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ABSTRACT

This is the final report of a study of the application of
statistical concepts to specificaticns for hydraulic cement con-
crete as used in highway facilities. It reviews the general
problems associated with the application of statistical techniques
to hydraulic cement concrete, and discusses the potential advan-
tages and disadvantages to applying such techniques to concrete
used in the construction of transportation facilities.

During the course of the research reported here, it was
found that for the Virginia Department of Highways and Transporta-
tion, contracts for concrete structures generally involved small
volumes of concrete, and that the usual frequency of sampling and
testing did not provide sufficient test results for establishing
specifications based on usually recommended risks to both the con-
tractor and the state. Increases in the frequency of testlng to
provide the recommended risks would result in excessive increases
in costs. Accordingly, procedures for acceptance of concrete on
the basis of small-to-medium sample sizes at increased statistical
risks, but based on sound engineering judgement, were developed
and are included in the report.

Also included are complete recommendations for a revised
specification for hydraulic cement concrete and a discussion of
the statistical significance of the recommended changes. Recom-
mended revisions to the Virginia Test Manual and the Instructions
to concrete inspectors that would be needed should the revised
specification be accepted are included in the appendlces. Also
included as an appendlx is a resumé of practlces and requirements
in other states using statistical concepts in their specifications
for hydraulic cement concrete.
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FINAL REPORT
IMPROVED SPECIFTICATICNS FOR HYDRAULIC CEMENT CONCRETE

by

Woodrow J. Halstead
Research Cecnsultant

INTRCDUCTION

In 1981, the Virginia Highway and Transportation Research
Council, in cooperation with the Federal Highway Administration,
initiated a program to improve its specifications for hydraulic
cement concrete. The ultimate aim of the program is to establish
performance related specificaticns for hydraulic cement concrete
used in the construction and rehabilitation of ground transporta-
tion facilities. The tasks outlined in the initial study were:
(1) to review the state of the art for using statistical concepts
for hydraulic cement concrete; (2) to review present quality con-
trol and acceptance tests normally employed for hydraulic cement

;

concrete and to make an assessment of their relaticn to performance;

(3) to prepare an interim report summarizing the findings of tasks
1 and 2 and presenting recommendations concerning revisions of the
Virginia Department of Highways and Transportation specifications
for hydraulic cement concrete; and (4) to evaluate the proposed
specifications by simulation during actual construction.

The interim report on the project was prepared and published
in March 1982.(1) The findings presented in the interim report
led to a modification of task 4 of the project. The primary effort
of the modified work plan for task 4 was to establish the practi-
cability of the proposed revisions to the specifications for hy-
draulic cement concrete, and to make final recommendations for
changes needed. The identification of educational needs for im-
plementing changes and revisions to instructional manuals, where
needed, was also to be accomplished. Under the revised working
plan, it was stipulated that studies to specifically relate the
characteristics of the concrete to performance will be made under
a different project or projects.

The findings of task 4 of this study show that significant
changes are required in the initial recommendations contained in
the interim report. Accordingly, to avoid confusion, this final
report has been prepared to completely replace the interim report.
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Pertinent information contained in the initial report is repeated
here, and initially reccmmended changes and discussions thereof
have been replaced with the final recommendations and justifica-
tion for the changes.

PROBLEMS ASSOCIATED WITH QUALITY ASSURANCE
FOR CONCRETE

Considerable knowledge has been developed concerning those
attributes that characterize high quality hydraulic cement concretes,
and tests are available to measurs desirable properties. However,
there are unique problems that create the need for special considera-
tions with respect to quality assurance procedures relating to con-
crete.

One of the difficulties is that the properties needed for the
proper performance of hydraulic cement concrete — for example,
strength and resistance to abrasion of the surface — don't exist
at the time concrete is placed, and consequently quality assurance
must be based on predictive tests and assumptions that the desired
properties will develop in a normal fashion. A second problem is
that both the manner in which the concrete is placed (consolidated)
and cured and the manner in which the test specimens are handled
affect the outcome of tes*ts. Improper handling and curing of test
specimens can indicate a lack of compliance when in reality the
concrete is satisfactory. Conversely, improper placement or curing
of the concrete in the job may create deficiencies when the test
specimens are satisfactory. A third problem that sometimes creates
difficulty is an inverse interaction between desirable properties.
For example, a proper degree of entrained air is a necessity for
gocod durability when the concrete is exposed to cycles of freezing
and thawing, but such air voids adversely affect strength. Proper
workability is required for proper placement, and workability can
be improved by the addition of water to the plastic mix. However,
an increase in the water-cement ratio can result in low-strength
material, as well as a high degree of porosity and low resistance
to penetration of deicing salts that leads to corrosion of rein-
forcing bars and subsequent spalling. Also, different combinations
of ingredients can result in different rates of strength develop-
ment, so that for different mix designs strength determinations at
early ages do not always represent the same relation to the ultimate
strengths.

These considerations make it essential that for good results
hydraulic cement concrete be proportioned by persons knowledgeable
in concrete technology, and that its placement be supervised by
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someone capable of exercising a high degree of on-the~spot judge-
ment. The proper application of statistical techniques utilizing
probability principles provides a scund evaluation of available
test data, but no specific knowledge is attained concerning the
exact relationship of the test data based on cylinders or other
fabricated test specimens to the actual characteristics of the
hardened concrete in the pavement structure. This uncertainty
exists regardless of how much test data are available or how they
may be analyzed. Consequently, even though there have been con-
siderable efforts over the last 15 to 20 years to make use of
statistical principles in quality assurance for all highway con-
struction, some agencies are reluctant to base acceptance require-
ments for concrete on statistical calculations derived from test
specimens. They feel that the uncertainty would hinder the exer-
cise of proper judgement concerning potential deficiencies in the
test specimens themselves or in the procedures for placing the
concrete. Other agencies support the use of statistical proba-
bilities and point out that even correct judgement decisions do
not provide numerical records of compliance or noncompliance to
specificaticns. In the event a judgement decision is questioned,
the availability of specific documentation provides a basis for
an equitable settlement of the dispute.

Significant improvements in the specificatiocns for portland
cement concrete for highway facilities can be achieved through a
middle-of-the-road approach that utilizes statistical concepts to
the extent possible, but also recognizes the engineering problems
and the judgement factors. Careful quality control and proper
placement procedures are needed in all cases. Both workmen and
supervisors must be knowledgeable in concrete technology, and they
must recognize problems that may require on-the-spot decisions for
modifications of acceptance procedures. It is important that a
system of acceptance testing be adopted that will provide good
reliability at a reasonable cost and a low risk of making a wrong
decision. It is also important that a proper degree of flexibility
be built into the system to permit the exercise of socund engi-
neering judgement in all cases.

The specifications and quality assurance procedures now in
use by the Virginia Department of Highways and Transpertation
generally provide good concrete. However, problems can arise with
materials of marginal quality or when there are combinations of
unusual circumstances. Thus, the first step towards iImproving
quality assurance entails the updating or remodeling of the present
specifications rather than the adoption of a completely new system.
Many of the old requirements should be retained, but to the extent
possible, principles of statistical evaluation should be adopted
to provide standard procedures for resolving difficulties as well
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as a record of the as-built condition of the concrete facility.
Such principles can be applied with very little, if any, addi-
tional effort on the part of either the state or the contractor.
The data would also serve as a basis for performance evaluaticns.
There should also be a clear distinction between the quality
control procedures that are the responsibility of the con*tractor
or concrete producer and the acceptance testing to be conducted
by the Department.

BASIS FOR CHANGING SPECIFICATIONS

Four principles serve as guidelines for the reccmmended
changes. These are:

1. The quality control and acceptance data should
be such that the variability and average of
measured characteristics, as well as compliance
or noncompliance with the specifications, can be
determined. ‘

2. The revised specification should be such that con-
tractors and concrete producers with good quality
control will have an advantage over those with
poor quality control.

3. A system of partial payments for nonconforming
concrete should be included, so that when the
deviations are small and the cost and inconvenience
of tearing out the material outweigh the advantages
to be gained by removal, the contractor is subjected
to a loss comparable to his responsibility for such
failures. This approach provides an incentive for
the contractor to improve his quality control pro-
cedures and to minimize his risk of reduced payments.

4. The specifications should carefully define quality
control as the responsibility of the contractor and
acceptance testing as a function of the state. Any
necessary increase in the amount of testing and
inspection performed by state personnel should be
held to a minimum.

PREREQUISITES FOR STATISTICAL APPLICATIOCNS

Present requirements in the Department specifications are
generally based on the concept of representative sampling. Judge-
ment concerning compliance is based on a single determination or



<0

on the average of two or more determinations. This procedure

does not provide information on the amount of varlablllty in the
product. As a first step, therefore, it is necessary that certain
concepts be recognized as prerequisites for the application of
statistical concepts. These are:

1. All materials used in highway construction have
an inherent variability. In heterogeneous systems
such as portland cement concrete this variability
exists within a batch as well as from batch to
batch. While a good concrete technologist may be
able to detect greater than normal variability by
the behavicr of plastic concrete, the only way that
quantltat*ve estimates of the variability can be
made is by the application of statistical principles.
The theories of probablllty and distributions of
data from populations of numbers or things are tools
that, when properly applied, reveal specific relation-
ships about a series of tests or numbers that cannot
be determined by intuition. The use of these tools,
however, does not rule out the proper exercise of
judgement and actions or decisions related to it.

2. If probablllty principles are to be employed as a
basis for decisions, the samples to be used in
establishing the statistical probabilities must be
taken randomly. When samples have been taken randomly,
the results can be assumed to have a normal distribu-
tion, and the inferences drawn from the characteristics
of the normal distribution curve and the laws of proba-
bility can be used as the basis for specifications,
quality control, and acceptance.

The inherent variability in characteristics of concrete from
different batches and even in different portions of the same batch
is universally recognized, and the specification requirements for
measured characteristics generally include tolerances around the
desired values. Many of these tolerances have been intuitively
derived and are based on a knowledge of normal concrete behavior.
Generally, the tolerances for measurable characteristics such as
slump and air content are realistic and pose no great problem
when applying statistical concepts.

Many of the problems encountered in evaluating the quality
of concrete center around strength determinations. For most
uses of hydraulic cement concrete, the compre851ve strength is
the major parameter of quality, and it is in this area that the
application of statistical principles is most beneficial. When

b



the results of strength tests are significantly less than speci-
fied, the probability of poor performance is easily recognized
and appropriate courses of action can be established. However,
the durability of the concrete is of paramount importance for
highway pavements and bridge structures exposed to freezing and
thawing and other hostile environmental factors such as deicing
salts or sulfate ions from soil or seawater. For concrete ex-
posed to these hostile envircnments it is necessary to recognize
that initial strength levels adequate for supporting all loading
conditions may not be indicative of adequate durability.

In order to assure adequate durability, dependence is placed
upon the proper design of the concrete mix with respect to the
amount of cement and proportions of aggregate and water. Proce-
dures have been devised for measuring the cement content and
water-cement ratio of plastic concrete, and a number of these
procedures have been shown to be sufficiently accurate for control
purpcses. However, they usually require expensive equipment and
are relatively time consuming; so under the present state of de-
velopment they are not readily applicable for routine use as
quality assurance tools. Consequently, to assure that the con-
crete specification requirements for the amount of cement and
the water-cement ratio are being met, and that placement and
curing procedures are being followed, on-the-spot observations of
the mixing process and monitoring of the quantities of ingredients
used are necessary.

STRENGTH CRITERIA

Present Virginia specifications list design requirements for
seven classes or subclasses cf concrete. The classes are based
on a design minimum laboratory compressive strength at 28 days as
set forth in Table II-15 of Section 219.10 of the specification. (
However, Section 411.01 of the Virginia test manual states that
concrete is acceptable when 90% of the test specimens meet minimum
design strength requirements.(3) While the intent of these pro-
visions is probably understood, the acceptance of 10% of test
results below the minimum design strength without further qualifi-
cation does not provide adequate assurance that a concrete struc-
ture will perform satisfactorily.

In practice, and by implication, it is expected that any
failure to meet the minimum design strength would be by a small
amount. However, unless statistical principles are applied, no
quantitative estimate of the likely extremes in strength values
can be determined. When statistical probabilities are adopted,
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specific rules are provided as the basis for defining and judging
acceptable material. This apprecach takes the controversy out of
what to do about noncomplying test results.

The recommended practice established by the American Concrete
Institute (ACI 214) for judging the acceptability of concrete
strength results includes four criteria, all of which are Lased on
statistical concepts.(4) One of these (No. 1) recognizes that de-
sign minimum strengths do not, in reality, mean that no part of
the concrete has a strength less than the designated minimum (f'(),
but that in practice some percentage of the concrete will be below
the limit because of the normal variability in the product. Gen-
erally, it is recognized that this can amount to about 10% of the
material without serious detrimental effects, provided proper pro-
cedures are being followed and only the normally enccuntered vari-
ability is present. This requirement, that only normal variations
be present, puts a restriction on the amount of deviation from the
minimum requirement that is likely to occur.

It is assumed that the population of test results will have
a normal distribution and, accordingly, that the average needed
to satisfy a requirement that 90% of the population exceeds a
minimum value becomes a function of the variability of the strength
test results as indicated by the standard deviation. This is
expressed in ACI 214 as:

- 1
f(cr) =1 e t 9,

where

f(cr) = the average of test results that must be
equalled or exceeded in order that not
more than 10% of the strength values will
fall below f',, assuming a normal distribu-
tion;

£! = the minimum design strength of the concrete;

t = the characteristic of the curve which deter-
mines the defective level (the value for 10%
defective is 1.28); and

o] = the standard deviation for the population of
strength values based on 30 or more degrees of
freedom.



v Ll y
2074

This concept is schematically pictured in Figure 1. The
curve shown is the normal distribution curve applied to strength
results for a particular amount of concrete (population). The
vertical axis represents the frequency of occurrence of strength
results assuming that every pcrtion of the concrete could be
tested (which, of course, is not possible). The shaded area of
the curve represents 10% of the area under the curve. Thus, it
is stated that 90% of the population exceeds the strength value
indicated, f'c. In order that this condition be met, the average
of all the results, ¥, must exceed f'g by 1.28 times the standard
deviation, 0o.

To detect trends that would indicate changes in the materials
or processes during production, ACI 214 includes additional cri=-
teria. One of these (Criterion No. 2) is a certain probability
that an average of n consecutive s*rength tests will not fall below
f'c. The usual requirement is that the average cf three consecutive
tests will not fall below f'e more than 1 time in 100. This is
calculated as

~ t o
£ = £f' o+ —
(cr) c /5
where
f(cr)’ f'c, and ¢ are all as previously defined;

t 1is equal to 2.33 in this case, since the
probability of failure to comply is set at
1 in 100 instead of 1 in 10; and

n 1s the number of averages used in the analysis
(n is equal to 3 in this case).

A third criterion given by ACI 214 is that there is a certain
probability that a random individual test result will fall below
f'c by more than a certain amount. ACI 318 stipulates that the
probability of a random test result being more than 500 1b./in.?2
(3.45 MPa) below f', should be 1 in 100 or less. In this case:

- 1 Y
f(cr) = f o = 500 + t o, (U.S. customary units)

f'C - 3.45 + t o, (S.I. units)
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Figure 1. Schematic representation of
population characteristics.

where

ct

= 2.33 for a probability that a result lower
than this will not occcur more than 1 time in
100.

The fourth criterion given by ACI 214 is that there is a
certain probability that a random individual strength test will
be less than a certain percentage of f'.. This is often considered
as a probability of 1 in 100 that a strength test will be less than
85% of f'c. That is

£ = .85 f' + t o
(cr) c

t = 2,33 for a probability that a
result lower than this will not
occur mere than 1 time in 100.

Examples showing the average results required to meet these
criteria for different situations are given below. For good con-
trol, the standard deviaticn is assumed to be 400 1lb.in.“ (2,76 MPa),
for poor control; it is assumed to be 800 1b./in.2 (5.52 MPa).

2

Assume A-4 concrete, f', = 4,000 1lb./in.” (27.58 MPa).

For good control ¢ 400 1b./in.2 (2.76 MPa)

Criterion 1 f(cr) = 4,000 + 1.28 x 400 = 4,512 (US Customary Units)
= 27.58 + 1.28 x 2.76 = 31.11 (SI Units)
Criterion 2 £eer) = 4,000 + 2.33 x 400 = 4,538 (US Customary Units)

RER

= 27.58 +2.33 x 2.76

Kl

31.29 (SI Units)
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Criterion 3 f(cr) = 4,000 - 500 + 2.33 x 400 = 4,432 (US Customary Units)
' = 27.58 - 3.,45+2.33 x 2.76 =30.56 (SI Units)
Criterion 4 f(cr) = (.85 x 4,000+2.33 x 400 = 4,320 (US Custcmary Units)

0.85 x 27.58+2.33 x 2.76= 29.79 (SI Units)

800 1b./in.% (5.52 MPa)

For poor control ¢

Criterion 1 f(cr) = 4,000 + 1.28 x 800 = 5,024 (US Customary Units)
: 27.58 + 1.28 x 5.52 = 34.64 (ST Units)

Criterion 2 f(cr) = 4,000 + 2.33 x 800 = 5,076 (US Customary Units)
’ 13

= 27.58 + 2.33 x 5.52

35.0 (SI Units)

9

Criterion 3 f(cr) = 4,000 - 500 + 2.33 x 800 = 5,364 (US Customary Units)
' 27.58 — 3.45 + 2.33x5.52 = 36.98 (SI Units)

Criterion 4 f(cr) 5,269 (US Customary Units)

36.33 (SI Units)

.85 x 4,000 + 2.33 x 800
5 5.5

= 0.8
= 0.85 x 27.58 + 2.33 x 2

From these examples it is seen that for the same level of
control (same o), the differences between the averages required
by all criteria are not very large. However, when the standard
deviations are different, the averages for acceptable concrete
are significantly different. Thus, under a statistical system,
a contractor with poor control having to supply concrete with a
higher average than he normally attains under the present system
would most likely be required to use a higher cement factor than
he now uses or, alternatively, more expensive aggregates than he
now uses. This would place him at a distinct disadvantage in
relation to a contractor with good control who could continue to
use his usual mix design and materials.

PROBLEMS OF APPLICATION TO HIGHWAY PROJECTS

Unfortunately, there are some difficulties in applying the
principles established in ACI 214 directly to many highway projects.

A major problem relates to the number of tests needed to pro-
vide good estimates of the averages and standard deviations. ACI
requires that at least 20 determinations be used for establishing
the sample average and standard deviation, because this is the

10
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minimum number needed in order that the estimates can be assumed
to be essentially eﬁual to the true standard deviation and average
of the population.( )

This amount of data for a single lot, and in many cases even
for the total project, is unrealistic with respect *to test results
on many highway projects, particularly for strength results on
portland cement concrete structures. Consequently, if lot-by-lot
acceptance is desired, it is necessary to devise procedures for
making decisions with smaller amounts of data. Generally, these
conditions dictate that on a statistical basis the state take
relatively large potential risks that some noncomplying material
will be accepted. Fortunately, the real risks under these circum=-
stances are not as great as would be indicated by statistical
principles alone. If a knowledgeable concrete inspector is present,
he is able to visually detect, and take immediate action to eliminate,
gross problems (excessive slump, high air, etc.) that would cause
large deviations in strengths.

It must also be kept in mind that all statistical calculations
are based on the assumption that the process is in control; that is,
that everyone is doing everything right to the best of their ability.
If something is wrong with the scale, or somebody dumps fly ash in-
stead of cement into a batch, the process is out of control and the
assumptions concerning the quality indicated no longer apply. This
means that the adoption of statistical procedures does not eliminate
the necessity for maintaining constant vigilance during production.
With reputable firms such as would normally supply material to the
state, it would be expected that gross malfunctions would be quickly
detected and immediately corrected by contractor personnel, but for
good relations and to avoid sloppy practices, a state inspector
should be present at a job site for all projects where the quality
of the concrete is critical to the performance of the structure or
pavement.

HIGHLIGHTS OF STATES' STATISTICALLY BASED
SPECIFICATIONS FOR
HYDRAULIC CEMENT CONCRETE

To establish a basis for selecting a suitable option or options
for the Virginia Department of Highways and Transportation, the
specifications of other state transportation departments utilizing
or developing specifications based on statistical probabilities were
reviewed. It was found that relatively few states have made exten-
sive use of statistical concepts in their specifications for hydraulic
cement concrete. While no attempt was made to determine all the
states that may have experimentally tried such specifications, copies

11



0NTR

of the specifications in use in 1983 by West Virginia, Louisiana,
Georgia, Maryland, and Ohio were obtained and reviewed. In addi-
tion, a proposed specification for New Jersey and the Standard
Specifications for Constructicn of Roads and Bridges on Federal
Highway Projects (FP-7%) were also reviewed. These are believed

to include essentially all the various systems now under considera-
tion. The highlights of these specifications are summarized in
Appendix A.

Each of these agencies have applied statistical procedures
for judging the acceptability of the concrete, but they have applied
them in different ways and have used different criteria for accept-
ance., However, there are some common elements in all the specifica-
tions. All of the agencies emphasize that the contractor is re-
sponsible for quality centrol, but they retain considerable descrip-
tive requirements concerning the concrete mixing and placing equip~
ment and details on handling materials. All also require the con-
tractor to have on-the-job supervisory and technical personnel
certified in some manner as having good knowledge of concrete tech-
nology. All require that the mix design be prepared by the con-
tractor and that it be approved in some manner prior to start of
the work. All have minimum and maximum temperatures at which con-
cretes can be placed without special procedures for protecting the
concrete in cold weather or cocling it during mixing in hot weather.
.In general, all of these instructions are basically good concreting
practices such as set forth in various recommendations of the Ameri-
can Concrete Institute, and similar descriptions and requirements
appear in all state specifications for hydraulic cement concrete,
regardless of whether or not statistical procedures for evaluating
compliance have been adopted.

The statistical evaluation of strength results is used by all
agencies in computing a reducticn in payment for noncomplying struc-
tural concrete that is left in place. In addition, a factor for
noncomplying results for entrained air is used by the FHWA (Region
15). Ohio also includes both air content and strength results in
determining partial payments in its specification for base concrete.
However, this specification has not yet been used for a construction
project. Differences occur in the manner the variability is taken
into account and in the pay factors established for different de-
grees of noncompliance.

In some cases the range of test results (difference between
highest and lowest values) within a lot is used as an estimate of
the variability and in others the standard deviation is used.
Specifications of this type are referred to as variability unknown.
In each case the average value of strength accepted for full com-
pliance is dependent upon the magnitude of the variability indi-
cated by the tests themselves. Thus, where poor control is indicated
by a high range or standard deviation, a higher average is required
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than if good control is indicated by a smaller range or standard
deviation. Only Louisiana bases its requirements on average
strengths without adjusting for differences in variability. This,
in effect, means that Louisiana assumes the variability for all
jobs and concrete producers to be the same. This is referred to
as a variability known specification.

Twenty-eight day strength results are the basis for all
analysis. However, predictions of 28-day strengths based on accel-
erated curing or early strengths from a prediction curve (maturity
concept) are used by some agencies. West Virginia gives the con=-
tractor the option of using early strength tests as a means of
predicting 28-day strengths using the maturity concept. Gecorgia
uses an accelerated curing procedure for predicting 28-day strengths
and will accept concrete on the basis of the predicted strength, but
rejections or reductions in payment are based on actual 28-day
strengths.

SPECIAL CONSIDERATIONS FOR VIRGINIA CONDITIONS

In deciding which of the available alternatives may be most
suitable for modifying the hydraulic cement concrete specifica-
tions of the Virginia Department of Highways and Transportation,
consideration must be given to the type of construction involved,
the size and number of state contracts, and the size and number
of producers furnishing concrete to the state.

Type of Construction

At present very few concrete pavements are being constructed
in Virginia, thus the major concern is with structural and inci-
dental concrete, especially that used in bridge decks. While ade-
quate strength is, of course, necessary, the durability of the con-
crete is of even greater concern because of the severe exposure of
decks to deicing salts. For adequate durability, the proper water=-
cement ratio and the proper amount of entrained air are very im-
portant. Unfortunately, as previously discussed, all methods for
the direct determination of the water-cement ratio in freshly mixed
concrete are somewhat complicated, require expensive equipment,
and are time consuming. At the present time it is cost-effective
to rely on close control by the concrete producer of the amounts
of ingredients added and close inspection by the state to assure
compliance for proportions of ingredients. The extreme importance
of air content also dictates frequent tests for entrained air.

13
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For structures such as abutments, piers, etc., proper control
must be exercised for every placement, because the integrity of
the entire structure could be affected by a single lot of pcor
quality concrete.

