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ABSTRACT

This paper reviews scme of the problems asscciated with
quality assurance for hydraulic cement concrete and the diffi-
culties of relating the results of quality control and acceptance
testing to the performance of the concrete facility. The impor-
tance of good control procedures and inspection of concrete place=~
ment by persons knowledgeable in concrete technology is stressed.
Also, it is concluded that acceptance procedures based on statis-
tical probabilities are a first step towards attaining the ultimate
goal of specification requirements optimally related to performance.

The major problem in this area is identified as one of obtain-
ing sufficient test data to establish an acceptable degree of confi-
dence that the quality of the concrete is as indicated by probability
theory. Because of the time and expense of most acceptance tests,
particularly strength tests, decisions must be based on limited data.

The report summarizes the specifications of other agencies
utilizing statistical probabilities and the recommendations of the
American Concrete Institute concerning acceptable strengths. Fi-
nally, an evaluation is made of the technique most applicable to
the Virginia Department of Highways and Transportation, and specific
recommendations are made for changes in the Department's specifica-
tions. It is recommended that the revised specification be evaluated
by simulated applications to several construction projects.
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INTERIM REPORT

THE QUEST FOR PERFORMANCE-RELATED SPECIFICATIONS
FOR HYDRAULIC CEMENT CONCRETE

by

Woodrow J. Halstead
Research Consultant

INTRODUCTION

A universal goal of the entire highway community is to
establish specifications directly related to the capabilities
of the highway facility to provide the expected level of serv-
ice to the community. Associated with this goal is the need
to establish an efficient system for quality control, inspection,
and acceptance testing that assures the state or other purchasers
that suppliers are complying with the construction and material
specifications. Over the past 15 to 20 years efforts to meet
this need have been centered around the development of test methods
more directly related to performance. There has also been substan-
tial efforts to make use of statistical probabilities as means for
establishing a reasonable assurance of compliance to specifications
without requiring excessive and costly testing programs.

In the case of hydraulic cement concretes, considerable
knowledge has been developed concerning those attributes that
characterize a high-quality product, and tests are available to
measure desirable properties. However, there are unique problems
that create the need for special considerations with respect to
quality assurance procedures in this technology.

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 tests. 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
good durability when the concrete is exposed to cycles of freezing
and thawing, but such air voids adversely affect strength. Proper
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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 ratioc can result in
low-stren;th material, as well as a high degree of porosity

and low resistance to penetration of delc;ng salts that leads

to corrosion of T*e'nforcing bars and subsequent spalling. Also,
different combirations of ingredients can result in different
rates of strength development, so that for different mix designs
strength determinations at earlv ages do not always represent
the same relation to the ultimate strengths.

These considerations make it essential that feor good results
hydraulic cemen* concrete be proportioned by persons knowledgeable
in concrete technology, and that its placement be supervised by
scmeone capable of exercising a high degree of on-the-spct judge-
ment. The proper application of statistical techniques utilizing
probability principles provides a sound evaluation of available
test data, but no specific kncwledge is attained concerning the
possibilities just discussed that test data based on cylinders
cr other fabricated test specimens may not accurately indicate
the actual characteristics ¢f the hardened concrete in the pave-
ment structure. This same uncertainty exists regardless of how
much test data are available or how they may be analyzed. Conse-
quently, agencies are reluctant to base acceptance requirements
on statistical calculations derived from test specimens; they feel
that the uncertainty would hinder the exercise of proper judgement
concerning potential deficiencies in the test specimens themselves
or in the procedures for placing the concrete. While these agencies
tend to relect applications of statistical principles as a basis
for judging concrete gquality, others who support the use of statis-
tical probabilities point out that evern correct judgemen* decisions
do not provide numerical records of compliance or noncompliance to
specifications. In the event & judgement decision is questioned,
the lack of specific documentation hinders an equitable settlement
oI the dispute.

_mprovements in the specifications for portland cemen:t con-
crete for highway facilities can be achieved through a middle-cf-
the-road approach. Careful quality control and prcper placement
procedures are needed in all cases. Both workmen and supervisors
must be knowledgeable in concrete technolcgy, and they must
recognize problems that may require on-the-spot decisions for
modifications of acceptance prccedures. It 1s important that a
svstem of acceptance testing be adoptz=d that will provide good
“pllaDlllty at a reasonable cost and risk of maklné a wrong deci-
sion. It is also important that a proper degre: of Clex1b111t3
be built into the system to permit sound eng*neer;ng judgement
to be exercised in all cases.,



The specifications and quality assurance in use by the
Virginia Department of Highways and Transportation generally
provide good concrete. However, problems can arise with mate-
rials of marginal quality or when there are combinations of
unusual circumstances. Thus, the first step towards improving
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 principles of statistical evaluation should be adopted to
provide standard procedures for resclving difficulties as well
as a record of the as-buil® condition of the concrete facility.
Such data would also serve as a base for performance evaluations.
There should also be a clear distinction between the quality
control procedures that are the responsibility of the contractor
or concrete producer and the acceptance testing to be conducted
by the Department,

BASIS FOR CHANGING SPECIFICATIONS

Four principles should serve as guidelines to 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 specificaticn, can be
determined.

2., The remodeled system should be such that con-
tractors and concrete producers with good quality
control will have an inherent 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 would provide an incentive
for the contractor to improve his quality control
procedures and to minimize his risk of reduced pay-
ments.

4, The remodeled system of control 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 APPLICATIONS

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
on the average of two or more determinetions. This procedure
does not provide information on the amount of variability 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 *his 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 behavior of plastic concre*e, the only way that
quantitative estimates c¢f the variability can te
mace is by the application of statistical principles.
The theories of probability and distributions of
c¢ata 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 tcols,
however, does not rule out the proper exercise of
judgement and actions or decisions related to it.

2. If probability principles are to be employved as &
basis for decisions, the samples to Le used in
establishing the statistical probabilities must be
taken randomly. When samples have been taken randomly,
the results can te assum=d to have & 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 ard are based on a knowledge cf normal concrete behavior.
Generally, the tolerances for measurable characteristics such as
slump and air content are realistic and pcse no great problem
when applying statistical concents. :



Many of the problems encountered in evaluating the quality
of concrete center around strength determinaticns. For most
uses cof hydraulic cement concrete, the compressive strength is
the major parameter of quality, and it is in this area that the
application of statistical principles is most beneficial.. When
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 paramcunt importance for
highway pavements and bridge structures exposed to freezing and
thawing and cther hostile environmental factors such as deicing
salts or sulfate ions from soil or seawater. For concrete ex-
posed to these hostile environments it 1ls necessery to recognize
that initial strength levels adequate for supporting all loading
conditions may not be indicative of cdequate 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
purposes. 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
guality assurance tools. Consequently, to assure that the con-
crete specification requirements for the amount of cement and
the water-cement ratic 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 ingredi-
ents used are necessary.

CONTRACTOR QUALITY CONTROL AND STATE
ACCEPTANCE PROCEDURES

One of the basic concepts of a statistically oriented speci-~
fication is that all quality control functions are a responsibility
of the contractor and that all acceptance procedures are the re-
sponsibility of the state. Present Virginia specifications
recognize this division of responsibility, but since the tests for
quality control and tests for acceptance are usually the same,
many people consider it a waste of time and money to have Loth
the contractor and the state run the same tests on the same con-
crete. Under present procedures, testing by the contractor tends
to be minimized. He is guided by the state's acceptance tests.



Under these circumstances a true end-result specification for
hydraulic cement concrete is not possible, nor does it appear
feasible at this time to establish such a procedure whereby the
state would make acceptance tests only on the finished product.
However, ways to motivate contractors to make the necessary
control tests and maintain proper control charts should lbe
sought, so that state inspectors could minimize the number of
acceptance tests.

Specific instructions to contractors concerning equipment
and procedures to be used should be minimized. Contractcrs
should have the opportunity to mccdify equipment and procedures
to reduce production costs, as long as the needed dquality is
maintained.

One of the best motivations for a contractor to install a
good quality control system is to provide a means by which he
can reduce production costs or gain other ccmpetitive advantages
by good control. At first glance it appears that this could te
accomplished by using the principles established in the American
Concrete Institute recommended practice for judging the accept-
ability of concrete strength results (ACI 214). How this would
apply is discussed in the fcllowing section.

STRENGTH CRITERIA

Present Virginia specifications list design requirements for
seven classes cr subclasses of concrete. The classes are based
on a design minimum laboratory compressive strength at 28 days as
set forth in Table II-15 of Section 215.10 of the specification.
However, Section 411.01 of the Virginies test manual states that
concrete is acceptable when 90% of the test specimens meet mini-
mum design strength requirements. While the intent of these
provisions is probably understood, the acceptance of 10% of test
results below the minimum design strength without further qualifi-
caticn does not provide adequate assurance *that a concrete struc-
ture will perform satisfactcorily.

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,
specific rules are provided as the basis for defining end judging
acceptable material. This approach takes the controversy out of
what to do about noncomplying test results.



ACI 214% includes four criteria for judging the acceptability
of strength results, all of which are based on statistical con-
cepts. One of these (No. 1) recognizes that design 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. Generally,
it is recognized that this can amount to about 10% of the material
without serious detrimental effects, provided proper trocedures
are being followed and only the normally sncounterad variability
is present. This requiresment, that only rnormal variaticns be
present, puts a restriction cn The amount of deviation from the
minimum requirement that is likely to cccur.

It is assumed that the populaticn 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 as

- 1
f(cr) =1 ot t o,
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;g

f'C = 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.

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 portion 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
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Figure 1. ©Schematic representation
of pcpulation characteristics.

is stated that 90% of the population exceeds the strength value
indicated, f'.. 1In order that this condition be met, the average
of all the results, X, must exceed f's by 1.28 times the standard
deviation, o.

To detect trends that would indicate changes in the materials
or processes during production, ACI 21% includes additional criteria.
One of these is & certain probability that an average of n consec-
utive s*trength tests will not fall below f',. The usual require-~
ment is that the average of three consecutive tests will not fall
below f's more than 1 time in 100, This is calculated as

t C
f fr o+ s
(cr) S
where
f vy I and ¢ are all as previously defined;
(cr? c? P
t equal to 2.33 in this case, since the

is
probability of failure toc comply is set
at 1 in 100 instead of 1 xn 10; and

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



Another criterion given by ACI 214 is that there is less
than a 1% chance that any single test result will fall below
f'o by more than a certain amount. This is usually set at 500
psi.* Thus,

- t
f(cr) = f e = 500 + t o,
where

t = 2.33 for a probability that a result lower than
this will not occur more than 1 +ima ir 100.

