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ABSTRACT

Pavements are complicated physical structures responding in a complex way to
the influence of many variables. Understanding how the long-term performance of
pavement: relates to the factors such as ehvirbnmental and traffic loads is key to
building and maintaining a cost-effectivg 'hi.ghv‘/‘;ay system. rFor this purpose, SHRP-
LTPP, a comprehensive 20-year study, was designed to evaluate the performance of
in—servic‘c)pa_yc?mgants;.

In this research, pavement performance rella"[ed data available in DataPave3.0
were extracted and S§nthesized to carry out a systematic study of the variables
affec?ing performance of pavements.

Firstly, GPS-1 -and. GPS-2 fest sections from: Alabama were analyzed to
evaluate the performance predictive éhpabﬂity of 't};e 1993 AASHTO flexible
pavement design rﬁodél. Research . showed tﬁat, statistically speaking, the 1993
AASHTO flexible pavément design model provides biased prediction of the
performance of flexible pavements with granular bases and ur-l—biased prediction of
the performance of pavements with bound bases when using subgrade resilient
moduli from laborato;y testing. Research revealed serviceability degradation and
subgrade resilient modulus are the key parameters for the 1993 AASHTO design
model. |

Secondly, 48 SPS-1 sections in Alabama, Arizona, Arkansas, and lowa were

used to evaluate the effects of specific design feature on pavement performance.

Research revealed that fatigue cracking was a serious distress manifestation for

v



pavements with granular bases. “Full-depth” AC pavements performed better than
other structural designs. Open graded drainable base layers improved the
performance of pavements over fine-grained subgrades but pavements with dense
graded black bases over coarse-grained subgrades performed better.

Thirdly, 40 SPS-5 sections in Alabama,.Alberta, California, Miss_issippi and
Texas were chosen to evaluate strategies for rehabilitation of existing pavements.
Research indicated that rnilling of existing pavement surfaces before overlay
provided some benefits for thin overlay but no benefits for thick overlay. Virgin AC
mixes performed consistently better than AC mixes with 30% RAP. Increased
overlay thickness (thus total | thickness) improved performance, especially in
preventing fatigue and transverse cracking. |

Data in the SHRP-LTPP database provided a good platform for conducting this
research. But, it has deficiencies sﬁch as incompleteness of certain data, and
inconsistencies of some data elements which certainly diminishes confidence 1n the

- evaluations performed.



CHAPTER 1:

INTRODUCTION

1.1 PROBLEM STATEMENT

Pavements are complicated physical structures responding in a complex way to
the influence of many vari’avbles such as lqading, environment, inaterial properties and
wvariability, construction\qu_aylity, maintenance etc. Evaluations of these influences are
of gréat interests to pavement engineers. Pavement ¢ngineer$ cqnsistently strive for
better design procedures and strategies for the rehabilitatiop of existing pavements.
~ To satisfy these needs, the Strategic Highway Research Program — Long Term
Pavement Performance (SHRP-LTPP), gcomprehensiy;: ?,Oy—year study, was d;signed

to evaluate the performance of in—servi(;e pavements.

DataPave3.0, which provides a user-friendly format for exploring, extracting,
and organizing SHRP-LTPP information, including informationmon actual pavement
performance through 2001, permits preliminary evaluation of the variables affecting
performance of pavements, design procedures, and rehabilitation strategies. The
pavement design er;gineer can use the data to check the validity of the design
procedures and the approp;'iateness of the various assumptions that are made during
the design process. The material engineers can verify whether a given type of material
is appropriate for the expected level of load and anticipated environmental conditions.

Pavement management engineers can make sensible recommendations for various
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maintenance alternatives for specific applications, which is becoming an increasingly
critical task since highway agencies at all levels (city, county, and state) are generally
operating under a limited budget that requires effective prioritization and use to

provide the highest level of public service.

1.2 OBJECTIVES OF STUDY

This study was conducted to: 1) evaluate the 1993 AASHTO flexible pavement
design model, 2) determine the effects of specific designm feature on pavement
performance, and 3) evaluate several strategies for rehabilitation of existing flexible

pavements, using the data from the SHRP-LTPP program;

1.3 SCOPE OF STUDY

As ninety-six percent of all paved roads and streets in the U.S. (similar situation

- gll-overthe world) - almost two million miles - are Surfaced with asphalt, this

“research focused on flexible pavements.

Firstly, pavements from GPS-1 (Asphalt Concrete on Granu_lar Base) and GPS-2
(Asphalt Concrete on Bound Base) studies in Alabama were investigated. Material
properties, traffic data, and performance data were synthesized from DataPave3.0 to
evaluate the predict@ve capability of the 1993 AASHTO flexible pavement design
model, by comparing predicted pavement performance with actual (measured)
- performance..

Secondly, based on the availability of meaningful and sufficient performance

data, SPS-1 (Strategic Study of Structural Factors for Flexible Pavements) sites 1n
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Alabama, Arizona, Arkansas, Iowa were chosen to study the influences of the

following design features:

L. The influence of surface course thickness (other factors being similar) on
pavement performance;

2. The influence of drainable -base lgyers (other factors being similar) on pavement
performance;

37, Diffcyence in performancc of pavements with bound and unbound base layers

. (other fagcfcors being similar).

Lastly, based vthe, availability Qf meaningful/ and sufficient performance data,
SPS-5 '(Rehabilitation of Asphalt Concrete Payemgnts) éites_in Alabama, Alberta,
California, Mississippi, and Texas were chosen to study the following design and
construction features for hot mix asphalt overlays of flexible pavements:

1. Performance of different overlay tllicl;pes§¢s;

2. Performance of pve;lays on milled and non-milled surfaces, to determine the
usefulness of milling in overlay constl:’uction;’ and

3. Performance of overlays constructed with mix that contains RAP and mix without
RAP.

Comparisons of the performance of pavements were based on roughness
(International Rpughness Index or IRI), rutting, fatigue cracking (F‘C), tlongitudinal

cracking (LC) and transverse cracking (TC) increases with traffic/time.



CHAPTER 2:

EVALUATION OF AASHTO FLEXIBLE PAVEMENT DESIGN EQUATION

The 1993 AASHTO flexible pavement design model is semi-empirical. It is
satisfactory as long as the materials, traffic loading conciitions, and layer thickness do
not significantly differ from those for which the model was cieveloped. Because of
considerable increase in frequency and intensity of axle loads and the use of new
pavement construction materials, the design model needs to be evaluated and possibly :
modified to improve its prédictability. This research used data from Alabama GPS-1

~ and GPS-2 sections for this evaluatién.,Prelimina.i’y analysié included Alabama SPS-1
sections in the evaluation, but they were deleted because pavement condiﬁon

) dégradation'Was minimal and DataPave3.0 contained no traffic data.

