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APPENDIX B

WARRANTY PERFORMANCE INDICATOR 
TABLES FOR VARIOUS END PRODUCTS



B-2

TABLE B1 Performance indicators for HMAC pavement
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B1 (Continued)
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TABLE B2 Performance indicators for chip sealing

TABLE B3 Performance indicators for bridge deck joints

TABLE B4 Performance indicators for bituminous crack treatment
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TABLE B5 Performance indicators for microsurfacing
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TABLE B6 Performance indicators for bridge painting
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TABLE B6 (Continued)
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TABLE B7 Performance indicators for pavement marking
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TABLE B7 (Continued)
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TABLE B8 Performance indicators for concrete pavement
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TABLE B8 (Continued)
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TABLE B8 (Continued)
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TABLE B8 (Continued)
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TABLE B9 Performance indicators for bridge deck joints/waterproof membranes
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TABLE B10 Performance indicators for other end products
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TABLE B10 (Continued)
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TABLE CO-1 Colorado distress levels for potholes

TABLE CO-2 Colorado distress levels for 
transverse cracking

TABLE MI-1 Maximum allowable distress points 
for surface distress in Michigan 5-year warranted
asphalt projects

TABLE MI-2 Flexible pavement distress types

TABLE MI-3 Composite pavement distress types
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TABLE WV-1 Retroreflectivity and durability requirements for pavement markings under the West
Virginia warranty specifications

TABLE WV-2 Minimum coefficient of retroreflection (candelas per foot candle per square foot; 
0.2° divergence and −4° incidence)1
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APPENDIX C

HMAC QUALITY PARAMETER EXAMPLE

This appendix contains an example describing the partial
development of a quality parameter for hot-mix asphalt con-
crete pavement that can be used in multi-parameter bidding in
the form A+B+Q, where Q is a measure of quality. The process
model from the quality parameter guidelines in Chapter 3 is
presented again before the example (Figure C1). The example
only includes information for Steps 4 through 10 of the Qual-
ity Parameter.

Step 4. Select End Product

The example has been developed for hot-mix asphalt con-
crete (HMAC) pavement.

Step 5. Determine Measurable Indicators of Quality

One measure of quality that can be used in performance
models is life-cycle cost (LCC). However, the performance
models based on LCC are not as well developed for HMAC as
they are for portland cement concrete. Therefore, it has been
decided to use the quality level analysis (QLA) as the most
appropriate measure of quality for the HMAC example. This
quality measure is contained in the AASHTO Quality Assur-
ance Guide Specification. A recent survey conducted through
NCHRP 10-39A, Testing and Inspection Levels for Hot-Mix
Asphalt Concrete Overlays, reported that 20 of 38 agencies
replying to the survey use QLA for the measurement of one or
more mixture or construction properties.

The QLA is used to predict a percent within limits (PWL)
or percent defective (PD) quantity. This statistical procedure
was developed for the U.S. Department of Defense and has
been used since the late 1950s for procurement under their
contracts. Its use in the highway materials and construction
field has grown significantly since the establishment of the
National Policy on the Quality of Highways in 1992. The PWL
is determined based on an estimate of the average and vari-
ability as related to specification limits. The standard deviation
is used as the most appropriate measure of variability for this
example. The indicators of quality chosen for HMAC were a
combination of mixture quality properties and construction
quality properties.

Asphalt Mixture Quality Properties

Three asphalt mixture quality properties are used in this
example: asphalt content (AC), the volumetric properties of
laboratory compacted air voids (AV), and voids in the min-
eral aggregate (VMA). These three properties are believed to

adequately measure the mixture binder content and the effects
of the aggregate gradation. AC is defined as the percent of
asphalt cement by the total weight of the mix. AV is the total
volume of air voids between the coated aggregate particles in
a laboratory compacted mixture sample. The VMA is the vol-
ume of the intergranular void space between the aggregate
particles of a laboratory compacted mixture sample, which
includes the AV and volume of AC not absorbed into the
aggregates. The limits selected in this proposed example for
mixture quality are shown in Table C1. These proposed lim-
its were either used or simulated in a pilot PWL specification
by the Virginia DOT in 1996.

Asphalt Construction Quality Properties

Two asphalt construction quality properties are used in this
example: ride quality (RQ) as measured by a South Dakota
response-type road roughness meter and in-place AV (IPAV)
measured from cores. The specification limits used for RQ
and IPAV are shown in Table C2. The limits are related to
those developed for a prototype roughness specification by
the Virginia Transportation Research Council and those for
the IPAV are based on research performed there several
years ago.