Examples showing the everage results required to meet these
criteria for different situaticns are given telow. For good con-
trel, the standard deviation is assumed to be 400 psi; for poor
control, it is assumed to be 800 psi.

Assume A-U4 concrete, f'C = 4,000 psi
For good control o = 4C0
Criterion 1 f(cr) = 4,000 + 1.28 x 400 = 4,512
Criterion 2 f(cr) = 4,000 + 2.33 (400) = 4,538
V3
Criterion 3 f(cr) = 4,000 - 500 + 2.33 (400) = 4,432
For poor control ¢ = 800
Criterion 1 f(cr) = 4,000 + 1.28 x 800 = 5,024
Criterion 2 f(cr) = 4,000 + 2.33 (800) = 5,076
V3~
Criterion 3 f(cr) = 4,000 - 500 + 2,33 (800) = 5,364

From these examples it is seen that for the same level of
control (same ¢), all criteria require about the same average for
acceptable concrete. However, when the standard deviations are
different the averages for acceptable concrete are significantly
different. Under this system, a contractor with poor control
having to supply concrete with a higher average than he normally
attained under the present system would most likely be required

* See page 19 for factors to comment customary U. S. units to
S. I. units.
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to use a higher cement factcr than he previcusly used or, alter-
natively, more expensive aggregates than he previously used.
This would place him at a distinct disadvantage in relation to

a contractor with good control who could continue to use usual
mix designs and materials.

PROBLEMS OF APPLICATION TO HIGHWAY PRCJECTS

Unfortunately, there are some difficulties in applying the
principles established in ACI 214 directly to many highway projects.
First, all of these calculations are based on the assumption that
the process 1s in control; that is, that everyone is doing every-
thing right to the best of their ability. If something goes wrong
with the scale, or somebody dumps fly ash instead of cement in a
batch, the process is ou* of control and the assumptions concerning
the quality indicated no longer apply. This means that the adoption
of statistical procedures does no*t eliminete the necessity for main-
taining constant vigilance during tne production process. With
reputable firms such as would normally supply material to the state,
it would be expected that gross malfunctions would be quickly de-
tected 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,

Another problem relates to the number of tests needed to pro-
vide good estimates of the averages and standard deviations. ACI
reguires that at leas*t 30 determinations be used for establishing
the sample average and standard deviation, because this is the
minimum number needed in order that the estimartes can be assumed
to be essentially equal to the true standard deviation and average
of the population.

This amount of data for a single lct, 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. Consequently, if lot-by-lot acceptance
is desired, it is necessary to devise procedures for making deci-
sions with smaller amounts of data. Generally, these conditions
dictate that on a statistical basis the state take relatively
large potential risks thaw some noncomplying material will be
accepted. Fortunately, the real risks under these circumstances
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 tc eliminate,
gross problems (excessive slump, high air, etc.) that would cause
large deviations in strengths. ’



Several options, all of which are statistically valid, are
available, and the best one to use may depend on the conditions
surrounding a given project. The size of the job, the volume of
concrete being produced each day, the quality control measures
normally followed by the contractor, and the variability of the
materials being supplied to a job may all have a bearing. To
establish a basis for selecting & suitable option or options
for the Virginia Department of Highways and Transportation, the
specifications of other state transportation departments utilizing
statistical probabilities were reviewed. The results of this re-
view are summarized in the following section.

HIGHLIGHTS OF STATES' STATISTICALLY-BASEL SPECIFICATIONS
FOR HYDRAULIC CEMENT CONCRETE

The FHWA reports that relatively few states have made extensive
use of statistical concepts in their specifications for hydraulic
cement concrete. No attempt was made to determine all the states
that may have experimentally tried such specifications; however,
copies of the specifications in use in 1980 by West Virginia,
Louisiana, Georgia, Maryland, and Ohio were obtained and reviewed.
In addition, a proposed specification for New Jersey and the Stand-
ard Specifications for Construction of Roads and Bridges on Federal
Highway Projects (FP-739) were also reviewed. The highlights of
these specifications are summarized in Appendix A.

While all these agencies have applied statistical procedures
intended to judge the acceptability of the concrete as a whole,
for the most part they have applied them in différent ways and have
used different criteria for acceptance. However, there are some
common elements in all the specifications. All of the agencies
emphasize that the contractor is responsible for quality control,
but they retain considerable descriptive requirements concerning
the concrete mixing and placing equipment and details on handling
materials. All also require the contractor to have on-the-job
supervisory and technical personnel certified in some manner as
having good knowledge of concrete technology. All require that
the mix design be prepared by the contractor and that it be approved
in some nanner prior to start of the work. All have minimum and
maximum temperatures at which concretes can be placed without
special procedures for protecting the concrete in cold weather or
cooling 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 American Concrete Insti-
tute, 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.
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The statistical evaluation of strength results is used by
all agencies in computing a reduction in payment for noncomplying
structural concrete that is left in place. In addition, a factor
for noncomplying results for entrained air is used Lty the FHWA
(Region 15). Ohio also uses both air content and strength results
in determining partial payments in its specification for tase con-
crete. Differences occur in the manner the variability is *zken
into account and in the pay factors established for different
degrees of noncompliance,

In some cases the range of test results {(difference between
highest and lowest valuesg) 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
than if good control is indicated by a smaller range or stancard
cdeviation. Only Louisiana bases its requirements on average
strengths without adjusting for differences in variability. This,
in effect, means that Loulsiana 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 accelerated curing
or early strengths from a prediction curve (maturity concept) are
used by some agencies. West Virginia gives the contractcr the
option of using early strength tests as a means of predicting 28-
day strengths using the maturity concept. Georgia uses an accel=-
erated curing procedure for predicting 28-day strengths and will
accept concrete on the basis of the predicted strength, but re-
jections 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 *c the type c¢f construction involved,
the size and number of state contracts, and the size and number
of producers furnishing concrete to the state.

12



Type of Construction

At present very few concrete pavements are being constructed
in Virginia, thus initial concern is with structural and incidental
concrete. The major concern with structural concrete is with that
used in bridge decks. While adequate strength is, of course, nec-
essary, the durability of the concrete 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 important. Unfortunately, as
previously discussed, all methods for the direct determination of
thewater-cement ratio in freshly mixed concrete are scmewhat com-
plicated, require expensive equipmert, and are *“ime ccnsuming.

At the present time it is cost-effective to rely ou close control
by the concrete producer of the zmounts cf ingredients added and
close inspection by the state to assure compliance for proportions
of ingredients. The extreme importance of air content also dic-
tates frequent tests for entrained air.

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 poor
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 nct 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 the first
6 months of 1981. Ceontracts requiring less than 50 cu. yd. of
concrete are not included in this tabulation. Under present spec-
ifications, it is customary to make one set of cylinders for
strength tests for each 100 cu. yd. of concrete. At this frequency.
of testing, only 23 of the projects would provide 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 95% level of confidence that the estimates
truly represent the population. Thus, unless the frequency of
testing is increased, procedures for establishing a standard devia-
tion 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.

13



Table 1

‘Number and Size of State Contracts
Invalving Portland Cement Concrete

Quantity of Concrete — Cubic Yards

50-99 100-299 300-499 500-1,000 1,000 TOTAL

Date . Number of Contracts
1980
January 2 1 1 4
February 1 2 2 5
March 1 1
April 2 2 4
Mav 2 2
June 1 2 3 2 8
July 1 4 4 1 6 16
August 1 1
September 1 4 2 4 11
October 1 3 2 1 2 9
Nevember 2 4 1 4 11
December 2 1 1 &4
1981
January 3 2 5
February 1 2 1 1 5
March 1 1
April 2 2 1 5
May 1 1 2
June ' 1 2 2 5

TOTAL 10 27 22 17 23 99 -

Number of Concrete Producers

Essentially all structural concrete 1s supplied by ready-
mix concrete producers, Approximately 110 such producers are
qualified to furnish concrete *o the state, although the records
for 1980 indicate that only 38 prcducers provided concrete for
which strength tests were made. Twenty-two producers supplied



both Class A3 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 Ab4 concrete. Fewer than 10 tests were made on the product of
13 producers of A3 concrete and 5 producers of A4 concrete.

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 3C 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 deviation based on a prcducer's own produc-
tion as in ACI 214 coud be utilized to esteblish a good statistical
estimate of the percenzage of concrete abtove the cecsign strength
(f'c). FEowever, 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 products (at the present testing
frequency). In these cases it will be necessary to use ar 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 tc minimize the risk of having
poor quality concrete in the job, but economy is sacrificed by
requiring the overdesign of the concrete mix.

RECCMMENDATIONS FOR VIRGINIA SPECIFICATIONS

After the review of the various approaches taken by other
agencles, it appears that a continuous acceptance plan similar to
that now being used as special provisions by Region 15 of the FHWA
might be suitable for the size and type of concrete construction
required by the Virginia Department of Highways and Transportation.
Theoretically, from a sta*istical 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 of slightly less than the indicated quality on small jobs,
but good inspection should visually detect grossly defective con-
crete and prevent its use.

It is noted that the same risks of accepting poor materials
are inherent in the present procedures. Thus, the possibility of
inadequate performance would be no greater than ncw exists, For
large jocbs, the state's statistical risk is reduced significantly,
because the total concrete is considered a single lot and all valid
values are included in the analysis of overall concrete quality.
It is emphasized that this approach is based on a continual appli-
cation of good control procedures during the entire job. Situations
involving obviously bad concrete must be corrected as they occur,
and such bad concrete must be removed from the job.
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Appendix B is a suggested revision of Section 219 of the
Virginia Department of Highways and Transportation Road and Brdee
Specifications to incorporate the statistical features of contin-
uous acceptance for pertland cement concrete. Tt is recommended
that this revision be reviewed by the Materials and Construction
Divisions, and that after preliminary revision it be evaluated by
using it on selected projects as a supplement to present procedures,
without actual implementation of the reduced payment schedule when
the concrete is acceptable under present proceduwes.

