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A PROPOSED PAY ADIUSTMENT
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ABSTRACT:

The influence of variations in asphalt concrete mix properties an pavement
performance during 1ts life 1s a critical factor in highways construction, Although other
pavement's layers; base course, subbase and subgrade have also important effects on
performance; however, they c<an easily be adjusted early during the construction.
Shortly aiter being laid the asphalt concrete suriace layer hardens; therefore, no
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adjustment can be applied. An asphalt concrete surface layer can be characterized by
its percent air voids, percent asphalt content, asphalt properties, percent liller and
aggregate type and gradation,

Quite often material quality does not meet specification requirements. The effect
of this nonconformation on the pavement serviceability has not been established;
however, it results in reduced payments to contractors. The pay adjustment methods
currently used in Egypt is based mainly on discounting the present cost of materials
lost out of the mix from the contractor's payment. This method of penalizing the
contractor is not based on sound engineering principles. Thus, it is not always a reliable
measure of pavement's reduced serviceability.

The purpose of this study is to develop a pay adjustment method that is based
on the actual serviceability of pavement. It was based on the serviceability of pavement
defined in the ASSHTO method of thickness design. It was assumed that the maximum
penalty a contractor can ever pay was equivalent to an adjusted cost ol an overlay
which upgrads the pavemant to its design serviceability. The actual penalty was; then,
computed based on the actual loss of serviceability ekperienced over time. Summary
tabies and figures that facilitate presenting the method and its application through
a simple example are included.

INTRODUCTION:

Quality control during the construction of flexible pavements is considecred
critical in determining the service life of a highway. It normally happens that the quality
aoif ihe materials used in construction are outside the specilication talerance limits.
In some cases, specially during the early stages of construction, the materials that
do not meet the specification requirements can be rejected and the contractror is
responsible for replacement. However; in many situations, evaluation of the finished
pavement layer has proved deviations from the design limits.

Wortdwide, some agencies reject construction that do not meet specification
limits, and do not pay contractors. Oihers, however; accept these deviations in thickness,
asphalt content and properties, compaction, and gradation but appiy a pay adjustment
factor that penalizes the contractor by reducing his balance. In Egypt, the reduction
is based on present material cost discount. Far example if an asphalt concrete surface
course constructed al less thickness that designed, the present cost of thickness differe-
nce is deducted from the total amount of the contract. Other factors such as a Jower
asphait content, jack of filler or missing a portion ol an aggregate size is cut from
the contractors balance on the basis of weight cost ol material lost.

Non of the previously mentioned approaches, for pay adjustment, have been based
on sound enginzering principles. Therefore, these factors are not considered measures
ol serviceability reduction of the pavement.. Hznce, many problems between the high-
ways agencies and the contractors are presently experienced. In fact, the need for
an actual engineering procedure for accepting or rejecting nroncompliance work is
warranted.

PURPOSE AND METHOD OF STUDY:

The main target ol this analysis is 10 develop a sound method for setting a pay
adjustment method for flexible pavements in Egypt. The condition of the constructed



Mansoura Engineering Journal {MEJ) Yol. 14, No.), June 1989 C. 2

subgrade, subbase or base course layers can be adjusted to satisty the specification
requirements either by thickness increase, by additional compaction or by both of them.
The surface course is responsible for 40.0 percent or more of the total serviceability
and cost of pavement. Therefore, the proposed method should concentrate of finding
a rational relation between the asphalt concrete quality and the total pavement secvicea-
bility. Whence it can be specified whether the work should be accepted or rejected
and how much compensation the contractor would pay.

To satisfy this purpose, the major elements that affect the asphait corcrere
properties are first determined. Then a predictive model which reflects these proper-
ties in one representative value is selected. The relation between pavement companents
and its serviceability over time is then based on the AASHTO method of design. The
final step will, then, be responsible for determining the penalty or the pay adjustment
factors.