Step 6. Determine Best Measurement 
Method of Each Indicator

This example of a HMAC quality parameter does not
include a discussion or a determination of the best measure-
ment method for the five properties (or indicators) of quality.
For a discussion of this subject, the reader might see Hot Mix
Asphalt Materials, Mixture Design and Construction, pub-
lished by the National Asphalt Pavement Association (NAPA).

Step 7. Select Best Indicator of Quality for End Product

For this example of a HMAC quality parameter, all five
indicators (AC, AV, VMA, RQ, and IPAV) will be used in the
determination of the quality parameter.

Step 8. Draft Process to Make Quality Indicator(s) Biddable

A method to combine the individual quality parameters
must be proposed. As part of this methodology the example
uses a day’s production for a lot. For mixture quality proper-
ties the sample size is four per lot. For construction quality,
10 cores per day are used to establish the construction IPAV
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Figure C1. Quality parameter implementation process.



quality parameter and for RQ the length paved per day is
accumulated in 160 m (0.1 mi) sublots made up of 16 m (0.01
mi) increments. However, because the length paved will dif-
fer from day to day, the sample size for each lot will vary for
RQ, but because the length sampled is accumulated based on
16 m increments, the sample size, n, will always be large.

Combining Quality Parameters

There are several ways these five quality parameters can be
combined. This example will average the three mixture prop-
erties and weight these as 40 percent of the total, allowing
the two construction properties to be averaged and weighed
as 60 percent of the total. These weighed factors would then
be combined in terms of PWL to produce a DOQP.

DOQP or PWL Determination

The procedure for determination of the DOQP or PWL is
explained in the following five steps.

1. For the mixture quality parameters calculate the LSL
and USL using these equations:

where JMF is the approved job mix formula,
LSL is the lower specification limit (from 
Table C1), and
USL is the upper specification limit (from
Table C1).

For the construction quality parameters, the LSL and USL
are given in Table C2.

LSL JMF Lower Tolerance= +

LSL JMF Lower Tolerance= −
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2. Calculate the Ql and Qu using the equations below:

where Ql is the lower quality index,
Qu is the upper quality index,

is the lot average, and
s is the lot standard deviation.

3. Estimate the lot lower PWL (LPWL) and upper PWL
(UPWL) by using Ql and Qu and the appropriate sample
size (n) to enter Table C3. If Ql or Qu fall between two
values of PWL in Table C3, the contractor is given the
benefit of the doubt by rounding up to the higher PWL
value.

4. Determine the total PWL (TPWL) for each quality
parameter using the following equation:

5. Determine the mixture quality parameter (MQP) and
construction quality parameter (CQP). The DOQP using
the MQP and CQP is determined as follows:

Daily Overall Quality Parameter DOQP
MQP CQP

( )
= ( ) + ( )0 4 0 6. .

Construction Quality Parameter CQP
RQ TPWL IPAV TPWL

( )
= × + ×( )1

2

Mixture Quality Parameter MQP
AC TPWL AV TPWL VMA TPWL

( )
= × + × + ×( )1

3

TPWL LPWL UPWL= +( ) − 100

x

Q USL
su = − x

Q LSL
s1 = −x

TABLE C1 Specification tolerances for asphalt mixture quality properties

TABLE C2 Specification limits for asphalt construction quality properties
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TABLE C3 Quality level analysis by the standard deviation method



Example Determination of a Daily 
Overall Quality Parameter

The following is an example illustrating how a DOQP can
be calculated from the individual quality parameters. The
data in the example that follows are for one typical construc-
tion day and are summarized in Table C4. The materials, RQ,
and IPAV data were taken from different projects.

• Mixture Quality Parameter

Asphalt Content Quality Parameter

Using the lower and upper tolerances from Table C1:

From Table C3:

(Note: Because Qu = 0.67 falls between 72 and 73 in
Table C3, UPWL is rounded up to 73.)

TPWL 1 7
73% for Asphalt Content

= +( ) −
=

00 0 3 100.