Significant aspects of the recommended revised specifications
are as follows:

1. The descriptive material concerning equipment and
procedures is unchanged for the present, although
some of the detailec instructions probably should
ultimately be deleted to provide the contractor
more flexibility. While a simple reference to
ASTM Specification for Ready-Mixed Concrete (C-94)
does not appear feasible, the requirements in Section
219 should be compatible with the ASTM specification
tc the extent possible. Concrete for highway con-
struction represents only a small percentage of the
volume of business for most readv-mix concrete pro-
ducers, thus significantly more restrictive plant
requirements would most likely be unenforceable.

2. The present revision does not require a submission
of a detailed quality control procedure by the
contractor as is done by the FHWA. However, subse-
quent action for this r2quirement may be desirable.
Should this occur, guidelines would be preparea by
the 'state.

3. The revised Sections 219.10 through 219.14 establish
a statistical acceptance for air content and strength
results for all classes of structural concrete and a
reduced payment factor to be used if deficiencies in
either property are indicated.

A suggested frequency of testing based on the total size of
the structure or project is included. The proposed schedule would
probably increase slightly the amount of testing for small iobs,
but would require about the same rate as now for large 3obs. Some
method for randomizing when samples are to be taken would be a
requirement for these tests. Under the new specification, accept-
ance would be based on the average 28-day strengths of a set of
three 4-in. x 8-in. specimens. Strength tests at 14 days, if made,
would be only by the concrete producer or contractor for his in-
formation.



Acceptance on the basis of predicted 28-day strengths
obtained by accelerated curing or the maturity concept is a
goal for the future, but further research is needed before a
recommendation can be made.

The revised section requires more stringent testing for
air content on concrete bridge decks than for incidental con-
crete, For bridge decks, the first 3 loads are tested, and when
these are in compliance, one randomized sample for each subse-
quent group of 5 batches is taken (not one for every fifth load).
Should a failing test result be obtained, each subsequent load
would be tested until 3 consecutive tests were in compliance.
A1l out-of-specification materisal would te rejected. Final accept-
ance and the pay factecr wculd be based or. the czcceptance samples
only. For randomly selected incidental conzirete, after the initial
sample is shown to be satisfactory, the air content would be de-
termined only on the results of tests on randomly selected accept-
ance samples, and final acceptance and pay factors would be based
on the statistical analysis of those results.

The final acceptance of concrete is based on a statistical
analysis of air content and strength results. Except for very
large jobs, the total concrete of a single class in a contract
would be treated as a single lot. A reduced payment would occur
when the analysis showed that with a producer's risk of 5%, more
than 10% of all the production of a given mix did not meet the
requirements for compressive strength (f'c) and air content. The
quality level is determined from a table of normal distributions
indicating the percentage above the limit using the standard de-
viation of all valid tests made for the project. This quality
level is determined after applying a correction factor to the
indicated average so that the producer's risk is reduced to 5%.
If adopted, the details of how to determine the indicated quality
level would be spelled out in a special Virginia Test Method to be
placed in the test manual. The proposed text for such a method
is included as Appendix C.

Except for testing at 28 days instead of 14 days, it is be-
lieved that adoption of the proposed revisions would not greatly
change the present procedures. For situations where all present
specifications are being met, the quality of the concrete being
placed is not likely to change; however, the revisions would es-
tablish a situation in which contractors with borderline materials
producing concrete with minor deficiencies could be penalized if
the strength of their concrete was lower than specified. Such
concrete 1s now accepted by the Department at full price. The re-
visions would also spell out how much is to be paid for any such
concrete left in place. Reduction of cement factors by producers
would not be permitted under this modification, but good control
would pay off by establishing a lower average that must be met
for 100% payment.

17



A further significant advantage would be a better knowledge
of the as-tuilt characteristics of the concrete that would pro-
vide a data base for subsequent performance evaluations.
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Conversion to SI Units

Pounds per square inch (psi) X 6.895 = kilopascal (kPa)
Cubic yard (yds) X 0.7645 = cubic metre (m3)
Square yard (ydz) X 0.8361 = square metre (mz)

Pounds per cubic yard (1b/yd3) «x 0.5933 kilograms per cubic

metre (kg/md)

Inch (in.) X 0.0254
x 25.4

metre (m)
millimeter

[

A 4 in. x 8 in. cylinder is nominally equivalent to 100 mm x 200 mm.

A 6 in. x 12 in. cylinder is nominally equivalent to 150 mm x 300 mm.
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APPENDIX A

HIGHLIGHTS OF STATISTICAL-BASED SPECIFICATIONS
FOR HYDRAULIC CEMENT CONCRETE

FEDERAL HIGHWAY PROJECTS (FP-79)

Structural Concrete

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

The minimum strength for each class of concrete is speci=-
fied on project plans.

The contractor designs the mix for each class he will use
on a project 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
and frequency of 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 equlpment
aggregate moisture control, hot and cold weather concreting, slump,
air, temperature, and strength testing.

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

The contractor must prcvide experienced and qualified personnel.
The contractor's personnel perform all sampling, testing, and in-
spection necessary to assure quality control.

The contractor certifies in writing that his concrete produc-

tion facilities are in conformity with State Highway Standards or
those of the NRMCA, Plant Certification Program, or others,
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The contractor keeps records of the nature and number of
observations made, including numbter and type of deficiencies
found, the quantities aprroved and rejected and the nature of
any corrective action taken.

Acceptance Sampling and Testing

Acceptance sampling and testing are performed by the engi-
neer. The contractor furnishes all materials to be tested to the
engineer. The engineer may designate one or more of the con-
tractor's quality control tests as an acceptance test, The proce-
dures used are as follows:

Air Content and Slump:

Use 100% sampling at the start of each day's pro-
duction.

When 3 consecutive samples meet the specifications,
change to random testing of 1 for every 5 successive batches.
Co back to 100% testing if any failure ocecurs.

Use T152 and T196 as appropriate for air content,.
T189 (Chace air indicator’ mayv be used for acceptance but
not rejection, Determine slump by T119, Slump accept-
ance but not rejection may be visually determined by
engineer,

Determine water-cement ratio from weight buckets.

If tests show a high water-cement ratio or a low
cement content, reject and remove the concrete from the
job site.

The time from batching to discharge of the concrete
shall nct exceed 1 hour. Additional 1/2 hour is allowed
if retarder is used.

Compressive Strength

Lots are accepted on the basis of the mean and range of accept-
ance test results.

Three, 4, or 5 acceptance samples, 2 cylinders each, are se-
lected randomly from each lot, depending on the size of the lot.



If no test result is below f',, accept the lot.

If any test result is belcw f'., use the tatle for the pay
factor (P.F.) to be applied.

P.F. = 1.0 -~ when strength equals or exceeds f'C + akR
P.F. = 0.95 — when strength equals or exceeds f'C + bR
P.F. = 0.85 — when strength equals or exceeds f'C + cR
P.F. = 0.70 — when strength is less than f'C + cR,
where
R = difference between smallest and largest strength value

for each lot (range); and

Hy
1"

minimum 28-day compressive strength specified on plans.

c
For 3 sample lot a = 0.18 b = -0.07 ¢ = -0,30
4 sample lot a = 0.20 b = 0.01 c = -0.,16
5 sample lot a = 0,21 b= 0,21 ¢ = =-0,10

For small lots of less than 3 samples, the engineer will
evaluate as follows:

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
following schedule

1.00 P.F. — average strength = 0.98 f'c or greater

0.35 P.F. — average strength less than 0.98 f'C but
.96 f'C or more

0.85 P.F., — average strength less than 0.96 f'C but
.94 f'C or more.,

0.7C P.F, — average strength is less than 0.9Y4 f’C

Batches not sampled are evaluated'by the engineer and accepted
or rejected on the basis of judgement.



FHWA REGION 15, SPECIAL PROVISIONS TC FP-79

Region 15 of the FEWA is the agency that has the respon81blllty
for constructing roads in Natiocnal 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 portland cement concrete
included in FP-79. The modifications provide for continuous accept-
ance of structural concrete. The special provisicns state that the
acceptance plan will accomplish the following.

"l. Reduce testing (from that required by present
FP-79), particularly on small quantity placement
operations.

2. Better define and enhance contractor responsibility
for quality control.

3. Improve contract administration by elﬂmlnathg the
'zero defects' clauses in FP-79 for slump, air
content, and water-cement ratio by adding a statis=-
tically based acceptance plan for air content.

4, Improve contract administration by improving the
accuracy of quality level assessments and ellmlnatlng
minor penalties for insignificant deficiencies.

Under the continuous acceptance plan all concrete productlon of
the same class and design strength is treated as one lot. During
the course of the work the contractor is advised of available accept-
ance test results and is given a projected pay factcr on the basis
of continuing the same quality level of production. It is cencelvable
that for larger jobs a contractor starting out with a prcjected pay
factor less than 1.00 could improve production to the degree that
the final factor is 1.00.

The following are the major steps necessary to implement con-
tinuous acceptance of portland cement concrete at the construction
project level.

1. A specwal Random Interval Sample Selection (Concrete)
Form is completed prior to the start of production.
This information remains confidential so that the
pr1nc1ple of randomness is preserved and the sampling
is unbiased. The contractor is nct aware of which
batches will be sampled until the time fcr sampling
arrives.



At the start of production, screening tests are
made to verify that air content, slump, temperature,
and water-cement ratio (verified from ticket) are
within specifications. The contractor 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 te tested for the statistical
analysis of test results. Test results on such
especially tested or rejected loads are not included
in the final evaluation of the quality level.

The engineer maintains a cumulative concrete 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 deviation are calculated
from 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 95% 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)
=TT T
PR ST
where s = standard deviation, and
T = estimated final total number of samples.

T may be corrected periodically until the
final number of samples (N) is known.

T
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The producer's risk correction (Cpp) is then
added to the average of the test resulgs a&nd the
corrected average, £c, 15 used to determinz the "z"
factor tc be used as the basis for establishing the
indicated quality level from normal distribution
tables, The equations are

Xc = x + Cpr and

¥ o~ LL
- et b
Z =
i C

where

x|
i

actual average of test results,

3
!