MIX PROPERTIES VERSUS SERVICEABILITY:

The serviceability of a pavement can be defined as its abikty 10 serve the traitic
for which it is designed for. Apavement is designed to reach a predefined serviceabulity
index (PSI) under a predetined traftic flow which is expected to occur during a specified
period of time. The number of repitions of a standard axle, 18 kips (80Kn) single axle,
has been related to the subgrade soil properties, environmental conditions and the
pavement quality and structure in the AASHTO method of design (1). Since, in this
study, we assumed that base and subbase courses are perfectly controlled, the surface
course propecties could have been directly related to the pavement serviceability
index. Some major properties of the finished surface course are discussed in the following
paragraphs

Air Yiods:

Percentage air viods (Va) is the most dominant factor that detrermins an asphalt
mix quality. Fatigue life of a bitumenous suriace course is primarity affecied by the
level of compaction: a higher farigue life of pavement {5 the result of a decreased
percentage of air voids. From a mix design point of view; the asphalt content, apgregate
grad ation, and percent filler are selected to obrain the smalles voids spaces pasible
so that bleeding will not occur. Research, elsewhere, has confirmed that fatigue life
decreases sharply with increasing voids content of the mix (2}

Asphait Properties and Content

When ai) other properties are fixed, the viscusity of asphalt cement affects the
facigue life of asphalt concrete. Low penetration asphalt cement imparts a lower
fatigue life for the asphalt concrete than a higher penetration one (2).

The asphalt content is also a critical factor that rules all mix properties. The
binder is the most expeasive constituent of the mix, in addition, it controls the flexability
ol surface course. The content of bitumen in mix is directly related to the percent
aie voids and aflects aggregate interparticle {riction which in turn influence the stabiticy,

durah:ity, strength and fatigue life of mix.

Recent research, aimed to developing a mathematical model for prediction
of the modulus of elasticity of asphalt concrete, has proved that not only the percent
asphalt content {(Pac) that effects the elastic madulus but alse its deviation fcom
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the optimum value (Popt] (3). In the recent Asphalt Institute method of pavement
design (4} the tatigue life of asphalt concrete has been found to be dependent on
the modulus of elasticity and the level aof elastic strain. In general, percent bitumen
content and properties 18 a factor that interacts with 2ll other mjx components to
determine the quahty ot asphalt concrete.

Aggrepate Gradation and Type

The gradation of an aggregate determines the amount ol voids present to be
{illed with asphalt cement. The degree to which the voids are filled with bitumen
influences the elasticty and fatigue Jife of mix. Also, the amount of voids, pravided
by the agregate, controls the fatigue Jife of [inished mix.

Since difierent aggregate types have different capabilities as load-carrier thus
it is expected that the fatigue life of mix differs by aggregate type. Shape, surface
texture, durability and others are factors defining aggregate type. A recent study
relating the number of load repetitions to failure with mix properties has substantiated
that type of aggregate has an important consequences on f{atigue life of asphalt concrete
(2). They asserted that mixes composed of crushed stone have better tatigue life than
those composed of crushed gravel.

Properties Predictive Maodel

The properties of surface course material is reflected in the AASHTO pavement
desigh method through one variable called layer coefficient (a,). This coefficient
varies [rom 0.20 to 0.44 depending on the quality and type of "asphalt mix. Based
upon the NCHRP evalvation study of the AASHTO design guide (5), a relation between
layer coefficient {a;) and elastic modulus (E) has been proposed irom a combined
analysis of individual state highway results and a theoritical analysis, Fig.(1). A mathema-
tical model relating lhe mix praperties to its elastic modulus has been developed
for use in the Asphalt Institute thickness design method (4). The model was based
on measuring the modulus of efasticity of 369 asphalt concrete specimens made from
crushed stone aggregates mixed at the optimum asphalt content. However, the model
has recently been refined to include wider range of mix properties (3). The latest

imodel was based on 1179 points and had a coeilicient of determination (Rz) of 0.891!.
This excellent results created a highly accurate predictive equation that can reflect
the properties of asphalt mix with only one dependent value. The modet can be reduced
far a temperature of 68°F (20°C) and a load frequency of 1.0 hertz ta be:

Log (E} = 6.485587 + 0.028829 (P, ) - 0.03476 (V)

200
« 20767 (0, ) 21 LousT - Popt * 4.0y W
Where ;
E = elastic modulus, in psi.,
PZOO = Percent material passing No. 200 sieve,
Vv = Percent air voids in the mix,
Pent = Penetration af asphalt cement,
pac = Percent asphalt content, by weight of rmix; and
p = Percent oprimum asphalt content, as found by Marshall.

opt
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Hence; the major properties of finished mix can be reflected in one value, eiastic
modulus (E)}, which, \n turn, can be used to determine any change in the serviceability
of the pavement.

