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What We Did...

The quality of highway
materials has always been
a major concern to highway
engineers and contractors. It
is undeniable that the overall
performance of a highway
structure will be greatly in-
fluenced by the quality of
the materials used during its

Failure Rate

construction, maintenance,
and rehabilitation. Sample
size/testing frequency direct-
ly affects the reliability of a
test program in characterizing
the properties of the materi-
als. The use of a large sample
produces a more reliable
decision (i.e., lower failure

rate). However, an increase
in sample size is also more
costly. In reality, economic
constraints generally force
engineers to keep the sample
size as small as possible.
Figure 1 illustrates the trade-
off between material testing
costsand failurerate. The main
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Increasing Testing Frequency
Figure 1: The trade-off between material testing costs and failure rate
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objective of this research was to
develop a methodology to deter-
mine the optimal sample size and
appropriate minimum testing
frequencies for the materials used
in the construction and mainte-
nance of highway infrastructure.
Testing frequencies currently
used by the Texas Department of
Transportation (TxDOT) and
other departments of transporta-
tion (DOTs) are generally based
on experience. Based on a sta-
tistically sound approach, the
methodology developed under
this project takes into account the
relationships among sample size,
material variability, tolerable er-
ror, agency risk (type II error),
and contractor risk (type I error).
Using the data collected from
TxDOT districts and the meth-
odology developed under the
project, the frequencies for cer-
tain TxDOT tests were obtained
and compared to the current
TxDOT Testing Schedule. Such
a methodology will help TxDOT
optimize testing frequencies and
improve the effectiveness and
efficiency of construction qual-
ity control. The implementation
of this methodology will in turn
increase the service life of high-
way infrastructure in Texas by
minimizing the occurrence of
accepting defective materials.

What We Found...

The major research efforts
and key findings from this project
are summarized as follows:

Project Summary Report 1781-5

I.A survey was conducted
during the early stages of
this research to collect infor-
mation on current QC/QA
practices among state DOTs
and other agencies. It shows
that most state DOTs use
historical or experience-based
methods to determine test-
ing frequencies of materials.

2. A literature review was under-

taken to identify, collect, and
synthesize studies on the state-
of-the-art of QC/QA practices.
Different methods are used
by different agencies in de-
termining testing frequency.
These methodologies can be
grouped into three categories:
1) experience-based methods,
2) statistics-based methods,
and

3) economics-based methods.
Statistics-based methods
have long been the accepted
standards in the process of
acceptance sampling in other
areas where QC/QA practices
are essential. In particular, the
risk-based statistical method
that controls both type I
error and type II error proves
to be the most promising ap-
proach for determining ap-
propriate testing frequencies.

3. A methodology was devel-

oped to estimate required
sample size and testing fre-
quency based on statistical
theory, reliability concepts,
and economic principles.

4. Statistically appropriate testing
frequencies or required sample
sizes are based primarily on
four factors: the variability of
the quality characteristic being
measured, the risks that a state
DOT or contractor is willing
to take, the tolerable errors
each is willing to accept, and
the cost of the testing to be
performed. Once the required
sample size is estimated,
the testing frequency (TF)
can be determined by using
the following calculations:
1) Time-based testing

frequency:
TF = daily production /
sample size
2) Quantity-based testing
frequency:
TF = batch quantity /
sample size

5. Type I errors and type II er-
rors are critical to the deter-
mination of sample sizes. The
producer’s risk, type I error
affects the contractor, since
it is probable that the agency
may reject what is in fact an ac-
ceptable work. The customer’s
risk, type II error affects the
agency, since it is probable that
the agency may accept what is
in fact an unacceptable work.
The true meaning of risk is
how much one is willing to
lose in terms of dollars if an
action is taken. The goal of
developing statistically based
methodology for determining
the appropriate testing fre-



quencies is to minimize (within
practical limits) and/or bal-
ance the risks of both parties.

6. According to the model, the
sample size is proportional
to the variability (square of
standard deviation). In other
words, for materials with
larger variability, a larger
sample size will be required in
order to achieve the same reli-
ability of material testing for a
test with a smaller variability.
The required sample size is
inversely proportional to the
square of the tolerable error.
The larger the tolerable error,
the smaller the required sample
size. As for the confidence
level, the contractor’s risk and
the agency’s risk will decrease
if the sample size increases.

7. For the materials and test-
ing examined as part of
this research, an analysis
was conducted to compare
the current testing frequen-
cies specified in the TxDOT
Guide Schedule of Sampling
and Testing with the testing
frequencies produced from
the statistics-based method.

The Researchers

Recommend...

Potential areas of implemen-
tation of the research are briefly
discussed in the following sec-
tions:
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1. The statistics-based meth-

odology developed in this
research can be used not
only for evaluating current
QC/QA practice used at Tx-
DOT, but also for determining
appropriate testing frequen-
cies for QC/QA programs.

2. Collection of project-level data

to continue accumulating the
data for variability analysis
will increase the reliability
of the methodology. Further-
more, gathering data from
the beginning of construction
activities on new projects
allows the rates of produc-
tion to be taken into consid-
eration in order to enhance
the developed methodology.

. As a continuation of this re-

search, it is recommended
that a computer program be
developed to speed up the
calculation of the required
sample size and ensure higher
accuracy. The computer
program can also be used to
conduct “What-if” analyses.

. Implementation of trial testing

frequencies for selected materi-
als in a pilot project or projects
is a good and effective method.
It is extremely useful because
with pilot projects, the results
of'the new methodology can be
proven to the interested parties.
Modifications to the methodol-
ogy could also be made with
minimum level of risk to the

success of the project and min-
imal economic consequences.

. The results of this research

could also be used in the
pavement design process to
better control the reliability of
the design. In particular, with
the known testing frequencies
of the materials used in the de-
sign and the corresponding risk
level, the as-designed values of
the design parameters can be
well related to the expected as-
built values. This would help
reduce the overall costs of a
project without compromis-
ing the quality of the project.



For More Details...

Research Supervisor: Zhanmin Zhang, Ph.D., (512) 471-4534
email: z.zhang@mail.utexas.edu
TxDOT Project Director: Lisa Lukefahr, (512) 506-5858
email: elukefa@dot.state.tx.us

The research is documented in the following reports:
1781-1  Development of a Methodology to Determine the Appropriate Minimum
Testing Frequencies for the Construciton and Maintenance of Highway
Infrastructure, October 2001

To obtain copies of a report: CTR Library, Center for Transportation Research,
(512) 232-3138, email: ctrlib@uts.cc.utexas.edu

TxDOT Implementation Status
November 2003

Implementation of the findings of this project has been included in the new testing schedules devel-
oped by the Materials and Pavement Section of the Construction Division. The data generated by this
project is also being used in research project 0-4046 "The Impacts of Construction Quality on the Life-
cycle Performance of Pavements Using Mechanistic Analysis". The Materials and Pavements Section
may do further implementation of the findings of this project.

For more information contact; Dr. German Claros P.E. Research and Technology Implementation
Office (512) 467-3881, gclaros@dot.state.tx.us

Your Involvement Is Welcome!

Disclaimer

This research was performed in cooperation with the Texas Department of Transportation and the

U. S. Department of Transportation, Federal Highway Administration. The contents of this report reflect the
views of the authors, who are responsible for the facts and accuracy of the data presented herein. The contents
do not necessarily reflect the official view or policies of the FHWA or TxDOT. This report does not constitute
a standard, specification, or regulation, nor is it intended for construction, bidding, or permit purposes. Trade
names were used solely for information and not for product endorsement. The engineer in charge was Zhanmin

Zhang.
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