2.1 EVALUATION PROCEDURE
The 1993 AASHTO desigq equatioﬁ (Part I: section 1.2) for flexible pévéments
is as follows:
Logio(Wy) = Zr*So + 9.36*logo(SN+1) — 0.2
 +log10(APSI/(4.2-2.7)) / (0.4 + 1094 / (SN+1)>*%)
+2.32*log;o(Mg) — 8.07 — Eq. 2.1

Where:

W, = predicted number of 18-kip equivalent single axle load application,
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Zgr = standard normal deviate, which is a function of the reliability level
for the design,
So = overall standard deviation for the traffic and performance prediction,
APSI = difference between the initial serviceability index, p;, and the
terminal serviceability index, p,;, and

Mg = subgrade resilient modulus (psi).

- The follqwing,prpc\edur_e /was_‘applied to accomplish this task.

1)

2)

3)

Available pertinent data  were obtained from the LTPP database, 1.e.,

DataP‘av\(‘eB .0; 1

Tl}e‘ data were interpreted to determine required inputs for the 1993
AASHTO flexible pavement design model (e.g., layer thicknesses, initial
serviceability, measured serviceability, changes in serviceability, resilient
modulus for the subgrade and structural number). The initial serviceability
was estimated by extrapolation using historical IRI data. The subgrade
resilient modulus was obtained by averaging the laboratory results for
several test conditions. For comparison purpose: subgrade resilient
modulus was also estimated by bacl;c;élculating modulus from Falling
Weight Deflectometers (FWD) data with EVERCALS5.0 and DARwin
procedures. The structural number was obtained using typical layer
coefficients for various type materials and layer thicknesses;

The predicted cumulative ESALs (W) were calculated with the AASHTO

equation;
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4) Predicted performance was compared with observed performance by
comparing PSI-Wt curves; and

5) Statistical comparisons were made between predicted and observed
cumulative ESALs for the final observed APSI to evaluate the AASHTO
equation. Observatiqns were made, e.g., on selection of the design inputs
under certain circumstances to improve the model’s predictive capacity.

This process was applied on all of the sections and sections with different

base types.

2.2 DATA PREPARATION

As most of the inputs required for the 1993 AASHTO flexible pavement design
'equation.n'eed to be estimated or interpreted from other dafa elements available in
DataPave3.0, a detailed discussion of the inputs is included below. The discussion
specifically addrésses the availability of the data elements, the assumptions and
procedures used, and the limitations of each data set.

2.2.1 Structural Number (SN)
The structural number Was caléuiated for eéch LTPP section using the following
equation presented in the 1993 AASHTO guide (Part [: Section 1.2):
N SN =a;D; +aDomy + asDsms .......... Eq.2.2
where:
SN = structural number indicative of the total pavement thickness,
a; = ith layer coefficient,

D;= ith layer thickness (in), and
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m; = ith layer drainage coefficient.

Because moduli from laboratory tests and/or FWD backcalculation for asphalt
concrete and bases/subbase layers are not considered  sufficiently reliable to
differentiate between specific materials, the following layer coefficients were
assigned based only on material type:

AC — Asphalt concrete surface and binder, a; = 0.44;
DGBB — Dense graded black base, a, = 0.34;
OGBB — Open graded black base, a; = 0.20;

GRB — Granular base, a; = 0.15;

GRSB — Granular subbase, a3 =0.11.

T_wqdifferent sources of layer thickness are available in the LTPP database; 1)
design thickness from inventory data, and 2) mean core thickness from testing data.
In this analysis, the mean core thicknesses were considered first, and inventory data
were used as a supplement when testing data were not available, or when they
appeared unreasonable.

Because data were not available to definitively cha_racterize_drainage conditions
,Of base/subbase layers, all layer drainage coefficients were assigned as 1.0.

2.2.2 Serviceabili;y ’

As initial serviceability values are not included in the LTPP database, they were
estimated by backcasting the initial IRI using the historical IRI versus time data. IRI
was converted to serviceability using the following equation.

PSI =5 * EXP [-0.29254 * IR]] .......... Eq. 2.3



Where:
PSI — Present service index, and
IRI — International roughness index (in units of m/km).
2.2.3 Subgrade Resilient Modulus
| Subgrade resilient modulus can be obtained from 1) laboratory testing results, 2)
backcalculation using EVERCALS.0, and 3) backcalculation using DARwin. As
subgrade resilient modulus is an important parameter for the 1993 AASHTO design
'vmodel, detailed comparisons are needed to determine which or;e to be used. This will
be discussed later.
2.2.4 Reliability Level (%) and Overall Standard Deviation
A reliability level of 50% was used in evaluations. This is in essence a néutral
assumption that elimates bias in predictions. The standard normal deviate, Zg, is zero
‘and, therefore the term Zg*Sy is also zero. This eliminates consideration of reliability
from the equation.

2.2.5 Actual L'TPP Traffic Data

Annual historical ESAL data were obtained from the database and plotted Versus
time for all available sections. Linear regression equations through ESAL data were
used to estimate the traffic volume of those years with no data. The total accumulated
" ESALs, from the traffic opening date to dates at which IRI were measured, were
obtained by summing annual ESALs computed with the regression equation for each
year. The tréfﬁc data were highly variable and very limited for some sections and are

potentially a major source of difference between predicted and observed performance.



2.3 ANALYSIS OF RESULTS
2.3.1 Selection of Input Parameters for AASHTO Design Equation

An example of parameters for GPS-2 sections is shown in Table 2.1. Tabulated
values include the original construction date and when applicable, overlay dates.
These data were used to extrapolate (backwgrds) regression equations fo estimate

Table 2.1 Parameters for Alabama GPS-2 Section 1021

Construction Date ‘ . 6/1/85
VL’,ay’ers‘ | Di(in) a; |
SN AC | 31 04
DGBB 4.5 0.34 ’ 4.81
GRSB | 174 0.1 -
Date IRI(m/km) PSI Accumulated ESALs
And |7 6/6/90 0.96 377 305000
Smoothness |~ 4/3/92 0.95 379 757000
2/17/94 0.99 3.74 » 1047000
12/13/95 1.01 3.73 1340000
Evercalc 9280 psi
Mrp - DARwin - - - ' 7250 psi
Tab 10585 psi

mitial PSI vélﬁes andv total accumulated ESALs. Layer tﬁicknésées were measured
from coring and driiling. Layer coefficients are “typical values” as previously
descﬁbed, and the structural number was computed with these “typical values™ for
l\ayer coefficients and measured layer thicknessés.

Initial (af zéro accumulated ESALSs) estimated IRI and, thus PSI are highlighted

in Table 2.1. Dates where IRI were measured and where corresponding PSI were
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computed are shown with estimated accumulated ESALs. Estimated subgrade moduli
backcalculated from FWD data with Evercalc5.0 and DARwin are shown with
laboratory measured values.

Figure 2.1 illustrates the procedure to estimate the initial IRI with linear
regression from measured IRI data points for GPS-2 section 1021. Equation 2.3 was
used ‘io éstimate mitial PSI from initial IRI. There were several sections where linear
regressions did not fit well all measured IRI. In these cases, linear regression through

a subset of points was used to extrapolate backwards to an initial IRI.

