vdues that are for C-SHRP dtes. So, It is
recommended to revauate these models after the overlays reach the actud end of ther life and
update these modds to match the actua behaviour of the performance of the overlay dong their
life
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Table A.1. IRl and PSI for Site 810404

Section # 8104041 8104042 8104042 8104043
Y ear IRI PSI IRI PSI IRI PSI IRI PSI

Prior to

Overlay 2.59 2.55 2.23 2.80 241 2.67 2.2 2.82
1990 1.32 3.55 1.13 3.73 1.26 3.60 1.18 3.68
1991 1.44 3.44 1.44 3.44 1.44 3.44 1.44 3.44
1992 1.43 3.45 1.22 3.64 1.15 3.71 1.14 3.72
1993 1.46 3.42 1.19 3.67 1.28 3.58 1.24 3.62
1994 1.50 3.39 1.37 3.50 1.33 3.54 1.24 3.62
1995 1.45 343 1.37 3.50 1.34 3.53 1.17 3.69
1996 % % . . 4 . 4 . . 4 .
1997 154 3.35 1.26 3.60 1.34 3.53 1.24 3.62
1998 % % % . % . . %

* Data are not available

Table A.2. IRI and PSI for Site 820205

Section # 8202051 8202052
Y ear IRI PSI IRI PSI
g\'/or ©f 93 | 355 | 139 | 348
erlay
1990 . 4 % . 4 %
1991 0.85 4.01 0.94 3.92
1992 0.92 3.94 1.12 3.74
1993 0.86 4.00 1.06 3.80
1994 1.10 3.76 1.07 3.79
1995 0.99 3.87 1.11 3.75
1996 . . . .
1997 I, % % .
1998 % % . 4 %

* Data are not available*

20



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

Table A.3. IRl and PSI for Site 820605

Section # 8206051 8206052
Y ear IRI PSI IRI PSI

Prior to

Overlay 1.74 3.18 1.98 2.99
1990 ---n¥ ---n¥ ---n¥ ---
1991 1.26 3.60 1.28 3.58
1992 1.33 3.54 1.97 3.00
1993 1.30 3.57 1.29 3.58
1994 1.35 3.52 1.49 3.39
1995 1.40 3.47 1.55 3.34
1996 . 4 % . %
1997 % . . . 4
1998 NS * . . 4

* Data are not available

Table A.4.IRI and PSI for Site 830801

Section # 8308011 8308012 8308013 8308014
Year IRI PS| IRI PSI IRI PSI IRI PSI
Piorto |4 25 3.20 183 | 311 124 | 362 1.78 3.15

Overlay

1989 083 | 403 090 | 396 136 | 351 077 | 409
1990 104 | 382 120 | 366 150 | 3.39 106 | 3.80
1991 103 | 383 105 | 381 133 | 354 077 | 4.09
1992 104 | 382 135 | 352 194 | 302 131 | 356
1993 083 | 403 101 | 385 153 | 3.36 082 | 404
1994 082 | 404 099 | 387 133 | 354 096 | 390
1995 090 | 396 114 | 372 142 | 346 093 | 393
1996 124 | 362 113 | 3.73 146 | 342 093 | 393
1997 % L% . . 4 . . . 4 .
1998 098 | 388 |1.18000| 368 158 | 3.32 098 | 388

* Data are not available
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Table A.5. IRI and PSI for Site 840101

Section # 8401011 8401012 8401013
Y ear IRI PSI IRI PSI IRI PSI
Prior to

3.91 181 177 3.16 1.42 3.46
Overlay

1989 121 3.65 1.49 3.39 1.49 3.39
1990 1.48 3.40 0.99 3.87 1.29 3.58
1991 1.26 3.60 1.13 3.73 1.33 3.54
1992 . . . . . I
1993 121 3.65 0.96 3.90 1.34 3.53
1994 1.26 3.60 1.00 3.86 1.43 3.45
1995 1.53 3.36 1.20 3.66 1.74 3.18
1996 124 3.62 0.96 3.90 141 3.47
1997 141 3.47 1.18 3.68 1.66 3.25
1998 1.16 3.70 1.03 3.83 1.49 3.39

* Data are not available

TableA. 6. IRl and PS| for Site 840204

Section # 8402041 8402042
Year IRI PS| IRI PS|
g\'/or 1 366 | 1203 | 303 | 227
erlay
1989 o e 1.27 3.59

1990 1.28 3.58 1.45 3.43
1991 1.16 3.70 1.17 3.69
1992 . . . .
1993 1.25 3.61 1.35 3.52
1994 1.27 3.59 1.26 3.60
1995 1.46 3.42 1.41 3.47
1996 1.42 3.46 1.34 3.53
1997 1.84 3.10 1.80 3.13
1998 1.49 3.39 1.70 321