Size and Number of Contracts

At present most contracts for supplying portland cement con-
crete to the Virginia Department of Highways and Transportation
are relatively small. Under these circumstances, it is not cost-
effective to make sufficient tests to establish a high degree of
probability that the indicated results truly represent the total
population. Consequently, this situation is not favorable to the
efficient application of some statistical procedures.

Table 1 shows the approximate number of contracts of various
sizes advertized for bids for each month during 1980 and 1981.
Contracts requiring less than 50 yd.3 (38 m3) of concrete are not
included in this tabulation. Under present specifications, it is
customary to make one set of cylinders for strength tests for each
100 yd.3 (76 m3) of concrete. At this frequency of testing, only 21
of 76 (27.6%) prcjects in 1980 and 9 of 67 (13.4%) in 1981 would
have provided more than 10 strength results. While an estimate of
the standard deviation and the average of 10 results can be used to
establish a reasonable estimate of the population parameters, at
least 30 test results are needed to establish a high level of con-
fidence that the estimates truly represent the population. Thus,
unless the frequency of testing is increased, procedures for
establishing a standard deviation based on pooled data must be
employed or, alternatively, for most projects the Department must
accept relatively large risks that the concrete could be of lower
quality than indicated by the test results.

Number of Concrete Producers

Essentially all structural concrete is supplied by ready-mix
concrete producers. Approximately 110 such producers operating
over 200 separate plants are qualified to furnish concrete to the
state, although the records for 1980 indicate that only 38 producers
provided concrete for which strength tests were made. Twenty-two
producers supplied both Class A2 and Class A4 concretes, 12 supplied
A3 concrete only, and 4 supplied A4 concrete only. Thirty or more
strength tests were made for 11 producers of A3 concrete and 10
producers of A4 concrete. TFewer than 10 tests were made on the
product of 13 producers of A3 concrete and 5 producers of A4 concrete.

14
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TABLE 1

Number and Size of State Contracts
Involving Portland Cement Concrete
1980 and 1981

L
Quantity of Concrete — Cubic Yards—
50-99 100-299 300-499 500-1,000 >1,000

Date Number of Contracts TOTAL

1980

January 2 1 1
February 1
March

April 2 2
May

June

July
August
September
October
November
December

[ 8]
| ol 3N

i
H
= 0 b b Oy 00N B U

—
s
[=

[ S
s w
lNHNN
| o
[l NSOV
’.-A
| -

TOTAL ~ YEAR 8 18 17 12 21

~
[e))

1981

January
February 1
March

April

May 1
June

July

August 1
September

October 2
November
December

N oW
N [and
P

NN
H
NN~ GO,

I =W N W
oW W SN
l e

o | =
ol wwr
| o o

TOTAL — YEAR 24 18 10

(o))
~

a/

=" 1 cubic yard = 0.76 cubic metre.
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Similar trends have continued through 1981 and 1982. In 1982,
32 plants produced A3 concrete, 19 produced A4 concrete, and
12 produced both classes.

The summary shows that if all projects supplied by a given
producer using the same mix design were pooled, the requirements
in ACI 214 for at least 230 tests could be met in only a few large
jobs and large producers of concrete in Virginia. In these cases,
the use of a standard dev1atlon based on a producer's own produc-
tion as in ACI 214 could be utilized to establish a good statistical
estimate of the percentage of concrete above the de81gn strength
(f'c). However, a large proporticn of the concrete producers do not
have a sufficient volume of production to establish a good estimate
of the standard deviation for their precducts (at the present testing
frequency). In these cases it will be necessary to use an assumed
standard deviation based on historical records or to estimate the
variability from a small number of tests with accompanying high
statistical risks of wrong decisions., In the latter case, accept-
ance criteria can be set high so as to minimize the risk of having
poor qual¢ty concrete in the job, but economy is sacrificed by
requiring the overdesign of the concrete mix.

RECOMMENDATIONS FCR VIRGINIA SPECIFICATIONS

After the review of the various approaches taken by other
agencies, it appeared that & continuous acceptance plan similar to
that used as a special provision by Region 15 of the FHWA (see
Appendix A) might be suitable for the size and type of concrete
construction required by the Virginia Department of Highways and
Transportation. Theoretically, from a statistical standpoint the
maintenance of a 5% producer's risk of rejecting good material as
is done in the Region 15 procedure results in a relatively large
risk of accepting material c¢f slightly less than the indicated
quality on small jobs, but it was concluded that good inspection
would v1sually detect grossly defective concrete and prevent its
use. It is noted that the same risks of accepting poor materials
are inherent in the present procedures. Thus, the poss;blllty of
inadequate performance would be no greater than now exists. For
large jobs, the state's statistical risk is reduced significantly,
because the total concrete 1s considered a single lot and all valid
values are included in the analysis of overall concrete quality.

Following the initial recommendations for revision of the
specifications based on the Region 15 FHWA approach, guidelines
were prepared for simulating the use of the proposed requirements
in highway projects during the 1982 construction season. At the
same time a study of historical data stored on computer tapes by
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+the Data Processing Division was conducted. The statistical
significance of the acceptance plan was also further analyzec.
The findings of these studies and analyses are discussed in the
following sections.

EXAMINATION OF HISTORICAL QUALITY ASSURANCE
DATA FOR PORTLAND CEMENT CONCRETE

The Virginia Department of Highways and Transportation main-
tains computerized records of quality assurance test data for port-
land cement concretes. These records include the source and amounts
of each of the ingredients in the concrete, the ready-mix producer,
the project and location on which the concrete was placed, and the
results of tests for slump, air content, and the compressive strength
of test cylinders. The strength tests are made after 14 days, with
the concrete being considered acceptable if the strengths of the
test cylinders equal or exceed 0.85 times the 28-day strength re-
quirement.

Even though these li-day data are not suitable for accurately

imulating acceptance on the basis of 28-day tests under the sug-
gested specification, the records for selected producers were
examined to determine if a "typical" standard deviation could be
estimated for each producer and the extent to which all concrete
supplied under a single contract could be treated as a single lot
and also the degree to which the li-day test results would indicate
compliance to the proposed specification using the usual assumption
that the lu-day strengths are 85% of 28-day strength. The selected
data are given in Tables 2 and 3, respectively. To aveoid confusion
only values based on U. S. customary units are included in these
tables.

A case-by-case discussion follcws:

A3 Concrete — Table 2

Case 1 (Producer 110)

This producer supplied material on a single contract. Instal-
lation began on February 9, 1981, and ended December 31, 188l. Dur-
ing this period 20 samples were taken. The average li-day strength
was 4,853 1b./in.? (33.24 MPa) with a standard deviation of 537 1b./
in.2 (4.09 MPa).

17
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Characteristics of A3 Concrece Furmished to VDHT in 1981 by Selected Producers

TABLE

Al

A

o o N P r Contant 14-Day Stremgth Minimum .
3 Yo Range of Slump Average Jtd. Dev, Average Std. Dev. Al : l4=¢d T N
Mo, Samplss Time Pericd Covered inchesd ¥ ° x lb./in:gz Ih, [ in g‘g -\a.lowaci.;/.z:?y SETengE,
Producer 11C
1 20 2/C09 - 12/23 1.75 - 3,73 4.4 2.93 4,353 537 3,137
All
a1t P 3.1 avg., 0.68 3 w.d 2,93 4,853 597 1,187
, FPreducer 501 .
: 3 f/‘s - ll{ls 3.0 - 3.25 §.l 0.36 3,882 645 3,317
: 7 3614 - 8/27 2.75- 4.0 ?.2 3.%4 3,756 316 2,394
3 7 7/264 - 10/27 3.0 ~ 3.75 5.2 1.00 4,115 531 2,128
S -3 9/23 - 10/30 3.25-3.50 5.8 0.40 3,375 313 2,391
? i8 2/26 - 10/16 2.50-4.0 6.5 0.68 3,842 293 2,569
& ? 3/06 - 6/16 3.0 - 3.5 6.5 9.72 3,928 527 3:123
7 6 7{2% - }0/30 2.5 - 3.5 5.6 9.91 3,725 344 2,324
3 5 %/2& - :/23 1.3 - 3.7% 5.8 0.45 4,640 560 3,365
7 f ?/25 - 3/22 2.3 - 4.25 6.1 .68 4,085 485 3,078
?O 5 3402 - 12/02 3.0 - 3.3 5.9 0.74 4,138 353 3,132
11 4 5/01 - 8/04 3.0 - 3.5 6.2 0.28 3,784 320 2,398
Tocal 64 1/1s - 12/02 1.5 - 4.25 6.2°% 0.69% 3,951 ¢ Alsf 3,302
all
1081 4 68 3.3 avg., C.62 @ 6.1 0.77 3,897 440 3,028
?:odut_:er 512
% i 6/}? ) 6.9 6.2 - 2,880 -
2 2 2/27 - 5707 2.3 ~ 3.5 5.75 - 4,155 -
3 1 5/11 2.25 6.0 -— 3,995 -
4 1 5/18 2.50 6.1 - 4,060 -
3 2 6/05 - 7/13 3.0 ~ 3.73 6.5 .- 2,770 -
) b 6/08 3.5 5.9 2,995 -
7 1 6/17 3.25 5.1 —— 3,115 -—
3 2 8/28 - 9/09 3.5 = 4.0 6.3 2,623 -
‘9 } 9/29 2.5 5.2 - 3,965 -
0 1 5/29 3.0 5.5 - c 4,265 p
Torel 13 5.1° 2.39 3,405 © 733
Alrieg; 413 3,613 3.491
Producer 321
1 3 7/ - 8/26 3.5 - 3.5 6.2 0.20 3,621 517 3,112
2 5 2/25 - 3/17 3.25-3.5 6.6 0.08 5,003 86 ,399
3 1 5/26 3.25 6.4 -— 3,275 —
4 2 4/13 - 4/22 3.25-4.50 7.1 —— 4,105 ——
5 2 5/08 - 5/22 2.75-3.25 5.0 -— 3,530
5 2 8/27 - 10/19 3.0 -3.5 5.0 e —= 3,777 . - .
all 1981°%1%6 - 3.4 avg., 0.52 7 6.1 q.56 4,187 867 * 3,757
?roducer 702
1 32 1/07 - 10/13 2.5 - 4.75 6.0 0.67 4,113 559 3,158
2 2 3/05 -~ 9/04 3.0 - 4.34 5.1 0.58 4,220 490 3,083
3 b 2/20 -~ 5/08 3.0 - 3.75 6.4 .34 3,994 763 2,351
4 3 1/22 - 4/27 3.25 - 4.0 5.7 3.35 3,983 837 3,697
5 3 /11 - 8/28 2.5 - 3.5 5.6 0.32 3,960 156 2,720
6 4 4/29 - 11/22 3.25- 4.5 6.1 0.52 3,596 397 2,582
7 6 3/23 - 10/22 2.5 - 4.3 3.5 0.65 4,315 363 . 2,945
Toral 7.5 5.0° 0.57 - %,117 450 2,083
11198108 3.4 avg., 0.4 7 3.9 2.74 4,197 627 3.282
Producer 303
1 3 7/27 - 9/25 2.0 - 3.5 5.3 0.16 4,446 810 4,154
2 1 1/20 3.0 4.0 — 4,758
3 3 6/12 4.0 5.0 e st 3,324 £
All1981” 5.6 3.89 4,501 968

/ Based on proposed specification —
abowe 571 = {2,400 + 2.33 x std. dev] x .85

When standard deviation is
I i "

2

Welghted average

18

Pooled standard deviation

balow 571 = {3,000 +

Toral 1981 production treated as single population

1.28 x std.

18

devlx .

85



~

P
s.)e” Al

This average was substantially higher than the minimum
required under the proposed specification, 3,187 1b./in.
(21.83 MPa), if it is assumed that the standard deviation at
28 days is the same as the lu-day value.

Case 2 (Producer 501)

This producer supplied a product that was sampled 68 times
during the year. Under the proposed specification, the 11 projects
involved would be classed as lots. The number of samples taken for
each lot varied from 3 to 18. Standard deviations _for the lots
varied from 293 1b./in.2 (2.01 MPa) to 669 1b./in.? (4.58 MPa). The
pooled standard deviation was 415 1b./in.2 (2.84 MPa) and the
weighted average was 3,951 1b./in.2 (27.06 MPa). Treating all con-
crete as a single lot indicates an average of 3,897 1b./in.? (26.69
MPa) and a standard deviation of 440 1b./in.2 (3.01 MPa). All
strength values for this producer's concrete were well above the
minimum required by the proposed specification.

Case 2 (Producer 512)

This producer's product was sampled 13 times. However, 10
jobs were involved with no job being sampled more than twice. The
overall standard deviation of the test results (a test result being
the average of two 6 x 12 in. [150 x 300 mm] cylinders for each
sample) for all samples for this producer was 733 1b./in.% (5.05 MPa)
and the average lu-day strength was 3,413 1b./in.2 (23.53 MPa). None
of the sample concrete had lu-day stren%ths less than 85 percent of
the 28-day requirement — 2,400 1b./in.< (16.55 MPa). Because so
few samples were available from a given job a pooled standard de-
viation could not be determined.

Case 4 (Producer 521)

This producer had his product tested for strength 16 times and
& jobs were involved, only 2 of which were sampled more than twice.
There was considerable variation in the average strengths from job
to job, which results in a very high apparent standard deviation if
all samples were treated as a single population. Strength results
for each job were well above requirements.

Case 5 (Producer 702)

This producer's product was tested 98 times. Seven projects
were involved, 2 of which were large — one involving 32 samples and
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the other 25 samgles. For the large jobs the standard deviations
were 559 1b./in.?¢ (3.85 MPa) and 490 1b./in.2 (3.38 MPa), which
are indicative of good control. However, gsmall lots had standard
deviations varying from 155 to 837 1b./in.? (1.08 to 5.77 MPa).
Since only 3 samples were taken in each of these cases, the
difference in the estimate of standard deviation is most likely a
result of the small sample size rather than true differences in
variability of the concrete production.

Case 6 (Producer 803)

This producer's product was sampled 5 times and 3 projects
were involved. One sample representing a single lot had signifi-
cantly lower strength than the other two, and this led to an ap-
parently large standard deviation when all the results were treated
as a single population.

-A4 Concrete = Table 3

Case 7 (Producer 123)

Only 4 samples of this producer's product were tested, and
each was on a different project. Consequently, no computation of
the standard deviation could be made on a project basis. Overall
the 4 samples had a standard deviation of 816 1b./in.2 (5.63 MPa),
which is probably not an accurate estimate of the variability of
this producer's product.

Case 8 (Producer u407)

This producer's product was sampled 9 times. Two jobs were
involved. On both jobs the strength values were above the minimum
requirement of the present specification, but below the minimum
average strength required by the proposed specification.

Case 9 (Producer 512)

This producer's product was sampled 12 times during the gear.
Five small jobs were involved. The average was 4,685 1b./in.
(32,30 MPa) and_the standard deviation, counting all as one lot,
was 533 1b./in,2 (3.68 MPa). Standard deviations varied from 275
to 912 1b./in.2? (1.90 to 6.29 MPa).
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Characteristics of A-4 Concrete Turnishted to VDHT in 1981 Sy Selected Producers

TABLE 3

14-Day Strength

Miaimum

oNQY

5,2
h’

Job No. Range of Slump,a Average, Std. Tev, Average, Std. Dev. Allowable l4~day strengt
Mo, Samplas Time Jericd Covered iaches b4 % 1b./in. e 1b./In, < 15, in, = __
?roducer 113
L 1 3/12 4.0 4.1 —— 5,720 — 4,337
z 3703 3.3 5.2 -— 4,150 -— 4,037
1 &/23 4.0 5.6 —_— 3,335 ——— 4,337
1 5/01 3.75 4,2 - 4,325 - 4,037
ALl 98T 4 Aveg. 3.3 4.3% s.saf 4,245 ¢ 315" 5,379
®roduger 307
1 3 3/26 - 4/28 2.37 - 3.75 6.3 Q.50 3,362 287 4,237
2 4 3/28 - 10/29 3.25 - 3.5 5.7 3.37 3,655% 403 +,237
Avg. Jobs 4.1 .48 3,326 .320 2,337
* One low value 2,310 not used in average.
Cering indicated concrecte was satisfactorv
ALl 19819 3 3.1 avg., S439 7 4.0¢8 0,78+ 4,:13°2 1438 ]
Producer 512
z 2 6/18 - 8/10 3.5 - 3.78 7.0 .46 3,972 275 4,037
2 2 5/16 7/16 3.0 =~ 3.0 5.2 — 5,160 ——— 4,237
3 2z 2/26 - /03 3.25 - 4.0 5.8 — 4,830 —— 4,037
B 3 1/22 4/02 2.5 - 3,25 6.3 2.91 4,735 579 4,337
3 3 7/02 - 9/29 9.5 =~ 3.73 5.3 3.30 4,382 312 4,537
ALlI581 4 13 1.2 avg., J.28 J 5,32 3.36°% 4,585 5331
?roducer 703 ’
1 E 3/13 - 0/21 2.5 - 3.3 6.5 0.95 4,236 441 3,380
2 7 4/08 - 11/19 2.0 - 4.0 5.4 3.43 4,189 543 3,991
3 3 5/21 - 5/21 3.0 - 3.5 6.3 1.03 4,392 33 4,237
4 3 3/03 - 11/17 3.6 - 3.75 6.1 g.76 4,340 92 55337
5 3 9/15 - 9/15 2.75 - 3.0 6.1 0.43 4,138 407 @,337
3 24 5/07 - 12/30 2.5 = 4.3 5.8 9.76 4,138 450 3,890
Tatal 30 3/13 2/30 2.0 = 3.0 5.4% 0.72f 4,231 408% 3,344
al113312 4 3.3 avae, 3.03 J A 3.33 4,213 287 3,920
?roducer 303
i 3 3/26 ~ 8/05 3.5 - 4.0 5.7 1.10 3,765 211 4,027
2 1 3/19 3.0 5.3 — 5,688 —— 4,227
3 1 3/97 2.0 5.3 — 3,355 - 3,337
ALl 1781 3 3.2 avg,,0.760 5.5 5,108 agof 4,037
?voducer 311
b8 2 6/04 ~ 6/16 3.25 - 3.50 8.7 — 3,765 — 4,037
2 i 3/26 2.73 7.0 ——— 4,378 — 4,037
a1:381° 3 5.8° 2.17°¢ 3,969 8 323 f 4,937

a . . ,
L inch = 25,4 mm

iy

Total 1981 production treated as

o e v -
a2 22er il -

“eizhted average

.30689 MPa

Requirements for LCO percent pay

2?ocled standard deviation

5 = 03,700 +

1

single population

factor based on proposed specification:
28 (s86)1 x .35
5 = (3,000 + 1.28 (Std.dev.}]
{n= 5 to 29 use ain. std. dev. of 400 1b./in.

and max. std. dev., of 800 1lb./in.*)

x .85

21
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Case 10 (Producer 703)

A total of 52 samples were taken from this producer's product.
Six Jjobs were represented, with the minimum standard deviation be-
ing 88 1b./in.2 (0.61 MPa) and the maximum 543 1b./in.2 (3.74 MPa).

Case 11 (Producer 803)

This producer had only 6 samples tested during the year.
Strengths were above the minimum required by the present speci-
fication, but in two cases were below that required by the proposed
specification.

Case 12 (Producer 811)

This producer had 3 samples tested. The standard deviation
for the 3 was 323 1b./in.? (2.23 MPa). The average of two test
results (each result being an average of two 6 x 12 in. [150 x
300 mm] cylinders) for 1 job was below that required by the pro-
posed specification.

Conclusions from Historical Data

The long time span from the beginning of a project to its
completion, as indicated by the data for all producers now filed
in the computer, indicates that treating all concrete furnished
under a contract as a single population might be questionable from
a statistical viewpoint. However, even when the total contract is
considered a single lot, only a few producers had their products
tested a sufficient number of times to provide enough data for
good estimates of averages and standard deviations of the lot.

As previously stated, these lhi-day strength data cannot be used

to simulate direct application of the proposed specification.
However, they do show that most producers provide A3 concretes
with strengths well above the minimum limits assuming the li-day
strength is 0.85% of the 28-day strength. Only a few A3 concretes
meeting present specifications would not comply with the require=-
ments for 100% pay factor under the proposed specification. All
A4 concretes had adequate strengths based on present requirements
but for a number of projects the concrete had projected average
strength values lower than those required for 100% pay. Whether
or not the actual 28-day test results would have complied to the
proposed specifications is not known.
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From this limited study, it was concluded that further
evaluations of historical data for the purposes of this project
would not provide significant information relating to the stand-

rd deviation for a given producer.

SIMULATION STUDIES

During the 1882 construction season, district materials engi-
neers were asked to make special tests to simulate the use of the
initially proposed specification. The special instructions pre-
pared for this simulation are included as Appendix B to this re-
port. Information was provided for 1 project by the Staunton and
for 4 projects by the Richmond District. These results are shown
in Table 4. Strength tests conducted for all these projects showed
full compliance with the limits that would have been in effect
under the initially proposed specification. It is also shown that
full compliance to the presently proposed specification would have
resulted in all cases, even though the required average for strength
in some cases would have been increased because of the use of mini-
mum rather than actual standard deviations.

Under the initially proposed recommendation, a reduced pay-
ment would have been assessed because of the large standard devia-
tion based on only 3 samples for producer B even though the average
air content was 6.7%, very clos~ to optimum. Obviously a reduc-
tion in payment in this situation cannot be justified. This prob-
lem is avoided by the presently proposed system which applies a
reduction in payment only if the average air content is more than
0.5% below the midpoint of the allowable range. No reduction in
pay factor would have occurred for 3 of the 5 simulated projects,
but some reduction would have resulted for 2 of the A4 concrete
projects where the average air contents were 5.8% (Project 3) and
5.9% (Project 4), respectively. A review of the historical data
for all producers' production in 1981 shows that the overall
average air content for each producer was less than 6.0% for A4
concrete 15 out of 46 times and less than 5.5% for A3 concrete 10
cut of 47 times. In the 1982 construction season the producer's
average air contents for A4 concrete was less than 6.0% 4 out of
15 times. Similarly the producer's averages were less than 5.5%
for A3 concrete 2 out of 32 times. These results most likely
reflect current cus+*om rather than indicate any difficulty in
meeting requirements for a slightly higher overall average air
content. :
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SUMMARY OF PROJECTS SIMULATING USE OF PROPOSED SPECIFICATIONS

Project
Type Concrete
District

Concrete Producer

No. Samples, n.

Avg. lé-day Strength, lb./in.?
Std. Dev. (l4-day) 1b./1in.2
Avg. 28-day Strength, ib./in.2
Std. Dev. (28-day) 1b./in.2
Ratio 14 day/28-day

Initial Recommendation: :
Required Avg. 28-day strength
Producer Correction C,p
Corrected Average, 1b./in.2

Quality Level for Strength
Pay Factor for Strength

Present Recommendation:
Required Average 28-day strength
Quality Level for Strength
Pay Factor for Strength

Air Content, Average
Air Content, Std. Dev.

Initial Recommendation:
Quality Level for Air Content, percent
Pay Factor for Air
Total Pay Factor

Present Recommendation:
Min. Avg. for 1.0 pay factor
Pay Factor
Total Pay Factor

1
A3

Staunton

A
14
3,888
329
4,555
355
.854

3,454
156
3,298

TABLE 4

2

Ad

Richmond

B6.6%*
.976
.976

-
.
coo

3

A4

Richmond

(%]

17

4,636
161

4,206
64
4,142

1007
1.0

4,512
1002
1.0

5.8
.66

4
Ad

Richmond

4,705
321
4,384

1007%
1.0

4,705
100%
1.0

W

A4

Richmond

D

4,745
109

*Since n=3, the standard deviation of 1.0 is likely high and a reduction in pay factor in this case would not be
justified. If standard deviation is assumed to be 0,70, no reduction in pay factor would be indicated.
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STATISTICAL SIGNIFICANCE OF PROPOSED REVISTIONS

Both the initially proposed acceptance plan for portland
cement concrete and the revised proposal were examined to de-
termine the effect of the statistical procedures on the acceptance
levels for concrete and to assess their impact from an engineering
point of view. This study revealed the need for reconsideration
of scme of the concepts involved in the initial proposal.

The first problem is with the concept that all materials are
acceptable when less than 1C% of the population is below f'e with-
out establishing a minimum value for single results. Statistically,
for a truly normal distribution, 1% of values in the distribution
will be below 2.33 times the standard deviation. This means that
if the assumed normal distribution helds rigidly, AL concrete with
a "true" average strength of 4,750 1b./in.2 (32.75 MPa) and a true
standard deviation of 800 1b./in.2 (5.52 MPa) could have 1% of its
strengths as low as 2,886 1bt./in.? (19.90 MPa). However, from
the engineering viewpoint, the rigid applicability of normal dis-
tribution for the outlying regions is questionable. It is more
likely that conditions that might result in such extreme values
would be detected by visual inspection and such concrete would
not be placed in the structure.