TPWL LPWL UPWL= +( ) − 100

For Q 0  and n 4,  UPWL 7u = = =.67 3

For Q 1.83 and n 4,  LPWL 1001 = = =

Q USL
s

Q 5 5
0.12u u= − = − =x . . .95 87 0 67

Q LSL
s

Q 5 5
0.121 1= − = − =x . . .87 65 1 83

USL JMF Upper Tolerance 
5.8% 0.15% 5.95%

= +
= + =

LSL JMF Lower Tolerance 
5.8% 0.15% 5.65%

= −
= − =

n s= = =4 5 87 0 12, . %, . %x

JMF 5.8%=

C-5

Air Voids Quality Parameter (Laboratory Compacted)

Using the lower and upper tolerances from Table C1:

From Table C3:

VMA Quality Parameter

Using the lower and upper tolerances from Table C1:

From Table C3:

TPWL % for VMA= +( ) − =100 79 100 79

For Q  and n  LPWL1 = = =2 55 4 79. ,

Q1 = − =15 1 14 5

0 69
0 87

. .

.
.

No Upper Tolerance No USL, so UPWL= = 100

LSL = − =15 2 0 7 14 5. % . % . %

n s= = =4 15 1 0 69, . %, . %x

JMF = 15 2. %

TPWL  for Air Voids= +( ) − =100 100 100 100%

For Q  and n  UPWLu = = =2 16 4 100. ,

For Q  and n  LPWL1 = = =2 55 4 100. ,

Qu = − =5 2 4 1

0 51
2 16

. .

.
.

Q1 = − =4 1 2 8

0 51
2 55

. .

.
.

USL = + =4 0 1 2 5 2. % . % . %

LSL = − =4 0 1 2 2 8. % . % . %

n s= = =4 4 1 0 51, . %, . %x

JMF = 4 0. %

TABLE C4 Example data for one construction day (one lot)



• Construction Quality Parameter

Ride Quality Parameter

From Table C2:

From Table C3:

In-Place Air Voids Quality Parameter

From Table C2:

From Table C3:

The Daily Overall Quality Parameter DOQP  
for Mixture and Construction

MQP CQP

( )

= ( ) + ( ) = × + =0 4 0 6 84 0 0 4 0 6 84 9. . . . . . %

Construction Quality Parameter CQP
RQ TPWL IPAV TPWL

( )
= × + ×( )
= +( ) =

1
2

1
2 92 79 85 5% % . %

TPWL
 for In-Place Air Voids

= +( ) −
=

100 79 100
79%

For Q  and n  UPWLu = = =0 82 10 79. ,

For Q  and n  LPWL1 = = =2 82 10 100. , ,

Qu = − =8 0 7 1

1 1
0 82

. .

.
.

Q1 = − =7 1 4 0

1 1
2 82

. .

.
.

LSL USL= =4 8%, %

n  s= = =10 7 1 1 1, . %, . %x

TPWL  for Ride Quality= +( ) − =100 92 100 92%

For Q  and n  UPWLu = = =1 41 200 92. ,

Qu = − =1400 1090

220
1 41.

USL mm km= 1400

No LSL,  so LPWL = 100 0.

x = =1090 220mm km, s mm km

n
based on 3.2 km paved,

3.2 km 0.016 km
=

=






200
200

Mixture Quality Parameter MQP
AC TPWL AV TPWL VMA TPWL
7 1

( )
= × + × + ×( )
= + +( ) =

1
3

1
3 3 00 79 84 0% % % . %
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The DOQP in this example is lower than the acceptable
quality level (AQL) of 90 percent (i.e., the overall quality level
for that day was less than what was desired as defined by the
specifications.) This methodology would be repeated on a
daily basis and accumulated for an entire project. Because
these calculations are time consuming when performed by
hand, most state highway agencies (SHAs) that are using this
type of methodology have developed computer programs to
make these calculations.

Overall Project Quality Parameter for 
Bid Adjustment

The DOQP is accumulated and averaged over the time
period of the project to determine the POQP. The use of the
POQP can then be tied into the A + B + Q equation using an
inverse function. This inverse function is required because
the bid value should decrease as the quality parameter (POQP)
increases.