= producer's risk correc*tion,

{0

= correctad average,

0

z = factor for determining quality level from
normal distribution table,

LL = lower speciiication limit, and

g = standard deviaticn.,

The indicated quality level i1s then corrected to
give the contractor credit for defective concrete which
i1s thsoretically considered in the computed quality level
but is not incorporated in the work. The correction
applied is the percentage of the total ccncrete delivered
to the Job site that was rejected.

Compute the projected payv factor and advise the
centractor of results at least once a week when the
project pay factor is lese than 1.00 or cnce a month
when equal to or more than 1.0CC,

Compute the final pay factor on the basis ¢of the over-
all average and the standard deviation of all valid
tests for strength and air content.

When the results of air content tests indicate, with
a producer's risk c¢f 5%, that less than 90% of all produc-
tion meets the specification requirements, then a reduced



pay factor (RP,) will be applied. This is computed as

QL_ + 10
RP_ = —Fe?
a 100
where
RPa = reduced pay factor for air, and
QL, = quality level for air (percentage

meeting specifications).

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 producer's risk of 5%,
that less than 90% of all production of a given mix
meets the specification requirement for f'., then a
reduced 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)2,

RPg = 10,000

where

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

QL. = quality level for strength (percentage
s . o : :
meeting specifications with respect to
strength).
In the event that neither air content nor 28-day

strength meet the required 90% quality level, then a
net reduced pay factor (FPy) will be computed as

RPN = RPA X RPS.

This figure will not be less than 0.70.

+ .
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RPy will be projected periodically during the
course of production. In the event RPy is less than
1.00, the progress payments will be reduced according-
ly.

If at any time during production RPy is projected
to be at the minimum level (0.70) and the contractor is
taking no effective action to imprecve the deficient
quality levels, the engineer may order production stopped
until the deficiencies are corrected.

The pay reduction in collars is computed as follows:
For concrete bid by the unit (cy, etc.)
PR = C x Q X BP X (L - RPN),
where

PR = price reduction in dollars,

C = a cost factor equal to 0.35 representing
the estimated concrete portion of the bid
item,

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

BP = bid price per unit, and

F?,. = net reduced pay factor.

For concrete included in a lump sum

PR = C x Q x L8 x (1 - RP,)/T,

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

octher symbols are same as above.



GEORGIA

The contractor submits data on the mix design at least 35
days in advance of starting the job. These tests must be pre-
pared by an approved testing laboratory.

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 of concrete.

Classes 1 and 2 are verified for early strength development
in accordance with ASTM C-584 Method A (Accelerated Cure).

Flexural Strength

The Design Acceptance Range (DAR) for flexural strengths
established for each class is as follows:

Class 1 — DAR 600 psi + 0.67 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 adjust proportizns of fine and coarse
aggregate in his mixes but the cement factor must not be decreased
and the water-cement ratio must not be increased.

No concrete is accepted with entrained air less than 2.0% or
mcre than 6.5%.

A-S
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£ lot acceptance plan by variables is used to determine
strength acceptability.

Lets are approximately 5,34b yd.2 of concrete placed contin-
uously except for overnight or other minimal discontinuation. Ramps
are considered as separate lots. Three production units are ran-
domly selected for strength tests from each lot.

For Class 1 and Class 2 concrete a minimum of 2 sets of 2
cylinders (6 in. x 12 in.) are made for each production unit. Cne
set 1is cured by ASTM C-684 (Method A) (Accelerated) ancd one by
AASHTO T223 (normal). The minimum average acceptable early strength
is the average strength a%t 24 hours of the laboratory design less
1.5 times the standard deviation cf the laboratory design. If the
average of 3 lot acceptance tTests exceeds the value of the JPV,
accept the lot at full contract price and discard the 28-day cylin-
ders. The strength tests for & set of cylinders are not accepted
if the range of the results exceeds 35% cf the average. When &
failing test is obtained, the contractor is no*ified immediately.
He then has the option of remcving or leaving the concrete in
place pending acceptance or rejection on the basis of 28-day strength
test results.

If the concrete is left in place and the 28-day strength is
below specifications, the contractor can remove the concrete or
accept partial payment as follows:

Pav Factor L AL
Class 1
1.0¢C 3,000 + 0.18 R
0.85 2,000 - 0.C7 R
0.70 2,000 - 0.30 R
Class 2
1.00 3,500 + 0.21 R
0.98 2,500 - 0.C7 R
G.70 ‘ 3,500 - 0.30 R

where

LAL is the lower acceptance limit and
R is the range of results.



When the lower acceptance limit for the 0.70 pay facter is
not met, the engineer may order removal. If the concrete is
left in place, the payment is 50% of contract 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
factor.
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LOUISIANA

General Requirements

Plants are certified by the Department.
Laboratory facilities are furnished by the contractor.

The contractor must have a qualified concrete batcher on the
job.

Cement is certified by the manufacturer., If not certified,
trovisions must be made for storing the cement for 12 days or until
the tests are completed.

The mix design is submitted by the contractor for approval.
The cdesign must include the source of all materials.

Wnen pretests are requirec, the mix design must be submittad
at least 45 days prior to start of work.

Control Tests

The contractor is responsible for the gradation of coarse and
fine aggregate, slump tests, air content, and temperature. The
procuction mix must conform to the mix design within specified
control limits for individual samples.

Results are plotted cn control charts for individual samples.

For structural concrete, each lot is represented by a minimum
of 2 indivicdual tests.

Adiustments to the mix design may be made by the contractor
for slump, air, etc. The cement content can exceed the minimum in
the mix design with prior notification of the Department,

The average strengths of test cylinders must exceed set mini-
mums. Therefore, all variabilities are considered the samej that
is, it is assumed that all prcducers have the same standard devi-
ation for their product.

The lot size for structural concrete is not to exceed 200 yd.3
If the range is 200-400 yd.9, divide into 2 equal lots. Pours
exceeding 400 yd.3 are represented by 3 lots. Take 2 random batches
for making cylinders from each lot. Make 2 cylinders for each
batch., Test all 6 specimens at 28 days.



MARYLAND
The contractor submits the mix design for approval.

Trial mix testing is required with an authorized representa-
tive of the state materials engineer present. These tests must
be made at least 28 days prior to job start.

The contractor cures the specimens and delivers them to the
Maryland laboratory for tests, The strengths in the trial tests
are expected to be about 25% above minimum.

The frequency of testing and resporsibility are as follows:

Control tests: Slump: 1 for each 50 yd.3 — made
by project engineer; air
content: 1 per 50 yd.3 —
made by project engineer.

Compressive strength specimen: 1 per 50 yd.3 or as
randomized by engineer.

If the first slump or air content test fails, accept or
reject the batch on the basis of a second test result.

When average strengths are lower than indicated by the
trial mixes, corrective measures are taken. No partial payments
are applied. Case-by-case disposition is made of failing tests.

FREIANS



NEW JERSEY
The contractor establishes the mix design.

The mix design is verified by contractor's tests with a state
representative present.

For mix design approval, 6 test cylinders are prepared for
each trial batch.

The target strength for the design is set at 500 psi above
the minimum specification requirements for each class.

Minimum levels of the average for the desired quality are
giveri in the specificaticns,

Acceptance levels are based on a maximum of 10% defective

for all classes of concrete except prestressed, which is set at
5%,

The acceptance formula is

X =D + 7

[43]
-

where

D = design strength,

Z = 1.8485 for 5% defective or
1.282 for 10% defective, and

s = standard deviatior.

The standarcd deviation is established for each contractor on
the basis c¢f cylinders tested by the state. The current standard
deviation for any contractor is based on the most recent 10 lots
cr 1 month's production, whichever is the larger sample size. Lots
need not be all tre same class concrete.

When sufficient data are not available, the standard deviation
is set at 1,000 psi until at least 10 lots are available.

For acceptance the lot size is set at 500 cu. yd. or 50 truck-
loacs, whichever is smaller. Ratches (or trucks) are selected
randemly.

Structures are taken as 1 lot unless the volume exceeds 1 day's
production, 300 yd.3, or 50 truckloads. If the volume of concrete
is to be divided, divide intc equal lct sizes.
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Six samples are normally taken from each lot (n = 6), If n
is other than 6, tables for QI are provided in the specification.

The pay factor for any lot of concrete is determined by the
following formula:

Pay factor = 115 - percent defective.

If the pay factor is greater than 1, credit
is given to offset lots with a pay factor less
than 1. But the actuel payment never exceeds
100% of the bid prinze.

No retests are made when strength tests on cylinders show 30%
¢r less defective. Payment is made on the basis of the pay factor
formula.

“hen the percent defective for cylinder strengths exceeds 40%
(30% prestressed), retest by corlng If low strength is confirmed,
concrete may be removed If left in place, use larger pay factor
shown by test but not less than 50%

When single tests are below the limits set in the specifica-
tion, retest by coring or by nondestructive means. If retests show
low strengths, establish the quantity involved and treat as a sepa-
rate lot. Evaluate the remainder on basis of other tests.

For slump and air content tests, select batches randomly at
the same rate as required for compressive strength tests. While
these tests are being made, hold the concrete in the truck or
bucket., If tests are within limits, accept the concrete, If
tests are outside the limits, make z second test on the same load.
If the second test is within limits, accept the concrete. If not,
reject and remove load from job site.

The specification allows one adjustment for slump.

If the air content is low, additional air-entraining agent
may be added, but if the second test fails, reject the load.

A-15
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CHIO

Ohic uses a statistical specification for portland cement
concrete on bases only.

Its recuirements 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
labeoratory (CCRL inspection is adeguate) 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 apvroved by the engineev,

The contractor must have qualified personnel on the job or
ctherwise available,

The amocunt of cement to be used is determined by the con-
tractor,

Acceptance testing is done by the state.

The lot size is 5,000 yd.2 Four tests are
macde per lot, stratified on the basis of 1
per sublot of 1,500 yd.“ One air content
test is made for each sublot,.

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

X -1
Q; = )
Lk v
where
L = lower specification limit,
7 = average of lot, and
R = range oI lot.