Another justification for accepting the theoretical risk of
a small percentage of strength values below f': is the fact that,
according to theory, there is a much higher percentage of strength
values above f'.; that is, if 10% are below f',, 90% will be above
f'c. There is alsoc a corresponding probability (8 to 1) that high
values rather than low values will occur at critical areas. Thus,
under normal conditions, the 10% low values would not result in
an actual strength of the structure below f'..

In the specification as now proposed protection against too
low strengths for single batches of concrete is attained by in-
corporating a secondary requirement in the specification which
states that no test result (average of 3 cylinders) be more than
500 1b./in.2 (3.45 MPa) below f'..

The Producer's Risk

Initially, consideration was given to the application of a
correction to the average of the test results to reduce the pro-
ducer's risk of having acceptable material subjected to a reduc-
tion in payment. This system is used by FHWA Region 15.
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That correction is based on establishing the 95% confidence
interval for the average of the test results. That is, given an
average of n results with & given standard deviation, it can be
stated that there is a 95% probability that the true average will
be between the limit of

X - 1.65¢ and ¥ + 1.65 ¢
Yn Yn

Thus, the FHWA special provision added a "producer's correc-
tion" equal to 1.65 o//n to the average of the test results for
the purposes of establishing an adjusted average to be used as the
basis for computing the pay factor. This procedure, however, re-
sults in providing a greater correction for larger standard de-
viations, thus, in effect, rewarding the concrete producer for
poor quality control — an undesirable situation. Consequently,
it was decided that the producer's correction not be applied. It
is believed that present industrial practices in the state are
such that concrete producers normally take into account the risks
involved in a small amount of testing and that decisions should
be based on actual averages of test data rather than adjusted
values based on theoretical computations.

Acceptable Averages for Strength and
Applicaticon of Reduced Pay Factors

Ideally under the proposed specification, the acceptable
average of a product should be dependent on the standard deviation
of the population of test results represented by that average. How-
ever, a difficulty is encountered in determining a proper estimate
of the standard deviation. When the estimate of the standard de-
viation indicated by the test results themselves is used, it is
subject to large uncertainties if the number of test results are
low, and the assumption that the sample standard deviations ade-

quately represents the population standard deviation may not be
valid.

Because of the uncertainties concerning the estimates of the
standard deviation, the finally recommended specification recognizes
three situations for acceptance of concrete production. These are:

1. When the number of tests made is 5 or less, the
standard deviation for all producers is assumed
to be 586 1b./in.? (4,04 MPa) and all strength
requirements are computed accordingly. This value
was chosen since it approximates the average stand-
ard deviation for statewide records for all
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concrete production for the state and pro-
vides for a requirement that the average
strength be 750 1b./in.2 (5.17 MPa) above
f, .

c

2. When the number of tests made is more than 5

and a pooled standard deviation of 20 or more
samples is not available, the standard deviation
of the sample is used, except that a minimum
value of 400 1b./in.? (2.76 MPa) and a maximum
value of 800 1b./in.2 (5.52 MPa) are used.

3. When 30 or more test results are available, a
pooled standard deviation is used based on the
sample results, plus a sufficient number of the
latest results from earlier production with the
same mix design and materials to provide a total
of 30 tests for determining the standard devia-
tion.

While this approach does not provide for establishing con-
stant risks and uniform statistical acceptance probabilities for
either the state or the concrete producer, it is believed equitable
from an engineering viewpoint.

In the real world of concrete production, the true value (in
the statistical sense) of the average concrete strength is not
known. Only the average of a limited number of test results is
available as an estimate of that true value. Statistically, the
estimate obtained from the test results has an increasing proba-
bility of representing the true value as the number of samples
used to establish the average increases. The probability that an
error 1s being made also decreases as the variability of the test
results, as measured by the standard deviatiocn, decreases. While
these are all principles that must be considered in establishing
an acceptance procedure, the major concern of the concrete pro-
ducer 1is whether or not the average of the test results indicates
full compliance with the specification so that he receives no re-
duction in the pay factor. He is also concerned with the amount
of reduction in pay factor when borderline results are obtained.

The pay factor for strength of the concrete is determined
in the following manner.

From the average of the test results and the computed or
assumed standard deviation, s, the quality index, Q, is computed
from the equation

}—{'_Y
Q=%-%"c,

S
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where
Q = the quality index,
X = the average of the strength test results, and
s = the applicable assumed or computed estimate of

the standard deviation.

The quality index, Q, is then used to determine the quality
level, QL, which is the percentage of the population distribution
above the designated low limit, f'.. Alternatively, the percent
defective, which is the percentage of the population distribution
below the designated low limit f'y, can be used.

For small numbers of samples, the relation of the percent
defective to the quality index varies with the number of samples,
n, involved; thus different Q tables for different numbers of
samples are available. However, when n is equal to or greater
than 30, the normal distribution curve may be used. For this
situation, Q = 2z and, s, the computed estimate of the standard
deviation, is essentially equal to the true standard deviation
of the population. As will be discussed later, the normal dis-
tribution curve is used in the proposed specification to determine
the QL from Q.

The pay factor for strength is then determined as
PFS = (QL + 10)/100,
where
QL is the percentage above the minimum design strength.

Thus, any production having a QL of 90% or greater receives
100% pay. The pay factor is reduced on a straight-line basis for
production with a quality level between 60% and 90%. The lower
limit is somewhat arbitrarily selected as the point at which the
quality of the concrete may be seriously questioned, and thus the
concrete is rejected or an investigation is made by coring the
structure. If core strengths are satisfactory, the concrete may
De accepted on the basis of such cores. In this case, the pay
factor is based on an adjusted strength equal to the core strength
divided by 0.85.

Under the proposed specification, when the number of samples
tested is 5 or less, the standard deviation is assumed to be the
same (586 1b./in.2 [u4.04 MPal) for all production of concrete.
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This has the effect of establishing a constant value of the
average for which a 100% pay factor is obtained (£f', + 750 1b./
in.2 [5.17 MPal). It is further assumed that the percent with-
in limits or the quality level can adequately be estimated from
the normal distribution curve. Thus, for this situation the

pay factor becomes a function of the average of the test results.
Under these circumstances the risks that an incorrect decision

is being made will vary according to whether the number of tests
made is 2, 3, 4, or 5. It is recognized that the use of the
normal distribution curve for the determinaticn of the quality
level with so few samples 1s not theoretically correct. However,
a comparison of the results obtained using the normal distribu-
tion with the results obtained using the program for non-central
t distribution developed by the New Jersey Department of Trans-
portaticn, which is theoretically more accurate, shows only small
differences in pay factors for the same average strengths. These
differences are illustrated in Table 5 and Figure 2. Since the
pay factor established represents a decision based on general
engineering judgement, the use of factors based on the normal
distribution curve has been recommended. This provides a simpli-
fied approach that is more easily understood by those with only a
limited knowledge of statistical principles. Thus, the solid line
in Figure 2 can be used to determine the pay factor for all con-
crete lots based on the average of 5 or fewer samples.

Fer larger jobs, estimates of the standard deviation are based
on the sample results or on pooled values based on a combination
of the sample results plus previous production using the same
materials and mix design. In these cases, the pay factor for the
same average of test results will vary depending on the standard
deviation. However, it has been demonstrated by a large volume
of tests on all types of concrete that batch-to-batch variability
is not likely to be less than 400 1b./in.2 (2.76 MPa). Accordingly,
this value is selected as the minimum standard deviation used in
the computation of the pay factor. Likewise, the variability in
a properly adjusted and controlled plant should not greatly exceed
800 1b./in.?2 (5.52 MPa). Thus, this value is established as the
maximum value used for computing the pay factor. Table 6 provides
a comparison of the differences obtained in pay factors between
the non-central t program n = 10 and the normal distribution. As
indicated, the differences are very small, and again the use of
the normal distribution for determining the quality level is
recommended in order to simplify the specification.

Figure 3 illustrates the significant effect the variability
of production could have under these conditions. For an average
of test results 510 1b./in.2 (3.52 MPa) above the minimum design
strength, the pay factor cauld be as low as 84% if the standard
deviation were 800 1b./in.< (5.52 MPa) or greater. However, the
pay factor would be 100% if the standard deviation were 400 lb./in.2
(2.76 MPa) or less. Potential differences of this magnitude provide
a significant incentive for good quality control that will be advan-
tageous to both the concrete producer and the Department of Highways
and Transportation.
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TABLE 5

PAY FACTORS FOR VARIOUS TEST AVERAGES
WHEN STANDARD DEVIATION IS 586 LB./IN.Z2 (4,40 MPa)

Amount by Pay Factorsgj Normal

Which the Qi/ Yon-Central ¢ Distribution
Average of

Test Cylinders

n =3 n=235 n = 10
Exceeds f',
1b./in.2 3
100 0.17 0.647 0.660 0.665 0.667
200 0.34 0.695 0.720 0.729 0.733
300 0.51 0.746 0.779 0.790 0.795
400 0.68 0.800 0.836 0.847 0.852
500 0.85 0.563 0.891 0.899 0.902
600 1.024 0.945 0.944 0.946 0.947
700 . 1.195 1.000 0.990 1.000 0.984
800 1.365 1.000 1.000 1.000 1.000
900 1.536 1.000 1.000 1.000 1.000
1,000 1.706 1.000 1.000 1.000 1.000
Y= @- 1)1

2/ Pay factor = QL + 10, where quality levels are determined from distribution

tables based on values of Q. For the normal distribution curve,
Q= z

3/

=1 1b./in.2 0.006895 MPa

]

30



S

-t
{

2005

BdW $68900°0 = N.:ﬂ\.nﬂ T
*SS9T 40 G ST $1S931 JO asqunu oyl uaym oafqeotTdde
fsyInsoa 3se) 23PASAP SNOTJARA JI0J Saoloei Aed *¢ oJan3tg

N.Cﬂ\.na no.m Spo9oxq S3ITNSaY 1S9l JO oFeasay YoIuypM Aq unomy

000°T 006 008 0oL 009 00§ 00 0o0¢ 002 00T

| 1 | | | 1 I | | I
(BdW h0"t)
*utT/°*dqr 989 @9 O3 paunsse
¢ UOT1BTADD pPIRPPURIS

= u ‘1 TeraIluso-uou
WOdJ POUTWISIIP

UOTINJIJIISTIP TRWIOU
WOXJ pauTwWaal1ap

aoyoe] Led

31



PAMS!

PAY FACTORS FOR VARIOQUS
STANDARD DEVIATIONS EQUAL TO 400 LB./IN.2 (2.76 MPa)

TABLE 6

TEST AVERAGES WITH

AND 800 LB./IN.Z (5.52 MPa)

Amount by Pay Eéctorsgf —n
Which the Std, Dev. = 400 1b./in.? Std. Dev. = 800 1b.in.2
Average of (2,76 MPa) (5,52 MPa)
Test Cylinders Non~ Normal Non- Normal
Exceeds f'., Central Distri- Central Distri-
1b./in.23/ 1/ t bution 1/ t bution
Q= n = 10 Q= n = 10
100 0.250 0.695 0.699 0.125 0.646 0.650
200 0.500 0.786 0.792 0.250 0.695 0.699
300 0.750 0.869 0.873 0,375 0.741 0.746
400 1.000 0.940 0.941 0.500 0.786 0.791
500 1.250 0.998 0.994 0.625 0.829 0.834
600 1.500 1.000 1.000 0.750 0.869 0.873
700 1.750 1.000 1.000 0.875 0.906 0.909
800 2.000 1.000 1.000 1.000 0.940 0.941
900 2.250 1.000 1.000 1.125 0.971 0.970
1,000 2.500 1.000 1.000 1.250 0.990 0.994
1,100 2.750 1.000 1.000 1.375 1.000 1.000
1/

2/

3/

Q= X-£")/s

Pay factor

1 1b./4in.

2

QL + 10, where quality levels
tables based on values of Q.

Q= z.

= ,006895 MPa
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SIS IV

Acceptable Air Entrainment

The simulated results given in Table 3 basing acceptance of
air entrainment on the quality level (percent within limits) re-
vealed that this procedure was nct feasible for small lots with
a2 limited number of tests. In some cases where only 3 or 4
samples were involved and air contents on the first samples were
near the low end of the tolerance range, the air content was ad-
justed upward as required by good engineering practice. However,
this had the effect of indicating a large standard deviation,
which on the basis of assuming a normal distribution would indi-
cate relatively high percentages outside the acceptable range
when such would not likely be the case since deliberate changes
had been made. Accordingly, in the specification now proposed,
the decision to place the concrete is made on the basis of
individual tests for entrained air being within the tolerance
range as at present. However, since it is also the intent of the
specification that the average air content be close to the target
value, requirements for the average air content are introduced in
the proposed revision. This is to be computed from all test re-
sults for air content recorded for concretes placed in the struc-
ture; +the results of tests on rejected concrete would not be
included. Minimum acceptable averages established or the basis of
engineering judgement are 5.5% for A3 concrete and 6.0% for Al
concrete. Maximum limits on the average air content were not
established since the adverse effect of too much air is a reduc-
tion in strength, and protection against detrimentally low
strengths is obtained by the minimum strength requirements. If
the average air content is 1.00% or less below the minimum average,
a reduced pay factor for air is computed. The equation for this
computation is

PFA = .70 + .30 [¥ - (X_. 1.00)1,
min.,
where
PFA = pay factor for air,
X = average of the test result for air, and

. the minimum average for the class of
min. :
concrete involved.

This equation, in effect, establishes the minimum pay factor
at 0.70 for ccncrete having an air content of 1.00% below the
minimum and adds back a proportionate amount of the 30% reduction
based on the proportionate amount of the 1.00% maximum allowance.
(Average air contents are calculated to two decimal places for
this purpose.)
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With proper inspection average air contents more than 1.00%
below the minimums established should not be encountered. How-
ever, should this occur, provision 1s made for examining the
hardened concrete in the structure to determine if a durable air
void system is present. If examination by ASTM Procedure CuS7
(linear traverse) shows that the spacing factor, L, is 0.008 in.~”
(0.20 mm~1) or less, the concrete will be allcowed to remain in
place and a 0.70 pay factor for air will be applied.(5> The reduc-
tion in pay factor is believed justified even though suitable dura-
bility is indicated by the cores, since the low average air content
is indicative of a lower "factor of safety" than would exist with a
higher average air content., Should the spacing factor be greater
than 0.008 in.~1 (0.20 mm~1), the concrete would be susceptible to
damage from freezing and thawing if exposed to high moisture condi-
tions and should be replaced or other measures taken to protect the
concrete. A case-by-case decisicn would be needed in such situa-
tions.

1

THE PROPOCSED SPECIFICATION

Appendix C is a proposed revision of Section 2138 of the
Virginia Department of Highways and Transportation Road and Bridge
Specifications incorporating the principles discussed in the pre-
ceding sections of this report.

Except for testing at 28 days instead of 1% days, the pro-
posed revisions do not greatly change the present inspection and
testing procedures. For situations where all present specifications
are being met, the quality of the concrete being placed is not like-
ly to change significantly; however, the revisions would establish
a situation in which contractors with borderline materials pro-
ducing concrete with minor deficiencies would be penalized if the
strength of their concrete was lower than specified or if the
average air contents were too low. Such concrete is now accepted
by the Department at full price. The revisions would also spell
out how much is to be paid for any such concrete left in place.

The use of statistical concepts should also result in better
knowledge of the initial characteristics of the concrete. Such
knowledge would provide a data base for subsequent evaluations of
the concrete performance. If these recommendations are adopted,
to establish compatibility with the revised specifications, re-
visions will be required in Chapter 4, Portland Cement Concrete,
of the Manual of Instructions, provided inspectors.(7) Recom-
mendations for such revisions are included in Appendix D.

35



2104

A stated procedure for randomly selecting the load of con-

crete to be sampled for acceptance strength tests is also recom-
mended as an addition to the Virginia Manual of Test Methods.(3)
A proposed draft of such a test method 1Is included as Appendix L.

RECCMMENDATIONS

The proposed specification is recommended for immediate
adoption and constitutes the final recommendation of the
present study.

Slmultaneously with the adoptlon of the proposed Spelel—
cation, revisions to the instructions to concrete inspectors
provided in Appendlx D should be adopted as well as the pro-
posed test method for random selection of concrete batches to
be sampled.

Prior to the effective date of the revisions, a general
explanation of the changes being made in the specification
and the means of judging compliance should be provided to
all concrete producers having state contracts and state

field personnel having responsibilities in this area.

This should be accomplished by one-day workshops in several
areas of the state.

Implementation of these revisions to the specifications
should be considered a first step toward specifications
that will closely relate to performance and one that will
have greater end-result implications.

Further studies should be initiated to eliminate as
much as is possible of the detailed descriptions of equip-
ment and procedures ncw included in the specifications.

This would permit greater floxibility on the part of the
contractor and concrete producer to improve their operations.
Consideration should be given to the adoption of the ASTM
Specification for Ready-Mix Concrete, C-94(6). If this
specification is deemed inadequate, any special requirements
for Department specifications must be compatible with good
practice shown by present ready-mix concrete producers.
Concrete for highway construction represents only a small
percentage of the volume of their business, thus significantly
more restrictive plant requirements would most likely be un-
enforceable.
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The feasibility of acceptance on the basis of predicted
28-day strengths obtained by accelerated curing or the
maturity concept should be studied. Several states are
now using this approach with good results, and minimizing
the time lag between placement and final acceptance is a
very desirable goal. A rapid procedure would avoid con-
tinuation of placement of concrete with unacceptable or
borderline characteristics subject to reduced pay factors.

The feasibility of using one of the procedures developed

for determining cement and water content in concrete before
placement should be evaluated. If such equipment can produce
relatively accurate results, a way for a truly end-result
specification wculd be opened. The ability to determine the
actual water-cement ratio in the concrete before it is placed
might also open the way for allowing a contractor to modify
his cement factor when quality control is good and strength
levels are high. This would provide an excellent incentive
for the institution of good quality control by the contractor
because his production costs would be reduced. This would
also be advantageous to the state by providing high quality
concrete of uniform characteristics.
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APPENDIX A
HIGHLIGHTS OF STATISTICAL-BASED SPECIFICATIONS
FOR HYDRAULIC CEMENT CONCRETE
EDERAL HIGHWAY PROJECTS (FP-79)

Structural Concrete

The specification establishes the minimum cement content,
maximum water-cement ratio, and range of air content.

The minimum strength for each class of ccncrete is speci-
fied on procject plans.

The contractor designs the mix for each class he will use
on a prcject and makes all subsequent adjustments.

The ccntractor submits one or more mix designs at different
water-cement ratios. The design air content and slump are to be
at the midpoint of the specification band.

The contractor must submit 28-day test results on trial mixes
at least 30 days before starting the job.

Any change in concrete mix design must be approved by the
engineer,

The contractor submits his quality control plan at a precon=-
struction conference.

The plan must include detail procedures concerning the type
anc frequency cf sampling and testing. It must also include process
control procedures for measuring, mixing, and delivery of concrete,
procedures for washing out delivery trucks and other equipment,
aggregate moisture control, hot and cold weather concre*ting, slump,
air, temperature, and strength testing.

The engineer shall be provided access to plant productiocn
records and, if requested, copies of certifications and test re-
perts for the ingredient materials.

The contractor must provide experienced and qualified perscnnel.
The contractor's personnel perform all sampling, *esting, and in-
spection necessary to assure quality control.

The contractor certifies in writing that his concrete produc-
tion facilities are in confermity with State Highway Standards or
those of the NRMCA, Plant Certification Program, or others.



The contractor keeps records of the nature and number cf
cbservaticns made, inclddidg number and type of deficiencie
found, the quantities aprroved and relected and the nature of
any corrective action taken.

Acceptance Sampling and Tes*ting

Acceptance sampling and
. The contractor furni
neer, The engineer may
tor's quality control
s used are as follows:

testing are performed by the engil
shes all materials to Lte tested to
designate cne or more of the con-
TestTs as an acceptance test. The nroce-

the
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no test result 1s below f',, accept the lot.

result is belcw f', use the taktle for the pay
te applied.

1=

an

equals or exceeds f'C + a

+

equals or exceeds f'c bR

+

equals or exceeds f'c cR

R

o\’

is less than f'C + c

difference between smallest and largest strength value

for each lot (range); and

P.FC = loOC — When
P.F. = G.95 = when
P.F, = 0,85 ~ when
P.F. = 0.70 — when
where
R =
1 -
£ c
For 3 sample lot a
4 sample lot a
§ sample lot =a
For
evaluate as follows:

0 H U

0.1l8
0.2¢C
.21

minimum 28-day compressive strength specified on plans.

b = =-0.07 c = «0,30
b= 0.01 ¢ = =-0,168
b = 0.21 C = “Oolo

small lots of less than 3 samples, the engineer will

If the sample from single batch fails to attain f',, the engi-

neer will determine what detrimental effects are likely.

He may

require removal of the concrete or accept it in accordance with the

follewing schedule

1.00 P.F. — average

0.95 P.F. = average
.36 £

¢

.85 P.F. = average
.94 f!

c

0.70 P.F., — average

strength

strength
or more

strength
or more.

strength

-

.98 f‘C or greater

less than 0.€¢8 f'C but
less than (0.%6 f'C but

is less than 0,34 f'C

Batches not sampled are evaluated by the engineer and accepted
or rejected on the basis of judgement.
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FYWA REGION 18, SPECIAL PROVISICHS TG FP-7

O

Region 15 of the FEWA is *the agency that has the responsibility
fcr ceonstructing rcads in Naticnal Parks and for federal agencies in
the eastern part cf the United States. It has modified, on a trial
basis, the quality assurance procedures For por*lanu cement ccncerete
inclucded in FP-79, The modificaticns provide for continucus accept-
ance of structural concrete. The peCLal provisions state that the
acceptance plan will acccomplish follow1no.

"l. Reduce testin
F?=78), par=i
cperations.

o
(=]
-
~

(from that ”equ*“ed by rres
ularly on smail quantity pl

~D
-

nd enhance cecntractcr responsitility

[¢¥]

. Improve ccntract administration by eliminating the
'zero defects' clauses in FP-78 for slump, air
content, and water-cement ratio by adding & statis-
tically tased acceptance plan for air content.

L, Igprove ccntract administraticn by improving the
accuracy of guality level assessments and elimin
minor penalties for insignificant deficien

Under the continuous accep*ance plan all concrete productiocon of
trhe same class and design strength is treated as one lct. Curing
the ccurse of the work the contractor is advised of availzble accept-
ance test results and 1s given a prOﬂected pay factcr on the basis
¢f continuing the same quality level cf p“oductlcn. It is conceivab:
that for larger jobs a contractcr starting cut with & prcjected pay
factor less than 1.C0 cculd improve production te the degree that
the final factor is 1.0C.

The following are the mejor steps necesseary to implement con-

nuous -acceptance of portland cement concrete at the construction

ti
project level.

1. A special Randcm Interval Sample Selection (Concrete)
Torm is completed prior to the start of procduction.
This information remains ccnfidential so that the

principle of randcmnese is precerved and the sampling
is unbiased. The contractcr iz nct aware cf which
batches will be sampled until the time fcr sampling

arrives,



At the start of producticn, screening tests are
macde to verifyv that air content, slump, tempera*ure,

-and water-cement ratio (verified from ticket) are

within specifications. The contractcr furnishes
the technician for these tests, but the engineer
gives guidance as needed *to assure that the tests
are performed properly.

The engineer has the discretion to test any load

and to reject all nonspecification concrete, whether
or not a partial load has been placed or whether or
not such a load was to be tested for the s*tatistical
analysis of test results. Test results on such
especially tested or rejected loacs are not includad
in the final evaluation of the quality level.

The engineer maintains a cumulative ccncrete log and
when a sampling point as indicated in step 1 is reached,
samples are taken and tested in accordance with the
contract provisions.

All test results on randomly selected samples are
entered on computation sheets as they become available.
A test result for strength is the average of 2 cylinders
at 28 days. The range between the individual values
must be less than 10% of the average strength or the
Test results are not valid.

The average and standard deviaticn are calculated
fron all test results to date. A producer's risk cor-
rection (Cpr) is applied to the average of the test
results so that there is a 35% certainty that the true
quality level is no higher than that indicated and a
reduction in pay factor is warranted. (This is a
producer's risk of 5% that material at the acceptable
quality level may be rejected.)