1.056 &

0.95

IRI, m/k

12/10/83  12/9/85  12/9/87  12/8/8%  12/8/91 127193 12/7/85  12/6/97

Date of Measurement -

Figure 2.1 Regression Equation for Backward Extrapolation to Estimate
Initial IRI for Alabama GPS-2 Section 1021

Figure 2.2 shows a regression equation through estimated annual ESALs for
GPS-2 section 1021. For traffic, linear regressions were used primarily to extrapolate

forward in time, rather than backwards, to estimate the total accumulated traffic by

summing annual ESALSs for years in service.
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KESAUyear

1984 . ;- 1986 1988 1990 1992 1994 1996

Year of Traffic Estimate

Figure 2.2 Regression Equation for Estimating Accumulated ESAL’s
for Alabama GPS-2 Section 1021

Figure 2.3 shows several relationships between PSI and W; (accumulated
ESALs) for GPS-2 section 1021. One is the measured relationship, i.e., PSI computed
from measured IRI with estimated accumulated ESALs. The initial PSI computed

with the estimated initial IRI is also shown as part of the relationship. The other three

GPS2_1021(AL) PERFORMANCE

3.95
3.9
3.85
3.8
3.75
3.7
3.65
36
3.55
35

Evercaic

PS

———— DARW in
—o—— Measured

O .. ¢ 500000 - 1000600 - - 4500000
Accumuiated ESALs

Figure 2.3 PSI-W, Curve for Alabama GPS-2 Section 1021



12 -

relationships were computed with Equation 3.1 using the three estimates of subgrade
resilient moduli shown in Table 2.1. Tables, similar to Table 2.1, and figures, similar
to Figure 2.3, were prepared for all Alabama GPS-1 and GPS-2 sections and are
shown in the APPENDIX.

Eigure 2.3 indicates that subgrade resilignt modulus may have considerable
influence on accumulated ESALs predicted with the AASHTO design equation. An -
,.examination of figures in the APPENDIX for other GPS-1 aﬁd GPS-2 sections
confirm this observation, and that the use of laboratory sul;grade resilient moduli
produces curves that are, in most cases, more comparable with measured
relatibnships. These comparisons and studies of backcalculated and laboratory
subgrade resilient moduli for Alabama SPS-1 and SPS-5 sections lead to the use of
laboratory values for evaluating the ‘AASHTO design equation.

Studies for SPS-1 and SPS-5 sections indicate that backcalculated subgrade
resilient mod}ili'are influenced by the stiffness of the pavement structure (SN). SPS
sections are constructed on roadway sections of limited length where relatiyely'
- uniform subgrade support would be “expected. In the case of SPS-1 sections, i)ositive
steps were takén during construction to insure uniform subgrade support. Laboratory
moduli in Figure 3.4 show, as expected, relatively uniform support for SPS-1 sections
(Mg = 10,000 psi). Mbduli ‘backcalculated with DARwin, however, are strongly
influenced by and correlated with (R? = 0.7118) SN. Laboratory moduli are not
available for SPS-5 sectios, but the strdng inﬂueﬁce of SN on backcalculated

subgrade resilient moduli is illustrated in Figure 2.5.
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SN vs Subgrade Resilient Modulus for Alabama SPS-1 Sections
25000
y=3943.8¢-7655.9 #|

20000 RE=-6{7418 =5
= 15000 - // -
a / ¢ DARwin
© ) = a2 - s mlab
= 10000 e ; =

¢ o *
5000 *_ T * =y = 512 4Gx-+ 78453
R%= 0.4095
0 e T
2.5 35 0 45 55 6.5 B
SN

Figure2.4 Relationship between SN and Subgrade Resilient Modulus
for Alabama SPS-1 Sections :

SN vs Subgrade Resiliient Modulus for Alabama SPS-5 Sections

14000 - -
y = 3285|1x - 6446.6

R? =0.8597 e

12000 : » o

10000 -
% 00 . /L :’/ ¢ Evercalc5.0
=R el ] - » DARwin
E P
% _ b
6000 ' : y.=1331 1x + 1499
R[=0.3421
4000
4 4.5 5 55 6
S SN v o :

Figure 2.5 Relationship between SN and Sui)grzide Resilient Modulus
for Alabama SPS-5 Sections
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The observed relationships between SN and backcalculated My are likely the
result of stress sensitivity of the subgrade soils, i.e., higher SN results in lower
subgrade stresses which would give higher stiffness. This would mean that
backcalculated Mg are more representative of existing subgrade support and,
therefore, should provide better predictions of performance with AASHTO equation.
This was not the case for GPS-1 and GPS-2 sections, as previously noted, and lwas
not the case for SPS-1 sections. Figure 2.6 is an example of measured and cornputeci_
‘PSI-accumulated ESALSs relationships for SPS-1 sections. Figt;re 2.6 is typical of 10
of 12 sections and conﬁrms the vélidity of using laborﬁtory subgrade resilient moduli
for evaluating the AASHTO equation. Although the performénce comparisons are
limited and more extensive evaluations are certainly needed, implications seem to be
that FWD loadings do not stress subgrade soils to levels éxperienced under trafﬁé.

Table 2.2 summarizes SN and subgrade My values for GPS-1 and GPS-2 sections.

SPS1_0102(AL) PERFORMANCE

- -----. Esg=10000
e DARW 0
——ae—— Measured

0 500000 1000000 1500000 2000000 2500000 3000000

Accumulated ESALs

Figure 2.6 PSI-W, Curve for Alabama SPS-1 Section 0102
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Table 2.2 Structural Numbers and Subgrade Resilient Moduli
for Alabama GPS-1 and GPS-2 Sections

Sections SN "~ Lab Mg (psi)

1001 448 26,390
4126 7.79 9,715

GPS-1 4127 551 | 13,340
4129 T 453 | 11165
4155 319 | 17,690
1011 | 395 12,899
1019 3.17 12,180

Gps2 | 1021 | 481 | 10,850
4073 T 414 1189
(4125 . - 432 1 13,050

232 “Evaiuat.ion‘ of fhe Pei;formz;ﬁ;e Predlctwe ‘Capabil:ity o"f the 1993 ‘AASHTO
| .F lexible Pavement Design Model | |

The 1993 AASHTO flexible i)avement design modéi Was evalﬁated by
comparing predicted ESALs with actual ESALs carried to produce an observed loss
of PSI. The predicted ESALs from the AASHTO model were compared wifh the
estimated ESALs carried by the sections when the lést IRI (and thus PSI) were
measured. Plots of predicted versus actual ESALs and regression e&;uations were
constmctéd. Then, paired t-tests were carried out to determine stétistical significance
of differences. The null hypothesis is that the difference between mean predicted
logW, and mean actual logW, is equal to zero, and the alternate hypothesis is that it is
not equal to zero (the model over or under predicts logW,). This was to evaluate the

predictions‘ for bias. Finally, the standérd deviation of the differences between
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predicted logW, and actual logW; was computed for each plot to compare with the

value (0.49) contained in the 1993 AASHTO design guide.