Acceptance is based on compressive strengths of cores taken
from each sublct at random location at 1l4-26 days of age. Con-
crete can be rejected if honeycombing or segregation 1s noted.



WEST VIRGINIA

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
nust show the following:

Nature and number ¢f observaticns mace
Number 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 for aggregate 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

Moisture — as specified

Combined aggregate + cement:

A — as specified

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

Consistency (bridge superstructure) — each fifth batch
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Temperature — as specified

Yield — as specified

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

2
1 set each additional 100 yd.~

The contractor has the option of using the predicted strength
at 28 days based on curves established 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 81 days olc.
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. Alsc, the average of any 5 consecutive tests must exceed
the design strength.

Structural concrete is accepted when at least 83% of the cylin-
der test results are above *the design strength (specification mini-
mum). Alsoc, 99.8% must be at leas® 1 ¢ above design stress,

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

>

X = f'c (design strength) + K, 0 and £f'_ + K, 0.

1 C 2

Kl and K, are based on numbers of tests available,

When n

30: K, = 1.5; K2 = 3.0

,_;J

i

When n 16: K

1.6; K, = 3.615

[t

Kl and K2 values are given for n = 10 through 30.

When n equals or exceeds 30, values for

Yo

5
-

n = 30 app
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SECTION 219—HYDRAULIC CEMENT CONCRETE

Sec. 219.01 Description—Cement concrete shall consist of an approved
hydraulic cement. a fine agpregate, a coarse aggregate, water. and such
admixtures as may be speciied, miaed in the approved proportions for
the various ciasses of concreie, and by one of the methods hereinafter
designated.

Sec. 219.02 Materiails—The Contractor shall assume the responsibility
for the quality controt and condition ot all materials during the handling,
blending, and mixing voerations. The Contractor «nall as>ume responsi-
bility for the initial dererminution and ail necessary subsequent
adjustments in proportioning ot materiais used to produce the soecified
concrete. The proporiion of fine and coarse aggregate shall satisfy the
necessary placing, consolidation. and finishing requirements. and the
actual batch quantties shall pe adjusted dunng the course of the work 10
compensate lor chanuges n workaoiiity caused by ditferences in
characteristics of aggregates and cements within the specification
requirements. Such adiustments are to be made only by the Contractor
and n such a way ax not to change the yreld.

{a) Cementshaliconform to Secuon 216 and shall be Type I1. unless
otherwise permitted herein or otherwise specified in the
contract. Tvoe {-P cement may be used except (n concrete
pavement or bridge decxs. Type [II cement mav re used in
prestressed members. except piling. Type IlI Modified cement
may be used in all prestressed members and when the use of
High Early Strength Concrete is authorizec.

(by Fine aggregate shal conform to Section 202 for Grading A.

(cy Coarse aggregate shalt be stone. air-cooied blast furnace slag, or
gravel conrorming to Section 203 for the class of concrete being
produceuy.

(dy  Water shall contorm to Section 218.
tey Admxtures shall conform to Section 217,

()  White portiand cement concrete shall conform with this section
except as foilows:

i. Cement snall be white portland cement conforming to the
requirement< ot Section 216 for Type | portland cement.
except that it shall contain not more than 0.55 percent by
weight of ferric oxide (Fe._,O”‘

3

Fine aggregate shall consist of clean, hard, durable.
uncoated particies of quartz composed of not less than 953
percent silica, free from iumps of clay, sott or flakv matenal.
lvam, organic or other imjurious material anc otherwise
meeting the requirements of Section 202 for the class of
concrete being produced. [t shall contain not more than 3
percent inorgamc silt by actual dry weight, when te<ted in
accordance with AASHTO T1l. Stone sands which have
demonsiratea that they produce an acceptabie white con-
crete may aiso be utihized.

Coarse aggregate shall be crushed stone. or crushed or
uncrushed gravel contorming to the requirements of Section
203 for the class of concrete being produced.
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Sec. 219.03 Handling and Storing Materials—

(a)

(b)

‘C)

Aggregate: The Contractor shall furnish coarse aggregate con-
forming to Section 203.

Stockpiles of both coarse and fine aggregates may be placed
adjacent to the batcher on ground that is denuded of vegetation,
hard. and well drained. The different sizes and kind of
aggregates shall be kept separate during transportation, handl-
ing. storage, and until batched. If necessary, partitions of
suitable height and strength shall be constructed between the
various stockpiles to prevent the different materials from
becoming mixed. Care shall be taken to prevent segregation of
the coarse and fine particles of agziegates from tiking clace
during handling or hauling. The inclusion of foreign materials,
when the aggregates are be.ng removed from the transporting
vehicles or storage piles and placed into the bin of the datcher or
the skip of the mixer. will not be permitted.

Aggregates placed directly on the ground shall not be
removed from the stockpiles within one foot of the ground until
the final cleaning up of the work, and then only the clean
aggregate will be permitted to be used.

The coarse aggregate shall be maintained to at least a
saturated surface-dry moisture condition. The Contractor will
be required to wet the stockpile the night previous to its use, and
to sprinkle the aggregate during the day. as is deemed necessary
by the Engineer.

If. in the opinion of the Engineer. the method of sprinkling
used is not providing satisfactory results. he may require thatan
approved mechanical sprinkling system be provided.

Fine aggregate which has been washed shall not be used
within 24 hours after being placed in the stockpile. or until
surplus water has disappeared and the material has a uniform
free moisture content. Stockpiles shall be so located and
constructed that the surplus water will drain away from the
stockpiles and the batcher.

Batching direct from the washing plant will not be permitted.

Cement: Reclaimed cement or cement that shows evidence of
hydration. such as lumps or cakes. shall not be used.

Loose cement shall be transported to the mixer either in tight
compartments for each batch, or between the fine and coarse
aggregate. Cement in original shipping packages may be
transported on top of the aggregates. each batch containing the
number of bags required.

All cement shall be stored in suitable weather-proof
structures which will protect the cement from campness. Small
quantities may be stored in the open with approved waterproof
protection.

Miscellaneous Materials: Admixtures shall be stored and
handled in such a 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 shall be discontinued unless conditions justify a change
in the dosage.
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Sec. 219.04 Measurement of Materials—All measuring devices shall be
subject to approval. Aggregates and cement shall be measured by weight.
The fine and coarse aggregate and cement shall be weighed separately.
Cement in standard packages. 94 pounds net per bag, need not be
weighed, but buik cement and fractional packages snall be weighed
within an accuracy ot one percent.

The mixing water shall be measured by volume or weight. When
measured by volume. the holding tank shall be of sufficient size to
hold the required yuantity for any one batch. The water measuring
device shall be readily adjustable and shall be capable of delivering
the required amount. Under all operating conditions the device shall
have .n accuracy within one percent ot the gquantity of water required
for the batch.

All aggregates shall be measured by weight within an accuracy ot 2
percent. Prior to mixing concrete. the moisture content of the aggregates
shall be determined and proper allowance made for the water content.
Moisture determin:.tions shall be performed prior to starting of mixing
and subsequently thereafter as changes occur in the condition of the
aggregate. The Contractor shall be responsible for performing motsture
determinations as weil as tests for slump and air content an¢ providing
the necessary testing equipment.

The amount of admixture required shall be added within a limit of
accuracy of 3 percent and shall be dispensed by means of an approved.
graduated. transparent, measunng device to the mixing water before it 1s
introduced into the muxer. In the event more than one admixture is to be
used, such admuxtures shall be released into the mixing water in
sequence ratner than at the same instant. Once established. the sequence
of dispensing admixtures shall not be altered uniess specifically
authonzed by the Engineer. Admixtures shall be used in accordance with
the manufacturer’s recommendations

All tolerances stated for measurement of materials wili be appiied to
approved mux design quantities.

Sec. 219.05 Equipment Requirements—Equipment and tools necessary
for nandling materials and performing all parts of the work must meet
with the approval of the Engineer,

(a) Batching Equipment: Bins with separate compartments for fine
aggregate and for each required size of coarse aggregase shall be
provided in the batching plant. Bins for bulk cement shall be so
arranged that the cement i« weighed on a scale separate from
those used for other materiais. and in a hopper entirely free and
independent of the hoppers used for weighing the aggregates.
The weighing hopper shail be properiy sealed and vented to
preciude dusting during operation. Each compartment shall be
designed 1o discharge efficientiy and freely into the weighing
hopper. Means of controf shall be provided so that the material
may be added slowlv and shut off with precision. A port or other
opening shall be nrovided to remove any overrun of anv one of
the several matenals {rom the weighing hopper. Weighing
hoppers snali e constructed so as to prevent accumulation of
mateniais and to discharge fully.

The scales for weighing aggregates and cement shall be of
either the beam-type or the dial-type and shall be approved and
sealed in accordance with Section 109.01. All beam-type scales
shall be equipped with appropriate balancing means. A
minimum of 10 fifty-pound test weights shall be made available
ateach plant for the purpose of verifying the continued accuracy

~ of the weighing equipment.  These test weights shall be
calibrated by the Weights and Measures Regulatory Section of
Virginia Department of Agricuiture 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.

UI’J
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(b} Safety Requirements: Adequate and safe stairways to the mixer
platform and sampling points shall be furnished and guarded
ladders to other plant units shall be placed at all points where
accessibility to plan operations is required.

All exposed fulcrums, clevises. and similar working parts of
scales shall be kept clean. When beam-type scales are used,
provision shall be made for indicating to the operator that the
required load in the weighing hopper is being approached; the
indicator shall indicate at least the last 200 pounds of load. All
weighing and indicating devices shall be in full view of the
operator while charging the hopper and he shall have convenient
access to all controls.

(¢} Trucking Equipment: All trucks, truck bodies, bulkheads,
cement compartments and other eq:nipinent or accessories used
in the proportioning and transpoitation of concrete materials.
shall be so designed and operated as 10 insure the charging of the
mixer, batch-by-batch, with the proper amount of each material,
without over-spilling, intermixing of batches or wastage. Any
units which. as determined by the Engineer, do not operate
satisfactorily shall be removed from the project until corrected.