The equation for the producer's risk correction is

c _ (1.65 s)
SRR KA ALE
PR T
where s = standard deviation, and

+3
"

estimated final total number of samples,.
T may be corrected periodically until the
final number of samples (N) is known.
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Lok correct

The producer's ri icn (Cpp) is then
added to the average oFf the test resulls and the
ccrrected average, ic, ~s used to determine the "z
factcr to be used as the basis for establishing the
indicated quality level from normal <distribution
zables. The equaticns are

XK =% +C and
c oY
I - LL
- - cC 3
- B
where
% = actual average

jo¥al
£ = corrected average,
z = facter for determining guality level Ifronm
normal distribution table,
LL = lcwer stecificetion limit, and
0 = standard deviation.

Tre indicated quality level Is then correctad %o
zlve the contractcor credit for defective ccncrete whic
is theoretically considered in the computed guality le
but is not incorporatzsd in the work, The correc*hicn
applied i1s the percentage of the total ccncrefte delive
to the job site that was rejected.

Compute the projected pay facter and advise the
ccntractor cof results at least conce a week when The
project pay factcr is less than 1.C0 or cnce a menth
wihen equal To or more Than 1.0C.

Compute *the final pay Zactor con the basis ¢ the over-
all average ancd the szandard deviaticn cf all wvalld
~23%Ts for strengtlh and alr conTant.

When tka results cf air content *tests indicazte, %
a preoducer's risk of 5%, that less than 80% of all pro
ticn meets the stecification requirements, then & recu
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pay factor (RP5;) will be applied. This is computed as

QL. + 10
RPy = —T1g0
where
RPa = reduced pay factor for air, and
QLa = quality level for air (percentage

meeting specificatiocns).

The reduced pay factor for air ccntent will not be
less than 0,70,

If the statistical analysis for all valid 28-day
strength data indicates, with a prcducer's risk cf 5%,
that less than 90% of all production of a given mix
meets the specification requirement for f',, then a
reduged pay factor will be applied to the concrete
portion of all items containing the involved concrete.
Such reduced pay factor will be computed as

)

(QL_ + 10)°

S . R
10,000

RPS =

where

RP_ = reduced pay factor with respect to 28-cay
compressive strength (this figure will not
be less than 0,70), and

QLS = quality level for strength (percentage
meeting specifications with respect to
strength).

In the event that neither air content nor 28-day
strength meet the requirecd 90% quality level, then a
net reduced pay factor (RPy) will be computed as

1o R - D
RfN = RP RLS.

AX

This figure will not be less than 0.70.



RP 7 will De prcjecrted periodically ZJuring the
ccurse cf preduction. In the event RPy is less *than
1.0C, the prcogress payments will be recduced accordin
L.

If at any time during prcduction RPy is projacts
To e at the minimum level (0.70) and the contrac*cr
Taking no effective action *tc improve the deficient
q-al;ty levels, the engineer may order production stot
unTil the deficiencies are corrected.

The pay reduction in dcllars is computed as £

Tor concrete bid by the unit (¢cy, smc.)
PR = C xw Q ¥ BP X (L - RPN),
where

PR =z price reduction in dellars,

C = a cost factor equal to 0.35 represent
the estimated concrete porticn of the jsh
item,

¢ = quantity of cconcrete involved in the same
units as the bid price,

2F = bid price per unit, and
PP, = net reduced pay facto
For concrete included in a lump sum
PR = C x Q@ w LS =z (L - 2P,)/T,
i
wrere
T = tortal quantity of concrete in ths Iztenm,
LS = lump sum bid price, and
other symbols are same as abcve.,
This procedure was used during the 1880, 1981

construction seasons with good results.

standard procedures for direct federal construction.

A-8
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and 1982
With minor editorial
revisions it is being considered for adoption as a part of the
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GECRGIA

The contractor submits data on the mix design at least 25
days in advance of starting the job. These tests must be pre-
pared by an approved testing labcratory.

The minimum cement content, maximum water-cement ratio,
and range of design air content are established in the specifi-
cations for each of 3 classes cf concrete.

Classes 1 and 2 are verified fcr early strength develcpment
in accordance with ASTM C-684 Method A (Accelerated Cure).

Flexural Strength

The Design Acceptance Range (DAR) fcr flexural strengths
established for each class is as follows:
Class 1 — DAR 600 psi + 0.87 s
Class 2 — DAR 700 psi + 0,50 s
Class HES = 700 psi + 0,50 s

The acceptance limitsare based on 9 cured specimens; 3 speci-
mens each from 3 batches.

The standard deviation, s, is determined from all 28-day

flexural specimens prepared for a given combination of materials,
except that a value of s greater than 37 psi shall not be used.

Compressive Strength

Minimum acceptable compressive strengths, termed a job per-
formance value (JPV), are established as follows:

]

Class 1 -~ JPV 3,000 + 0,18 R
Class 2 -~ JPV 3,500 + 0.21 R
HES (High Early Strength) - JPV = 3,000 + 0,05 R

The contractor may adiust proportions of fine and cocarse
aggregate in his mixes but the cement factor must not be decreased
and the water-cement ratio must not be increased.

cr 1s accepted with ‘an air content less than 2.0% or
5 :

(>\° (D

cne
mcre than 6.
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2 lct acceptance plan by variables is usecd to determine

strength acceptability.
- g -~ 2 ~ .

Lcts are apDrox_h ately §,3u44 yd,” of concrete placed contin-
ucusly except for overnight o» other minimal discontinuation. Ramps
are considered as separate lots. Three production units are ran-
domly selected for strength tests from each lot.

Fer Class 1 and Class 2 ccncerete a minimum cf 2 sets of 2
cylinders (o in. x 12 in.) zre made for each precduction unit. Cne
set 1s cured by ASTM C-634 (Method A) (Accelerated) and cne by
AASHTC T22 {rnormal). The minimum average acceptable c‘“’y strength
is the average strength at 24 hours cf the laboratcry design less
1.5 times the standard deviaticn cf *the laboratory design. II the
averags of 3 lot acceptance tests exceeds the val“e cf the JPV
accept the lot at full contract price and discard the 28-day cylin-
ders. The strength tests for a set of cylinders are not accepted
if the range of the results exceeds 25% of the average. When a
failing test is obtained, the contractor is notified immediately.
He then has the option of removing or leaving the concrete in
place pending acceptance or rejection on the basis of Z8%-day strengt]
test results.

If the concrete is left in place and the 28-cday strength is
below specifications, *the contractcor can remove the ccncrete or
accept partial payment as focllows:

Pzyv Factor L AL
Class 1
1.0C 3,000 + 0.18 R
.95 3,00C - 0,C7 R
.70 2,000 - 0.30 R
Class 2
1.0¢C 2,500 + 0,21 R
.85 3,500 - 0.C7 R
.70 3,560 - 0.30 R
wWoere
LAL is the lower acceptance limit and
R is the range of results.
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£

When the lcwer acceptance limit for the 0.70 pay facter is
nct met, the engineer may order removal. If the ccncrete is
left in place, the payment is 50% of ccntract price.

Paving concrete may be accepted cn the basis of 72-hour tests
on cylinders cured at conditions under which pavement is cured. The
strength must equal or exceed the minimum JPV (3,000 + 0.18 R and
3,500 + 0.21 R, respectively, for Classes 1 and 2).

When the pavement is deficient in thickness as well as strength,

the specification combines the deficiencies for establishing the pay
P~
factor.

A-11
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GCeneral Recquirements

L

Plants are certified by the Department.

th

Laboratcry facilities are furnished by the contractor.

-

The contractor must have a gqualified ccncrete batcher or the

jcb. . ,
All cement, aggregates, and admixtures must be from approved sources.
Cement 1s certified by the manufacturer. If not certified,
crocvisicns must be made for storing the cement fcr 12 days cr until
thz Tests are ccmoleted,

The mix design is submitted by the ccntractor for approval.
The design must include the scurce of a1l materials.

18]

When pretests are reguired, the mix design must be submitted
at least &5 days pricr to start of work.

Contrcl Tests

The contractor is respcnsible for the gradaticn of coarse and
fine aggregate, slump tests, air content, and temperature. The
procuction mix must cenform to *the mix design within specified
centrcel limits for individual samples.

ars plotted cn control charts for individual samples.

s}
[t
0
ot
}. 4
-
wn

BRI

or siructural
ndividual tests.

Adiustments to the mix design may te made by the contractcer
for slump, air, etc. The cement content can exceed the ninimum in
the mix design with prior notification of the TCepartment.

The average strengths of test cylinders must excesed set mini-
mums. Therefore, all variabilities are considered the same; that
is, it is assumed that all prccucers have the same standard devi-

tion for their product.
2

The 1o is net T xzceed 200 yd.~

T size for structural ccner
If the range is 200-400 yd.°, divide 1
exceeding 400 yd.3 are represented by
for making cylinders from each lct. Make
catch. Test all 6 specimens at 28 days.

2
2 randem batches
s for each

>

I
[}
[

»
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MARYLAND

Prior to the start of construction, the contractor submits
the mix design to the Regional Materials Engineer for approval.

Trial mix testing is required with an authorized represent-
ative of the state materials engineer present. Arrangements must
be made at least 2 weeks before tests are to be conducted.

Required average strengths are determined as in ACI 214, ex-
cept that statistical computations are based on a population size
of 15 or more tests (instead of 30) and (n-1) weighting is used to
estimate the standard deviation and coefficient of variation.

When past performance records are available a minimum of 15
consecutive 28-day strength results made within the last year
using the same mix design are used to compute the coefficient of
variation, which in turn is used to compute the required average
strength. If data are not available, a coefficient of variation
of 15% is used to compute the required average strength.

Control tests are required on the basis of one randomized
sample for each 50 yd.3 Tests are made for slump, air content,
and compressive strength.

The contractor molds and cures strength specimens for 3 to
7 days and then delivers them to the state laboratory. The
project engineer has the responsibility for slump and air con-
tent tests. :

Concrete is accepted if there is no greater than a 1 in 10
probability that the strength will fall below the specified
strength. The average of any 2 companion specimens also must
not be less than 80% of the design specified strength, and the
running average of any 5 successive tests must not be less than
the design specified strength.

The concrete mix design may be modified with approval of the
engineer if strengths greatly exceed requirements but a minimum
cement factor applies.

The specification does not include provisions for partial
payments for noncomplying concrete.

A-13
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NEW JERSEY

Four classes of concrete are recognized, with a class
design strength and a structural design strength indicated
fcr each class as follows:

Class Structural
Design Design
Class of Strength, Strength,
Concrete psi psi Typical Use
P 5,500 5,000 Prestressed Beams
A 4,200 3,000 Bridge Decks
B 3,700 3,000 Pavements
C 3,200 3,000 Foundations

The structural design strength is the value usually designated
as f'c and is the strength required by the designer to assure
structural integrity. The class design strength is a higher level
of strength specified to obtain other benefits such as impermeability,
durability, and abrasion resistance.

In the specificaticn, the class design strength is the limit
used to establish the acceptable quality level (AQL), which is de-
fined as 10% below the class design strength for each class of
concrete.

The rejectable quality level (RQL) is based on the structural
design strength. It is defined as the average strength for which
10% of the concrete would have strengths less than the structural
design strength in all classes except Class C. For Class C, the
RQL is defined as the average for which 20% of the concrete would
have strengths less than the structural design strength.

The contractor establishes the necessary mix designs and pre-
pares trial batches for verification under state supervision. A
table is provided to guide the producer in deciding how far above
the design strength the target strength should be set for each
class. At least one mix must be designed for a target strength
500 psi higher than the maximum value obtained from this table.
The over-design guide for establishing the averages a given con-
tractor must equal or exceed is based on the formula

Target Strength 2 Class Design Strength + 1.282 S,

A-1u
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in which S is the producer's current within-lot standard de-
viation.

The standard deviation i1s computed for each producer from
acceptance test results and is based on the most recent 10 lots
or one month's production, whichever produces the larger sample
size. Within-lot standard deviations are pooled across concrete
classes to obtain the current value.

Maximum lot sizes are defined as one day's production, 500
yds.3 (300 yd.3 for structures), or 50 truckloads, whichever
volume is smallest.

A test result is defined as the average 28-day strength of a
concrete cylinder pair. Normally, six tests are performed at
random locations within each lot.

Acceptance is based on the percentage of material estimated
to fall below the class design strength for each lot. The pay
factor (PF) is computed from the formula

PF = 102 - 0.2 PD,

and is exactly 100% when the percent defective (PD) is at the
AQL of 10% defective. When the estimated percent defective is
less than 10%, the pay equation awards small bonuses up to a
maximum of 2%.

When single tests fall below limits set in the specifica-
tion, or the estimated percent defective exceeds limits set for
each class of concrete, the lot may be retested by coring or
suitable nondestructive means. The agency reserves the right to
require removal and replacement of seriously defective concrete.

Air entrainment and slump testing is basically a screening
process. These tests are performed at the same rate and on the
same loads as the compressive strength tests and, if the test
results are not within the specified limits, the concrete is not
accepted for use on the project. The present version of the
specification contains an experimental feature that permits a
single retempering for air entrainment and slump (and subsequent
retesting) provided neither parameter is above its upper limit.

A-15



102
2107 OHIC

Ohio has develcped a statistical specification for portland
cement concrete used in pavement base courses. However, as of
January 1983, it was reported that this specification had not [
been used in actual construction.

Its requirements are:
3,000 psi minimum strength at 28 days.

Air content 4.0% minimum, except when size 7,
78, or 8 stone is used. In these cases, minimum
is 6.0%.

The contractor submits certified test data from a certified
laboratory (CCRL inspection is adequate) showing compliance.
Changes in material sources must be approved.

Quality control is the responsibility of the contractor. He
establishes systems and maintains records of all test results. The
quality control system is approved by the engineer.

The contractor must have quaiified personnel on the job or
ctherwise available.

The amount of cement to be used is determined by the con-
tractor.

Acceptance testing is done by the state.

The lot size is 6,000 yd.2 Four tests are
made per lot, stratified on the basis of 1
per sublot of 1,500 yd.Z One air content

test 1s made for each sublot.

Lower quality index, Qp, is used as the basis for partial
payments.

X - L
QL:-——R.——D
where
L = lower specification limit,
X = average of lot, and
R = range of lot.

A-16
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Acceptance is based on compressive strengths of cores taken
from each sublot at random location at 14-26 days of age. Con=-
crete can be rejected if honeycombing or segregation i1s noted.

A-17
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Quality control is the responsibility of the contractor. He
must have a laboratory and a certified portland cement technician.
He must submit a quality control plan for approval prior to start
of job.

His quality control plan must show a frequency of tests in
compliance with the state's minimum. The contractor's records
must show the following:

Nature and number of observations made
NMumber and type of deficiencies found
Quantities approved and rejected
Nature of corrective action

All test results must be available to the state on a computer-
acceptable medium.

Control charts must be maintained by the contractor for aggre-
gate gradations. Such charts become the property of the state.

The minimum frequency of tests established by the state are:

Fine aggregate:
Gradation — daily
Deleterious materials — daily

Moisture — daily

Coarse aggregate:
Gradation — daily
P-200 — daily

Mcisture — as specified

Combined aggregate + cement:

A — as specified

Plastic concrete:
Air content (pavements) — one per 1l/2-day production
Air content (bridge superstructure) — one per batch
Consistency (pavements) — one per 1/2 day production

Consistency (bridge superstructure) — each fifth batch



Temperature — as specified

Yield — as specified

Strength — 1 set (3 cylinders) for 0-100 yd.
1 set each additional 100 yd.3

3

The contractor has the option of using the predicted strength
at 28 days based on curves extablished for the mix design (maturity
concept).

Pavements are cored for acceptance. The cores are taken when
the pavement is at least 28 days old, but not more than 91 days old.
The results of the core tests are analyzed statistically.

For complete acceptance, the average of results must be equal
to or greater than the 28-day design strength plus 1 standard devi-
ation. Also, the average of any 5 consecutive tests must exceed
the design strength.

Structural concrete is accepted when statistical analysis
indicates that at least 93% of the concrete has strengths equal to
or above the design strength (specification minimum). Also, 99.9%
of the concrete must have strengths at least 1 o above design stress.

The cement factor can be reduced up to 1l/2-bag per cu. yd.,
if strength average is maintained at the levels indicated below.

T = 4 : U
X =f c (design strength) + K; o and £', + K, o.

K. and K2 are based on numbers of tests available.

1
When n = 30: Kl = 1.5; K2 = 3.0
When n = 10: Kl = 1.63 K2 = 3.615

Kl and K, values are given for n = 10 through 30.

When n equals or exceeds 30, values for

n = 30 apply.

A-19






2107
APPENDIX B

GUIDELINES FOR SIMULATING STATISTICAL ACCEPTANCE TISTING
FOR PORTLAND CEMENT CCNCRETE

INTROCUCTION

The propcsed revisions of Section 215, Hydraulic Cement Con—
Ccrete, of the Standard Specificaticns for Roads and Bridges of the
Virginia Department of Highways and Transportation lnt“oduce the
concept of acceptance on the basis of statistical probabilities,
with reduced pay for concrete outside of normal speczf’ca‘lon
limits but not considered to be sufficiently deficient %o
removal. Under the proposed specification, reduced pay wi
when on a statistical basis, there is mors than a $5% prcd
that more than 10% of the concrete placed in the jeb is be
minimum requirenen for 28- -day compressive strength or out
minimum and maximum limits for the percentage of entrained

The system proposed prov4des for considering all the concrete
of a single class made with the same ingredients in a contract as
a single lot, except where very large amounts o concrete are in-
volved. The number of samples per lot thus varies with the size
of the job. In acceptance a correction is applied to minimize the
producer's risk of having acceptable concrete subjected to a re-
duction in pay. This has the effect of statistically increasing
the risk to the state that poorer than indicated conc“ete will be
acceptec, but on large lots requiring at least 10 samples the
state's risk is reduced. The same risk of accepring poor material
exists under present procedures. It is emphasized tHaL under any
specification, depenclr:nc:‘= is placed on good concretwng Dractice
and good inspection procedures to assure that inferior concrete is
not placed.

Prior to implementation of the new concept, it is desirable
to evaluate the proposed revision by its simulated applica=icn to
projects constructed in the 1882 season. For this simulation
several changes in sampllné and testing procedures are required.

These are explained in the fcllowing sections.
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For examcle, if a € and = are drawn, tTake the acceptan
repr

sample from the truck that ccntains the cubic yard which

sents the sixty-four*h percentile of the sublot; that is, iI the
sublot size is 50 yd.¥, take the sample from the truck containing
the thirty-second cubic yard. If the sublot size is 100 yd.

take the sample from the truck containing the sixty-fourth cubic
yard of the sublot.

)

i C
=)
=

At the end of a job where a full sublot will not Le placed,
compute the percentage of the sublot in the usual manner. If the
Percentage determined by the random drawings exceeds the amount cf
concrete to be placed, do not sample. If it is within the amount
to be placed, treat as an additionel sublot and make the usual
tests.,

Example: The randcm digits drawn are 5 and 4.
Thus, the percentage is S4. If the
last sublot to be placed represents
more than 54 percent of the usual sub-
lot size, take the acceptance sample
from the truck cmdta;._ng the fif+ty-
fourth percentile. If less than S5u
percent of the normel sublot is to be
placed, do no%t sample.

The truck lcad to be sampled for each sublot should be established
prior to beginning the concrete placement. However, this informa-

tion should be kept confidential until the load to be sampled
arrives on the job.

While the particular randomizing method to use is a matter
of convenience or judgement, it is emrhasized that arbitrarily
selecting a load for sampling other than the one se;ected by *the
randomizing procedure must not be permitted. Only when a load
designated as an acceptance sample is rejected and removed from
the job should a change be made. In this case the next lcad placed
automatically becomes the load for acceptance sampling.

.

START-UP AND MONITCRING PROQOCEDURES

Tart-up prccedures and requirements concerning proper moisture
determ-natlors in the aggregate, mixing temperatures, etc., remain
unchanged. Although under both the old and revised specifications
it is the contractor's resnonSLblllty to centrol all the properties
of the concrete within the specification llm‘ts, mon l*orlqg of air

ontent by state personnel at the beginning of a tlacement is de-
sirable. The state's final acceptance for air content, h wever, is
tec be based on the s*tatistical analysis of the test resul cn the
randomly selected acceptance samples.

t O



A special procedur= has bean inTroduced for monitoring the
air content of bridge deck concrete. Under the new drocedure,
at the beginning of each day, when 3 consecutive loads of con-
crete show that the ancunt cf entrained air is within the required
specifiicaticn limits and the average of +the three tests is within
I 0.8% of the target value (mid-point of range fcr air), reduced
mcnitoring can be instituted on the basis ¢f 1 randomly selected
sample for each 5 loads.

Monitoring tests may be made using the Chace &ir indicator.
nowever, a determination must be made by the air Tressure meter or
the volumetric method before a load of concrete is rejacted. Any
lcad fcr which the air content determined Dy ths last twc procedures
s outside the specificaticn limits should be relected zand remcvad
Irom The Iob. ‘When This ccours for a2 lcad that would normally be
sampled Ifor acceptance =Tests, &ll data and specimens, i zlready
made, will be discarded; and the next lcad to Le placed in ths
job will be so sampled. This is consistent with the randomizing
trocedure, since the characteristics of the concre*te placed in the
sTructure and not the concreta produced are desired. _—

ADDITIONAL TESTS REQUIRZD FOR SIMULATED
AFPPLICATICN OF REVISED SPECIFICATICN

Acceptance Ifor strengitih under the new specificeticn is *o be
based cn 28-day tests on the randomly selected acceptance samples
required for the revised specificaticn. These can also bte used as
“he acceptance tasts IZor the present specificaticn. However, if
the usual l:=-cay breaks as well as the 28-day Lreaks are desired,
make 2 sets oI 3 each of 4 in. % 8§ in. cylinders for the projescts
sz2lected for the simulatad zpplication of the revised svecification.
T2sT one set at 1% days and the other at 28 days. The adaiticnal
cata for small cylinders at 14 days may permit subsequen®t revisicn
of the specificetion to permit statistical acceptancs on the basis
of l4-day tests. A test for entrained air by tThe air pressure meser
musT be made for each acceptance sanmple.

EATA RZFORTING

Fileld persconnel will continue tTo reccrd all data cn the same
fcrms &s in the past and send in reports tc the Materizls Division,
except that the reports for the simulated projects shculd sc indicate
These cata will be used to compute acceptance and simulated pay fac-
tcrs. For any placements in which the amcunt of retarders, water-
recducing agents, cr water have been intenticrnallv varied, the
reccrds suomitted should als: so indicate.



PAY ZACTORS
Recent analyses of the statistical significance of +the crite-
rion for acceptance, and for computing pay factors, have raised
scme doubts that the producer's correcticn as now preovided for in
all cases and further study is

the proposed revision 1s valid in
needed. However, the data needed would not be affected by any
changes in the manner cf computing pay factors. Thus, fcr the
time Dbeing, field personnel need not estimate simulated pay factors.

B-5
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APPENDIX C

PROPOSED REVISION TO VIRGINIA DEPARTMENT OF HIGHWAYS
AND TRANSPORTATION SPECIFICATIONS FOR HYDRAULIC
CEMENT CONCRETE

"Road and Bridge Specificéticns"
July 1, 1982

Section 219

NOTE: Subsections reprocduced in small type are unchanged
from present specifications except for numbering.
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SECTION 219—-HYDRAULIC CEMENT CONCRETE

Sec. 219.01 Description—Cement concrete shall congst of in approved
hydraulic cement, a [ine aggregate, a coarse aggregate, 'vater, and
such admixtures as may be specified, mixed in the approved propos-
tons for the various classes of concrete, and Dy one of the methods
hereinafter designated. The Conrtracter wili be permitted to produce
Class A3 General Use cement concrete for incidental constcuction items
Zrom a mobile production siant. Unless otherwise specified. mobie
sroduction plants will not Se permitted for the production of concrete
used in bridge, box culvert, pavement, oOr retaining wall constructon.

Sec. 219.02 Materiais—-The Conwactor shall assume the responsibility
for the quality control and conditicn of all materials during the
handling, blending, and mixing operations. The Contractor shall
issume responsibility for the initial determnination and all necessary
subsequent adjustments in preportioning cf materials used to produce
the specified concrete. The proporton of fine and coarse aggregate
shall satisfy the necessary placing, consolidation, and finishing require-
ments, and the actual batch guantities shail be adjusied during the
course of the work to compensate {or changes in workability caused by
differences in characteristics of aggregates and cements within the
specification requirements. Such adjustments are to be made anly by
the Contractor and in such 2 way is not to change the yield.