One approach to applying this concept is to use the multi-
parameter equation in the form (A +B)Q, where Q is measured
by the inverse function of a pay factor (PF), which is a func-
tion of the accumulated POQP as shown in Equation C1. In
this approach the quality parameter, POQP, combined with a
PF, is used to establish a factor that would determine a dollar
amount for bidding purposes based on anticipated quality. The
pay equation contained in the AASHTO Quality Assurance
Guide Specification (PF = 55 + 0.5PWL) is used in this exam-
ple. The pay equation is based on an AQL of 90 PWL and an
assumed rejectable quality level (RQL) of 50 PWL. The equa-
tion allows a maximum incentive of 5 percent (at 100 PWL),
and pays an average of 100 percent of the bid price at the AQL
and 80 percent of the bid price at the RQL.

where PWL = POQP

Example of Project Overall Quality 
Parameters for Three Contractors

Three contractors (A, B, and C) bid on a typical, new SHA
project. Each of the contractors bid a HMAC cost of $35 per
ton based on a HMAC quantity for the project of 100,000 tons
and a duration of 50 days. The road user cost set by SHA is
$2000/day. The purpose of presenting an example in which
all three contractors bid the same cost per ton and time is to
illustrate the effect of high, average, and low quality history
of contractors on the award of the project.

The following data were collected by the SHA from each
contractor’s last hot-mix asphalt project in lots; that is, con-
struction days. Construction data for contractors A, B, and

Q
PF PWL

Equation C1)1 = =
+

1 1
55 0 5.

(



C are found in Tables C5 and C6, Tables C7 and C8, and
Tables C9 and C10, respectively. Tables C5, C7, and C9
contain the mixture quality data and the calculated average
total percent within limits (TPWL) values for AC, AV, and
VMA. Tables C6, C8, and C10 contain the construction
quality data and the calculated average TPWL values for RQ
and IPAV.
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Contractor A: Average Project Overall 
Quality Parameter

Project Mixture Quality Parameter PMQP
AC TPWL AV TPWL VMA TPWL

( )
= × + × + ×( )
= + +( ) =

1
3

1
3 84 0 99 1 97 7 93 6. . . . %

TABLE C5 Contractor A—Project overall mixture quality parameter

TABLE C6 Contractor A—Project overall construction quality parameter
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TABLE C7 Contractor B—Project overall mixture quality parameter

TABLE C8 Contractor B—Project overall construction quality parameter



PF 5 % PWL= + = + ( ) =5 0 5 55 0 5 90 5 100 25. . . . %.

PWL PODQ = 90.5%=

The Project Overall Quality Parameter POQP
PMQP PCQP

( )
= +
= × + × =

0 4 0 6
93 6 0 4 88 4 0 6 90 5

. .
. . . . . %

Project Construction Quality Parameter PCQP
RQ TPWL IPAV TPWL

( )
= × + ×( )
= +( ) =

1
2

1
2 89 7 87 1 88 4. % . % . %
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Contractor B: Low Project Overall 
Quality Parameter

Project  Quality Parameter PMQP
AC TPWL AV TPWL VMA TPWL
5 8

Mixture ( )
= × + × + ×( )
= + +( ) =

1
3

1
3 9 3 2 5 75 8 72 5. . . . %

Contractor A s adjusted bid price
1

’
= × + ×( )
=

$ , $ , .
$ , ,

35 00 000 2 000 50 1 1 0025
3 591 022

TABLE C9 Contractor C—Project overall mixture quality parameter

TABLE C10 Contractor C—Project overall construction quality parameter



Contractor C: High Project 
Overall Quality Parameter

Comparison of Bid Prices with Quality Parameter

The bids for each contractor are summarized in Table C11.
This summary demonstrates the impact of different levels of a
contractor’s history of quality as determined using the pro-
posed methodology. As Table C11 shows, Contractor C (with
the high quality parameter) would have had the lowest bid—
$124,484 below the next bidder (Contractor A with an average
quality parameter) and $391,983 below Contractor B who had
the lowest quality parameter.

Three Approaches to the Biddable 
Quality Parameter

There are three basic ways to consider the past quality his-
tory of a contractor when awarding a project. One way would

Contractor C’s adjusted bid price
1= × + ×( )

=
$ , $ , .

$ , ,
35 00 000 2 000 50 1 1 0385

3 466 538

PF 5 PWL= + = + ( ) =5 0 5 55 0 5 97 7 103 85. . . . %.

The Project Overall Quality Parameter POQP
PMQP PCQP

( )
= +
= × + × =

0 4 0 6
98 0 0 4 97 5 0 6 97 7

. .
. . . . . %

Project  Quality Parameter PCQP
RQ TPWL IPAV TPWL

Construction ( )
= × + ×( )
= +( ) =

1
2

1
2 97 1 97 8 97 5. % . % . %

Project  Quality Parameter PMQP
AC TPWL AV TPWL VMA TPWL

Mixture ( )
= × + × + ×( )
= + +( ) =

1
3

1
3 94 1 100 0 100 0 98 0. . . . %

Contractor B’s adjusted bid price
= × + ×( )
=

$ , $ , .
$ , ,

35 100 000 2 000 50 1 0 9330
3 858 521

PF PWL= + = + ( ) =55 0 5 55 0 5 76 6 93 3. . . . %.