* Data are not available
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Table A.7. IRl and PSI for Site 850201

Section # 8502011 8502012
Y ear IRI PS| IRI PSI
oo | 330 | 212 | 350 | 201
erlay

1989 1.62 3.28 1.43 3.45
1990 1.75 3.17 1.53 3.36
1991 161 3.29 1.49 3.39
1992 1.66 3.25 1.49 3.39
1993 2.00 2.97 1.59 331
1994 171 3.21 151 3.38
1995 1.69 3.22 1.63 3.27
1996 1.67 3.24 1.51 3.38
1997 1.68 3.23 1.54 3.35
1998 1.66 3.25 1.67 3.24

* Data are not available

Table A.8. IRI and PSI for Site 850206

Section # 8502061 8502062
Year IRI PSI IRI PSI
Prior to

Overlay 2.39 2.69 2.87 2.37

1990 121 3.65 1.02 3.84
1991 1.23 3.63 1.01 3.85
1992 1.20 3.66 1.01 3.85
1993 1.33 3.54 1.10 3.76
1994 1.27 3.59 1.16 3.70
1995 141 3.47 1.34 3.53
1996 1.27 3.59 1.34 3.53
1997 1.28 3.58 1.35 3.52
1998 1.28 3.58 1.25 3.61

* Data are not available
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Table A.9. IRI and PSI for Site 850601

Section # 8506011 8506012
Year IRI PSI IRI PSI
Prior to

Overlay 171 3.21 1.47 341

1989 0.80 4.06 0.79 4.07
1990 1.03 3.83 0.84 4.02
1991 0.87 3.99 0.87 3.99
1992 0.91 3.95 0.83 4.03
1993 0.98 3.88 1.01 3.85
1994 0.99 3.87 0.96 3.90
1995 1.02 3.84 1.01 3.85
1996 111 3.75 0.94 3.92
1997 1.13 3.73 1.04 3.82
1998 1.03 3.83 1.04 3.82

* Data are not available

Table A.10. IRl and PSl for Site 870102

Section # 8701021 8701022
Y ear IRI PSI IRI PSI
orto | 535 | 208 | 320 | 218

Overlay

1989 . % . 4 %
1990 . % % .
1991 0.94 3.92 1.11 3.75
1992 ----* ---- % 1.63 3.27

1993 1.07 3.79 1.68 3.23
1994 1.20 3.66 1.95 3.01
1995 1.19 3.67 2.08 291
1996 1.47 341 2.53 2.59
1997 1.59 3.31 2.63 2.52
1998 1.80 3.13 2.35 2.71

* Data are not available
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Table A.11. IRI and PSI for Site 870504

Section # 8705041 8705042
Year IRI PS| IRI PS|
Prior to
Overlay 1.60 3.30 1.65 3.26
1990 ---n¥ ---n¥ ---n¥ ---
1991 1.03 3.83 0.96 3.90
1992 ----* ----* ----* ----¥

1993 1.26 3.60 1.01 3.85
1994 1.05 3.81 0.94 3.92
1995 1.14 3.72 1.08 3.78
1996 1.20 3.66 1.05 3.81
1997 1.27 3.59 1.14 3.72
1998 . % . . 4

* Data are not available

Table A.12. IRI and PSI for Site 870701

Section # 8707011 8707012
Year IRI PSI IRI PSI
Porto | 128 | 349 | 149 | 339
Overlay
1990 X * - "

1991 121 3.65 0.78 4.08
1992 1.29 3.58 0.85 4.01
1993 1.32 3.55 0.81 4.05
1994 1.32 3.55 0.86 4.00
1995 143 3.45 0.86 4.00
1996 144 3.44 0.98 3.88
1997 1.60 3.30 1.05 3.81
1998 1.67 3.24 0.96 3.90

* Data are not available
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Table A.13. IRI and PSI for Site 880203

Section # 8802031 8802032 8302033 8302034
Year IRI PSI IRI PSI IRI PSI IRI PSI
Prorto | 554 279 | -t | o 157 | 332 1.98 2.99

Overlay
1989 . % . . 4 . 4 . . 4 .
1990 116 | 3.70 118 | 368 110 | 3.76 120 | 366
1991 150 | 3.39 156 | 3.33 161 | 329 151 | 3.38
1992 135 | 352 132 | 355 117 | 369 123 | 363
1993 128 | 358 115 | 371 114 | 372 119 | 367
1994 154 | 335 149 | 339 151 | 3.38 145 | 343
1995 134 | 353 145 | 343 127 | 359 125 | 361
1996 134 | 353 155 | 3.34 142 | 346 125 | 361
1997 142 | 346 159 | 331 171 | 321 146 | 342
1998 . % . 4 % . 4 _—_—_o* % . 4