(a) Cement shall conform to Section 216 and shall be Type II,
uniess otherwise permitted herein .or otherwise specified in
the contract. Type [-P cement may be used except in concrete
navement or bridge decks. Type IIl cement may be used in
prestressed members, except piling Type [1I Modified cement
may be used in ail prestressed members and when the use of
high early strength concrete is authorized. Type [, Type Il
ot Type Il cement may be used in latex portland cement
concrete.

{b) Formulated latex modifier shall b 1 non-toxic, fim forming,
nolymeric emulsion te which ail stabilizers have been added
at the point of manujacture and shall be homogenous, uniform
in composition and res from chiorides.

The latex modifier shall conform to the following requirs-
ments:

Poiymer Tyve. . . . . .. Styrene Sutadiene
88 =47 Styrene
32 =4 Butadiene

Average Poiymer

Particie Size . . . . . . . 1300 to 2500 Angstroms
Emuision Stabilizers . . . Anionic and non-ionic surfactant
Percent Solids. . . . . .. 46.5 t0 49.0
Weight (1bs. 1t 230C) B

gperGallon . . . . .. .. 3.40 10 8.33
pH . .. ... 9013
Sheif Life . .. ... ... 2 Years
Colot . . .o« v v White
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Fine aggregate shail conform to Section 202 for Grading A.

Coarse aggregate shall be stone, air-cooied blast furmace siag, or
gravel conforming :o Section 203 for the class of concrete
being produced. Coarse ggregate for the deck surface con-
crete of two-stage bridge deck construction shall be non-
polishing Size No. 7 or No. § conforming to Section 203.

Water shall confarm to Section 218.
Admixtures shall conform te Section 217.

White portland csment concrete shail conform with this
section except as foilows: )

1. Cement shall be white portiand cement conforming to the
requirements of Section 216 for Type [ nortland cement,
except that it shall contain not more than 0.55 percent
by weight of ferric oxide (FE2073).

’Q

Fine aggregate shail consist of clean. hard, dumabie,
uncoated particies of juartz composed of not less zhan
95 percent silica. free frony lumps of clay, soft oc flaky
materiai, loam, organic or other injuricus muaterial and
otherwise meeting the requirements of Section 202 for
the class of concrete being ptoduced. [t shall contain
not more than 3 percent inorganic siit by acrual dry weight.
when tested in accordance with XASHTO T1l. Stone
sands which have demonstrated that they produce an accep-
table white concrete may also be utilized.

3. Coarse iggregate shall be crushed stone. or crushed or
uncrushed gravet conforming to the reguirements of
Section 203 ror the class of cuncrete teing produced.

Sec. 219.03 Handling and Storing Materiais—

(a)

Aggregate: The Contractor shall furnish coarse aggregate
conforming to Section 203.

Stockpies of both coarse and (ine aggregates may be
placed adjacent tw the batcher on ground that is denuded of
vegetation, hard, and well drained. The different sizes and
kind of aggregates shail be kept separate during transportation,
handling, storage. and untii batched. [t necessary, partitions
of suitable height and strength sinall be constructed between
the various stockpiles tv prevent the different materials from

becoming mixed. Care shall be taken 1o prevent segregation of
the coarse ind fine particies of aggregats {rom taking place
during handling or hauling. The inclusion of foreign materiais,
whent the aggregates are being removed {rom the transporting
vehicle or storage piles and placed into the bin of the batcher
or the skip of the mixer, will not be permitted.

Aggregates placed direcdy on the ground shall nor de
removed Tom the stockpiles within one foot of the ground
until the final cleaning up of e work, ind then oniy the clean
iggregate will be permitted o be used.

The coarse aggyegate shail De maintained to it [east 2
saturated surface-dry moisture condition. The Conactor will
be required to wet the stockpile the night previous to its use,
and 0 sprinkle the iggregate during the day, as is deemed
necessary by the Engineers.

If, in the opinion of the Engineer, the method of sprinkling
used is not providing satisfactory resuits, he may require that
an approved mechanical sprinkling system be provided.

Fine aggregate which nas been washed shail not be used
within 24 1ours after being placed in the stockpile, or undl
surpius water has disappeared and the materiai has a uniform
free moisture content. Stockpiles shall be so located and
constructed that the surpius water will drain away {rom the
stockpiles and the batcher.

datching direct ‘rom :te. washing plant will not be per-
mittad, :
C-3
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(b) Camenc Reclaimed cement cr cement that shows evidences of
hydration, such as (umps oz cakes, shall not be used.

Loose cement shall be transported to the mixer esither in
tight compartments for eachh batch, or between the {ine and
coarse aggregate. Czament in original shipping packages may
be transported on top of the aggregates, sach batwch containing
the number of bags required.

All cement shall be stored in smimble weather-nroof struc-
wres which will orotect the cement {rom dampness. Small
quantities may be siored in the open with ipproved waterproof
protection.

fc) Latex Modifier: Prscautions shall be taken to protect latex
madifier {rom sxtreme heat or cold. The stored latex modifier
shail be kept in enclosures which will protect it from exposure
to temperaturss Deiow 30CF ar in axcess of 85°F. Drums of
latex modifier stored 3t oridge sites shall be protected from
direct sunlight,

(d) Miscetlaneous Materaiss  Acdmixtures shall te stored and

handled in such 2 manner that contamination or deterioration
will be prevented. Liquid admixtures shall not be used unless
thoroughly agitated. The use of admixtures that are partially
frozen will not be allowed. When the amount of admixture
required to give the specified results deviates appreciably
from the manufacturer’s recommended dosage, the use of this
material shail Ye discontinued uniess conditdons justify 2
change in the dosage. )

Sec. 219.04 Measuremant of Materisls—All measuring devices shall be
subject to approval Except as specified hereinafter. aggregates and
cement shall be measured by weight. The {ine and coarse aggregats and
cement shail be weighed separately. Csment in standard packages, 34
pounds net per bag, need not de weighed, but bulk cement and frac-
tional packages shall be weighed within an acguracy of one percent

The mixing water shail Se measured by volume or weight. When
measured by volume, the holding tank shall be of sufficient size to
hold the required quantity for any one batch. The water measuring
device shall be readily adjustable and shall be capatle of delivering
the required amount. Under all operating conditions the device shall
have 1n accuracy within one percent of the quantity of water required
{or *he batch.

All aggregzates shall be measured oy weight within an dccuracy of 2
percent. Prior to mixing concrste, the moisture content of the iggre-
Zates shall be determined and prover azllowance made lor the water
content. Moisture determinations snail be performed prior to starung of
mixing and subsequently thereafter as changes occur in the condition of
the aggregate. The Contractor shall be responsible {or performing
moisture determinations as well as tests {or slump and air content and
providing the necessary tasting squipment.

The amount of admixiure required :hall be added within aiimit of
accuracy of 3 percent and shail be dispensed 5v means of an approvad,
zraduated, wansparent. measuring device :o the mixing ‘water before
it is imtroduced into the mixer. in the svent more man one admmturs
is 10 de used, such admixrures shail Je released o ne mixing wvater,
:n sequence rather than it :fe same insant. Once 2stablished, the
sequence of dispensing admuxtures shall not De aitered uniess speciti-
caily authorized by the Engineer. Admixtures shall be used in iczgor-
dance with the manufacturer’'s recommendations.

When using mobile production plants aggregates. cement and water
shall be measured by weight or voiume. [n the event ingredients are
measured by volume, the Contractor shail lurnish. at s expense,
approved scales ind containers suitabie for checking the calipration
of the eguipment’s measuring system. The manu/aciurer’s recom-
mendations shail ve foilowed :n the speration of the equipment and =n
calibrating the various zages and zate openings. Miung water shall be
measured oy means of 1 caiibrated low meter. The introducuon 13
mixing water 0 the mixer shall te propery coordinated with the
introduction of cemen: and aggrszates. Ingredients shall be propor-
doned within -he ‘ollowimg :oierances which ire dased an the voiume-

C-l



weight relagonship established by calibration-of the measuring devices:

Cament 0 to. +4%
Fine Aggregate *2%
Coarse Aggregate 2%
Admixiures *3%
Water 1%

A& means shall be provided whereby sampiles of the various ingre-
dients can be tiken {rom ‘he feed prior io biending and mixing o
check the calibration of the equipment.

All tolerances stated for measurement of materials will be applied
to approved mix design quantities.

Sec. 219.05 Equipment Requirements~Equipment and tools necessary
for handling materials and performing all parts of the work must meet
with the appraval of the Enginesr.

(a)

L))

(<)

Bawching Equipment: Bins with separate compartments for
fine aggregate and for each required size of coarse aggregate
shall be provided in the batching plant. Bins for bulk cement
shall- be so amranged that the cement is weighed on a scale
separate from those used for other materials, and in 2 hopper
entirely free and independent of the hoppers used for weighing
the aggregates. The weighing hopper shall be properly seaied
and vented to precinde dusting during operation. Each
compartment thall be designed to discharge efficiently and
{reely into the weighing hopper. Means of control shall be
provided so that the materiali may be added siowly and shut off
with precision. A port or ather opening shail be provided to
remove any overrun of any one of the several materials from
the weighing hopper. Weighing hoppers shall be constructed so
as to prevent accumulation of materials and to discharge fully.

The scales for weighing aggregates and cement shall be of
either the beam-type or the dial-type and shail be approved
and sealed in accordance with Section 109.01. All beam-type
scaies shall be equipped with appropriate balancing means. A
minimum of 10 fifty-pound test weights shall be made avai-
able at each plant for the purpose of verifying the continued
accuracy of the weighing squipment. These test weights shall
be calibrated by the Weights and Measures Regulatory Section
of Virginia Deparmnent of Agriculture and Commerce at least
once every two (2) years A certificate of this calibration
shall be forwarded to the Engineer in whose area the plant
is located.

Safety Raquirements: Adequate 2nd afe stairways to the
mixer platform and sampling points shall be furnished and
suarded ladders to other plant units shall be placed at ail points
where accessibility to plant operations is required.

All exposed fulcrums, clevises, and similar working parts

of scales shaill be kept ciean. When beam-type scales are
used, provision shall be made for indicating to the operator
that the required icad n the weighing hopper is being
approached; the indicator :nall intcate ac least the last 200
pounds of load. All weighing and indicating devices shail e n
full view of the operator while charging the hopper and he shall
have convenient access to all controis.

Trucking Equipment: All tucks, truck Jodies, bulkheads,
cement compartments and other squipment Or accsssories
used in the proportioning and transportation of concrete
materials, shall be so designed and operated as to insure the
charging of the mixer, batch-by-batch, with the proper amount
of sach materal. without over-spilling, intermixing of batches
or wastage. Any units which, as determined by the Engineer,
4o not operate satisfactorily shall be removed from the project
antl corrected.
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Mixers and Agitators:

1. Mixers may Dde stationary mixers or ‘ruck mixers. Agitators
may be truck mixers or truck igitators. Each mixer and
agitator shail have attached thereto, in 31 prominent place
by the manufacturer, 3 metal siate or plates on which
is piainly marked the varicus uses for which the equipment
is designed, the capacity of the drum or contaner in
terms of the volume of mixed concrets and the speed of
rotation of the mixing drum or blades. Each stationary
mixer shall be zquipped with an approved :ming device
that will not permit the batch w0 be discharged unti the
specified mixing time has siapsed. Each :ruck mixer
shall be equipped with an approved counter by which the
number of revoiutions of the drum or 2iades may be readiy
verified.

!)

The mixer shall be capable of combining the ingredients of
e concrete into i thoroughly mixed iand uniform mass
and of discharging the concrets with 2 saytisiaciory legree
of uniformity as indicated in Paragrasgh <+ herein.

3. The agitator shall be capadble of maintaining the mixed
concrete in 3 thoroughly mixed and uniform mass and of
discharging the concrete with 21 satisfactory degree of
uniformity as indicated as Paragrapi 4 herein.

4. All mechanical details of the mixer or agitator. such as
water measuring and discharge acparatus, condition of the
blades, speed of rotation of the drum, zeneral mechanical
condition of the unit and cleanliness of the drum, shall
be checked before use of the unit is permitted. The Eng-
neer may reguire, {rom time (o iime, consistency tests
of individual sampies at approximaiely the beginning,
midpoint, 1nd end of the load. If the consistency measure-
ments vary by more than 2 inches .c7 sump between the

high and low values, the mixer or agitator shall not be
used uniess the conditicn is corrected,

Mobile Production Plants:

In the =vent the Contractor slecis to udlize 1 mobile
production plant as permitted in Section 219.01, the e2quip-
ment requirements specified hereinbefore will not apply and
the concrete shall be mixed at the peoint of delivery by a
combination materials wansport and mixer unit conforming ta
the foilowing:

The unit shall be capable of carrving, in separats
compartments, il the necessary ingredients needed for
conerete production and be capable of mixing the ingre-
dients at the point of delivery. The unit shail be squipped
with caiibrated proportioning devices 1o vary mix propor-
dons of dry ingredients ind water. The unit shail de
sapabie of changing the sump 2t any int2rval of continuous
discharge of concrers.

The mixing mechamsm shal e 2 part of :fe ‘ransporia-
Jon unit carrving the dry ingrsdieats. The mixer may de
the auger type or any other type c2pabdle of comowning the
ingredients of the concrete into 1 thoroughly mixed and
uniform mass and of discharging the concrete with 1
satisfactory degree of umformity.

Each unit shall 1ave itiached thereto, in 2 prominent
olace oy the manufacturer, 1 metal place or plates on wiich
is piamiy marked the gross voiume of the :ransportation
unit in terms of mixed concrate, lischarge speed ind ‘he
weight-calibrated-constant of tie machine 1 terms of in
ndicator tevoludon counter. ¢ muxer shall oroduce,
within the speciried :ime of mixing, 1 :horoughly and
uniform concrete. conunuocusly discharzed with 2 satis-
{actory degres of uniormity.

During aischarge. the consistency. Jetermined bv ihe siump
cone method on reoresentarive wmoles ‘zk2n ‘rom the dis
shurze of the muwer 2t random intervals, ruil notvary by more
shan one inch.

e
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Sec. 219.06 Worker Qualification 219 S

=All sources supplying concrete o the
Department shall bSe required: to have present during the batching
operations, 2 Certified Concrete Batcher und/or 3 Certified Concrete
Techniciare A Certified Concrete Batcher is that person who dctuaily
performs the batching operation. He shall never initiate adjustments
and will be permitted to impiement adjustments oniy at the direction
of the Certified Concrete Technician, uniess his certification carries this
speciak authorization. A Certiffed Concrete Technician is that person
who is <apable of performing idjustments is the proportioning of
materials used to produce the specified concrete, shouid such adjust-
ments pruve necemsary. Cerstification snall be by the Department.

awarded upon satisfactory compietion of an examination.

The concrete producer shail sor plan his bawhing operations that
deiays do not occur due to the absence of certified personnel. [n cases
of smergency, the concrete sroducer shall have readily availabie for
service 1 Certified Concrete Batcher and/or 2 Cartified Concrete Techni
cian to replace the regular personnei assigned to these jobs. Should
cases of extreme emergency urise during actual batching operations,
this requirement will be termporarily waived by the Engineer in order
to complete the placing of concrete on the portion or section of a
stucture involved. Additional batching operations shall not be initia-
ted until the services of 2 Certified Cancrete Batcher and/or s Certified
Concrete Technician have been obwined.

The Dapartment’s [aspection will never assume by act or word the
responsidiity of betchs contral adjustments, calculations, or the setting
up dinls, gages, scales and meters.

The concrets produces shall so plam his batching opemtions thag
delays do not occur due to the absence of certified personnel. In cases
of emergency, the concrete producer shail have readily available for
service a Certified Concrete Batcher and/or a Certified Concrete Techni-
cian to replace the regular personnel assigned to these jobs. Should
cases of extreme emergency arise during actual batching operations,
this requirement will be termporarily waived by the Engineer in order
to- complete the placing of concrete on the portion or section of a
structure invoived. Additional batching operations shall not be initia-~
ted until the services of a Certified Concrete Batcher and/or a Certified
Concrete Technician have been obtained.

The Department’s Inspection will never assume by act or word the
responsibility of batch control adjustments, calculations, or the setting
up dials, gages, scales and meters,

Sec. 219.07 Classification and Proportioning of Concrete Mixtures—The
concrete shall be proportioned to secure the strength and durability
required for the pavement or the part of the structure in which it is
to be used.

The Contractor shall submit, or shail have his source of supply
submit, for approval concrete mix design(s) meeting the requirements
in Table {I-15 for the specified class of concrete prior to mixing any
concrete.

The Contractor shail fumisit ind incorporate in approved “Water-
Reducing and Retarding Admixture” in Class A4 bridge deck concrete,
uniess waived in writing by the Engineer, and in other concrete when
conditions are such that initial set may occur prior to completion of
approved finished operations. An approved “Water-Reducing Admix-
ture’ shall be furnished and incorporated in concrete when necessary to
provide the required slump without exceeding the maximum water-
cement ratio and shall be used in Class A4 bridge deck concrete when
the requirement for 4 ““Water-Reducing and Retarding Admixture” is
waived by the Engineer. The two admixtures shall not be used together
in the same concrete batch. All costs for admixture(s) shall be inciuded
in the price bid for the respective concrete item.

Concrete shall be air-entrained unless otherwise specified. The
air content shail be uas required in Table [I-15. Air content will be
determined by the pressure method. AASHTO T152. for concretes with
natural aggregates, and by the voiumetric method, AASHTO T196, for
concretes with aggregates of high absorptions, such us siags or expanded
shales, clays or siates.
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The classes and uses of concrete recognized in these specifications
are shown in Table [I-15.

The quantities of fine and coarse aggregates necessary to conform
to these specifications in regard to consistency and workability shall be
determined by the methed described in ““Rccommended Practice for
Selecting Propostions for Concrete” (ACI 211), except that propor-
tens shail be computed on the absolute voiume basis and the 10
percenm adjustment ailowed in Table 5.2.6 wiil not be permitted; or
“Recommended Practices for Selectisg Proportions for Structurak
Lightweight Concrete™ (ACT 211.1). The actuat quamntities used, as
determined by the methods described herein, shail not deviate more
than pius or minus 3 percent rrom such quantities,

In the event concrete can not be obtained with the required worka-
bility or consistency or within the maximum water content with the
materials furnished by :he Contractor, he shall make such chaneges as
are necessary to secure the desired properties subject to the limiting
requirements in Table [I-15 und the approval of the Engineer. When
the void content of the fine aggregate s more than 50.3 percent and the
concrete does not have the desired proverties, the Contractor shall
change to u fine aggregate having 2 void content of iess than 50.3
percent. In lieu of chunging the tine aggregate, the Contractor may
take one or more of the tollowing actions:

Use an approved water reducing admixture;

Increase the cement content:

Change the source of coarse aggregate;

[n hot weather, add ice or otherwise reduce the temperature to
increase the workability;

other recommendation by the Contractor as approved by the
Engineer; however,

when any of the options are exercised, the Contractor shall make trial
batches under the observation of the Engineer to verify that the con-
crete of the required workability and consistency is within the maxi-
mum water coatent. At least one trial batch shall be made with the
conCrete temperature at approximately 90°F to verifv thut the
concrete mix ias sufficient workability and consistency without
exceeding the maximum water content. When the fineness modulus of
the fine aggregate changes more than 0.2 {rom the original design and
the concrete does not have the desired properties, the concrete mix
shall be re-designed. All costs incurred dus to adjustments of concrete
mix design{s) and for trial batches shail be borne by the Contractor and
no additional compensation wili be made.

Air and consistency checks will be performed by the Department to
insure that the specification requirements ure consistently being met
for each class of concrete prior to discharze into the forms. The
sample secured tor the tests is to be taken atter not less than 2 cubic
feet has been discharged into a suituble container uther than the forms.
Should cither determination vield 2 result which is outside the sllow-
able range of air content or consistency, the following procedures
will be taken:

{1y The Inspector will immediately perform a recheck determina-
tion 1nd should the results contirm the original test, :he load
will be rejected.

{b) The Contractor's representative will be informed of the test
results immediately.

(c) The Contractor’s representative shail be responsible for
notifying the producer of the test results through a pre-
established means of communicartion.

Nothing herein shall be consuued io preciude the Engineer from
taking any additional tests deemed necessary, and rejecting remaining
material which fails such tests.

The adding of cement :c :hose ioads previously rejected for
eXcessive water content or consistency will not be permitted.
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: TABLEB-1% -~
REGQUIREMENTS FOR HYDRAULIC CEMENT COMCRETE
Deseg
Laoorstory Mammurmne
Cumpressive Nominal Cemens Water
CLASS OF Srength Aggregete Mazimam. Minmum» Cantent. (e Watap Consistency . [nches
28 Days™ Size- Aggregate Grada- Ibaica. yd per Air Concans
CONCRETE PP Tumber Size Aggregns minimuan. b Cement  Slump Zall Penetration percang.
AS Prestressed and 5.000 57 1ime A 633 0.49 3.4 9-2 =2
other special designse™
Ad Posts and rails*™ 4,300 T 4 s A 835 0.45 25 -3 T=2
. A¢ General Use 4,300 st lim A 538 7 0.45 2.4 0-2 Slrzmity
A3 General Use 3.000 §7 lim A 388 %49 1-3 9.3 §+2
A3 Paving 3.0000 L14 1o - A 564 .49 8-3 9-2 52T
82 Mamveor Ugnbely 2200 57 1im ] 194 0.58 0-4 0-2 s22
Cl Masnive unreinforesd: 1,500 sT 1im - 4 A3 2.1 0-3 -2 =2
T3 Tremis Sead. 3.000 37 1 A 338 LR 3-8 422

*For acceptable concrete the average strength test results shall

exceed this minimum by a sufficient amount so that, based on
statistical principles and assuming normal distribution, not

more than 10 percent of the population of strength results will

Typically, the mix design utilized
is expected to provide average test results at least 750-1000 psi
higher than the design minimum laboratory compressive strength at

be below the indicated value.

28 days.

**Agopregate size No. 7 shall be used in concrete posts, rails (not
parapet walls) and other thin sections above top of bridge deck

slabs when necessary for ease in placement.

*%*When Class A5 concrete is used as the finished bridge deck riding

surface, or when it is to be covered with bituminous concrete

with or without Class 1 waterproofing, the air content shall be

6 1/2 X 1 1/2 percent.

NOTE:

The Contractor, at his option, may substitute a higher
class of concrete for that specified at no additional
cost to the Department.



. .- -~ The method of mixi 1
Engineer prior to the beginning of any concrete work. mixing sha

The volume of concrets mixed per batch shall not be less than 13
percent nor more than 110 percent of the mixer's rated apacity.

) Concfete whiclt becomes nonpiastic, unworkable, or ouwside the
limits of thg siump specified :hall not be used. The use of retempered
concrete wiil not be permitied. Delivery of concrete shail be so'regu-
lated that placing is 3t a2 continucus rate. The intervals between

detivery of batches shall not be 0 geat as o allow the zoncrete in
place to harden partaily.

Mixing shall conform to one of the following methods:

(a)

(®)

Mixing at Job Site: Concrete hall be mixed in 2 batch mixer
so designed is to positively insure 3 umform distribution of
the materials throughout the mass, When 3ag cement s used,
batches shall De sropordoned on the tasis of integrai Jags of
cement.

Mixing shail be in accotdance with paragaph (9) 3.

Upon the cessation of mixing for more than 30 minutes,
the mixer shall be thoroughly cieaned.-

Ready-Mixed: Ready-mixed concrete shall be mixed concrete
delivered to the designated point ready for use. The ready-mix
piant shall be aporoved prior 1o use, and in the event satis
factory quality concrete is not produced, such approval will
be withdrawn. ’

Each load of iansit or thrink mixed concrete shall be
accompanied by 2 form issued by the plant {nspector showing
the time cement was introducad to the mix and the amount of
mixing that has been performed. The form shall be delivered
to the Inspector at the site of the work. Loads which dg net
sany such information, except as stated hereinafter, or which
do not arrive in satisfactory coadition shall not be used in
the work.

In lieu of ‘nspecting the batching of every load of concrete
at the piant and ‘ssting at the point of deiivery, snall quant-
<es of concrete for miscellanecus items may e accepted Sy
she Engineer based upon batch information furmnished oy the
Contractor (or Suppiier) on 'weigh tckets; and, based upon
visual examination or testing at the point of delivery. The
‘requency of batch verificadon by an Inspector it the source
and testing {cr acceptance at the point af delivery will be
sstablished by the Engineer based upon the Department’s
current acceptance program and {ocal conditions encountsred.

Upon the cessation of mixing for more than 30 minutes,
:he mixer shall be thoroughiy cleaned. The use of wash water
as a portion of otal mix water for subsequent natches wiil
not be permitied. :

Each batch of oncrete :nail Je deliversd o the sute 3f
the work and discharged within the 'une speciried lerein.