METHOD OF ANALYSIS
In this analysis the following assumptions were made:

1. Subgrade, subbase and base course are matching the design requirements, since
any defect wm any of these layers can be easily treated during construction.

2. A pavement is designed to serve an initial annual number of t8-Kips (80 Kn)
single axle load repetitions (No) as well as their growth over a period of time
(T-years) at a rate of (i) before it reaches a minimum serviceability index
£SI1 = 2.0.

3. A pavement that has a minimum serviceability index of PSI = 2.0 is not worth
zero cost value,

Thus, for a given pavement and based on the AASHTO method of design a

relation between the total number of repetitions (N) and pavement variables can
be reduced to the following equation:

log (N} = 043 + 9.36 log (SN + 1) -1‘-‘8-L£‘!.?---‘-’§Q-Q-Z-l- ~ (2)

where; SN = Structure number of pavement
=2 dl + 2, d2 v ay d3, and

N, and PSI are as defined previously.

In equation (2), the regional factor (R) was given a value o! 4.0 which was
believed to reflect the envitonmental condition in the Egyptian Delta region, however;
other values could be assumed changing only the constant value in rthe equation.
Also, a soil support (S) value ol 4.0 was considered reasonable lor the nonstabilized
clay present in the Delta area.

Therelore; for a given pavement structure that is designed to carry a fimited
number of equivalent load repetitions (NI) during a time (T) the relation between
the serviceability index {PSI) and time in” years can be drawan as shown in Fig.(2),
curve-l. The pavement under evaluation; however, will reach the minimum value
of serviceability, PSI = 2.0, after a time (1) less than the design time (T) as shown
in the same figure, curve-ll. The dashed area shown in Fig.(2) represents the lost
serviceability over time which will be experienced by the road users. 1f this imaginary
area can be represented by cost units, rational pay adjustment or penalty factors
can then be developed. '

Maximum Penaltv Pmax

Assuming we have two pavements both hold exactly the same structural
components; however, one of them is new, i.e., it has a servieability index PSl=%.2
and the second is old and has allready reached the minimum serviceability of PSi=2.0.
To upgrade the old pavement to its inrial serviceability PSl=4.2, an overlay is added
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so that the structure number (SN} is shifted back to its original value. The cost
of upgrading the old pavement is equal 10 the maximum penalty (Pmax) that a contra-
ctor should be charged for. A proposed method for computing maximum penalty
is summarizcd below.

For a perfectly constructed pavement that was designed to have a structure
number (SNp), then;

SNP= ay dj +a,dy v aydy (3)

if this pavement has been vsed untill a serviceability of PSI = 2.0 is reached,
belore being overlaid to gain a structure number (SNo)j, therefore;

SNo = a doﬁ'(dl +d2) a, » a5 d, (@)

where; d_ = thickness of overlay
Equating SNp to SNo or equation 3 to equation 4, then;

d = d

a
2
o 9 (1) (5)

[n dcveloping equation: 4, 5 it was assumed that the old surface course layer
vould be considered as an additional base course with a Jlayer coefficient of a
(1). The total cose of overlay (Co), ailowing 20.0 percent extra cost for batching
and preparing old surface wilf therefore be:

)
Co= 1.2Csd, (1 -:-) (6)
ay

where; Cs is the unit thickness cost of suriace layer. As introduced previously the
cost of overlay (Co) is equal to the maximum penafty (Pmax) that a contracror
will be obliged to pay, under the assumption of this analysis. Since it is not expected
that a new constructed pavement will reach minimum serviceability in the f{first
day of opening then; the amount of penalty will lie between zero and (Pmax).