Table 2.3 shows results computed with the 1993 AASHTO design model.

Column 2 contains the relationship between logW, and APSI for each section.

Structural numbers and subgrade resilient moduli used to develop the equations are

tabulated in Table 2.2. Column 3 contains the estimated mitial PSI and the PSI

computed with last measured IRI for each section. Column 4 shows the PSI changes

(APSI = PSI; - PSIy). Column 5 contains predicted logW, whe_n APSI in column 4 is

substituted into the equations in column 2. Column 6 contains the log of accumulated

ESALs at the‘ti‘r‘ne the last IRI was measured.

Table 2.3 Results of Applying the 1993 AASHTO Flexible Pavement Design

Model for GPS-1 and GPS-2 Sections in Alabama

Sections | AASHTO | PSI/ | APSI | Predicted | Actual |
| » Equation | PSI; logW, logW;
GPS-1
1001 | logW,=1.64l0gAPSI+7.98 | 420383 | 037 757 6.37
4126 | logW,=2.4110gAPSI + 8.68 | 400371 | 039 738 703
4127 | logW,=2.15l0gAPSI+7.99 | 3.90/3.71 | 0.19 6.44 6.07
4129 | logW,= 1.81iogAPSI+7.29 | 3.70/2.82 | 0.88 7.19 6.13
4155 | logW,=0.96l0gAPSI + 6.99 | 4.00/3.63 | 037 6.58 6.35
GPS-2
1011 | logW, = 0.99l0gAPSI+ 6.71 | 4.00/3.78 | 022 6.06 597
1019 | logW,=0.94logAPSI + 6.60 | 3.50/2.96 | 0.54 635 628
1021 | logW,=1.9310gAPSI+ 741 | 3.90/3.73 | 0.17 592 6.13
4073 | logW, = 1.60logAPSI + 7.15 | 4.00/3.74 | 028§ 621 6.24
4125 | logW, = 1.70logAPSI + 733 | 4.30/3.42 | 0.88 724 6.81
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2.3.2.1 All Pavements
A plot of predict;ec_l versus actual log(ESALs) for all Alabama test sections (data
in Table 2.3) is presented in Figure 2.7. Figure 2.7 indicates the AASHTO equation
with lgboratory subgrade resilient modulus over-predicts the pavement performance
of Alabama GPS-1 and GPS-2 pavements.
Table 2.4 contains results of a t test comparing mean actual logW; with mean
‘.prtv:dicted‘ logW,. The c-(‘)‘mp'u’ggd‘t is greater than the critical t at the 0.05 le'vci of
s;gniﬁcance, which means the null hypothesis can be re:iected, i.e., generally
. ,_»spegkying, t.‘pe 1 993AASHTO flexible pavement design model provides biased
prediction of flexible pavement performance. The design model over-predicts
performance by 109%.
The standard deviation for the differences between predicted and actual logW;
values was 0§40, as compéréd to the véiue 049 for flexible pavements from the
| AASHTO Road Test. This indicates that the model is less variable in prediction than
expécted. This variability may be due to:" |
1) Traffic estimation: This is. potentially the greatest source c;f error because the
process of ‘obtaining ‘;aé;iuai” ESALs deper;ds on méﬁy variables that are difficult
to estimaté. Sources éf error include estimating annual traffic volumes for years
without data with regression equations, volumes of each axle type, lane
distribution of trucks, and directional distributions of trucks.
2) Design input: Errors may be ihtroduced when backcasting the initial IRI and the
estimation of PSI values using the PSI-IRI relationship. Another important source

‘of error comes from the subgrade resilient modulus, which is also often inaccurate
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and fails to represent the real subgrade conditions. Structural numbers for
pavement structures were computed with AASHTO recommended layer
coefficients and this may introduce errors if material properties were much

different from the norm at the AASHTO road tests.

All Sections in Alabama
75
>
+
L
7 / -
' =1.1549x - 0.7194
_ RY=0.4949
. ‘ :
6.5
% - . | :
o *
3 /
O
2
e *
o 6
-
5.5 e =
5 _
5 55 ) 6 6.5 7 7.5
Actual log\M

Figure 2.7 Relationship between Predicted logWt and Actual logWt
for All Test Sections in Alabama

Table 2.4 Statistics Analysis for All Test Sections in Alabama

Mean | Mean
No. of | Actual | Pred. t- t-critical
Category | Sections | logW, | logW, | value | (0.05 level) Rejected?‘ SD*
All 10 6.34 6.66 | 2.56 2.26 YES 0.40

* Standard deviation of the difference between the actual and predicted logW,
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2.3.2.2 Pavements with Granular Bases versus Those with Bound Bases

Plots of predicted versus actual log(ESALs) for pavements with granular bases
are presented in Figure 2.8 (a) and for pavements with bound bases in Figure 2.8(b).
These figures indicate the design model over-predicts performance for both groups
but predictions are better for pavements with bound bases.

The paired‘t—test was used to evaluate the results. for bias and the complete
results are shown in.;fabl‘_e 2.5. Table 2.5 shows that, for pavements with granular
bases, the computed t is gfeatgr than the critical t at the 0.05 level of significance,
which means. the null hypothesié"“can be rejected, i.e., generally speaking, the 1993
AASHTO flexible pavement design model provides biased over prediction of
performance. On the contrary, for pavefnents with bound bases, the prediction is
unbiased.

The performance of pavements with granular bases is over-predicted by 280%
while the performance of pavements with bound bases is over-predicted by only 17%.
Standard deviations for differences between predicted logW, and actual logW, values
were 0.37 and 0.23, which are less than the value of 0.49 for AAéHTO test data used
to develoi; the model. The 1993 AASHTO flexible pavement design model was
developed from data for pavements that had experienced large serviceability loses as
they approached terminal Ievéls. However, the péverﬁents analyzed had experienced

only relatively small:serviceability loses and may be one reason for the large biased

predictions.
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Table 2.5 Statistics Analysis for Pavements with Different Base Types

Mean | Mean
Base No. of | Actual | Pred. t- t-eritical
Type | Sections | logW, | logW, | value (0.05 level) | Rejected? | SD*
Granular 5 6.39 697 | 3.50 2.78 YES 0.37
Bound 5 6.29 6.36 | 0.67 2.78 NO 0.23

* Standard deviation of the difference between the actual and predicted logW,
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CHAPTER 3:

PERFORMANCE EVALUATION OF SPS-1 PAVEMENTS

Generally speaking, pavements fail structurally because of a combination of
three primary factors: traffic (curnﬁlative wheel load application), inadequate
structural capacity (or loss of structural capacity), and pc;or support (or loss of
support). SPS-1 sections at each site were constructed on similar subgrades within
tﬁe same cii‘matic region and carry the same traffic. As a result, they provide a
good opportunity to study the influence of pavement struétural parameters on
berformance. Thei-st_udvy focused on SPS-1 sites in Alabama, Arizona, Arkansas,
and lowa. Table 3.1 summarizes basic information for sites in these states.