The ailotted time will begin the instant the cement is
introduced to e mix.

11 he approved by the



Maximumy Time Between Introduction of
Cament to the Mix and Discharge. Hours

Air Temperature
Up to800F 80-900F Above 9QOF

Agreator Type Haul Equipment
Class A3-General Use
| Rerarded) pA-

-~

1%

Other Classes and Usages

{ Retarded and Unretarded) 1§23 [Ya t

Nonagitator Type Haul

Equipment~All Concrete 14 % 4

The times given herein for retarded concrete are provided

to accommodate the-physical limitations of a {ommed section
or scattered locations of smail increment placements and shail
not be used to accommodate siow ind noncontinuous piace-
ments caused by poor planning or scheduling, inadequate
squipment of personnel, or excessive haul distances,

Mixing and delivery shail be in iccordance with one of

the following:

L

we

Transit Mixing—The concrete shall be mixed in a3 truck
mixer. Mixing shall begin immediately after all ingredients
are in the mixer and shail conatinue for not less than 70 nor
more than 125 revolutions of the drum or biades at not less
than 14 nor more than 20 revolutions per minute uniess
otherwise directed by the Engineer.

Additional rotations of the drum or blades shall be
at the rated agitating speed. The mixer shall be operated
within the capacity and speed of rotation designed by the

~manufacturer of the equipment.

Shrink Mixing—All materials, including water, shall be
partially mixed in a stationary mixer for at least 30 seconds
and the mixing completed in a3 truck mixer with not less.
than 60 revolutions nor more than 100 revolutions of the
drum or biades at the rated mixing speed. uniess a lesser or
greater number of revolutions is directed by the Engineer.
Additional romtions of the drum or blades shall be at
agitating speed. The stationary and truck mixers shail be
operated within the capacity ind speed of rotation desig-
nated by the manufacturer of the equipment.

. Cantral Mixing—The concrete shail be completety mixed in

2 stationary mixer and the concrete mansported tc the
point of delivery in agitator or nonagitator type equipment
The use of nonagitator type equipment will be ipproved
only when the locaton of the plant is in the immediate
vicinity of the project.

The mixing wme for mixers having capacity of ane
cubic vard ot less chall be a minignmum of 6J seconds.
Mixing time for mixers having 1 capacity of more than
one subic vard ind less than 10 cubic yards shail be a
minimum of 7S. seconds, unless 1 lesser time is :pproved
by the Engineer following iz evaluadon of performance
tests. Performance tests shall be conducted by 2 res:ogngd.
commercial laboratory at the expense of the Cantractor n
accordance with VIM-17. The lesser umes will be
ipproved providing the requirements of VTM-17 are met.

The requirements stated in VTM-17 shail not be con-
strued as 1 nullification of the requirements of Tabie I-13.
In the svent subsequent evajuation check tests pexiormgd
by the Department indicate that the reduced mixing‘ tdmeis
not satisfactory, the Department reserves the right 9
require the Contractor to reestablish the necsssary muxing
dme.

C-11

- “w



()

(d)

In no case shall :he mixing tme be reducgd be?o*w
40 seconds. The mixing -ime is defined as swmrting when
all the solid materials are in the mixing compartment ind
ends when any part of :he ccncrets degins 0 qmchargm
The mixer shail be operated st *he drum speed shown on
the name plate of the approved mixer. Any concrete mixed
iess than the specified rime will be rejected.

Mixing time for mixsrs having 3 capacity of over 0
cubic vards shall te ag determined oy the Engineer.

Bodies of nonagitating equipment used for ‘ransporta-
don of concrete shall be imooth, mortar-tight metal
containers and shail be capabie of discharging the concrete
at 1 satisfactory conuoiled rate without segregation. Upon
discharge of the concrete. the body of the equipment shail
be free of all concrete. Concrete shall be deliversd o
the site of the work in 1 thoroughly mixed and uniform
mass. The Zaginesr may requize {rom :ime :o time, zon-
sistency tests of individual samples it approximately :the
begzinning, mideoint ana end of the joad. [f these con-
sistency measurements vary by more than 2 inches for
dump between the high and jow values, mixer or agitator
squipment shail be used in lieu of nonagitating equipment,
uniess the condition is corrected.

Automatic Mobile Coatinuous Mixers: Mobile continuous
mixers shail be caiibratsd to accurately proportion the mix
design and shall have besn c2rtified within §0 days prior 1o use
on the project fcz the specific type of material. Cartifications
will be valid for a maximum period of § months or until the
source of materials changes or the zradation or moisture
changes significantly to affect the consistency of the concrete.

Evaluadon and certification wiil be performed by the Uepare-
ment or an approved testing agency ro determine that the true
yield is within a tolerance of #1.0 percent. A recording meter,
visible at all times and equipped with a1 ticket print-out, shall
indicate calibrated measurement,

Hand Mixing: Excsp: 15 otherwise specified, hand mixing wiil
only be permitted in case of émergency and with special per-
mission, When permitted, the batches saall not 2xceed 4 cubic
vard and shall be mixed in 2 varertight container in 2 manner
ipproved by the Engineer. The component materials shail be
measured By placing them in zny suttable, rnigid conrainer in
the volumetric progortions of 1:2:2%, zement ‘o {ine aggregate
to coarse aggregate. The container shall be rilled and leveied
with sach component ingredient ‘o insure the provoruons
specified as near is possible. Watar shall be added to produce 3
siump not to excaed 3 inches.

Sec. 219.09Mixing Limitations-- The Contractor

{or the quality of :he concrate placed in any weather or atmospheric
condidons,

At the dme of placing, scncrete snail have 3 ‘emperatuse in iCcoor-
dance with the foliowing:

(a)

)

Class A3 generai use concrete used in the construction of
incidentai items specified in Division V, excsprt rewining
walls, shall be not less than +09F aor more than ISOF,

Class A3 paving concrete siacsd v -he slip-form method and
conwaining an ipproved water reducer snall be not less than
40°F nor more than 359F,

Class A4 concrate used in qe sonstruction of bridge decks
siiail be not less than 409F aor more than 35OF,

Retaining wails and other soncrets a0t speciried in 1z}, (b)
o (¢} ftermin saatl Be Aot less than 4QOF 1or more :han
300F,

shall be responsible



Sec.

Sec.

Sec.

I coid weather, ‘he water ind iggregates may be nearsd to not
Tore than [ SQOF 10 maintzin the concrete at 1w required temperature
The aeating ipparatus sRall be such hat the materials wil 0e heated
uniformiy and preciude tte possivility of e occurrence of vverneated
areas witich mignt injure the materiaiy. Live steam shail not come v
conmer with e iggregmates. Cement snail not be heated. Heatng
equipment or method WRich ater or prevent the entrunment of the
required. amount of 2ir in e concrere shall not be used. Materiais
contining {rost, {umps. STusts or hardened material snail not be used.

In hot weather, the uggregates ind/or fie mixing water shail de
cooled as necewary to mMaintin the concrete temperuture within the
specified maximum.

219.10 High-Early-Strength Portland Cement Concrete —
When high-early-strength portland cement concrete is
authorized, it shall conform to all the requirements

of Table II-15, except that the 28-day strength shall

be obtained in 7 days. Up to 800 pounds per cubic yard
of Type II cement may be used to produce high-early-
strength concrete in lieu of using Type III modified
cement. Monitoring, acceptance procedures, and pay
factors shall apply as described in Sections 219.11 through
219.19, except that, where applicable, compressive
strengths at 7 days shall be used in lieu of compressive
strengths at 28 days.

219.11 Quality Control — The Contractor shall be
responsible for the quality control of the concrete,
including the type and frequency of sampling and testing
deemed necessary to ensure that the concrete he produces
complies with the specifications.

A Department representative shall be provided free
access to plant productieon records, and, if requested,
informational copies of mix design, materials certificates,
and sampling testing reports.

219.12 Acceptance of Concrete -

(a) The Department shall be responsible for all sampling
and testing for acceptance of all concrete. The
procedures used and criteria applied will vary de-
pending on the class of concrete and the purpose for
which it is used.

1. Pavement, structural, bridge deck, and incidental
concrete,

Acceptance of these classes of concrete shall be
on a lot-by-lot basis using the procedures and
criteria described in Sections 219.13 through

2145
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218.18., The requirements of Section 321.22
also apply to pavement concrete.

2. Prestressed concrete shall be accepted as
described in Section 219.20.

3. Lean cement concrete shall be accepted as
described in Section 218.21.

(B) In addition to the prescribed procedures, the Depart-
ment may reject any concrete which is obviously de-
fective, or test any concrete and reject that which
dces not meet the requirement of these specifications.

Concrete which fails to meet all acceptance criteria
and, based on an analysis by the Department, is so lo-
cated as to cause an intolerably detrimental effect on
a structure or pavement will be ordered removed at the
Contractor's expense and replaced with acceptable con-
crete. Replacement concrete shall be produced and will
be accepted in accordance with these specifications
(Section 219).

219,13 Acceptance of bridge deck, structural, incidental,
and pavement concrete. — These types and classes of concrete
shall be accepted on a lot-by-lot basis as defined below.

(a) Definition of a Lot: A lot is defined as a definite
quantity of concrete manufactured under conditions of
production that are considered to be uniform and where
the source of all major ingredients (coarse aggregate,
fine aggregate and cement) are the same. The quantities
to be considered a lot for different construction
activities are as follows:

1. Bridge Deck Concrete — The concrete placed as a
deck shall normally be considered a lot. However,
if the volume of concrete in the deck exceeds 1,000
cubic yards, multiple lots, each consisting of ap-
proximately 500 cubic yards, shall be established.
All the concrete in one day's production shall be
included in the same lot. When a producer places
more than one bridge deck in a day, and the concrete
in all the decks is made from the same source of
materials and with the same mix design, the total
concrete in all the bridge decks so placed may be
considered as one lot and random sampling of sublots
shall be conducted as in 219.13(C)-1, except that at
least one sample shall be randomly selected from each
bridge deck within the lot and tested in accordance
with these specifications.



(b)

2. Structural and Incidental Concrete — Unless
therwise stated, all such concrete of a given
class included as a separate bid item in a con-
tract will be considered a single lot. For
contracts extending over a long period of time,
the Engineer shall decide if it is advantageous
to treat different portions of the contract as
separate lots. The Contractor shall be informed
of such decisions prior to placement of the con-
crete.

3. Pavement Concrete — The nominal lot size for
pavement concrete will be 1,000 cubic yards.
Paving contracts invelving less than 1,000 cubic
yards shall be ccnsidered a single lot. Partial
amounts at the end of a contract shall be con-
sidered a separate lot if the amount exceeds 300
cubic yards. Amounts less than 300 cubic yards shall
be considered a part of the previous lot.

Inspection and Testing

1. Temperature: The Contractor is responsible for
furnishing concrete within the temperature ranges
established in Section 218.10. However, when
considered necessary, the Department's representative
may determine the temperature of any batch of con-
crete after delivery to the job. All batches with
temperatures not in compliance with Section 219.10
will be rejected and removed from the job.

2. Water-Cement Ratio: Any batch of concrete that
exceeds the water-cement ratio specified in Table
II-15 will be rejected and removed from the jOb
Additionally, batches with less than the minimum
cement content specified in Table II-15 will be
rejected and removed from the job.

3. Tests for Air Content, Con51stency, and Strength
Sampling and testing for air content, consistency,
and strength shall be conducted in accordance with
Sections 219.1% and 219.15.

4. When at any time, the Department's representatlve
observes placement or construction practices not
in accordance with the requlrements of Section 219,
(for example, delay in placing curing compounds,
inadequate vibraticn, improper flnlshlng, or manip-
ulations and delays that could result in abnormal



ARG

loss of entrained air), he shall note such
observed deficiences on Form TL-28 and shall
immediately notify the Contractor's representa-
tive of his action and the notation made. In
these cases, the State reserves the right to make
additional inspection and tests con the hardened
concrete, and when deemed desirable shall base the
acceptance for strength of the concrete on the re-
sults of cores taken, tested, and evaluated for
strength as described in Section 219.15(a)3. Where
loss of entrained air is suspected, acceptance for
air content shall be based on the characteristics
of the air veid system as described in Section
219.16(c).

When poor practices or curing deficiencies
have been roted by the inspector, the decision as
to whether to use cores for acceptance of strength
and hardened ccncrete tests for acceptance of air
entrainment shall be made by the Engineer. Should
such coring and tests for entrainecd air result in
a full pay factor of 1.0, the costs of the coring
and additional testing shall be paid by the state.
If a reduction in pay factor results, the costs of
the coring and the additional tests shalli be paid
by the contractor.

Sec. 21%.14% Sampling and Testing —

(a)

Initial and Monitoring Sampling and Testing: The first
batch during each production day shall be sampled and
tested for air contert, slump, and, when deemed desirable,
temperature priocr to further discharge. In the event of
noncompliance, the material shall be rejectecd and each
succeeding batch shall be similarly sampled and tested
until production is demonstrated to be in ccmpliance

with the specifications. Subsequent to the initial
sampling and testing, air content, temperature, and

slump will be monitored by the Department as needed to
ensure that the specificaticn requirements are consistently
being met for each class of concrete prior to discharge
into the forms.

Sampling for temperature, air content, and slump may
be in accordance with AASHTO T-14l, which permits a sample
to be taken after 2 cubic feet have been discharged.
Initial and monitoring air content tests may be performed
by AASHTO T-152 (air pressure meter) T-196 (volumetric
method) or T-189 (Chace air indicator). When T-199 is
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used the average of at least two determinations shall
be considered a test. Should any determination yield
a result which is outside the allowable range of air
content or consistency, the following action will be
taken.

“als

1. The inspector will immediately perform a recheck
determination and should the results confirm the
original test, the load will be rejected. The
air content determination for this recheck must
be made using AASHTO T-152 (air pressure meter)
or T-196 (volumetric method).

2. The Contractor's representative will be informed
of test results immediately.

3. The Contractor's representative shall be re-
sponsible for notifying the producer of the test
results through a preestablished means of communica-
tion. If the recheck test shows compliance with the
specifications, the concrete may be placed in the
structure.

Any batch of concrete having a consistency or, after recheck,
an air content that deviates from the requirement specified in
Table II-15 will be rejected and shall be removed from the job.

(b)

(c)

Acceptance Samples for Air Content and Compressive
Strength: Samples for final acceptance based on air
content and compressive strength will be selected by

a statistically valid random procedure as described

in VIM-XX. The portion secured for each test is to be
taken after not less than 2 cubic feet has been dis-
charged into a suitable container other than forms.
The frequency of sampling will vary according to lot
size and the type of structure in which the concrete

is used. Minimum frequencies are as given in paragraph
(c).

Frequency of Acceptance Sampling:

1. Bridge decks — Select one sample randomly for
each sublot of 50 cubic yards. For a partial
sublot at the completion of a deck, determine the
portion of the sublot to be sampled in the usual
manner. If the volume of concrete to be placed
exceeds the designated cubic yard, sample and
test in the usual manner as a full sublot. If
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(e)

the volume of concrete to be placed is less than
the designated cubic yard, do not sample that
portion of the concrete. When more than one
bridge deck is %o be considered a lot as defined
in Section 218.12(a)l andé the normal randomizing
procedure does not designate a portion of concrete
to be sampled from any bridge deck, select a sample
from that deck by using the random procedure to
determine the porticn of the concrete in that deck
to be sampled. If a single small bridge deck con-
stitutes the total concrete in a lot, a minimum of
2 randomly chosen samples shall be taken.

2. Structural Concrete (bridge members lexcept decks]
box culverts, retaining walls, and miscellaneous) —
Select 1 sample from each sublot of 100 cubic yards.
For small structures involving lot sizes greater
than 50 cubic yards but less than 200 cubic yards
select a minimum of two samples by using the random-
izing procedure to determine the porticns of the lot
to be sampled. When the volume of concrete in the
lot is less than 50 cubic yards,sampling and testing
may be waived and the concrete accepted by visual
inspection.

For portions of sublots less than 100 cubic yards
at the end of a placement to be considered a lot,
select the cubic yard of concrete to be sampled by
the usual randomizing procedure for a sublot. If the
volume of concrete to be placed exceeds the designated
cubic yard, sample and test in the usual manner as a
full sublot. 1If the volume of concrete to be placed
is less than the designated cubic yard, do not sample.

Initial Acceptance Frocedure for Air Content and Slump
of Bridge Deck Concrete: At the start of concrete pro-
duction for a bridge deck, every batch shall be sampled
and tested (100 percent sampling and testing) for air
content and slump as described in 219.13(a). Random
sampling and testing for air content or slump or both

at the rate of one for every five successive ba*tches may
be substituted for 1300 percent sampling and testing when
the test results for three successive batches are within
the specificaticn limitations for air content and slump.
However, 100 percent sampling and testing will be rein-
stated for that particular property when a test result
for any sample is outside the specification limit.

Final Acceptance Procedure: Final acceptance and the

pay factor for structural and incidental concrete shall
be in accordance with Sections 218.15 through 219.18.

The regquirements of these sections also apply to pavement

concrete, in addition to the requirements in Section
321.22.

C-18
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Sec. 219.15 Acceptance Criteria for Compressive Strength — 28-day
compressive strength tests will be made in accordance with
AASHTO T22, T23, and/or T24, except that the Department re-
serves the right to modify the testing of specimens to allow
the use of elastomeric caps in lieu of the specified capping
materials. Acceptance criteria for compressive strength will
vary depending on the number of samples (n) tested for the
lot as follows:

(a) When the number of samples is equal to or less than 5.

1.

Accept atbid price when the average of valid
compressive strength results at 28 days is equal
to or greater than 750 pcunds per square inch
above the minimum design strength (f',) given in
Table II-15 of Section 219 for the class of con-
crete involved and no valid test result is more
than 500 pounds per square inch below f',. A
valid test result is defined as the average of 3
test cylinders made from the same batch of con-
crete. However, the average of results on 2
cylinders from the batch may be considered a
valid test result if they agree within 10 percent
of their average and the third cylinder is obviously
defective.

Accept at a reduced pay factor when the average of
valid compressive strength results at 28 days is
between 748 and 148 pounds per square inch above
f'cs The pay factor for strength will be determined
by the following equation:

PFS = (QL + 10)/100,
where
PFS is the pay factor for strength,

QL 1is the percent within specification limits for
strength based on the value of the quality index,
Q, and is determined from the normal distribution
curve(assuming that Q = z and that the standard
deviation is 586 pounds per square inch), and

Q is calculated as

Q = (X - f'c)/586.

C-19
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(b)

When the average 28-day strength of the concrete

is less than 148 pounds per square inch above f',

or & valid test result is more than 500 pounds per
square inch below f'c, an investigation will be

made to determine the cause of low strengths.

Five cores shall be taken from noncritical portions
of the structure. If the average strength of the
cores is more than 148 pounds per square inch higher
than f'¢c x C.8% and no core has a strength less than
500 pounds per square inch below f'c x 0.85, the con-
crete will be left in place and paid for on the basis
of the strength of the cores. The pay factor for

the core strengths shall be determined by establishing
the QL on the basis ¢f an adjusted strength equal to

X (adjusted) = ¥ (cores)/0.85,

When the number of samples in the lot is more than 5
and a pooled standard deviation as described in para-
graph ¢ is not available.

l.

Accept at full kid price when

T 2 f'_+1.28 s,
where
X is the average strength at 28 days,

f'  is the minimum design strength at 28 days,

s is the standard deviaticn of the sample,
except that the minimum value used in
ccmputation shall be 400 pounds per square
inch and the maximum value shall be 800
pounds per square inch,

Accept at a recduced price when the average is be-~
tween f'o + 1.28 s and f'c + 0.253 ¢. The pay factor
for strength shall be computed as:

PFS = (QL_ + 10)/160,

where

PFS = Pay factor for strength, and

C-20
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QL is the percent within specification
limits for strength based on the value
of the quality index, Q, and is de-
termined from the normal distribution
curve assuming that Q = z and using the
sample standard deviation, except that
the minimum standard deviation used in
the computation shall be 400 pounds per
square inch and the maximum standard
deviation shall be 800 pounds per square
inch.

Q = (X - £' /s,

3. When the average 28-day strength of the concrete
is less than f', + 0.253 s or a valid test result
is more than 500 pounds per square inch below f'q,
an investigation will be made to determine the
cause of low strengths. The investigation and
acceptance procedures shall be as described in
Section 219.15(a)3.

(c) When a concrete producer has established a standard
deviation for his production by 30 or more certified
strength tests on the same class of concrete using the
same mix design within a period of 90 days, the standard
deviation shall be computed on the basis of the most
recent 30 tests. When previous production is included
to establish the standard deviation, all strength tests
made on the lot plus the results of an additional number
of the most recent tests to bring the total number of
samples to 30 shall be used. Acceptance and pay factors
for strength shall be computed as in 219.15(b).

Sec. 219.16 Acceptance Criteria for Entrained Air Content — At
the time of placement, concrete will be accepted or rejected
for air content on the basis of monitoring and/or acceptance
samples as described in Section 219.13. Such acceptance or
rejection is based on individual samples being within the
minimum and maximum range established for the class of con-
crete in Table II-15. However, it is also required that the
average of all tests for entrained air in A3 and A4 concrete
be above the following minimum limits:

A3 concrete, general use: 5.5 percent
A4 concrete, posts and rails: 6.0 percent
A4 General use, bridge decks: 6.0 percent

When the average of tests for entrained air is below
the minimum specified but within 1.00 percentage point of that
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minimum, the concrete will be accepted at a reduced pay
factor.

The minimum pay factcr for air shall be 0.70 for con-
crete with the average air content 1.0( percent below the
required minimum as given above. The actual pay factcr for
air shall be computed by *the equation

PFA = 0.70 + 0.30 [X -(%X_. - 1.0)13,
min.
where
PFA = pay factor for air,
X = average of test results on acceptance samples,
and
min. > minimum acceptable average for class of con=-

crete involved.

For the purposes of this computation air contents shall
be calculated to 2 decimal places.

Should the average air content be more than 1.00 per-
cent below the specified minimum, an investigation of the
air void system of the hardened concrete shall be made. If
microscopical examination shows that the spacing factor, L
computed by ASTM Method Cu57, is 0.008 inch~l or less, the
concrete will be allowed to remain in place and a reduced
pay factor for air of 0.70 shall be applied.

b

218.17 Combined Pay Factcr by Acceptance — In the event that
the pay factor for both air content and 28-day strength are
less than 1.0, a net reduced pay factecr will be computed as

PFN = PFA x PFS.

The minimum value of PFN to be used in the computations for
Section 219.17 will be 0.50.

PFN for large projects will ke projected pericdically
during the course of production on the basis of completed
tests. In the event that PIFN is less than 1.00, progress
payments will be reduced accordingly.
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If at any time during production either PFA or PFS
is projected to be at a level of 0.70 or less and the
Contractor is taking no effective action to improve the
deficient quality levels, the Engineer will order produc-
tion ceased until the deficiencies are effectively
corrected.

219.18 Basis of Payment — If the concrete is subject to a
price reduction, the following procedures will apply.

(a) For concrete bid by the unit (cubic yard, etc.)

PR = Q x BP x (1-PFN),

where

PR = price reduction in dollars,

Q = quantity of concrete in the involved lot
expressed in the same units as the bid
price,

BP = bid price per unit, and

PFN = net reduced pay factor.

(b) TFor concrete included in a lump sum

PR = Q/T x LS x (1-PFN),

where
T = total quantity of concrete in the item,
LS = lump sum bid price, and

other symbols are the same as in (a).

219.19 Pay Factors for Pavement Concrete —— All appropriate
requirements for materials used, proportioning and mixing
concrete quality control, and acceptance procedure as
previously defined in Section 219 shall apply. In addition,
a reduction in pay for insufficient thickness as described
in Section 321 as indicated, the final pay factor for the
concrete shall be the product of the indicated pay factors.
That is,

PFN = PFCQ x PFCT,

C-23



'J

ctor,
1 i and

FN = final pav fa
PFCQ = pay factor for concrete quality,
PFCT = pay factor for concrete thickness.
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Sec. 219..20 Pretensioned Prestressed Concrete,Class A5 — The concrete

used i the manufacture of prestressed concrete structural members
shall be composed of mraterials meeting the previous requirements of
this section, with the following modifications:

(a)

(b)

()

Design and. Proportioning of Mix: The concrete mix propor-
tions shall be such that the minimum compressive strength of
cylinders made and tested in accordance with AASHTO T22
and T126 shall be 3600 psi at 7 days and 5000 psi at 28 days

Controt Tests: The concrete shall have attzined 1 minimum
compressive cylinder strength of 3500 psi for piles and 4000
psi for other members before the tension in the strands is
releaserdt and the stress transierred to . the concrete, uniess
otherwiss specified. Except f{or normal removal from the
stressing bed to the storage area, the concrete shall have
attained 2 minimum compressive cylinder strength of 500Q psi
before the structurai members may be handled.