The Project Overall Quality Parameter POQP
PMQP PCQP

( )
= + = × + × =0 4 0 6 72 5 0 4 79 4 0 6 76 6. . . . . . . %

Project  Quality Parameter PCQP
RQ TPWL IPAV TPWL

8

Construction ( )
= × + ×( )
= +( ) =

1
2

1
2 73 6 5 2 79 4. % . % . %
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apply the past quality history in the Contract Pre-Award stage
of the project; i.e., to include a Contractor Pre-Qualification
requirement that allows only contractors with a certain mini-
mum level of quality history (POQP) to bid on the project.
The requirement would be a pass/fail measure determined by
the SHA. The two alternatives would affect the Bid Award
project stage. One would allow the SHA to use the contractor’s
quality history (POQP) to determine the amount of bid adjust-
ment. The other would allow the contractor to bid a quality rat-
ing (POQP) based on the contractor’s self-assessment of past
performance. All of these scenarios are schematically illus-
trated in Figure C2.

Alternative I—Pre-Bid Qualification

The first alternative is based on the SHA establishing a
pre-bid rating system for materials and construction using a
contractor’s POQP based on prior performance. This quality
parameter would be used directly as a prerequisite to allow a
contractor to bid on the project. Contractors would either pass
or fail the minimum quality parameter value. The quality rat-
ing, or POQP, could be determined by contractor performance
on the most recent project or series of projects for the previous
year. For example, the performance on the last project, or the
last five projects, of the type under consideration could qual-
ify. If past performance history was required only for the last
project, the POQP of 90.5 percent, based on the previous
example, would be used as a quality rating for Contractor A to
determine bid eligibility. If the minimum AQL for prequali-
fication was a POQP of 90 percent, then Contractor A would
qualify. Contractor C with a quality rating of 97.7 percent
would also be eligible, whereas Contractor B would not meet
prequalification requirements with a POQP of 76.6 percent.

Alternative II—Bid Adjustment by SHA

The second alternative requires a SHA to apply a con-
tractor’s POQP based on prior performance (quality history)
to adjust the bid value for award of the project. Prior per-
formance would be collected by the SHA through the mon-
itoring of all projects for this purpose. The POQP would be
used with the pay equation to determine the quality factor
for bid evaluation. This alternative would reward contrac-
tors for higher levels of quality delivered on previous proj-
ects. If the history collected by the SHA was only the last
project of Contractor C, based on the previous example,
97.7 percent would be used as the POQP to determine the Q

TABLE C11 Comparison of bid prices using the quality parameter



adjustment of the bid. An adjustment of 96.3 percent would
be made to compare the bid price. This adjustment was cal-
culated as follows:

Because this adjustment is less than 100 percent, Con-
tractor C’s bid would be lowered for comparison with the
other bids.

Alternative III—Bid as a Parameter by Contractor

The third alternative would allow for contractors to bid
their estimate of their quality parameter (POQP), at least in
theory, based on prior performance. This estimated quality
parameter would be used with the pay equation to deter-
mine the quality factor for bid evaluation. One inherent
weakness in this alternative is that the contractor could bid
a quality rating that was not comparable with past quality

Q
100%

PF PWL POQP
= =

+
=

+

=
+ ( )

= =

100

55 0 5

100

55 0 5

100

55 0 5 97 7

100

103 85
96 3

. .

. . .
. %
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history. For example, Contractor A has a history of achiev-
ing quality equal to 90.5 percent, but would be free to bid a
POQP for example of 95 percent, even though this contrac-
tor’s quality history does not indicate that the contractor can
achieve this quality level. This may result in a contractor
being awarded the project based on a quality history that has
never been demonstrated. All three contractors would be able
to bid on the project, including Contractor B, whose quality
history does not demonstrate that a POQP of 90 percent
could be achieved.