Table 3.1 Basic Information about SPS-1 Sites

State Age Accumulated Climatic Subgrade
| (year) Traffic (KESAL) Region ~ Type
Alabama 9 4230 W-NF Fine
Iowa 7 N/A* W-F Fine
Arizona 7 N/A* D-NF Coarse
Arkansas 6 1500 W-NF Coarse

*N/A — not available
'SPS sections were designed to permit direct performance comparisons
among sections. For this research, sections were regrouped according to their

specific design features. All performance comparisons were based on smoothness
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degradation, rutting, fatigue cracking, longitudinal cracking and transverse
cracking increases with traffic/time. For convenience of comparison, a distress
index (DI) was determined by summing all distress measurements. DI is defined
as follows: |
DI =100 * AIRI + Rutting + FC+LC +TC =~ -——-- Eq. 3.1
Where:
| DI = disﬁess ind¢x,
1 AIRI= IRI changé (m/krrn),v ':
Ru%ting = fut depth (mm),v
FC= fatigue cra;cking (m*/section),
LC= longituainal crécking (m/section), aﬁd
TC = transvéfse crackiﬁg (no./section). -

It should b_e noted that DI is an artificially deﬁﬁed index with no specific
meani.ng .(or no units). AIRI is émpliﬁ_ed{ by 100 times Because.of its importance
as an indicator of performarice and so thatl its magpitude would be comparable to
the ‘magnitude of rutting and cracking ‘measurertienits. The _performance of test
sections was considered different 1f their DIs differed more than 5\0.

The following procedures were applied to accomplish comparisons of the
performance of test sections:

1) Detailed 'data about layer type, layer thicknesses of each section were
synthesized;

2) Sections were regrouped for coinpariéon purposes based non their surface

‘layer thicknesses, base types, and base thicknesses;
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3) Comparisons based on performance were performed within each group
for sections with similar structural number (SN);

4) Comparisons based on performance were performed among different
sites; and

5) Relationships and conclusions based on the comparisons were .developed.

For consistency, symbols for the several type pavement structures are

defined as follow:

Layers - Symbol Layers Symbol
Surface | . Surface

Granular base G Dense Graded Black Base ~ GB
Subgrade Granular Subbase

Surface _ Surface _

Open Graded Black Base GO Dense Graded Black Base TOB -
Granular Subbase , - Open Graded Black Base

Subgrade - Geotextile

3.1 ANALYSIS OF RESULTS
3.1.1 Comparisons within Groups at Each Site

Table 3.2, 3.3, 3.4 and 3.5 contain pavement descriptions and performance
parameters for the SPS-1 sections in Alabama, Iowa, Arizona, and Arkansas
respectively, showing the groups and the corresponding performance data. Direct
comparisons of the performance of sections are also included in the tables.
Comparisons are made to determine the effects of surface course thickness, an
open graded drainable layer and base type (granular, open graded or dense graded.

black base). These comparisons are made between sections with similar structural

numbers and the validity of comparisons will certainly depend on structural
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number similarity. Conclusions from the comparisons can be summarized as
follows:
1) Asphalt concrete surface thickness
Constructed on granular base, pavements with thicker AC surface showed
Somewhgt better performance (especially less fatigue cracking) than those with
thinner surface course.
2) Drainable layer
Pavements with dFainable layers performed bette;‘ than those without
drainable layers on fine-grained subgrades (Alabama and lowa). However, for
coar‘se-g‘rain'ed‘ subgrades, pavements with dense graded bases performed better
than pavements with drainable bases (Arizona and Arkansas).
3) Base type
Dense graded black base layers improved pavement performance when used
alone (full depth) or in combination with open graded or granular base layers.
3.1.2 General Observations
| “C'omparlison_s between states may not be meaningful because of differences
in accumulated traffic and the fact that accumulated traffic in Iowa and Arizona
are unknown. However, the following general observations are offered:
1) Fatigue cracking is more prevalent in Alabama pavements (52 m?/section)
than the other three states (15, 17.6 and 18 m?*/section). And, it is more
| prevalent in pavements with granular bases.

2) Rutting depths are larger in Arizona (17.6 mm) than in the other three states

(10.4, 6.6 and 7 mm) and may be due to higher temperature.
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3) Transverse cracking is more prevalent in Iowa (average of 18.4 no./section)
than the other three states (average of 1.3 no./section) and confirms that
transverse cracking is cold temperature relafed distress.

4) Longitudinal cracking is most prevalent in Arizona (62 m/section) and least
prevalent in Arkansas (4 m/section). The large longitudinal cracking in

Arizona may be related to the large rutting (either in or between wheel paths).
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Table 3.2 Performance Comparisons among Alabama SPS-1 Sections

Section | Base | ST | SN | 6IRI | Rutting | FC LC TC DI
(in) (mm) | (m?) | (m) | (No.)
. ‘Surface Course Thickness ,

0101 | G [ 66 |41 01 8 3916 | 1 74
0102 | G | 39 |35| 038 | 15 | 145 | 46 | 1 | 245
Thicker surface better
Df_ainage Layer
0105 GB 41 |38 0.13 10 137 37 0 197
0107 | GO | 4.1 |3.1] 0.15 15 44 20 0 94
Drainable ‘better
0106 GB 74 166 0.17 11 0 43 0 71
0109 GO | 74 |58 0.1 9 52 25 0 96
No apparent difference
0102 G 39 {35 0.38 15 145 46 1 245
0107 GO | 4.1 |31} 0.15 15 44 20 0 94
Drainable bétter
Base Type
0102 G 39 135] 038 15 145 | 46 1 245
0105 GB | 41 3.8 0.13 10 137 | 37 0 197
No apparent difference
0103 B 43 |44 0.13 9 35 31 0 88
0105 GB | 4.1 (3.8 0.13 10 137 37 0 197
Black base better
0104 B 6.7 {7.0] 0.1 9 0 0 0 19
0106 GB | 74 |66 0.17 11 0 43 0 71
Black base better
0108 GO | 73 |52 0.15 9 110 | 22 0 156
0110 | TOB | 6.7 | 5.1 0.1 10 50 28 0 98
Black base better
Avg. | - | - | -] 017 | 104 52 1271 0 | 107
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Table 3.3 Performance Comparisons among lowa SPS-1 Sections

Section | Base | ST | SN | 6IRI | Rutting | FC | LC TC DI
(in) (mm) | (w®) | (m) | No.)
Surface Course Thickness
0101 G 8 47| 05 9 13 15 20 107
0102 | G 51 (40 14 13 82 | 142 46 | 423
Thicker surface better :
0110 OB | 79 |54} 05 6 3 37 14 | 110
0111 OB | 44 (54| 03 5 I | 9 13 58
Thin surface better )
Drainage Layer
0105 GB | 35 |37 04 8 4 132 14 198
0107 GO | 34 |29 0 0 0 ] 78 0 78
‘ Drainable-better
0106 GB | 68 {67 03 4 28 39 33 134
0109 GO | 75 |6.1 0.1 8 0 11 6 35
Drainable:better
Base Type
0102 G 51 404 14 | 13 | 82 | 142 | 46 | 423
0105 | GB | 35 |37] 04 | 8 4 | 132 ] 14 | 198
Black base better |
0103 B 38 (45| 04 3 5 33 18 99
0105 GB | 35 |37} 04 8 .4 132 14 198
Black base better
0104 B 70 73] 04 4 20 58 29 151
0106 GB | 68 |67| 03 - 4 28 39 24 134
No apparent difference
0108 GO | 59 (47| 0.8 14 21 8 17 140
0110 OB | 79 {54 05 6 3 37 14 110
No apparent difference
Avg. | - | - ] -]045 ] 66 15 | 47 | 18 132




-29.