During each concreting operation. 3 minimum of &
cylinders will be made and shail be cured under the same
conditions as the concrete deck members or piles. These
cylinders will oe tested in accordance with AASHTO T22 two
determine the time at which the stress may be reieased, and the
time at which the structural members may be handled or
transported other than nommal, removal from the stressing bed,
as specified hereinbefore. :

During concreting operations at plants where steam curing
of prestressed concrete members is used, the Engineer will
make, for the verification of the quality of the design mix,
from the same batch of concrete, 3 cylinders for each place-
ment uniess, previous experience indicates that control
cylinders are not necessary.

The Engineer will make frequent observations of the
consistency of the freshiy mixed concrete. The Contractor
shall provide the labor necessary for and the means of obtain-
ing the samples of concrete.

The Contractor shall fumish cylinder malds conforming to
AASHTO M205 for ail test specimens.

Requirements for Plant Approval: All installations (temporary
or permanent) (ot the manufacturer of precast, prestressed
bridge elements which have not previously produced slements
for the Department, will be inspected and must be. approved by
the Engineer prior to the commencement of work.

Request for plant inspection shall be made by the Con-
tractor to the Engineer ar lcast 3 weeks orior to the date of
inspection. Before the plant inspection is mude, a preliminary
conference will be heid om a date and 2t a place designated: by

the Engineer, to discuss in detail the plant facilities, materials,
and the production methods the Contractor intends o use,
This conference is to be attended by a responsibie representa-
ave. of the Contractor.

n the event an insmllation has desn groducing prestressed
siements for the Department on a continuing basis, plang
inspection Wil be perrformed annually. However, the Depart-
ment reserves the right to perform inspection at any time
deemed necessary by the Engineer.

In order to fuily qualify installations for the manufacturers
of members cother than piling, the Department reserves the
right to require the Contractor to test 2 member which is
representative of =ach different design :type (I-beam, box,
slab, etc.) amd size of cross-section of the members o be
manufactured, and the acceptance test shall be as fotlows:

Acceptance Test: Not more than one line of members
shail be cast prior 0 the satisfactory completon of the
icceptance est. A representative member shall be t=sted
in accordance with VTM-20 in the presence of *he Enginesr
orior to plant approval

g
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If the recovery of the member, on removal of the
Snal load, is more *han 90 percent is determined by
VTM-20, it wiul be considered. acceptable. [ any cracks
ippear at any tme during the test, the tested member,
and other members ilready manufactured, shail not e
incorporated in 1 structure until the Engineer has deter-
mined that such cracks ire not detrimentai to the satls
factory performance of the structure and until he has
reviewed and approved any necessary modifications of ihe
method of manufacture.

The member o be tested will be selected at random by the
Engineer. The jigs and load testing equipment shail be subject
1o approval. The cost of the member selected for test, or of
any aother member which may require testing, together with
the cost of the test, shail be bome by the Contractor.

The Contractor shall submit to the Engineer, 2 weeks prior to the
preliminary conference, comnolets pians and computations for the
:astallation whereon it is Droposed o cast and swess the bridge
slements ind the method fle proposes o use in ‘esting the bridge
members. The plans shail indicate the maximum safe capacity of e
installation. Such plans shail Se prepared by a1 qualified 2ngineer,
experienced in pretensioned plant work.

The bed and buttresses shall be pretested to 2 load 2qual to 120
percent of that load requirsd for the praduction of that member having
the maximum strand zroup and highest center of zravity for which the
bed is to be used. Test loads shail be ipplied and maintained for 24
hours before any part of the full load is reduced. :

The Contractor shail cerwify that he has engaged the services of a

qualified engineer for the supervision of the construcion of the in-
stallation as well as for the early production stages of the products
10 be cast.

The Contractor shail submit detailed dara of the procedure he
proposes to follow in pretensioning and stress release, as well as ail
details reiating to the proposed stressing and handling :quipment. The
Contractor shall submit to thie Engineer al plans, siop drawings,
details, and beam test computations at least I wesks prior to the
2xpected time of the particular plan: operation. The Contractor may
authorize, in writing, the fabricator to act for him in matters relating (o
working drawings, as indicated in Section 105.02.

All prestressing »iant Jaciiries and plant operation procedures
shall be subject o approval by the Engineer. inciuding, bSut a0t
necessarily limited to the following:

1. Foundations and casting siabs.

2. Strand anchoring, :2nsioning units, and tension reiease devices,
including accurate stress indicating gages or devices.

3. Anchoring and :ensioning units 2quipped with satisfactory
spacing devices :o insure iccurate location of strands in the
prestressed member.

4. Method for attaining :nd maintaining design stresses in indivi
Jual strands unul stress ransier.

we

For iong casting beds, spacers or suppors [or mantaining the
strands at theur proper cievation int the member.

O

Gages mesting the requirements of Section <05 or other
devices 0 insure untfogn iniuai suress in il the strands
included in 2ach group oricr ic the application of the design
prestress roree,

~}

Equipment for moiding concrete :ylinders. Zquipment for
testing the cylinders.,  furnunned by :he Contractor, shail
sonform to the requirements of ASTM Z4.

3. Enclosures. covers ind 2quigment o =ffact the sroper curing
of the concrete in ul tymes 51 weather ing under 2l condi-

tions.

3. Steam cyuring squipment,
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10.  Adequate [icilities and space for the propes srotaction,
storage and handling of all matenals and structural members.

11;  Separate storage for cament.

.

12,  Facilities for propurtioning and mixing concrete.

13. The concrete mix design hail be submitted to the Engineer 2
weeks prior to the plant inspection.

14. Vibrating squipment including at least 2 spare vibrators in
© operative condition.

1S. Suitable sheiter for the use of the Engineer and Inspectors
in making reports, checking drawings and specifications,
conducting tests of materiais and for storage of eid equip-
ment, test apparatus and records.

16. Necessary provisions for plant srectionm of bridge beams for
checking bearings.

17. Handling equipment and procedure and the condition of the
haul road over which prestressed members are to be moved
from the beds to temporary storage.

Approval of the requirements herein will not relieve the Contractor
of the responsibility for the satisfactory performance of his methods,
procedures and equipment.

Sec. 219,21 Lean Cement Concrete shall conform to the requirements
for hydraulic cement concrete with the following modifications:

Cement shall be Type [, Type [-P or Type [I conforming to
Secton 216,

Aggregates shall be Aggregate Base Material, Type [ No. 21A
consisting of crushed stone or crushed gravel conforming to Section
209 except the mixing requirements of Section 209.03 will not
apply.

The design and proportioning of the cement and water shall be
based on the dry weight of the No. 21A aggregate. The minimum
cement content shall be 7% by weight and the water content shail
not exceed 15% by weight unless otherwiss approved. The concrete
mix proportions shall be such that the minomum compressive
strength shall be 300 psi at 7 days, as verified by cylinders made and
tested int 2ccordances with AASHTO T22 and T126.

An approved water reducing admixture shall be used in accor-
dance with the manufacturer's recommendations, or as approved by
the Engineer.

The air content of the concrete mixture shall be 4% with an

acceptance tolerance of =2% when tested in accordance with
AASHTO T1S2 or T196.

The consistency of the (ean cement concrete snail be unuomm
and siail have 2 siump of not more than 4 inches.

The Contractor shall, at his own expense, prepare triai batch

concrete test specimens vased on the proposed mix designs. The
resuits of said tess shail be submitted to the Engineer {or review.

The Contractor shall submit, for review and icgeptance,
concrete mix design(s) meeting the aforementioned requirements.

Mixing shall be performed at the job site in an approved centzal
mix piant, except that transit mix may Se furnisned for use in
misceilaneocus lean cement concrete base such as iransitions, connec-
tions and crossovers.

c-27
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APPENDIX D

Modifications required in Chapter 4, Portland Cement Con-
crete of the Manual of Instructions, Materials Division, Vir-
ginia Department of Highways & Transportation to establish
compatibility with revisions in Section 219 of Road and Bridge
Specifications, Virginia Department of Highways and Transporta-
tion.

(Revisions to be made in Sections 411,
412, 415, and 416)
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SECTION 411 STRUCTURAL AND MISCELLANEOUS CONCRETE

Sec. 411001 GENERAL-In order o msure guality
controi as well as 1o determine various strengths of
concrete. structural and miscelianeous tresh concrete
sampied m the rield for compressive strength tests. n
addition o air content, consistency. and other rtests.
Structural  concrete 15 considered t0 be bridzes. Thox
culverts. and reuaining wulls. while muscelicneous concrete
includes all concrete except pavement. prestressed. and
structural.

On concrete structures, the corcrate .3 act i flexure
43 3 heam. but in compression: hence, the need ror deter-
mining the compressive sirength. The batches of concrete to be sampled and
tested for acceptance are to be chosen by a randomized procedure.
The selection of the batches is made at the beginning of the job,
in accordance with VIM ¥X¥X.* The loads or batches to be sampled
are not revealed to the Contractor until the materials arrive on
the job. Section 219 of the specifications has requirements for
strengths based on statistical concepts. Thus, for non-biased
results, random sampling must be adhered to. The sampling shall

conducted  only by property authorized and  truined

nersonnel, The necessity of properiv oreparing and curing

“or compressive strengthl tesi specimens st be stressed

1o the personnel involved. Concrete cviinders cast on the

oD are used for purposes of compressive strengrh tests. which are a major basis of
acceptance of the concrete and the level of strength could affect
the amount cf payment received by the Contractor.

Sec. 411.02 COMPRESSIVE STRENGTH SPECIMENS -

ia) General—-Compressive strength specimens are 0
be mauade by casting fresh concrete i cyiindrical steed
molds. Records shall be kept of ail tests of concrete
mixes, i gecordance with Paragraph (1) below,

(b) Sampling — Concrete for the test specimens shall te
taken fromthe selected batches immediately before they are placed
in the work, in
accordance with AASHO  Specitication. Designation: T
[4+1. or as moditied herein. The member or section of the
structure into which the concrete has been placed shali pe
noted clearly for future reference. THE SAMPLE OF
‘ONCRETE FROM WHICH TEST SPECIMENS ARE
MADE SHALL BE REPRESENTATIVE OF THE
ENTIRE BATCH.

*The proper test number is to be determined.

D-2
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An air content and a consistency test, as outlined in
Sections 409 and 408 respectively. shall be made of the
same batch of concrete from which the cylinder is cast.
and the data recorded as for the other tests, with an
identification number of description added.

(c) Molding and Curing—Molding and curing of the
cylinder specimens shall be accomplished, as outlined in
AASHO Specification, Designation: T 23, or as modified
herein. Molds should not be left out in the hot sun before
casting the specimens. Single-use molids will not be per-
mitted.

Molds “shall be piaced on a rigid horizontal surface
free from vibration and other disturbances. After the
casting of the cylinders and during the first 24 hours, ail
test specimens shall be stored under conditions that main-
tain the temperature immediately adjacent to the speci-
mens in the range of 60°to 80 F. and prevent loss of
moisture from the specimens. Wet burlap (or damp
sponge from shipping can) shall he placed over the
specimens to maintain the temperature and to prevent loss
of moisture. After the burlap has been moistened and
placed over the cylinders, moisture proof material (such
as polyethylene or plastic) shall be placed over the
cylinders. Care shall be taken to see that this is sealed by
use of a string, rubber band, or other device. The cylin-
ders shall be protected from heat and cold during the
entire tield storage period.

Cylinders used for quality facceprance) shall be
removed from the molds at the end of the tirst 24 hows
and placed in the shipping cans that contain sponues that
are moist. Do not leave an excess amount of water in the
shipping cans. The sponges may be muoistened by putting
water into the can and then draining off the excess water
after the sponges become completely moist. The qualiny
specimens shall be submitted to the Laboratory as soon us
possible after the molds are removed. It is important that
these cylinders be placed in the temperature-humidity
controlled room when the cylinders are at a very euatly
age.

Cylinders used for early form removal (control speci-
mens) shall be removed from the moids at the end of 24
hours and placed adjacent to or near the concrete struc-
ture. These cylinders shall be cured at the same tempera-
ture and moisture condition as the structure. These speci-
mens shall be submitted to the Laboratory for test on the
day prior to the desired- testing date. Do nor send the
cylinder several davs prior to the specified resting date.
The Laboratory has no way of duplicating the same cure
as that being applied to the structure. If these cylinders
are tested on portable compression testing machines, see
further details in Sections 401.01 (b) and 411.02 {(e)
herein. .
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(d) Frequency of Sampling — The required minimum frequency
of sampling is stated in Section 219.14(c). This varies with the
type of structure in which the concrete is being placed. Tor
bridge decks, 1 random sample i1s required for each 50 cubic yards
in the deck. Generally, if the vclume of the concrete exceeds 150
cubic yards, and is less than 500 cubic yards, each bridge deck
should be considered a lot. TFor small jobs when more than one
deck 1is being placed under the same contract with concrete from
the same mixing plant at approximately the same time, the concrete
for all such decks may be considered a single lot, and randomized
samples taken on the basis of all the concrete produced for the
centract. However, under these circumstances random procedures
must be applied so as to assure that at least cne sample is taken
Ircm each deck so placed. For large decks exceeding 1,000 cubic
yvards, multiple lots each consisting of about 500 cubic yards
should be established.

For other structural concrete, one set of 3 cylinders shall

be made for each 100 cubic yards of concrete placed. There is a
minimum of 2 sets of 3 cylinders each per structure per class of
concrete. The 3 cylinders in a set are to be made from the same
batch of concrete. Under present specifications, all final ac-
ceptance tests are based on the 28-day compressive strength. How-
ever, where early-.information on the acceptability of the concrete
is needed, additional sets of cylinders may be cast for testing at
7 or 14 days. On exceptionally large structures involving an un-
usually large amount of concrete cr for miscellaneous concrete,
permission may be granted by the State Materials Engineer, upon
written request, to reduce the number of cylinders required per
structure. In the case of projects containing less than 5O cubic yards of miscellane-
ous concrete, the District Materials Engineer may waive
the requirement for cumpressive specimens. provided that
this is documented in project records. Cylinder tests for
the same class of cuncrete for other projects beiny
supplied on the same day from the same plant mav also
be used to satisty the testing requirement.

Concrete for rest area and landscape contracts will
be tested the same us outlined above.

(e1 Testing—Compressive strength specimens shali be
prepared for testing in the Laboratory, in accordance wiih

AASHTO Specification, Designation: T22, ex-

cept that neoprene caps are used in lieu of

the specified capping materiais (see. Section

219.15) . herein. In the case of those cvlinders tested on tic
portable compression tesuing machines, as outlined in
Section 401.01 (b}, it will not be necessury to can (hese
specimens in the normal manner. The use of cardboaids
furnished by the Department will be satsifacton in few
of capping. The Inspecter will operate this machme and
record the test results in the project diary. No 1esi repost
iy wrntten and no charges are made against the profect
other than the rental of the equipment. if 1t is Siate
cwned. The Inspector will ulso be responsible for truns-
porting the conirol ovlinders o the compression testing
machine at the request of the contractor.

D-4
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All specimens shall be tested at 28 days, except (1) when
Type III or an increased amount of Type II cement is used, as
outlined below, (2) when the specimen is used for a lu4-day ad-
vance test, as outlined in Paragraph (d) above, and (3) when the
specimen is used for early form removal or construction of super-
imposed elements, as outlined in Paragraph (c) above and in Sec-
tion 401.01 (b).

When early testing at 14 days is conducted, strengths equal
or greater than 85 percent of the design requirement shall be con-
sidered as indicative of concretes of suitable strength levels.
However, final acceptance and computations of averages for pay
factors shall be based on the 28-day tests.

[f Type I cement is used. or an increased amount
of Type II is used to obtain high early strength. these
specimens will be tested at 7 days, and 100 percent of 28
day design strength must be obtained.

If low strength results are obtained at 7 days or at
14 days in either case above, or at 28 days if the speci-
men represents a cool weather back-up test or a progress

record sample, there is a high probability that concrete with in-
adequate strength is being placed and steps are to be taken to
discover and correct any conditions that may be responsible for
low strengths.

District Laboratories will be permitted to test all of these
cylinders, with the exception of 1 set of 3 cylinders from any one
structure, which must be tested in the Central Office Laboratory.

(f) Acceptable Strength — Under the specification adopted in
(insert date of adoption), which introduced acceptance of concrete on
bDasis of statistical concepts, acceptable strength is defined in
a different manner than before. In the revised specification both
the average strength of the test specimens and the variability enter
into a decision concerning the acceptability of the concrete. In
addition, tests on each batch are not considered separately, but
rather all the tests run on a lot (in many cases the concrete for
an entire bridge deck, or all the concrete of a given class) are
considered collectively as defining the characteristics of all the
strengths in all the batches of concrete placed. For complete
acceptance (100 percent pay factor) the specifications require that
the test results indicate that not more than 10 percent of all of
the strengths in the lot are below the minimum design strength,
f'o> of the class of concrete involved, assuming that normal

the
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distribution is present. This I1s often expressed as an accept-
able quality level (AQL) of 20 percent or 90 percent within limits
(PWL). The validity of this assumption has been established by a
large amount of research. Fesearch and experience have alsc shown
that under this concept the strength result below f'e would nor-
mally be scattered throughout the total concrete and, in effect,
be surrounded by higher strength units so that overall the
strength of the deck or structure would not be adversely affected
(see ACI-214). It is emphasized, however, that this assumption

is made on the basis of normal operations and procedures, If
improper techniques are being used or cbviously poor batches of
concrete are being placed, deficiencies in the structure could
result., Thus, it i1s important that the Inspector be alert for
possible malfunctions cf equipment or Improper placement procedures.

It is alsc important toc recognize that the average strength
required for an AQL of 90 percent will vary depending on the vari-
ability of the strength test results as shown by the standard de-
viation, s. The required average is computed by the equation

¥ = £+ 1.28 s,

where
¥ is the required average,
f'  is the minimum design strength,
e
S i1s the standard deviation, and

the factor 1.28 is derived from the normal distribution
curve to determine the point for which 10 percent of the
population will be below the designated f'c.

As shown by the equation, the average required strength, ¥, must
exceed the minimum design strength by a varying amount depending
on the standard deviation, and this amount increases as the
standard deviation increases.

ACI 214, as well as other statistical scurces, states that
at least 30 tests are nesded before it can be assumed that the
standard deviation of a limited sample (number of test results)
accurately indicates the standard deviation of the total popula-
tien (all the possible samples). Using the recommended frequency
of testing, most concrete projects placed by the Department do not
require 30 determinations. Thus, for small jobs where 5 or fewer
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batches are tested, the specification makes provisions for

assuming a standard deviation based on historical data and

general knowledge of concrete technology. The assumed value

is 586 pounds per square inch, which means that for all jobs
requiring 5 or fewer tests, the acceptable average of test

results for 100 percent pay is 750 pounds per square inch

above the f'.. That is, 3,750 pounds per square inch for .A3
concrete, 4,750 pounds per square inch for A4 concrete and

5,250 pounds per square inch for bridge deck concrete.

For intermediate size jobs where more than 6 samples are
tested and 30 results are not available from previous production
by the same producer with the same mix design, the standard de-
viation of the sample itself is used for computing the required
average for 100 percent pay factor, except that a minimum value
of 400 pounds per square inch and a maximum value of 800 pounds
per square inch are used. For large concrete producers and large
jobs where 30 or more test results with the same mix design pre-
pared within a 3-month period are available, the standard devia-
tion of the last 30 results is used. This system gives a con-
crete producer with good quality control an advantage in that
the required average for his product is lower than the required
average for a producer with pcor quality control.

The revised specification also recognizes that small de-
ficiencies in the strength test results are not a sufficient
basis for tearing out all the concrete. Thus, it establishes a
system of reduced pay factors based on how much the strength is
below the required amount.

Ideally, the deficiency in strength should be related to a
deficiency in performance or durability, but this is not possi-
ble on the basis of present knowledge. Thus, the specification
relates the reduction in payment to the Quality Level of the con-
crete as indicated by the average strength and standard devia-
tion. The specification establishes a minimum pay factor of
0.70, which means that the minimum quality level for concrete to
remain in place without coring and further investigation is 60
percent, since 100 percent pay is given for a 90 percent quality
level. When the quality level is below 60 percent, tests must be
made to determine the strength of the concrete in place and de-
cisions made on the basis of such tests.

This system which spells out in advance the consequences of
low strengths should avoid controversy over small deficiencies in
strength. It should also tend to minimize such occurrences since
the contractor knows he will be penalized for failing to produce
concrete with the required strength.
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(g) Acceptable Average Air Contents — The revised specifi-
cation also includes a requirement for a minimum average air con-
tent in air entrained concrete. Monitoring requirements and de-
terminations of air contents remain approximately the same, ex-
cept for a randomized procedure for testing 1 in each group of 5
samples for bridge decks is established after the first 3 loads
at the start of a day show compliance. However, a failure on
the part of the concrete producer to consistently produce con-
crete near the center of the allowable range of air contents
could result in a reduced pay factor. The reduction in pay occurs
for low average air contents only. It is reasoned that any po-
tential damage from a high air content would be a result of low
strength, which is already subject to a reduction in pay factor.

(f) Reporrs—Field data for concrete cviinders will be
reported on Forms TL-13 and TL-28 (readv-mix con-
crete). and laboratory tests will be reported on Form
TL-26. as outlined in Section 800. (Nuote exceptions ror
cvlingers tested on portable compression testing machines
1s outlined in Paragraph (e) above.)

Recorded data for compressive strength specimens
shail include, but not be limited 1o, the ‘ollowing details:

N

¢ 1) Date and time of dav.
{ 2) Class of concrete.

{ 3) Percent of free moisture in coarse aggre-
gate.

{ 4) Percent of free moisture in fine uggregate.
{ 5) Water-cement (W/C) ratio (gals. per bag).
{ o) Cement factor {bags per cubic yard).

{ 7) Percent of entrained air.

{ 8) Amount of slump or ball penetration.

{ 9) Temperature of plastic concrete.

(10) Average air temperature at time of casting.
(11) Average temperature during curing.

{12) Location of point of deposit in the struc-
ture.

{13) Types and amounts or admixturss.
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Sec. 411.03 QUESTIONABLE CONSTRUCTION PROCEDURES — Section
219.13 (b) (4) requires that anytime the Inspector observes
poor practices or curing deficiencies on the job, he shall
note such deficiencies on Form TL-28 and shall immediately
notify the Contractor's representative and the Engineer of
his action and the notation made. The Engineer shall then
decide if additional inspection and tests are to be made on
the hardened concrete prior to acceptance of the concrete
involved.

Sec. 412.01 GENERAL — Although concrete pavements depend upon
their flexural strength, not their compressive strength, to carry
the loads to which they are subjected, under the revised specifi-
cation the quality of the concrete itself is controlled by the
tests and procedures given in Section 218, which include com-
pressive strength tests.

In addition to these requirements for concrete quality, beam
tests are utilized to determine the time at which pavement con-
crete has attained sufficient strength to sustain ordinary traffic,
and therefore may be opened for use. Concrete pavements will also
be checked for depth and compressive strength by drilling cores
from the completed pavement. This drilling will be performed by
the Central Office Laboratory.

Sec. 412.02 FLEXURAL STRENGTH SPECIMENS-
Flexural strength specimens are to be made by casting
fresh concrete in beam molds. Records shall be kept of all
concrete beams cast on pavement jobs. in accordance with
Paragraph (e) below.

(a) Sampling — Concrete for the beam test specimens shall

be sampled from the batch immediately afier it is depos-
ited on the subgrade. in accordance with AASHO Specifi-
cation, Designation: T 141. or as modified herein.
An air content and a consistency test, as outlined in
Sections 409 and 408 respectively. shall be made of the
same batch of concrete from which the flexural beam is
cast. and the data recorded as for the other tests. The batch

of concrete selected for the beam test may be the same as a
randomly selected batch to be tested for compressive strength
and other quality assurance tests.

D-39
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ibi Molding and Curing-Molding and curing of the
flexural specimens shall be conducted. uas outlined in
AASHO Specification. Designation: T 23, or as modified
herein.

Moids for the casung ot peams ror test purposes are
supplied by the Disinict Masenals Engineer on each
concrete road construction project. These molds are
designed 1o give s beam specimen of such length that.
when necessary. 2 dﬂ'crmmat;’ons of strength cun be made
on 2ach. The dimensions of the beam are 6 x 6 x 40",

and an accurare d2termination of the area of the cross
section shall be mace ai the point of failure after each
est.