PAY ADJUSTMENT PROCEDURE

[t is proposed that the pay adjustrnent is applied as a penalty that a contractor
has to pay to compensate the user for the loss of serviceability he will experience
during the pavement design life. The concept is that a pavement constructed within
design 1hickness and mix specification are accepted with full pavment. Adeviation,
from mix specifications andf/cr design thickness may reduce the leve! of service
offcred to user vvertime, Fig.(2). Therefore; a new term is introduced in this study
called the integrated time service (TTS). The (ITS) is delined as the area under
the service-time curve between PSl=4.2 and PSI=2.0. In a mathematical form, the
integrated time-service {{TS) can be represented by;

T 4.2

ITs = _ ( PSI). dt ?)
;=0 PSI = 2.0
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For a design pericd (T), an initial annual number of lcad repetitions (No),
a traffic growth rate (i) and a design structure number (SN)d the integrated time
service (ITS) will have its design vaiue. When the ITS is equal tc its design value
the pay adjustment lactor wiil be equal to unity, or the penalty is zero Egyptian
Pounds. However; the ITS will be zero if the constructed pavement has enough
deviation from the design specifications so that its serviceability is minimum, i.e.
PSI =2.0. Therefore, for any pavement which has an integrated time service (ITS)
act, the penalty can be campured as follows:

P = K. Pmax (®)
where; K is the penalty coefficient and equal to

__(ITS) des - (ITS) act (8)
TTS) des

Figure (3), shows the service time curves for a pavement which was assumed to
have a design structure number (SN = 3.6) as well for the same pavement when
its structure number was reduced. Detatled data for each ocne curve are also given
in Table-i for comparison. It can be noticed, in the same figure, that a reduction
in the pavement structure number from SN = 3.6 to SN = 3.5 results in reducing
its design life {from 20.0 years to about [8 years. In additicn, the serviceability,
as measured by PSl, is less than expected during all the reduced tume of 8 years.
Using the proposed methed, it was found that ihe contractor should pay a penalty
of 8.75 percent out of the maximum penalty (Pmax) as a compensation. Assuming
a 40-in thickness surface course of a design layer coeflicient a, = .54, then; a redu-
ction of 0.18 in SN will happen when a, is reduced to a value of 0.415. This reduction
can be the result of an increase of the percent air voids of 1.0 perceni, a reduction
in the percent [iller of 1.35 percent, or any other equivalencies ol combined deviations.

As shown n Figure (4) the relation berween the penaity coefficient (K) and the
structure number of pavement is linear. The slope of this line is equal to the difference
between the minimum and the design structyure number, i.e.: (slope = (SN) min-(SN)des).
This finding will faciiitate the use of the proposed method. The engineer, knowing
(SN) des, needs only to compute the (SN)act using equation (1) and Fig.(l) as well
as {SN)min; or the structure number of the pavement when the surface layer has
a coefficient equivalent to the base course layer coefficient. A relation similar
to that shown in figure(4) is drawn and the penalty coefficient can be found. Knowing
the penalty coefficient, the total penalty can be calculated as given in previous
section.

Computing the penalty using the method discussed above is considered a
rational way of compensating the users for the serviceability they are going to -
loose over time.

Altheugh it may result in higher or even lower. penalty values than the methods
currently used in Egypt, it is offering a lair compromise both for government agencies
and contractors.
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Table -1 Summary of the Example Data

Present Life Time b C Serviceability Model a
(Si\) (t - year) |ITS K {PSl)
t 0.8
3.6 20 24.48 0.00 4.2-0.78 {1.08" - 1)
3.5 1%.1 22.67 0.08% 4.2-0.863 (1.08" -1)%-343
3. 16.2 20.5 0.17% 5.2-0.97 .08 -1)0-?
3.3 14,5 18.47 0.256 4.2-1.107 (1.08% -1)~”6*
1.0 9.53 12.8 0.485 v.2-2.0 (Log" -[)122
2.8 5.64 814 0.670 v.2-5.94 (1.08% -1)!-63

a Example assumesgrowth rate ot 8.0 percent

b iTS = Area under time-serviceability curve (2 PS1  &.2)

ck = Penalty Coefficient

CONCLUSIONS

. Initial deviation of surface mix properties [rom specilications can cause a high
reduction in the pavement's serviceability over time.

2. Pay adjustment factors should be basec on the deviation ol mix air vouds percent
as well as other factors currently used.

3. The Asphalt Institute madified mode! for asphalt concrete elastic modulus predic-
tion is an excellent tool for measuring the relative change in mix characteristics.

4. Pay adjustment using the maximum penalty as a reference is based on Sound
engineesring principles and the penalty computed using the proposed method
represents the actual compensation [or a lower service during pavement's tife
time.

5. A more practical pay adjustment method can be settled if a relation between
secviceability index (PSl} and the present worth of pavement's rehabilitation
cost is developed.
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