Table 3.4 Performance Comparisons among Arizona SPS-1 Sections

Section | Base | ST | SN | 6IRI | Rutting | FC | LC | TC DI
| (in) (mm) | (m®) | (m) | (No.
- ‘Drainage Layer
0118 | GB | 40 [50] 0 17 | 12 | 18 0 47
0121 | GO | 41 45| 0 16 | 22 [ 120 0O 158
| " Denscigraded beter
0114 | G | 68 [48]| 03 | 18 6 | 130 | 2 186
0119 | GO | 63 43| 0 | 38 0 | % | o0 | 128
T " Dramnable better |
- ‘ BéSe Type
0114 | G | 68 |48] 03 18 6 | 130 | 2 | 186
0117 | GB | 76 | 54| 0 18 0 | 10 | o | 28
o N Blackrbase better
0115 | B | 66 |58 0.1 9 0 | 40 | 0 59
0117 | GB | 76 |54 0 18 0 | 10 | o | 28
0116 | B | 41 |59 0.1 15 410 0 29
0118 | GB | 40 50| 0 17 12 [ 18 | 0 | 47
‘ ) 4 | No.apparent difference |
Avg | - [ - J-J0o00] 176 [ 4 [ 6] 1 | %
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Table 3.5 Performance Comparisons among Arkansas SPS-1 Sections

FC

Section | Base | ST | SN | 6IRI | Rutting LC TC DI
(in) (mm) | (®) | (m) | (No.
Surface Course Thickness
0113 G | 41 [30] o1 5 12 | 3 4 34
0114 G 6.9 |38 0.1 7 6 3 1 27
No apparent difference
Drainage Layer .
- 0118 GB 4.1 |50 0 6 5 7 0 18
0121 GO 4.5 4.7 0.1 7 12 15 3 47
No apparent.difference
0114 | G 6.9 {38 0.1 7 6 3 1 27
0119 GO | 68 {43 0.8 7 125 1 15 228
Granular bétfer
Base Type
0115 B 7.0 |56 0.1 8 6 2 0 26
0117 GB 6.9 {50 0 8 3 1 1 13
No apparent differénce
0116 | B [41[58] 0 [ 7 T2 [ 1 ] 0 [ 10
0118 | GB | 41 |50 0 6 51 7 | o | 18
- No apparent difference
0120 | GO | 42 [37] 07 7 40 | 2 5 124
0122 | TOB | 46 |4.1 0.2 7 1 0 0 - 28
Black base better
Avg. | - | - [-TJox2] 7 | 18 | 4 3 | 53
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CHAPTER 4:

PERFORMANCE EVALUATION OF SPS-5 PAVEMENTS

The major problem tliat pavement eﬁg‘ineers face ‘today is not how to design and
construct new pavements, but hoyy"to evaluétg, maintain, and upgrade existing pavements
to meet demands of highér volumes of trafﬁc and l}irger loads. The traffic i‘v{'(_)ylumes on the
primary highway system, especialiyvin u:baﬁ :areas, ilave seen trerﬁendous iﬂcreases over

’the last 20 years, Ieadingﬂ in many instances to eariiér—théﬁ:expe_ptéd failiﬁes :of highway
pavements. The aging of vthe‘ Iﬁte’rsﬁtat'e Highway System and other primary systems built
during the 1950s and 1960s has r;:sulted in the expenditure of a large portion of highway
funds on pavement rehabilitation. Efforts cqht;inue to develop techniques and procedures
that will result in more cost—éffective and longer—lasﬁng»paVement rehabilitation. |

A typical asphalt pavement rehabilitation strategy involves milling ‘and resurfacing
of the existing paw}ement.‘ The overlay thickness may depend on the condition of existing
pavement,:anticipated trafﬁc, availablc"ﬁlrids,i and etc. The SPS-5 sections at a site were
constructed over similar subgrade, have the same climatic region and can'y the same
traffic. Therefore, they provide a good opportunity to directly compare rehabilitation
stratégies. SPS-5 sections at different sites permit some assessment of the influence of
traffic, climate and subgrade.

This study focused on SPS-5 sites in Alabama, Alberta (Canada), California,

Mississippi and Texas. Table 4.1 is a summary of general conditions for these sites.
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Table 4.1 Basic Information about SPS-5 Sites

State Age Accumulated Climatic Subgrade
(years) Traffic (KESAL) Region Type
Alabama 9 630 W-NF Fine
Alberta 10 3820 D-F Coarse
* California 7 13000 - - DNF Coarse
Mississippi 9 8800 W-NF Fine

Texas 9 N/A . D-NF Fine

4.1 ANALYSIS OF RESULTS

Three aspects of asphalt pavements rehabilitation strategies, i.e., milling of existing

surface, overlay material type, and overlay thickness, were included in SPS-5 sections.

Sections were grouped and comparisons made of their performance to evaluate the effects

was found to determine if mix designs for mixes with and without RAP were comparable.
Sections could not be grouped so that pémparisorxs of performance could be made to
evaluate overlay thickness. Differences in overlay thickness always produced differences
in total asphalt concrete thickness and, therefore, structural number which invalidates
comparisons of performance.

Tables 4.2, 4.3, 4.4, 4.5 and 4.6 show pefformance data for SPS-5 pavements in

Alabama, Alberta, Mississippi, Texas and California, respectively. Data from theses

tables were used to plot Figures 4.1, 4.2, 4.3, 4.4, and 4.5 to examine the effects of
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overlay variables on smoothness degradation, rutting, fatigue cracking, longitudinal
cracking, and transverse cracking, respectively.

Figure 4.1 indicates that, in Califo’rnfa and Alberta, 1) virgin AC performs slightly
better than AC with RAP in controlling loss of smoothness, and 2) thicker overlay might
reduce the rate of smoot}iness degradatiop;

” Figure 4.2 shox;é bnly that, in Califorﬁia, thicker overlays seem 'to‘rut Iess.

Figure 4.3 reveals that, in Alberté, Califomia and Mississip;»)'i:‘ 1) v1rg1n AC is
consistently better thah AC w1ith RAP ih;)reventing fatigue c;écking, énd 2) fatigue
cracking decreases as the overlay thickness increases.