The test specimen shall be made as quickly us
possibie. and the exposed surface shall be treuted for the
first 24 hours in exucty the same manner us the
puvement surface. Al the end of 24 hours. or longer if
temperature  conditions  regwre. e beam shall be
removed carefully from the rorm. marked for identifica-
tion. and buried fiusih with the surface of the soil. The
top surface shall continue to be cured in the same manner
as the pavement surface. until the Inspector is ready to
determine the beam strencth or modulus of rupture

o~

o3

ics Frequency of Sapmipiing—A minimum of at leust
one complete beany shall be cast for each day's concreting
eration.

(d: Testing—Flexural strenzin of the iest spesimens
shali ‘we determined. as outlined m AASHO Specification.
Designation: T 177, or as modiﬁed herein.

Irr cool weather. due 1o the rewarding effect of Jower
temperature on the strenzth o1 the concrete. the firs
break should be made on test specimen about
weeks afte; casupe. in summear, with prevaiiing tempera-
tures around 90 F .. the first meuk of the beant ma be
made n one week. [T the modulus of rupture i not o
great as vequired by the specificuuion. another deterena:
tion should bpe muade several davs iater. on the renunde:
ot the specimen. Experience wili soon mndicate ar whu
age the beam will probabiv have reuched or exceeded thw
regquired  modulus ot rupture. and o owill orareis oo
necessary to make v secend test on the same baum,

The upparatus Jurnished dor the beum  test
composed of o simnie hvdravilc juck and
restrain the upwerd movement of the jack. for the
purpose of apphving the maximum stress on the conier o
the specimen aicng @ iine at right angles o its axis. The

GOVORS o

jack 13 equipped with o guge having 4 free hand to record
A 1t =

the maximum foad. A penci hne is drawn 15 mnches from
one end of the beam. across one side. at night angles 1o
its axis. The beam. with the pencil mark up. is laid on the

‘



2 half-round bearings of the frame. allowing one inch
overhang at one end. The jack is placed on the beam. its
half-round bearing directly on the pencil line. which
should be exactly under the center line of the voke. The
head of the jack is unscrewed until it rests firmly against
the underside of the yoke. The load is applied by oper-
ating the jack at not more than 900 pounds (gage read-
ing) per minute, after passing the 1800 pound load
reading. Up to 1300, the ioad mayv be applied more
rapidly. As the distance between the beam supports is 24
inches. the modulus of rupture of the 6 inch square
beam. in pounds per square inch. will equal 1.6 of the
gage reading at the breaking load. in accordance with the
formula for modulus of rupture with center point loading
as follows:

Modulus of rupture, in psi =-—":\—Vb—‘Lj—-r

Where: W = Maximum indicated load. in
pounds.
L = Distance between supports,
in inches. and
b&d = Breadth and depth of beam.

in inches.

With a 6" x 6" x 40" beam. this formuia
resolves 1o

Therefore. 1/6 of the gage reading equals the
modulus of rupture of the tested specimen in pounds per
square inch.

(e, Reports—Field data for concrete beams will be
recorded and maintained in project records. The informa-
tion shall include. but not be limited to. the followina
details:

{ 1) Date beam was cast.

{ 2) Class of concrete.

{ 3) Percent of free moisture in coarse aggre.
gate.

D-11

217%



‘) ‘ ya" /‘:\

£ -

{ 4) Percent of ree moisture in fine aggregate. (12) Type of curing.

{ 3Y Water-cement (W'C) ratio {gais. per bag;. {13) Types and amounts of admixtures.

{ ©) Cement tactor (bags per cubic vard). {14) Age at time of test.

{ 7) Percent of entrained air. {13) Modulus of rupture.

{ 3) Amount of slump. {16) Station number or iocation.

{ 9) Temperature of plastic concrete. Sec. 412.03 DEPTH TESTS—Job acceprance depth tests of
concrete pavements will be conducted. as outlined in

(10} Average air temperature at time of casting. VTM-26. The depths and compressive strengths of the
drilled cores will be reported on Form TL-106. as out-

(11} Average temperature during curing. lined in Section 800. See also Section 401 .01 (e) for addi-

tional details of coring equipment.
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The following section is intended as a guide for
interpreting  and  administering  the  specifications  for
councrete. This guide is to be considered as a supplement
to the control procedures previously outlined herein. 1t is
not intended to relieve the Inspector of other duties
required to obtain proper quality inspection of concrete.

Sec. 415.01 RESPONSIBILITY OF MATERIALS DIVI-
SION-—

{a) Mix Design Approval-Concrete mix designs shall
be approved or disapproved, as outlined in Section [06.01
{(c) and 800, prior to the start of concreting vperations.

(b) Personnel C(Certification—The State Materials
Engineer shall direct the administering of examinations
and certifications of Batchers, Technicians, and Inspec-
tors.

Written examinations shall be administered by the
District Materials Engineers for certification of Department
and Industry personnel in their respective Districts. The
written examination shall be monitored by the District
Materials Engineer or his assistant, and an accurate
accounting of all examination papers shall be maintained.

Practical examinations shail be administered under
the direction of the State Materials Engineer, assisted by
qualified personnel of the District Materials Engineers’
staffs performing examinations in Districts other than
their own.

All written and practical examinations shall be pre-
pared, graded, and recorded under the direction of the
State Materials Engineer.

Re-examination and re-certification will be required
4 years from the date the certificates are issued. The
status of the certification for Inspector, Technician, and
Batcher is valid only for the specific responsibilities and
privileges granted to the bearer and appearing on the
certificate issued. If at any time an Inspector, Technican,
or Batcher is found incapable of performing his duties as
prescribed herein, he is not to be allowed to take part in
the production of concrete being batched for State use.
The certification issued shall be rendered invalid upon the
recommendation of the District Materials Engineer.

(c) Supervision of Certified Concrete Inspectors—The
District Materials Engineer and his representatives shall be
responsible for supervising the inspection of the condi-
tion, handling, storage, and proportioning of all material,
performance of control checks and tests at the batching
plant, performance of acceptance tests at the point of
discharge, and the condition of all plant, trucking, and
placing equipment. He shall train and supervise all Depart-
ment personnel who arc involved in any of the above
areas of inspection at all batching operations. This state-
ment includes Construction Inspectors and other construc-
tion personnel furnished from the projects by the
Resident Engineer.

(d} Duties of Certified Inspectors at Batch Plant-
Only Certified Concrete Inspectors may be used from the
project or the district to serve as Plant Inspectors.
Concrete Plant Inspectors shall be instructed by the
Resident Engineer, when being sent from the project, to
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report to the plant sufficiently in advance of the start of
batching operations to perform the preparatory control
checks, as described herein. '

The Plant Inspector shall never assume, by act or
word. the responsibility of batch control adjustments,
calculations, or the setting of dials. gages, scales, and
meters.

The Plant Inspector shall issue batch reports, s
outlined in Section 800, for only those loads of concrete
which have been batched in strict accordance with specifi-
cation and special provision limits and criteria. He shall
also keep a plant diary of daily plant operations. He has
the authority and the responsibility to question, and
where necessarv. reject any operation or sequence of
operations which zre not performed in accordance with
specifications and special provisions.

For additional duties of Plant Inspectors, see Section
109.02.

(¢) Dutics of Inspectors at Point of Discharge—An
inspector shall be present al the job site during the
discharge and piacement of concrete to properly inspect
these operations. The Department shall detect and reject,
at the point ot discharge. all concrete which fails to meet
the range specified for consistency and air content.
Concrete having an air content less than the minimum
value specified is to be considered equally objectionable
as concrete having an air content greater than the
maximum value allowed.

Concrete shall be =ampled and tested for consistency
and air content in accordance with Sections 408 and 409.

{f. during discharge, the Inspector observes an
appreciable increase in the consistency of the concrete,
especially when the initial test revealed the consistency to
be a specification borderline. discharge shall be halted and
a recheck test performed. The remainder of the load shall
be rejected if the results of the test(s) fail to meet the
allowable limits specified.

When any ingredient is to be added in whole or in
part at the job site. this is considered a batching opera-
tion and the requirements for a Certified Inspector will be
maintained. If the only ingredient to be added at the job
site is cement, and if it is to be added in whole bag incre-
ments, the presence of a Certified Inspector will be
necessary to verify that the correct quantity of cement is
added. (See Section 415.02 (e) below for certified
personnel exceptions in the case of adding water at the
job site.}

(f) Inspection of Plant, Equipment, and Personnel—

(1) Initial Plant Inspection A program of regular but
unannounced inspection shall be scheduled and supervised
by the District Materials Engineer at all portland cement
concrete plants supplying concrete for State work. This
inspection shall be conducted at any plant initially setting
up and starting production. and at least once per year .
thereatfter or as required. The purpose of this inspection is
to determine that the plant equipment and personnel
meet specification requirements. A record shall be
prepared on a check list type form of all items covered
during the plant inspections by the District Concrete
Technician.

D-14



A personal  contact should be made with each
producer who intends to furnish concrete and who has
had compressive strength problems in the recent past and
who, because of certain problems known to exist, is likely
to expericnce low compressive strengths again. 1t should
be determined in the contact the additional control
procedures the producer will institute in an cffort (o
avoid such problems in the future.

(2] Regular or Routine Plant Inspection -In addition
to the initial or annual inspections, a program of regular
inspection of portland cement concrete plants shall be
conducted by personnel of the District Materials Engi-
neer’s staff and by Central Office Materials personnel. The
inspections are to be completely unannounced and are to
be conducted for the purpose of determining whether or
not specifications and instructions are being followed by
contractor and Inspector personnel in the production,
sampling, testing, and inspection of portland cement
concrete.

The frequency of these latter plant inspections
should be related to the overall quality of the plant
equipment and competence of the plant personnel. Plants,
that have a record of continually producing good materi-
als and of being in excellent condition and manned by well
trained personnel, might be inspected by the Materials
Division's Technicians as seldom as once a year. However,
plants with poor records should be inspected more often.
Periodic inspection of all plants at the same {requency
regardless of record is not recommended. Inspectors
assigned to the plants will be responsible for daily inspec-
tion of the plants. Any unusual conditions encountered
by the Plant Inspector should be reported to the District
Materials Engineer.

A plant inspection report is to be issued on the
forms available for this purpose immediately upon
completion of this inspection. The forms are to be
completely filled out by the District or Central Office
Materials Personnel conducting the inspection, noting any
and all specification discrepancies and any corrective
action taken by the inspection personnel. In addition to
copies of the report retained for District use, copies of
plant inspection reports shall be forwarded to the
Director of Engineering, the State Materials Engineer, and
the State Construction Engineer.

Unfamiliar Department and Industry personnel shall
be requested to show evidence of their certification to
visiting representatives of the Materials Division.

[3) Inspection of Testing Equipment and Procedures
~Periodically, as conditions and personnel proficiency
warrant, inspections are to be conducted by personnel
from the District Materials Office of the calibration of
plastic cement concrete testing equipment and the testing
procedures of project personnel. The purpose of this
inspection is to improve proficiency and attain uniformity
in the use of the equipment throughout the State. An
error in testing of plastic concrete may mean rejection of
a large amount of material or acceptance of material that
does not meet specifications.

An inspection report is to be issued on forms avail-
able for this purpose by the person conducting the
inspection and signed by this person and the Inspector
whose procedures have been checked. Copies of the
report are to be forwarded to the Director of Engineering,
the State Materials Engineer, the State Construction
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Engineer, the District Engineer, and the District Materials
Engineer.

fg) Sampling and inspection of Materials—Plant
Inspectors shall be maintained at all plants supplying
portland  cement  concrete tor  State use, with  one
exception as folfows. When the anticipated yardage of
miscclancous  portland cement concrete  (all concrete,
except pavement, prestressed, and structural) is SO cubic
vards or less per day. enly intermittent plant inspection is
requited. Under dus system, the producer shall state on
the delivery ticket. accompanying cach load. the class of
concrete, and  weight of cement, aggregate, water, and
amount of admixture used 1 the batch at the time of
batching.

In addition to the normal job acceptance sampling of
cement and aggregates, progress record samples shall be
taken by the District Muterials Engineer’s representative,
specially delegated for this purpuse, from stockpiles and
storage bins at the ready-mix plant, batch plant, or job
site. The samples shall be ciearly identified as “Progress
Record Samples™ and submitied for test to the District or
Central Office Laboratory, as outlined in Section 206.
The frequency of progress record sampling of these
materials shall be as outlined in Section 206, following
instructions, as set torth in Section 202.04.

The Plant Inspector shall make visual examinations
of the aggregate stockpiles  throughout the batching
operation, and shall take whatever action is indicated
consistent withi his understanding of. the specitied quality
of the materials. The following observations for physical
characteristics shall be made by the Inspector:

The cement shuall be exumined for hardened or
hydrated cement lumps. .

Coarse aggregate  shall be inspected for particle
coating, segregution. presence of organic and/or soft
particles, aggregate in less than saturated surface-dry
condition, and uany other detrimental characteristics.

Fine aggregate shall be inspected for the presence of
clay, presence of organic material, highly variable
moisture condition, and any other detrimental characteris-
tics.

Water shall be examined to determine if it is muddy
or otherwise contaminated, as evidenced by floating
substances, peculiar color, or odor. Water from sources,
which include ponds, streams, rivers, etc., should be
carefully examined.

During handling o materials, the following items
shall be carefully observed:

Aggregate shall be examined for contamination with
foundation material upon which the stockpile is built,
during removal of aggregate from the stockpile. Aggregate
shall be cxamined for spillage or overrun into adjoining
aggregate bins during loading of plant bins. Admixtures
shall be examined to determine if there has been a
thorough agitation before being dispensed in cach day's
batching operation. The admixtures shall be examined for
liquid separation. differential  concentration, and/or
fluxuating air content or set retardation.

() Reports The  Certitied  Concrete  Inspector
focated at the batch plunt shall prepare and distribute
Form TL-28 {or cach load of concrete batched tor State
work at his plant. as outlined in Section R00. He shall
also keep other records, as outlined for concrete herein,
including a plant diary, as outlined in Section 800.
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(1) Compressive Strength Failures — Any time that com-
pressive strength values less than the class design strength
occur in ready-mix concrete, an investigation shall be made by
the District Materials Engineer or his representative. The
investigation should seek to resolve the following questions:

(hH

What is the probabie cause(s) of the
test result, based upon visual exam-
ination of the test specimen? Check the
appearance of the hardened cement-sand
matrix to determine if (1) there is exces-
sive water and normal air content, (2)
there is excessive air and normal water
content, or (3) there is excessive water
and air content. Check to determine if the
failure was essentially in (1) the aggregate-
cement matrix bond, (2) the cement
matrix, or {3) in both the aggregate and
cement matrix.

Is the cylinder representative of the
quantity of concrete mix? Determine
when the cylinder was moved with respect
to probable initial set. Determine if the
location of storage was such that, during
initial set, the cylinder was subjected to
the vibrations of construction equipment.
Determine if the cylinder was stripped
from its mold in less than 24 hours. Deter-
mine if the temperature was controlled
during storage. Review the data recorded
on Form TL-28. Visit the concrete plant
and check especially the condition of the
drum biades of the truck which supplied
the concrete from which the cylinders
were made. Check plant operations to
determine if possible whether or not
human error occurred in the selection of
or setting of the quantity of cement to be
weighed, or malfunction occurred in the
operation of the scales, either or both of
which could have caused deficient cement
content.

What recommendations are indicated from
the investigation relative to coring the
structure?

low
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{4} What action was faken or is indicated in
order to  avoid recurrence of future
compressive  strength  failures  resuiting
from the causets) discovered in  :his
investigation?

(3) Establishing Quality of Concrete in Structures — The
acceptance of concrete is normally based on compressive strength
test results. As indicated in Section 411.,03-f, concrete is
acceptable at full bid price if no more than 10 percent of the
total strength values fall belcow the minimum design strength, f'..
The specification also sets a rejectable limit for concrete. That
is the value for which 40 percent of the strength values wculd be
below f'.. A reduced payment is made for concrete between those

wo limits, since such concrete could have poorer performance
than that fully meeting the specifications, but the cost of re-
placing the structure does noct justify its removal. Unless a
definite cause for a cylinder failure has been found, due to its
not having been sampled, molded, handled, cured and/or tested
properly, a unit of structure for which strength results are at or
below the rejectable level shall be cored where indicated by the
Bridge Engineer. The cores shall be tested at an age of 28 days
or olcder, and the test results shall be considered to represent
the quality of the concrete in that unit of structure. Results
of impact hammer tests will not be recognized as an official
control or investigation tool. [t is possible thut the :esulis

odbrained with this instrument may be oo radical and

depend on constant calicration and uniform adividuad

technigue. Therefore. controi. acceptunce. or rejection ol

structures wilt 2ot be based on the cesuits obtuined with

tids instrument.

Financial responsibilizy for necessary replacements of

sub-quality  units. established by test cores. wili be

assigned to the contractor, when the piacement. finishins,

protection. and/or curing operationts) was a0t congucted

i aceordance with specifications and special provisions.

When average core strengths indicate that
concrete 1is at least 85 percent of the required strength for labo-
ratory cured cylinders, the strength of the hardened concrete will
be considered satisfactory and the contractor will be paid on the
basis of the core strengths.



Sec. 413.02 RESPONSIBILITY OF CONCRETE
PRODUCER - :

{a} Materia{s—The quality control and condition of all
materials used in concrete, as well as all necessary
adjustments required in using the materials, shall be the
responsibility of the concrete producer. in accordance with
Saction 219 of the Road and Bridge Specifications.

(b) Personnel—All sources supplving concrete to the
Department shall be required to have present during
batching operations certified personnel. as outlined in
Section 219 ot the Road and Bridge Specifications. {See
also -conditions for waiver of this requirement.)

{c) Equipment—Requirements for approval of
concrete plants of particular note, in addition to others
outlined in the Road and Bridge Specifications, are as
tfollows:

(1) Suitable equipment shall be availabie at
the plant for determining aggregate mois-
ture, air content, and slump.

(2) The amount of airentraining admixture
shall be added within a limit of accuracy
of 3 per cent, and shall be dispensed by
means of an approved graduated trans-
parent device to the mixing water as the
water is being put in the mixer.

(d) Performance of Control Tests by Concrete
Producer—All control tests and batch adjustments are to
be performed by the Certified Concrete Technician, with
the exception that the Certified Concrete Batcher may
make aggregate moisture tests and adjust aggregate design
weights to batch weights, provided that this authority is
so noted on his certificate.

The certified employees of the concrete producer are
expected to perform aggregate moisture tests, air checks,
and consistency checks prior to, or as-an individual opera-
ton to, the performance of these tests by the Plant
[nspector.

The Inspector shail not provide the Technician or
Batcher the resuits of his moisture determinations until
after the tests have been properly performed by the
producer’s certified employee.

In the event that the two individual tests do not
agree, independent recheck tests shall be run using mate-
rial from the one large sample. -
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(e) Adding Addizional Water or Cther Ingredients to
Batch ar Job Site-Should the contractor desire greater
workabiiity in concrete, he should notify the producer in
order that the proper adjustments can be made at the
olant by the Certified Concrete Technician.

When the mixing water is to be added to the batch
at some point other than at the plant along with the
other ingredients, the operation shall be performed by the
producer’s Certfied Concrete Technician and/or Batcher,
with exceptions noted below. The water shall be
measured and discharged in accordance with the Road
and Bridge Specifications.

For those load(s) already on the job or in transit to
the job which lack sufficient workability, the contractor
may assume the responsiblity for the adding of additional
water, or he may obtain authorization to do so from the
producer, provided the maximum water content or slump
specified is nor exceeded.

Neither the Plant Inspector nor the Project Inspector
shall direct the adding of water to a batch of concrete,
but shall reject any load to which water has been added
in excess of the maximum water content or slump
specified.

It is intended that the main volume of mixing water
be added at the batch plant, under the supervision of a
Certiftied Technician or Batcher and recorded by a
Certified Inspector on Form TL-28. [t will be permissible,
however, to withhold during initial mixing up to one
gallon per cubic yard, if required. Upon arrival at the job
site, this water withheld at the plant should be added to
the mix. just prior to discharge, provided that the maxi-
mum mix design water content is not exceeded. This
water may be added in more than one increment, until
the desired consistency is obtained. This water adjustment
will require no certified personnel to be present. However.
this adjustment of water will still be the responsibility of
the contractor.

[f it is found to be necessary to withhold more than
one gallon of water per cubic yard of concrete at the
batch plant, then the mix should be redesigned
immediately. If the maximum allowable watercement
ratio and slump are not exceeded. then the full amount
of all ingredients specified in the approved mix design
should be added, or else the yield will be affected.

In cases where additional water that has been
withheld at the batch plant is added at the job site. it will
be necessarv to provide some additional mixing at the
job, in accordance with the Road and Bridge Specifica-
tions. It should also be noted that no mixer water is to
be used for the washing of any equipment during the
period of the batching operation.



With the above noted exception, when any ingre-
dient is to be added in whole or in part at the job site,
this is considered a batching operation and the require-
ments for a Certified Technician or Batcher will be
maintained. However, if the onfy ingredient to be added
at the job site is cement, and if it is to be added in whole
bag increments, the presence of a Certified Technician or
Batcher will not be required. (See also Section 415.01 (e)
for Certified Inspector requirements in this case.)

Mixing will begin immediately after all ingredients
are in the drum. The provision for a 30 minute delay
after the cement comes into contact with moisture only
applies where the mixing water will be added later. When
all ingredients are added at one time, mixing should
commence immediately.

See also Section 405 for details of designing and
batching mix.

W,

SECTION 416 SUMMARY OF MINIMUM JOB ACCIPTANCE SAMPLING REQUIREMENTS
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2107
APPENDIX E

VTM=-XX* PROCEDURE FOR RANDOM SELECTION OF PORTLAND CEMENT
CONCRETE BATCHES TO BE SAMPLED FOR
ACCEPTANCE TESTING

ScoEe:

This method describes a procedure for the random selection
of batches of concrete to be used in acceptance testing as re-
quired in Section 219 of the Road and Bridge Specifications of
the Department.

As an alternate to this procedure, ASTM Method D3665 or any

system that generates a series of two digit random numbers equiv-
alent to the number of sublots to be sampled may be used.

Determine Number of Sublots:

From the plans and specifications or contract involved, deter-
mine the number of sublots to be sampled and tested for the con-
crete lot to be placed using the frequency of sampling prescribed
in Section 219.1u4(c).

For example, if it is known that a bridge deck will require
480 cubic yards, the number of sublots will be 10; that is, 50
cubic yards plus the remainder for the tenth sublot

For structural concrete other than bridge decks, a sublot is

defined as 100 cubic yards. Thus, 480 cubic yards would constitute
5 sublots for such concrete.

Determine Load to be Sampled:

Place 10 discs or washers, numbered 0 through 9 in a suitable
container. Shake and, without looking, draw a disc. This number
is then the first dlglt of the percentage. Replace the washer
and repeat the process for the second digit of the percentage.

For example, if a 6 and a 4 are drawn, the acceptance sample
is taken from the truck that contains the cubic yard which repre-
sents the 81xty-fourth percentile of the sublot; that is, if the
sublot size is 50 cubic yards, the sample is taken from the truck

*Number to be assigned.
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containing the thirty-second cubic yard. If the sublot size is
100 cubic yards, take the sample from the truck containing the
sixty-fourth cubic yard of the sublot.

At the end of a job where a full sublot will not be placed,
compute the percentage of the sublot in the usual manner., If
the percentage determined by the random drawings exceeds the
amount of concrete to be placed, do not sample. If it is within
the amount to be placed, treat it as an additional sublot and
make the usual tests.

For example, the rancom digits drawn are 5 and 4. Thus,
the percentage is 54, If the last sublot *to be placed represents
more than 54 percent of the usual sublot size, take the acceptance
sample from the truck containing the fifty-fourth percentile. If
less than 54 percent of the normal sublot is to be placed, do not
sample. ,

Repeat the selection process to generate the two-digit random
number for the percentage of the sublot for as many times as nec-
essary for the number of sublots to be sampled.

Such numbers may alternatively be generated from a table of
random numbers or other valid statistical procedures.

SamEling:

The sample of concrete to be taken from the designated truck
shall be taken in accordance with AASHTC Method T-141l.

Freczautions:

The truckload to be sampled for each sublot should be estab-
lished prior to beginning the concrete placement. However, this
information should be kept confidential until the load to be
sampled arrives on the job.

While the particular randomizing method to use is a matter
of convenience or judgement, it is emphasized that arbitrarily
selecting a load for sampling other than the one selected by the
randomizing procedure nmust nct be permitted. Only when a load
designated as an acceptance sample is rejected and removed from
the job should a change be made. In this case, the next load
placed automatically beccmes the load for acceptance sampling.
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