Step 9. Draft Process to Make Measurable Quality
Indicator(s) a Performance Target (Criteria)

A process for making the measurable quality indicator(s)
a performance target or criteria must be developed. The ap-
proach to the biddable quality parameter procedure should
determine the method in which the contractor’s pay is adjusted,
whether the quality parameter is a pre-bid qualification, an
adjustment made by the SHA, or a bid value by the contractor.
The relationships between the bid adjustment and the pay
adjustment are shown in Figure C3.

Figure C2. Q parameter alternative applications.



Alternative I—Pre-Bid Qualification

Only contractors with a certain minimum level of qual-
ity history (POQP) are allowed to bid on the project. The
project is awarded to the lowest cost bidder. The contractor
is held to achieving the AQL in the resulting quality per-
formance to receive 100 percent pay. Contractors would be
motivated to produce higher than AQL quality on their proj-
ects in order to prequalify for future projects by increasing
the value of their quality history.

Alternative II—Bid Adjustment by SHA

The SHA collects and uses the contractor’s quality his-
tory (POQP) to determine the amount of bid adjustment. 
In actual application, the quality parameter would be de-
termined for the work on the new project and applied to 
the pay schedule at the completion of the project. The con-
tractor would only be required to achieve the AQL to
receive 100 percent pay. Contractors would be motivated 
to produce higher than AQL quality on the project in order
to increase the value of the quality history tracked by the
agency.
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Alternative III—Bid as a Parameter by Contractor

The contractor would bid a quality rating (POQP) based
on the contractor’s own assessment of past project perfor-
mance. The contractor must be held to achieving the quality
level bid on the contract to receive 100 percent pay. This
means that the contractor could achieve the AQL on the proj-
ect and receive less than 100 percent pay because the quality
bid was higher than the AQL. One potential solution to hold-
ing the contractor to achieving the quality bid is to use a mul-
tiplication factor of the ratio of Qactual/Qbid when applying the
PF equation. For instance, if the selected contractor bid a
POQP of 95 percent, and achieved a POQP on the project of
97 percent, the PF equation would be modified by a factor
of 1.021 (or 97/95). If, on the other hand, a POQP of only
90.5 percent was obtained, the factor to modify the PF equa-
tion would be 0.953 (or 90.5/95). The use of a factor in this
manner would place the burden on the contractor to achieve
the quality level that was bid on the project.

Examples of Pay Adjustment at Project Completion

For each of the three approaches to the biddable quality
parameter procedure (shown as Alternatives I, II, and III in

Figure C3. Q parameter alternative applications and pay adjustments.



Figure C3), an example has been created to show what would
happen to the contractor’s pay adjustment under different sce-
narios at project completion. These different scenarios sup-
port the above discussions of the different biddable quality
parameter alternatives.

A contractor is awarded a typical SHA project with an
A+B+I/D+Q contract. The contractor bid a HMAC cost of
$35 per ton based on a HMAC quantity for the project of
100,000 tons. The duration bid for the project is 50 days. The
road user cost set by SHA is $2000/day. Scenarios X, Y, and
Z have been created to illustrate three possible quality results
on the project. The purpose of illustrating these scenarios is
to compare the pay adjustments of the three different scenar-
ios under each of the bid award alternatives (I, II, and III).
This will show the effect of high, average, and low quality
performance by the contractor on the project pay adjustment.
For comparison purposes it is assumed that the contractor
had a quality history level of 90 percent and the AQL set by
the SHA for the project was also 90 percent. The potential
project payment if completed at the AQL and on time is
$3,600,000.

To demonstrate each scenario, the following data hot-mix
asphalt project are measured in lots, that is, construction
days. The construction data are found in Tables C12 and
C13, Tables C14 and C15, and Tables C16 and C17 for sce-
narios X, Y, and Z, respectively. Tables C12, C14, and C16
contain the mixture quality data and the calculated average
total percent within limits values for AC, AV, and VMA.
Tables C13, C15, and C17 contain the construction quality

Price = × + ×( ) =$ , $ , $ , ,35 100 000 2 000 50 3 600 000
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data and the calculated average total percent within limits
values for RQ and IPAV.