Figure 4.4 shows that, in Alabama and California, 1) virg?n AC and AC with RAP
exhibit contradictory effects in preventmg I()ngxtudmal cracking, and, 2) only in Alabama,
does o;\/erlay thlckness effect longltudlnal crackmg |

Figure 4.5 shows that virgin AC is better than AC vvith RAP ,in preveeting
transverse craeking, except for Alberta. B |

To gef an overall view of the effectslof mllhng and material type, chstress indexes

(DD from Tables 4.2to 4 6 are grouped and tabulated in Tables 4.7 and 4. 8 A dlfference
| of at least 50 in DI was arbltranly set as a requlrement for determmmg a dlfference in
performance of two seetlens. Data from Mlssxsmppl are not shown in Table 4.7 because
total thicknesses were diffefent for compardble sectiond. Data from delifdmia are not

‘shown in Table 4.7 because.aH sections were milled.
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Figure 4.1 Overlay Thickness versus Smoothness Degradation
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Figure 4.3 Overlay Thickness versus Fatigue Cracking
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Figure 4.5 Overlay Thickness versus Transverse Cracking
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Table 4.7 reveals that milling of existing surface produces some benefits for thin

overlay but for thick overlay the benefits are limited. Table 4.8 reveals that virgin

mixes generally perform better than mixes with 30% RAP. The one notable exception

1s for 7 inch overlay in California where mixes with RAP perform somewhat better

Table 4.7 Summarized Distress Indexes for Comparison of Milling Effects

State

Virgin AC AC with 30% RAP
M/O | 222 | o2 2/5 0/5 21 0/2 2/5 0/5
AL | 19 194 29 16 117 | 251 76 27
AB | 176 | 267 91 130 | 232 | 298 | 149 | 219
X | 10 | 76 14 12 64 | 77 | 37 28
‘Some benefits of No benefit of Some benefits of | Some benefits of
milling indicated | milling indicated | milling indicated | milling indicated
in AL and AB in AB
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Table 4.8 Summarized Distress Indexes for Comparison of RAP Effects

Mill Mill No Mill No Mill
2” OL (2/2) 5” OL (2/5) 2” OL (0/2) 5” OL (0/5)
State :
Virgin | RAP | Virgin | RAP | Virgin | RAP | Virgin | RAP
AL 19 117 29 76 194 251 16 27
AB 176 232 91 149 | 267 298 130 219
MS 181 232 70 233 117 509 77 142
TX 10 64 14 37 76 77 12 28
Virgin mixes Virgin mixes Virgin mixes Virgin mixes
better better in better in better in
AB and MS AL and MS AB and MS
Mill 4” OL Mill 77 OL
B/S=2/2 B/S =0/4 B/S=2/5 B/S =0/7
| CA [ Virgin | RAP | Virgin | RAP | Virgin | RAP | Virgin | RAP
178 511 | 350 | 473 199 | 121 196 143

Virgin mixes better for 4”7 OL but RAP mixes better for 7” OL in CA
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CHAPTER 5:

CONCLUSIONS AND RECOMMENDATIONS

COnclusioﬂ’s and recommendations from this research can be summarized as
follows:

Research revealed ' that, stafistically speaking, the ?1993 AASHTO flexible
pavement design model provides biased prediction of t'he4 performance of flexible |
pavements withrtgranﬁlar» bases but unbiased prediction of performance of pavements
w1th ‘bound base.s‘ w,\hen" ,using subgfade resilient moduii from laboratory testing.
Serviceability degfadation and 5ubgrade resilient modulus, are key parameters for the
1993 AASHTO design model.

A_-lealysis. of SPS-1. §§q§ipns indicated fatigue cracking as a serious distress
manifestation for- pavements with - granular bases. “Full-depth” AC pavements
performed beitterlvthv_an, other structural designs. Open graded "d;ainable base layers
improved the perforfrxanée of pavements over fine-grained subgrades but pavements
with dense graded black bases over coarse-grained subgrades performed better.

Analysis of SPS-5 sections indicatg:d milling of existing pavement surfaces
before overlay produces some benefits fér thin 'overlay but no apparent benefit for
thick overlay. Virgin AC performed better than AC with 30% RAP. Increased overlay
thickness (thus total thickness) improved performance, especially for preventing

fatigue and transverse cracking.
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Data in the SHRP-LTPP database provided a good platform for conducting this
research. But, it has deficiencies such as incompleteness of certain data and
inconsistencies of some data elements which certainly diminishes confidence in the

evaluations performed.
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APPENDIX

DATA USED IN AASHTO DESIGN EQUATION EVALUATION
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Modulus of Each Layer in Alabama GPS-1 Section

ID | CONDITION | AC |BASE/SUBBASE| SUBGRADE
(AL) (ksi) (ksi) (ps)
Wet | 2030 23 5,075
Evercalc Dry 594 51 16,675
1001 Lab - 24 26,390
DARwin - | - 6,670
Wet | 290 200 9,715
Evercalc Dry | . 800 ' 108 9,425
4126 Lab | - 26 0,715
DARwin - - | 9,425
Wet - - -
Evercalc Dry 580 , 435 9,425
4127 Lab - 2] 13,340
DARwin s 89%
Wet - - - | ' -
Evercalc Dry | 732 101 7,105
4129 Lab - 3322 11,165
DARwin - - | 6,525
Wet | 580 145 | 1 12,325
Evercalc Dry | 1918 290 32,625
4155 Experiment .~ 33 17,690
| DARwin - - 15,950
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Parameters for GPS1_1001(AL)

. Parameters Values
Construction Date 1071780
Over‘léslb Date N 6/1/93
Layers Di(in) | &
SN AC | 33 0.44
(Original) GRB 62 0.15 4.48
GRSB 19.1 0.11
4 Layers |  Di(im) ooa
SN AC | 59 044 )
(Overlayed) | GRB 6.2 013 | 5.63.
| GRSB | 191 011
IRI(m/km) PSI | Accumulated ESALs
| 086 3.87 1776600
Traffic 4/3/92 097 3.75 2208100
And 7/28192 0.93 3.79 2295300
Smoothness | 10/22/92 0.9 3.83 2358700
1710/96 | 0.61 4.17 3504400
1/27/98 05 4.31 4346800
| Evercalc 10870 psi
Mg DARwin 6670 psi
Lab 26390 psi
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Parameters for GPS1_4126(AL)
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Parameters Values
Constructjon Date 4/1/88
Overlay Date N/A
Layers Di(in) a;
SN AC 13.1 0.44 7.79
GRSB 18.4 0.11
Date Accumulated ESALs
4rIR8 0
Traffic 12/6/90 1862000
And 2/10/92 2821400
Smoothness | 2/2/94 4767700
1/9/96 6514400
5/11/99 1 371 10742000
Evercalc 9365 psi
Mg DARwin 9425 psi
Lab 9715 psi
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GPS1_4126(AL) PERFORMANCE
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Parameters for GPS1_4127(AL)