(d) Mixers and Agitators:

1. Mixers may be stationary mixers or truck mixers. Agitators
may be truck mixers or truck agitators. Each mixer and
agitator shall have attached thereto. in a prominent place by
the manufacturer, a metal plate or plates on which is plainly
marked the various uses for which the equipment is
designed. the capacity of the drum or container in terms of
the volume of mixed concrete and the speed of rotation of the
mixing drum or blades. Each stationary mixer shall be
equipped with an approved timing device that will not permit
the batch to be discharged until the specified mixing time has
elapsed. Each truck mixer shall be equipped with an
approved counter by which the number of revolutions of the
drum or blades may be readily verified.

The mixer shall be capable of combining the ingredients of
the concrete into a thoroughly mixed and uniform mass and
of discharging the concrete with a satisfactory degree of
uniformity as indicated in Paragraph 4 herein.

[

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

4. All mechanical details of the mixer or agitator, such as water
measuring and discharge apparatus, condition of the blades,
speed of rotation of the drum, general mechanical condition
of the unit and cleanliness of the drum, shall be checked
before use of the unit is permitted. The Engineer may
require, from time to time, consistency tests of individual
samples at approximately the beginning, midpoint, and end
of the load. If the consistency measurements vary by more
than 2 inches for slump between the high and low values. the
mixer or agitator shall not be used unless the condition is
corrected. ’

Sec. 219.06 Worker Qualification——AH sources supplying concrete to the
Department shall be required to have present during the batching
vperations. a Certified Concrete Batcher and/or a Certified Concrete
Technician. A Centified Concrete Batcher is that person who actually
performs the batching operation. He shall never initiate adjustments and
will be permitted to implement adjustments onlv at the direction of a



Certified Concrete Technician, unless his certification carmies this special
authorization. A Certified Concrete Technician is that person who is
capable of performing adjustments in the proportioning .- materials used
to produce the specified concrete. should such adiustments prove
necessary. Certfication shall be by the Department., awarded upon
satisfactory completion of an examination.

The concrete producer shaii so pian his batching operations that
delays do not occur due to the absence of certified personnel. In cases of
emergency, the concrete producer shail have readilv available for service
a Certitied Concrete Batcher andior a Certified Concrete Technician to
replace the reguiar personnei assigned to these jobs. Shouid cases of
extreme emeregency arise during actual batching operations. this
requirement wili ~e temporarily waived by the Engineer in order to
compiete > e ptacing of concrele on the portion or secuon vt a structure
involved. Additionul oatching operations shall not be imtiated until the
services of a Certifiea Concrete Batcher and/or a Certified Concrete
Technician have besn obtained

The Department’s inspector will never assume by act or word the
responsibility of batch controf adiustments, calculations, or the setting of
diais, gages. scaies und meters.

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

The Contractor shall submit for approval concrete mix designis}
meeting the requirements in Table [1-15 for the specified class of concrete
prior 10 mixing any concrete

The Contructor shalf furnish and incorporate an approved ' Water-
Reducing and Retarding Admixture’ in Class A4 bridge deck concrete.
unless waived in writing by the Engineer. and in other concrete when
conditions are such tnat inmitial st mas occur prior to completion of
approved nnishing operations. An approved *'Water-Reducing Admix-
ture”’ shall be furnished and incorporated in concrete when necessary to
provide the required ~tuiap without exceeding the maximum water-
cement ratio and shall ne used (n Class A4 bridge deck concrete when the
requirement tfor a "Water-Reducing and Retarding Admixture’”
waived by the Encineer. The two admixtures shall not be used togetnerin
the same concrete batch. Al costs for admixture(s) shall be included in
the price bid tor the respective concrete item.

Concrete shall be atr-enirained unless otherwise specified. The air
content shall be as reguired in Table 11-15. Air content will be determined
by the pressure method. AASHTO T152. for concretes with natural
aggregates. and by the voiumetric method. AASHTO TI96. for
concretes with aggregates of high absorptions. such as slags or expanded
shales, clays or slates.

The classes and uses of concrete recognized in these specifications
are shown in Table t1-1¥,

The quantities of iine and coarse aggregates necessary to conform to
these specifications in regard to consistency and workability shall be
determined by the method described in "Recommended Practice for
Selecting Proportions ior Concrete’ (ACI 211), except that proportions
shall be computed on the absolute volume basis and the 10 percent
adjustment allowed 1in Table 5.2.6 will not be permitted; or ~"Recom-
mended Practices for Selecting Proportions for Structural Lightweight
Concrete’ (AC1 211.2). The actual quantities used. as determined by the
methods described herein. shall not deviate more than plus or minus 3
percent from such quantities.



TABLE 11-15

REQUIREMENTS FOR PORTLAND CEMLENT CONCRETE

Design
Mimmum
Laboratory
Cormpressive Norm:na: . Maximum
TILASS OF Strength at Aggregate Maximm Minimum (égnm(::i Ih“ ﬂ\::r(vcr Consistency. Inches
. . s Wa PO, .
CONCRETE 28 Days Size Aggregate Grade Ibs./cu. yd. Per Air Content
psi number Size Aggregate minimum Ibs. Cement Slump Ball Penetration percent
AS Prestressed and other special 5000 57 Lin. A 635 0.49 0-4 0-2 42
designs ..., e e :
A4 Posts and rails® ... ... 4000 7 Yein A 635 0.47 2-5 1-3 7
A4 General Use ................. 4000 7 tin A 635 0.47 2-4 02 644 = 1%
Al GeneralUse .. ............... 3000 57 Lin. A 588 C.49 1-5 o3 6 =2
AlPaving ......... ... ... 3000 h 1in A 564 0.49 0-3 0-2 6=2
B2 Massive or lightly reinforced . .. 2200 57 tin. B 494 0.58 0-4 0-2 4=2
C1 Massive unreinforced ......... 1500 57 Lin. B 421 0.7 03 02 42
T3Tremie Seat . ..... ... ... ... 3000 57 fin. A 635 0.49 36 4+2
A set retarder admixture <hall be used unless waived in writing by the Engineer.
S Aggrerate size Noo 7 hall be used tnconciete posts, raths (rot paripet wallsyand other thin sections above top of bridge deck sdabs when necessary for case m
plawvement
Note' The Contractor. at his option, may substitaie i higher class of concrete for that specified at no additional cost to the Department.
<";
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Sec.

In the event concrete can not be obtained with the required
workabilitv or consistency or within the maumum water content with
the materials furnished by the Contracier. he shall maxe such changes as
are necessary o secure the desired properties subject to the miting
requirements in Table {1-15 and the apnroval of the kngineer. When the
void content of the fine aggregate 1s more than 50.3 percent and the
concrete does not huve the desired properties. the Contractor shall
change to 4 ine aggregate having a void content of less than 50.5 percent.
In heu of chaneging the fine aggrecate. the Contractor may take one or
more of the following acuons: ii; use an approved water reducing
admixture; (2) increase the cemeni content: (3) change the source of
coarse aggregale: (4) n hot weather. add ice or otherwise reduce the
temperature to increase the workability: (5) other recommendiation by
tne Contractor as approved by tne Engineer. However. when any of the
options are exercised. the Contractor shall make a trial batch to rerify
that the concrete of the required workabiiity und consistency i< within
the maximum water content. When the fineness moduius of the fine
aggregate changes more than 0.2 trom the origmal design and the
concrete does not have the desired properties. the concrzte mix <hall be
re-designed. The Contractor w:ii not m¢ compensated ror any additional
costs which mav accrue as a result of such adustment.

219.08 Mixing—The method of mixing shall be approved by the
Engineer prior to the beginning of any concrete work.

The volume of concrete mixed per batch shall not be fess than 15
percent nor more than ! 10 percent of the mixer’s rated capacity.

Concrete which becomes nonplastic. unworkable, or outside the
limits of the slump specihed shali not be used. The use of retempered
concrete will not be permitted. Delivery of concrete shall be so regulated
that placing is at a continuous rate. The intervals between delivery of
batches shall not be ~o great as te allow the concrete in place to harden
partialiy.

Mixing shall conform to one of the following methods:

(a; Mixing at Job Site: Concrete shall be mixed in a batch mixer so
designed as to posiuvely insure a umiform distnibution of the
materiais throughout the mass. When bag cement is used.
batches shall be proportioned on the basis of integral bags of
cement.

Mixing shall be in accordance with paragraph (b) 3.

Upon the cessaiton of mixmg for more than 30 minutes. the
mixer shail be thoroughiy cleaned.

(b} Ready-Mixed: Ready-mixed concrete shall be mixed concrete
delivered to the designated point readyv for use. The ready-mix
plant shall be approved prior to use. and in the event satisfactory
quality concrete is not produced, such approvai wili be
withdrawn.

Each load of transit or shrink mixed concrete shall be
accompanied by a form issued by the piant inspector showing
the time the cement was introduced 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 do not carry
such information, except as stated hereinafter, or which do not
arrive in satisfactory condition shall not be used in the work.



In lieu of inspecting the batching of every load of concrete at
the plant and testing at the point of delivery. small quantities of
concrete for miscellaneous items may be accepted by the
Engineer based upon batch information furmished by the
Contractor (or Supplier) on weight tickets; and. based upon
visual examination or testing at the point of delivery. The
frequency of batch verification by an Inspector at the source and
testing for acceptance at the point of delivery will be established
by the Engineer based upon the Department’s current accep-
tance program and local conditions encountered.

Upon the cessation of mixing for more than 30 minutes. ke
mixer shall be thoroughly cieaned. The use of wash water as a
portion of total mix water for subseguent batches wili not be
permitted.

Each batch of concrete shall be delivered 10 the site of the
work and discharged within the time specified herein.

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

Maximum Time Between Introduction of
Cement to the Mix and Discharge, Hours

Air Temperature
Up to 80°F | 80-90°F | Above 90°F

Agitator Type Haul Equipment
Class A3—General Use

(Retarded) 214 2 144
Other Classes and Usages
(Retarded and Unretarded) 14 1va 1
Nonagitator Type Haul
Equipment—AIll Concrete 1 34 %3

The times given herein for retarded concrete are provided to
accommodate the physical limitations of a formed section or
scattered locations of small increment placements and shail not
be used to accommodate slow and noncontinuous placements
caused by poor planning or scheduling. inadequate equipment
or personnel, or excessive haul distances.