Scenario X—Average Project Overall 
Quality Parameter

Scenario Y—Low Project Overall 
Quality Parameter

Project Construction Quality Parameter (PCQP)
= 1⁄ 2 (RQ × TPWL + IPAV × TPWL)
= 1⁄ 2 (89.0% + 87.0%) = 88.0%

The Project Overall Quality Parameter (POQP)
= 0.4PMQP + 0.6PCQP
= 0.4(88.5) + 0.6(88.0) = 88.2%

Project  Quality Parameter PMQP
AC TPWL AV TPWL VMA TPWL

Mixture ( )
= × + × + ×( )
= + +( ) =

1
3

1
3 78 0 92 3 95 2 88 5. . . . %

The Project Overall Quality Parameter POQP
PMQP PCQP

( )
= +
= ( ) + ( ) =

0 4 0 6
0 4 93 5 0 6 88 2 90 3
. .
. . . . . %

Project  Quality Parameter PCQP
RQ TPWL IPAV TPWL

Construction ( )
= × + ×( )
= +( ) =

1
2

1
2 89 8 86 7 88 2. % . % . %

Project  Quality Parameter PMQP
AC TPWL AV TPWL VMA TPWL

Mixture ( )
= × + × + ×( )
= + +( ) =

1
3

1
3 83 7 99 1 97 7 93 5. . . . %

TABLE C12 Scenario X—Project overall mixture quality parameter



Scenario Z—High Project 
Overall Quality Parameter

Project  Quality Parameter PCQP
RQ TPWL IPAV TPWL

Construction ( )
= × + ×( )
= +( ) =

1
2

1
2 94 0 93 2 93 6. % . % . %

Project  Quality Parameter PMQP
AC TPWL AV TPWL VMA TPWL

Mixture ( )
= × + × + ×( )
= + +( ) =

1
3

1
3 93 7 99 9 97 8 97 1. . . . %
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Alternative I—Pre-Bid Qualification

The contractor is required to achieve the AQL set by the
agency to receive 100 percent pay. The contractor’s pay is
adjusted using the standard pay adjustment equation, where

The Project Overall Quality Parameter POQP
PMQP PCQP

( )
= +
= ( ) + ( ) =

0 4 0 6
0 4 97 1 0 6 93 6 95 0
. .
. . . . . %

TABLE C14 Scenario Y—Project overall mixture quality parameter

TABLE C13 Scenario X—Project overall construction quality parameter



PWL is equal to the POQP. Table C18 shows the project
payment for each scenario. 

where PF = 55 + 0.5PWL
Scenario Z, where the contractor achieved the highest quality,
would receive the most money for completion of the project.
Scenario Y, where the contractor did not achieve a POQP

Price
PF

100
= ×[ ] + ×[ ]( ) ×$ , $ ,35 100 000 2 000 50
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greater than the AQL, would receive less than 100 percent pay
for the project.

Alternative II—Bid Adjustment by SHA

The adjustments for Alternative II are exactly the same as
for Alternative I. The contractor is required to achieve the
AQL set by the agency in order to receive 100 percent pay. The
quality history of the contractor does not impact the project
payment amount, even though it impacts the project award.

TABLE C15 Scenario Y—Project overall construction quality parameter

TABLE C16 Scenario Z—Project overall mixture quality parameter



The contractor’s pay is adjusted using the standard pay adjust-
ment equation, where PWL is equal to the POQP. The project
payment for each scenario will be identical to that calculated
for Alternative I and shown in Table C18.

Alternative III—Bid as a Parameter by Contractor

The contractor is required to achieve the quality level bid
for the contract in order to receive 100 percent pay. This qual-
ity level will either be equal to or greater than the AQL set by
the agency. For these scenarios, the quality level bid by the
contractor was 92 percent (Qbid), which was greater than the
AQL required for the project. The contractor’s pay is adjusted
using the standard pay adjustment equation, where PWL is
equal to the POQP for the scenario, and an additional factor
of Qactual/Qbid, where Qactual is equal to the PF determined by the
POQP achieved in the scenario. Table C19 shows the project
payment for each scenario.

Price

PF

100

Q

Q
actual

bid

= ×[ ] + ×[ ]( )

× × 





$ , $ ,35 100 000 2 000 50
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where PF = 55 +0.5PWL
Scenario Z, where the contractor achieved the highest quality
and where the POQP was greater than the quality level bid,
would receive the most money for completion of the project.
Scenario X, where the contractor did not achieve a POQP
greater than the quality level bid, would receive a reduced
payment, even though the POQP exceeded the AQL. Scenario
Y, where the contractor did not achieve a POQP greater than
the quality level bid or the AQL, would receive the least
amount of money for the project.

Step 10. Evaluate Implementation Issues

There are several issues that should be considered when
implementing the quality parameter factor illustrated in this
example. These include:

• It is likely that an agency considering the use of a qual-
ity parameter will already have in place many of the
elements included in this procedure such as lot sizes,
individual quality parameter specification limits, and
PFs that should make implementing this concept very
straightforward.