Parameters Values

Construction Date | 8/1/74

Overlay Date 4/3/89

Layers D;(in) a;

SN AC 10 044 5.51

(Overlayed) | GRB 74 0.15
PSI | Accumulated ESALs

| B 1 0
Traffic | 12/6/90 38 182800
And 2/10/92 0.93 3.79 313500
Smoothness | 2/1/94 0.88 3.85 539500
12/6/95 | 0.89 3.84 748500
8/12/98 1 371 1177500
, Evercalc | 9425 p _Si
Mg DARwin 8990 psi
Lab 13340 psi
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Parameters for GPS1_4129(AL)

Parameters Values
Construction Date ) 6/1/76
Overlay Date 6/1/89
Layers Di(in) a;
AC 4.5 0.44
SN GRB 126 0.15 4s3
GRSB | 6 0.11
Date IRI(m/km) PSI Accumulated ESALs*
Traffic [ 12/10/90 | 101 | 370 | . 243000
And 4/6/92 1.01 “3.70 459000
| Smoothness [ 2/17/94 1.07 364 783000
12/13/95 1.48 3.22 1080000
9/3/97 1.93 2.82 1336500
Evercalc B 7105 psi
Mg DARwin 6525 psi
Lab 11165 psi

* Regression equation not used but assumed constant 1 62,000 ESALs/year.
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Parameters for GPS1_4155(AL)

Parameters Values
Construction Date 10/1/75
Overlay Date ~ , 10/1/95
Layers Di(in) a
SN - ' 37 0.44 3.19
104 0.15
IRI(m/km) PSI Accumulated ESALSs
Traffic 05k 0
And 0.95 3.77 ; 1522700
Smoothness |  12/12/90 096 | 3.76 1616000
8/24/92 0.96 3.76 1896000
8/9/94 1.08 3.63 2216000
Evercalc _ , 22463 psi
Mg DARwin ; 15950 psi
Lab 1769,0 psi

* Regression equation not used to extrapolate IRI to 1975 to estimate the initial PSL.
Visual extrapolation to estimate P;= 4.0.
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GPS1_4155(AL) PERFORMANCE
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Modulus of Each Layer in Alabama GPS-2 Sections

ID | CONDITIONS | AC | BASE/SUBBASE | SUBGRADE
(AL) | (i (ksi) (psi)
Wet 166 414 7,975
Evercalc Dry [ 1020 380 8,990
1011 Lab - 26/25 12,899
“DARwin - - | 8,410
Wet | 431 509 6,670
Evercalc Dry 1160 509 7,250
1019 Lab-x’ - -« 25 12,180
DARwWin - - 6,815
Wet | 758 95 11,600
Evercale Dry 794 131 6,960
1021 Lab - 26 10,585
| DARwin _ - 77,250

Wet - - -

Evercalc Dry | 1363 435 10,585
4073 Lab - 23 11,89
“DARwin - : 9,860
Wet | 571 509 12,180
Evercalc Dry 1401 376 6,380
4125 Lab - 23 13,050
DARwin - - 6,960
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Parameters for GPS2_1011(AL)

Parameters Values
Construction Date 6/1/85
Layers Dj(in) a
AC 1.0 0.44
SN. DGBB 5.0 0.34 3.24
GRSB | 100 0.11 ) |
Date IRI{m/km) PSI Accumulated ESALs
GALISS 080 49 0
Traffic 12/6/90 0.90 3.84 386000
And 2/11/92 0.84 3.91 491300
Smoothness | 2/1/94 0.79 3.96 671300
8/16/95 0.96 378 806300
8/12/98 0.95 3.78 926300
Evercalc 8478 psi
Mg DARwin 8410 psi
Lab 12899 psi
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Parameters for GPS2_1019(AL)

Parameters Values
Construction Date | 10/1/84
Layers Di(in) a
SN AC 3.5 0.44
DGBB | 3 | 0.34 3.17
GRSB N 5.5 . 01 1 .
Date IRI(m/km) PSI Accumulated ESALs
6/5/90 137 335 690000
Traffic |  7/11/91 1.42 3.30 855000
And 8/21/92 1.41 3.31 ' 1020000
Smoothness [ §/8/54 1.51 321 1340000
12/21/95 151 3.21 1540000
4/21/97 1.70 3.04 ‘ 1740000
4/22/98 1.79 296 1890000
e o .. Evercalc_ _____ : 6560 p 51
Mg DARwin 6815 psi
Lab 12180 psi

- * Regression equation not used to estimate initial PSI. Visual extrapolation based on
first five points used to estimate initial IRI for computing initial PSI.
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GPS2_1019(AL) PERFORMANCE
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Parameters for GPS2_1021(AL)

Parameters Values
Construction Date 611785
Layers D;i(in) aj
SN AC 3.1 0.44
GDBB 4.5 034 | 4.81
GRSB 74 | o0d1
_ Date IRI(m/km) PSI Accumulated ESALs
Traffic 6LLISS 9 39
And [ 6/6/90 | 096 3.77 505000
Smoothness | . 4/3/92 - 095 3.79 757000
- | _2/17/94 0.99 3.74 - 1047000 |
12/13/95 1.01 . 3.73 , ‘1340000
| Evercalc 9280 psi
Mg DARwin 7250 psi
Lab 10585:pst
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GPS2_1021(AL) PERFORMANCE
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Parameters for GPS2_4073(AL)

Parameters Values
Construction Date | 6/1/88
Layers Di(in) a;
AC 1.5 0.44
SN DGBB | 71 - | 034
GRSB | 52z | ol | 414
LTS 4.9 0.10
Date IRI(m/km) | PSI | Accumulated ESALs* |
Traffic 5/8/90 0.85 3.90 310000
And 415/92 0.89 3.85 620000
Smoothness | 2/22/94 0.89 3.86 913000
12/7/95 0.96 3.78 1193000
4/14/99 1.00 374 1730000
Evercalc 10585 psi
Mg .DARwin ‘ 9860 psi
A — e

*Regression equation not used to estimate accumulated ESALs. Assumed
160,000 ESALs/year for test period. -
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Parameters for GPS2_4125(AL)

Parameters ‘ Values
Construction Date 6/1/72
Layers Ds(in) a
SN AC 3.4 0.44
DGBB 6.2 V 034 - | . 432
Date IRI(m/km) PSI Accumulated ESALSs
0
Traffic 6/7/90 0.94 3.80 3700000
And 12/11/90 0.97 3.76 3850000
Smoothness | 7/29/92 0.93 3.81 4400000
8/23/94 1.10 3.63 5000000
12/19/95 1.10 3.62 5400000
4/20/99 1.30 3.42 6400000 -
Evercalc 9280 psi
M . .DARwin . 6960 psi
T i 13050 psi_

* Regression equation was not used to estimate initial PSI. Extrapolation produced P;

~ 4.7 which was considered too high. Minimum IRI = 0.5 m/km assumed.
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