Mixing and delivery shall be in accordance with one of the
following:

1. Transit Mixing—The concrete shall be mixed in a truck
mixer. Mixing shall begin immediately after all ingredients
are in the mixer and shall continue for not less than 70 nor
more than 125 revolutions of the drum or blades at not less
than 14 nor more than 20 revolutions per miniate Jnless
otherwise directed by the Engineer.

Additional rotations of the drum or biades shall be at the
rated agitating speed. The mixer shall be operated within the
capacity and speed ot rotation designed by the manutacturer
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 a truck mixer with not less than
60 revolutions nor more than 100 revolutions of the drum or
blades at the rated mixing speed. unless a lesser or greater
number of revolutions is directed by the Engineer. Addi-
tional rotations of the drum or blades shall be at agitating
speed. The stationary and truck mixers shall be operated
within the capacity and speed of rotation designed by the
manufacturer of the equipment.

3. Central Mixing—The concrete shall be completely mixed in

a stationary mixer and the concrete transported to the point
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of delivery in agitator or nonagitator type equipment. The
use of nonagitator type equipment will be approved only
when the location of the plant is in the immediate vicinity of
the project.

The mixing time for mixers having a capacity of one cubic
vard or less shall be a minimum of 60 seconds. Mixirg time
for mixers having a capacity of more than one cubic yard and
less than 10 cubic yards shall be a minimum of 75 seconds.
uniess a lesser time is approved by the Engineer following an
evaluation ot performance tests. Performance tests shail be
conducted by a recognized commercial laboratory at the
expense of the Contractor in accordance with VTM-17. The
lesser times will be approved providing the requirements ot
VTM-17 are met.

The requirements stated in VTM-17 shall not be
construed as a nullification of the requirements of Table
[I-15. In the event subsequen:! evaluation check tests
performed by the Department indicate that the reduced
mixing time 1s not satistactorv, the Department reserves the
right to require the Contractor 1o reestabiish the necessary
mixing time.

in no case shall the mixing time be reduced below 40
seconds. The mixing time is denned as starting when all the
solid materials are in the mixing compartment and ends when
any part of the concrete pegins to discharge. The mixer shall
be operated at the drum speea snown on the name plate of
the approved mixer. Any concrete mixed less than the
specified time will be rejected.

Mixing time tor mixers having a capacity of over 10 cubic
vards shall be as determined by the Engineer.

Bodies of nonagitating equipment used for transportation
of concrete shall be smooth, monar-tight metal containers
and shall be capable of discharging the concrete at a
satisfactory controlied rate without segregation. Upon
discharge of the concrete. the body of the equipment
shall be free ot all concrete. Concrete shall be delivered to
the site of the work in a thoroughly mixed and uniform mass.
The Engineer may require from time to time. consistency
tests of individual samples ut approximately the beginning.
midpoint and end of the foad. If these consistency measure-
ments varv by more thun 2 inches for siump between the
high and low values. mixer or agitator equipment shall be
used 1n lieu of nonagitating equipment, uniess the condition
is corrected.
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(c)

Hand Mixing: Hand mixing will not be permitted except in case
of emergency and with special permission. When permitted. the
batches shall not exceed ¥ cubic yard and shall be mixed on
watertight, level platforms in a manner approved by the
Engineer.

Sec. 219.09 Mixing Limitations—The Contractor shall be responsible for
the quality of the concrete placed in any weather or atmospheric
conditions.

At the time of placing. concrete shall have a temperature in
accordance with the following:

(a)

(b)

(c)

(d)

Class A3 general use concrete used in the construction of
incidental items specified in Division V. 2xcept ~etaining walls,
shall be not less than 40°F nor more than 95°F.

Class A3 paving concrete placed by the slip-form method and
containing an approved water reducer shall be not tess than 40°F
nor more than 95°F.

Class A4 concrete used in the construction of bridge decks shall
be not {ess than 40°F nor more than 85°F.

Retaining walls and other concrete not specified in (a), (b) or (c)
herein shall be not less than 40°F nor more than %0°F.

In cold weather. the water and aggregates may be heated to not more
than 150°F to maintain the concrete at the required temperature. The
heating apparatus shall be such that the materials will be heated
uniformly and preclude the possibility of the occurrence of overheated
areas which might injure the materials. Live steam shall not come in
contact with the aggregates. Cement shall not be heated. Heating
equipment or methods which alter or prevent the entrainment of the
required amount of air in the concrete shall not be used. Matenials
containing frost, lumps. crusts or hardened material shall not be used.

In hot weather. the aggregates and/or the mixing water shall be cooled
as necessary to maintain the concrete temperature within the specified
maximum.

<
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Sec. 219.10 Quality Control — The Contractor shall te 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
production records, and, if requested, informational copies of mix design,
materials certificates, and sampling and testing reports. ’

Sec. 219.11 Acceptance of Production — The Department will be responsible

for acceptance of production. The following acceptance procedures will be

used to determine overall the acceptability of each lot of concrete production.
A lot is defined as a definite quantity of concrete manufactured under conditions
of production that are considered to be uniform. Unless otherwise stated, for
structural and incidental concrete all the concrete of a given class included
as a separate bid item in a contract will be considered a single lot. TFor
paving concrete the total pavement shall be considered a single lot, except
where the volume exceeds 1,000 yd.3. For such large projects the nominal lot
size will be 1,000 yd.3. 1In addition to these procedures, the Department may
reject any concrete which is obviously defective, or test and reject any
concrete that does not meet the requirements of these specifications.

Concrete which ultimately fails compressive strength tests and, based on
an analysis by the Department, i3 so located 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 concrete. Replacement
concrete shall be produced and will be accepted in accordance with these
specifications (Section 219).

(a) Temperature: The Department's representative may determine the
temperature of any batch of concrete after delivery to the job.
All batches with temperatures not in compliance with Section
219.09 will be rejected and removed from the job.

(b) 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.

(¢) Tests for Air Content, Consistency, and Strength: Sampling and
testing for air content, consistency, and strength shall be
conducted in accordance with Section 219.12.

Sec. 219.12 Sampling and Testing —

(a) 1Initial and Monitoring Sampling and Testing: The first batch
during each production day shall be sampled and tested for
temperature, air content, and slump prior to further discharge.
In the event of noncompliance, the material shall be rejected
and each succeeding batch shall be similarly sampled and tested
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until production is demonstrated to be in compliance with the
specifications. Subsequent to the initial sampling and testing,
air content and slump will be monitored by the Department as
needed to ensure that the specification requirements are con-
sistently 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-141, which permits a sample to be taken
after 2 ft.3 have been discharged. Initial and monitoring air
content tests may be performed by AASHTO T-199. Should any deter-
mination yield a result which is outside the allowable range of
air content or consistency, the following action will be taken.

(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 responsible
for notifying the producer of test results through
a preestablished means of communication. If the
recheck test shows compliance with the specification,
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)

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 procedur= as designated by the Department's
representative. The porticn secured for each test is to be
taken after not less than 2 ft.3 has been discharged 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 219.12(¢).
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(c)

(&)

Frequency of Acceptance Sampling:

(1) Bridge decks (total deck — one lot)

(2)

(3

- Lot sizes up to 150 yd.3 — Select one sample

randomly from each of 3 equal increments
(sublots).

Lot sizes greater than 150 yd.3 — Establish
the number of_equal size _sublots of approxi-
mately 50 yd.3 (< 55 yd.3). Select one sample
randomly from each sublot.

Structural concrete (bridge members [éxcept decké] s
box culverts, retaining walls, and miscellaneous). A
lot is defined as all material of the same class in a
separate bid item of a contract.

Lot sizes up to 150 yd.3 —~ Select one sample
randomly from total lot. For miscellaneous concrete
of lot sizes less than 50 yd.3 sampling and testing
may be waived and concrete accepted by visual
inspection, when quality is deemed not critical to
performance.

Lot sizes 150 yd.3 to 300 yd.3 — Select one sample
randomly from each of 3 sutlots.

Lot sizes greater than 300 yd.3 - Establish the
number of equal size sublots of approximately

100 yd.-° (£ 110 yd.3). Select one sample randomly
from each sublot.

Paving concrete:

(a) For projects less than 1,000 yd.3 — Define

lot as all material of the same class in a
separate bid item of. the contract. Establish
the number of equal size sublots of approxi-~
mately 100 yd.3 (< 110 yd.3). Select one
sample randomly from each sublot.

(b) For projects greater than 1,000 yd.3 — Divide
the total voiume of congrete into approximately
equal lots of 1,000 yd.3. Establish and test
sublots as defined in (a) above.

Initial Acceptance Procedure for Air Content and Slump of Bridge
Deck Concrete: At the start of a concrete production lot for a
bridge deck, every batch shall be sampled and tested (100%

sampling and testing) for air content and slump as described in

219.12a.

Random sampling and testing for air content or slump or

both at the rate of one for every five successive batches may be
substituted for 100% sampling and testing when the test results
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(e)

for three successive batches are within the specification
limitations for air content and slump. However, 1007
sampling and testing will be reinstated 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 all concrete shall be in acceordance with
Section 219.13.

Sec. 219.13 Quality Level Determination and Pay Factors

(a)

Air Content: In addition to the initial and monitoring tests,
tests for air content shall be made on each acceptance sample
using AASHTO Method T-152 (air pressure method) or T-196
(volumetric method). The results of these tests will be
statistically analyzed using the procedures given in VIM-XXX
to determine the limiting quality levels for entrained air in
the concrete in place, which will be used in determining the
final pay factors for each lot of concrete. Results on samples
taken for initial or monitoring purposes will not be included
in this analysis, unless they are also selected by the random
selection procedure as acceptance samples.