TABLE C18 Comparison of project payment for Alternatives I and II

TABLE C17 Scenario Z—Project overall construction quality parameter



• If a Q parameter factor is desired for HMAC in the imme-
diate future, a QLA appears to be the best choice. LCC
analyses are desirable, but do not appear to be ready for
HMAC implementation at this time.

• Although the QLA procedure is being used by an increas-
ing number of SHAs, there are many that have not
adopted this procedure.

• Educational issues should be addressed. Both contractor
and SHA personnel should have a rudimentary under-
standing of the statistical principles used in the develop-
ment and application of the quality parameter. The SHA
should know how to develop the tolerances to be used in
specifications and test methods and should be able to
develop computer programs to perform the arduous cal-
culations to determine the quality parameter.

• The quality parameter would be explained in the request
for bids and contract document with reference to a spe-
cial provision, which would include the methodology.

• The quality parameter would have two functions: a Qbid,

which would be used solely to determine the low bidder
in the A + B + Q equation, and a Qassessed, which would
be used to determine contract compliance and the proj-
ect PF through the PF equation.

• Although tested on a small regional basis, the specifica-
tion limits suggested herein for AC, AV, VMA, RQ, and
IPAV, are considered guides for a starting place. No one
should feel that they are the final and only choice. They
have been tested in Virginia and found to be reasonable.
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For example, for AC determination a Virginia DOT Spe-
cial Provision for HMAC was pilot tested in 1996 using
the QLA procedure. At the same time, the ignition oven
was introduced as an optional test method for AC deter-
mination. Because the ignition oven has many advan-
tages, it is favored by most contractors. The suggested
specification limits in this example were established
based on this usage; the level of variability found for
Virginia aggregates and contractors will not necessar-
ily apply nationwide. However, the concept is the impor-
tant issue and it works.

• Combining the materials and construction quality mea-
sures at 40/60 is suggested, although other combinations
may be more appropriate. This ratio was chosen par-
tially from the belief that a good mix can be constructed
poorly, resulting in a less than desirable quality, and that
a poor mix, within reason, can be improved with good
construction practices, making the construction opera-
tion relatively more important than the mix production.

• The example considers a contractor’s recent past history.
However, a contractor may not have a recent past history;
e.g., the contractor may have just started business or just
moved into the state. Development of a program consist-
ing of quality certification should be considered to handle
such instances in which the contractor would specify that
a certain level of quality can and will be provided.

• It would be desirable to establish the relationship be-
tween the increased levels of quality and the added cost

TABLE C19 Comparison of project payment for Alternative III

Figure C4. Relationship between quality parameter and cost benefits (value).



benefits, or value, associated with them. This would
permit establishing a value to the quality level bid by
a contractor and providing for incentives/disincentives
related to the change in value associated with the quality
level achieved when compared with the quality level bid.
Figure C4 illustrates this concept. The definitions of the
terms indicated in Figure C4 are as follows:

Q = specified quality parameter,
Qlower = lower limit of quality parameter,
Qupper = upper limit of quality parameter,
Qbid = quality parameter bid by the contractor,
Qmeas1 = quality parameter measured for Lot 1, and
Qmeas2 = quality parameter measured for Lot 2.

For bidding purposes the contractor’s quality parameter
bid would be required to be within the range between the
Qlower and Qupper. As illustrated, the contractor’s bid would
be reduced by the added value resulting from the higher
quality. The cost benefits (value) at Qlower would be used as
the base value for this comparison. This bid adjustment
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would be used only for comparing bids and determining the
low bidder.

For contractor pay purposes the Qbid would become the
base value. If the Qmeas for a lot was less than the Qbid, the pay-
ment to the contractor for that lot would be reduced by the
reduced cost benefits associated with the lower quality. Sim-
ilarly, if the Qmeas for a lot was greater than the Qbid, the pay-
ment to the contractor for that lot would be increased by the
increased cost benefits associated with the higher quality.

• Other questions that should be considered include:
–Are there other parameters that are more significant

that should be included?
–Is it reasonable to assume that contractors understand

the methodology and the relationship with their oper-
ations/performance to prepare a rational bid or is an
educational process necessary?

–Is the incentive/disincentive pay schedule adequate to
motivate improved quality or is another pay schedule
more appropriate?
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