* Data are not available

Table A.14. IRl and PSI for Site 890702

Section # 8907021 8907022
Year IRI PS| IRI PS|
Prior to ok ok ok Lk

Overlay
1991 . % . . 4
1992 1.20 3.66 1.17 3.69
1993 1.25 3.61 1.16 3.70
1994 . 4 % . %
1995 151 3.38 1.49 3.39
1996 1.78 3.15 1.56 3.33
1997 151 3.38 1.49 3.39
1998 1.22 3.64 2.96 2.32

* Data are not available
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Table A.15. IRI and PSI for Site 900402

Section # 0004021 9004022
Y ear IRI PSI IRI PSI
Prior to

Overlay 2.77 243 2.60 2.54

1989 111 3.75 111 3.75
1991 1.15 3.71 1.10 3.76
1992 1.15 3.71 111 3.75
1993 1.15 3.71 1.20 3.66
1994 1.18 3.68 1.06 3.80
1995 1.13 3.73 111 3.75
1996 111 3.75 1.12 3.74
1997 1.19 3.67 ----* ----*
1998 115 3.71 1.07 3.79

* Data are not available

Table A.16. IRI and PSI for Site 900802

Section # 9008021 9008022 9008023
Y ear IRI PSI IRI PSI IRI PSI
Prior to

2.04 2.94 2.34 2.72 2.02 2.96
Overlay

1989 0.80 4.06 0.97 3.89 0.91 3.95
1990 0.85 4.01 0.90 3.96 0.88 3.98
1991 0.88 3.98 1.03 3.83 0.84 4.02
1992 0.89 3.97 1.03 3.83 0.88 3.98
1993 0.84 4.02 0.91 3.95 0.84 4.02
1994 0.82 4.04 0.94 3.92 0.87 3.99
1995 1.47 341 1.71 321 1.54 3.35
1996 0.90 3.96 1.00 3.86 0.92 3.94
1997 0.92 3.94 1.030 3.83 0.93 3.93
1998 . 4 % . 4 % % _—_—e*%

* Data are not available




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

Table A.17. IRl and PSI for Site 900803

Section # 9008031 9008032
Year IRI PSI IRI PSI
Prior to

Overlay 2.33 2.73 2.64 2.52

1989 1.00 3.86 1.15 3.71
1991 1.01 3.85 1.13 3.73
1992 1.05 3.81 1.25 3.61
1993 1.09 3.77 1.44 3.44
1994 1.07 3.79 1.47 341
1995 1.03 3.83 1.52 3.37
1996 1.05 3.81 1.55 3.34
1997 111 3.75 1.68 3.23
1998 1.23 3.63 1.81 3.12

* Data are not available




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

APPENDEX B

29



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

3.75 R
3.70 2 )
[ ] . B
g 3.65 R Sy ® Sect
> 3.60 S R * * SEC.2
g 3.55 . e TR — Tt A SEC3
.; 3.50 . ® SEC.4
9 345 i Linear (SEC.
\\ - ==F E)mear SEC.
@ 3.40 a (
£ NS R N
3.35 \l\
3.30
1988 1990 1992 1994 1996 1998
Years
FigureB.1l. Trend of PSI with timefor Site 810404
410
554.05
2400 u " gcC1
2895 N
9390 . X ¢ SC2
§ o >
8385 :
(%3.80 TN = Linear (SEC.
=375 ’ hre § \\ b
§3.70 PN " " 7 Liner (EC.
X365 : 2
3.60
1988 1990 1992 194 1996 1998

Yeas
FigureB.2 Trend of P with timefor Ste 820206




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

-g 3.00 m SEC.1
E 2.50 e SEC.2
@ 2.00
S Linear (SEC.
(ﬁ 1.50 1)
E 1.00 - - Ii)inear (SEC.
&
0.50
0.00
1988 1990 1992 1994 1996 1998 2000
Years
Figure B.3. Trend of PSI with timefor Site 820605
4.50
4.00 ’ | B gcC1
E‘?’ 00 A SEC3
.50
® SEC.4
.22.00
§ Linear (SEC.
1.50 )
= % " Linear (SEC
.00 %)
0.50
0.00

1988 1990 1992 1994 1996 1998 2000

Years

FigureB.4. Trend of PSI with timefor Site 830801



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

o O O

o U0 O U o ua o u
o O O O O

a
o

Present Seryicgability, ] ngdex,.