No reduction in payment will be made for results outside
the specification limits for air content, when the statistical
analysis indicates that with a producer's risk cf 5%, 907 or
more of all production in a lot meets the specification. If
the analysis indicates that there is a 95% probability that
less than 907 of the production is within the specified limits,
then a reduced pay factor will be applied to the concrete
portion of the bid item that constitutes the lot. Such reduced
pay factor will be computed by the Department as follows:

RPA = (QLA + 10)/100,
where
RPA = reduced pay factor with respect to air content.
(figure will not be less than 0.70), and
QL, = adjusted quality level (percent within

specification limits) with respect to air
content (based on a statistical analysis of
all valid test data for a producer's risk of
5% as described in VIM-XXX).
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(b)

(c)

Compressive Strength: The final acceptance of all concrete will
be on the basis of 28-day test results determined on sets of
three 4 in. x 8 in. cylinders made from each acceptance sample.
Except under the special conditions described in VIM-XXX, the
average result from all cylinders in a set is considered a single
valid test result. No reduction for noncompliance with the
specified limits for strength will be made, if the statistical
analysis of all valid 28-day strength data made in accordance
with VIM-XXX indicates that with a producer's risk of 5%, 907% or
more of all production of a given mix equals or exceeds the
strength requirement. If less than 90% of the production meets
the requirement, a reduced pay factor will be applied to the
concrete portion of all items containing the involved concrete.
The reduced pay factor will be computed by the Department as
follows:

RP, = (OLg + 10)%/10,000,
where
RPg = reduced pay factor with respect to 28-day
compressive strength (figure will not be
less than 0.70), and
QLS = adjusted quality level (percent

within specification limits) with respect
to 28-day compressive strength (based on a
statistical analysis of all valid test data
corrected for a producer’'s risk of 57 as
described in VIM-XXX).

Combined Pay Factor for Acceptance: In the event that the computed
limiting qualities for both air content and 28-day strength are
below the required levels, a net reduced pay factor will be computed
as follows: :

RPN = RPA x RPS .
This figure will not be less than 0.50.

RPy will be projected periodically during the course of production.
In the event that RPy is less than 1.00, payments will be reduced
accordingly.

If any time during production either RPp or RPg 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 Department's
representative will order production ceased until the deficiencies
are effectively corrected.

B-16



Sec. 219.14 Basis of Payment — If the concrete is subject to a price
reduction, the following procedures will apply.

(a) For concrete bid by the unit (yd.s, etc.)

PR = Q x BP x (l—RPN),
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
RPy = net reduced pay factor.

(b) For concrete included in a lump sum

PR = Q/T x LS x (1~RPN),

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

other symbols are the same as in (a).

(¢} Reduction in pay factor for low compressive strengths in swall lots:
When the average 28-day strength result for concrete represented by
less than 3 acceptance samples is below the specified f',, the
Department may require the removal and replacement of the lot if the
deficiency is judged to be critical to the performance of the
structure or the batch represented by each low test result may be
accepted in accordance with Table II-16, unless the contractor

elects to replace the affected concrete.
TABLE II-16

Pay Factor Schedule for Compressive Strength at 28-Days
(Lots represented by less than three samples)

Average Sample

Test Result from Batch Pay Factor
Not less than 0.98 f'c 1.00
Not less than 0.96 f', .95
Not less than 0.94 f'c .85
Less than 0.94 f'C .70
Ll J
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Sec. 219.15 High-Early-Strength Portiand Cement Concrete—When
high-early-strength portland cement concrete is authorized, it shall
contorm to all the requirements of Tabis H-15. except that the 28-day
strencth shall be obtained in 7 days. Up to 800 pounds per cubic yard of
cement may be used to produce high-eariy-strength concrete in lieu of
using Type 111 Modified cement,  Menitoring, acceptance
procedures, and pay factors shall apply as
described in Sections 219.11, 219.12, 219.13
and 219.14.

Sec. 219.16 Pretensioned Prestressed Coﬁcrete Class AS

Same as present 219.14.
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APPENDIX C

DETERMINATION OF THE ADJUSTED QUALITY LEVEL OF CONCRETE
PRODUCTION BASED ON A 5 PERCENT PRODUCER'S RISK (VTM-XXX)

Scope

This method describes the specific steps and computations
required to determine the adjusted statistical quality
level indicated by a series of test data after correction
is applied to assure a producer's risk of no more than 5
percent., The test data are assumed to represent a single
statistical population with a normal distribution.

Definitions and Symbols

Average, ¥ — the numerical average of all test results,
A test result may involve one or more determinations
made at the same time or on test specimens made from
the same portion of material.

Estimate of Standard Ceviation, s — the calculated
standard deviation based on all valid test results
measuring the same parameter, assuming the data have
a normal distribution. .
Quality Level — An estimate of the portion of a
population within the specification limits.

Producer's Risk Correction (Cpr) — a correction applied
to the average of test results so that there is at least
98% certainty that the adjusted quality level calculated
on the basis of the corrected average is no higher than
indicated.

Adjusted Quality Level — an estimated quality level

for which there is a 95% certainty that the true quality
level does not exceed. (Stated differently — there is
only a 5% risk of rejecting a quantity of production
equal to the minimum quality level defined as being
acceptable without a reduction in the pay factor.)

Procedure

Determine the average, X, and the estimated standard
deviation, s, of all valid test results.

A valid test result for air content is a single determina-
tion made by the AASHTO T-152 or T-196, or the average of
three determinations made by AASHTO T-199 (Chace air indi-
cator) on the same batch of concrete.



3.1.2

For concrete strengths, the results of all tests on
ccnerete cylinders mace from the same batch and tested
at the same age shall be averaged to constitute a
single test result. If the range of results on two
cylinders exceeds 10% of the average of the two, the
test result is not valid. If the range of results
(from lowest to highest) on three cylinders exceeds
15% of the average of the three, the average of three
results is not a valid test result; however, should
one of the three cylinders be obviously defective and
the other two agree to within 10% of their average,
the average of those two shall be considered a valid
test result.

Determine the producer's risk correction (Cpr) to
establish a 5% producer's risk; i.e., if reduced pay-

ment is applied, there is at least 95% certainty that
it is warranted. The equation for Cpr 1is

i.68 s

Cpr = _._....'......_._’

where

s is the standard deviation and

-3

is the estimated final total number of
samples, n. T may be corrected periodically
until the final number of tests (n) is known.
(T = n?J.

Determine the corrected average, YC, for a 5% producer's
risk as follows:

When a minimum specification limit is stated — add the
Cpr determined in 3.2 to the average of the test re-
sults (Xc = X + Cpr).

When a maximum specificetion limit is stated, subtract
the Cpr determined in 3.2 from the average of the test
results.

When both minimum and maximum specification limits are

stated, determine the corrected average as in 3.3.1 when
the average of the tests are below the mid range of the

specification. When the average of the tests are above

the mid range of the specifications, determine the cor-

rected average as in 3.3.2.

If the indicated correction is greater than that
needed to place the corrected average at the midpoint of
the specification range, use the midpoint as the
corrected average.

Determine Quality Leveal.
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3.4.1.2

Calculate the parameter 2z as follows:

Lower specification limit, or when ?C is below mid-
point of specification range.

Upper specification limit, or when ?é is above mid-

. point of specification range.

UL - ¥
_ c
2 F —
where
Yc = corrected average from 3.3,
LL = lower specification limit, or low limit

of a specified range, and

UL = upper specification limit or upper limit
of a specified range.

Determine the indicated quality level from Table 1 as
follows:

Read V from the table
Quality Level (QL) = (V x 100) + 50
Round to nearest 0.1,
Example:
If specification for air content is 6 % 1.5,

corrected average YC = 5,7, and standard deviation
is 0.80, then

z 7 e = 1,50,

V from table = .4332, and

QL = (.4332 x 100) + 50 = 93,3,
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If corrected average = 65,3,

QL

1.50 and

1
P
.
=
w
w
N
“
,—J
o -
o
S
+
w
[en]
i



Table 1.,

Quality Level Table.

Second decimal place of Z

z .00 .01 02 .03 04 .05 .06 07 .08 .09
0.0 0000 0040 0080 0120 .0160 .0199 .0239 0279 .0319 .0339
0.1 0398 0438 0478 0817 0337 0396 0636 0675 0714 0733
0.2 0793 0832 0871 0910 0948 0937 1026 .IN6G+ L1103 114t
0.3 1199 A217 1255 (1283 L1331 L1308 (1406 L1443 1480 1317
0.4 1354 L1891 L1623 (1664 1TOO 1736 L1772 1303 L1844 1379
0.5 1915 1050 .19%5 2019 2054 2088 2123 21537 2190 2224
0.6 2257 22010 2324 2357 2389 2422 2454 2436 2518 2549
07 2580 2612 2642 2673 2704 2734 2764 2794 2823 2532
0.3 2881 22010 2939 2967 2095 3023 3051 L3078 3108 L3133
0.9 3159 B8 32120 3238 3264 03289 3315 3340 3305 3589
1.0 3413 3438 3461 3485 3508 3331 3334 35377 .3599 .3621
1.1 3643 B665 0686 3708 3729 3749 3770 3790 3310 3830
1.2 3849 3869 3883 3907 3925 3044+ 3992 3930 3997 4015
1.3 4032 4049 4066 4082 4089 4113 4131 44T 4102 4177
1.4 4192 4207 42220 4236 4251 4265 4279 4202 4306 4319
1.3 4332 4343 4337 4370 4382 4004 4406 4418 4420 4441
1.6 4432 4463 4474 4484 4495 4505 45153 43253 43353 4345
1.7 1554 4364 4573 4382 4591 4399 4608 4616 4625 4633
1.3 4641 4649 4636 4664 46T 4678 4836 4693 4699 4706
1.9 4713 A719 4726 4732 4738 4THE 4750 4TS6 4761 4707
2.0 A772 77 4783 4788 4793 4708 4303 48038 4812 4317
2.1 4821 4826 4830 4334 4838 4842 4846 43850 483+ 4837
2.2 ~1361 4304 363 48T 4375 4878 4381 4334 4887 4500
23 4393 A306 4398 4901 4904 4906 4009 4911 4913 4918
2.4 4913 A920 4922 4925 4027 4929 4931 4932 40314 49306
2.5 4938 4940 4041 4043 4043 4046 4948 4949 4931 4932
26 4953 4955 4956 4957 49589 4960 4961 4962 4063 4904
2.7 4965 4966 4967 4968 4069 4970 4071 4972 4075 4074
2.8 4974 4975 4976 d9TT 4977 1973 4070 4970 4980 4981
2.9 4931 4082 4982 4983 4984 4984 4935 4085 4986 4936
3.0 49865 4087 4987 4988 4988 4989 4989 4989 4080 .4090
1.0 4999683
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