0.00

1988

Present Serviceability Index

1990

FigureB.5. Trend of PS with timefor Ste 840101

1992

1994

Yeas

1996

1998

2000

4.00
3.50 7

3.00

2.50

2.00

1.50

2
- - L?neer (SEC
3)
B SEC.1
¢ SEC.2
Linear (SEC.
1)
= = = Linear (SEC.
2)

1.00

0.50

0.00
1988

1990

1992

1994

Y ears

1996

1998

2000

FigureB.6. Trend of PSI with timefor Site 840204

32



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

Present Serviceability Index

Present Serviceability Index

3.50
.
3.40 iy
S - L 4
L 4 S - - . 'S
330 = - * : g B SEC.1
. L
[ XS
3.20 - i — SEC. 2
Linear (SEC.
3.10 1)
= T T Linear (SEC.
3.00 - 2)
2.90
1988 1990 1992 1994 1996 1998 2000
Years
FigureB.7. Trend of PSI with timefor Site 850201
3.90
3.85 SV
N
3.80 D | SEC.1
3.75 iy * SEC.2
N

3.70 Y L (SEC

n o inear .
3.65 = 1)
3.60 \.\‘\.\~.~ [ : = = = Linear (SEC.

: 2)
3.55 ] Py : .
3.50
3.45
3.40
1988 1990 1992 1994 1996 1998 2000
Y ears

Figure B.8. Trend of PSI with time for Site 850206




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

Present Serviceability Index

D

B SC1
¢ SEC2
Linear (SEC. 1)
= = = Linexr (SEC.2)

3.70
1988

1990

1992

1994

Years

1996

1998

2000

FigureB.9. Trend of PS with timefor Site 850601

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00
1988

1990

1992

1994

Y ears

1996

1998

2000

B SEC.1
® SEC.2
Linear (SEC.
1)
= = = Linear (SEC.
2)

Figure B.10. Trend of PSI with time for Site 870102



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

<>]<_)4-00 B SEC1
S
c 395
= . . ¢ FC2
>390 &Ny
= 385 - NV —i)irm(SEc.
N BN e )
gs.so \\ NI = = = Linear (S5C.
(333.70 3
+= 365
%3.60 ]
X 355
1988 1990 1992 199 1996 1998 2000
Yeas
FigureB.11 Trend of P9 with timefar Ste87/0504
B SEC.1
4.50
4.00 ISP RSP & SEC.2
% 3.50 .
> 3.00 Linear (SEC.
= 1)
-@ 2.50 L (sEC
= = = Linear )
2 2.00
3 2
1.50
E 1.00
& 0.50
0.00
1988 1990 1992 1994 1996 1998 2000
Y pare




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

% 380 A B seca
E 3.70 _...\\! ' SEC. 2
w
2 360 X A sEC3
| 350 * SEC.4
ke, '
(% 3.40 : Linear (SEC.
1
Z 330 & = = = Dhear (seC.
- a _ .
X
3.10
1988 1990 1992 1994 1996 1998 2000
Years
FigureB.13. Trend of PSI with timefor Site 880203
4.50
i)
£ 350 .
2 300 SEC. 2
2.50
@ ¢ Linear (SEC.
E 2.00 1)
7 150 - = = Linear (SEC.
g 1.00 2)
g 050
0.00
1990 1992 1994 1996 1998 2000
Years

Figure B.14. Trend of PSI with timefor Site 890702



Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

Present Serviceability Index

3.82
3.80
3.78
3.76
3.74
3.72
3.70
3.68
3.66
3.64

Present Serviceability Index

1988

.
vy

om

1994

Years
Figure B.15. Trend of PSI with timefor Site 900402

4.50
4.00 7

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00
1988

1990

1994

Years

B SEC.1
4 SEC.2
Linear (SEC.
1)
7 7 Linear (SEC.
2)
B SEC.1
¢ SEC.2
A SEC.3
Linear (SEC.
1
== L)lnear (SEC.
2
- = L)lnear (SEC.
3)

Figure B.16. Trend of PSI with timefor Site 900802

37




Effect of Pavement Overlay Characteristics on Pavement’s Long-Term Performance

4.50

I ndex

Yy
w
al
o

B SEC.1

3.00
2.50
2.00 ¢ SEC.2
1.50
1.00
0.50

Linear
(TEC

Present Serviceahilit

0.00
1988 1990 1992 1994 1996 1998 2000
Years

Figure B.17. Trend of PSI with time for Site 900803



