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PREFACE

Engineers are currently faced with increasing demands for improved
efficiency and reduced concrete construction costs from developers and
governmental agencies. As a result, engineers are beginning to design
larger structures using higher strength concrete at higher stress
levels. There are definite advantages, both technical and economical,
in using high strength concrete in structures today. For example, for a
given cross section, prestressed concrete bridge girders can carry
greater service loads across longer spans if made using high strength
concrete. In addition, cost comparisons have shown that the savings
obtained through the use of high strength concrete members are
significantly greater than the added cost of the higher quality
concrete.

What is needed most is a systematic, reproducible procedure for
attaining high strength concrete with readily available materials using
conventional ready-mix batching procedures. The main objective of this
research program was to establish criteria for selection of materials
and their proportions to achieve uniform, economical, high-quality
concrete with a compressive strength between 9000 and 12000 psi at 56
days. Only ordinary concrete-making materials and conventional
production techniques currently used by prestressing plants in Texas
were used in this study.

This work was sponsored by the Texas State Department of Highways

and Public Transportation and the Federal Highway Administration, and
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administered by the Center for Transportation Research at The University
of Texas at Austin. The authors would like to acknowledge the
contribution of several local industries in Texas who donated most of

the materials used in this study.



SUMMARY

This research program constitutes the much-needed first step
towards the development of the necessary information for using high
strength concrete in highway structures in the State of Texas. The main
objective of this research program was to establish criteria for
selection of materials and their proportions to achieve uniform,
economical, high-quality concrete with a compressive strength between
9000 and 12000 psi at 56 days using 6-in. dia. x 12 in. cylinders cast
in steel molds.

In this study, the research approach was to investigate the basic
interactions among concrete components in mix proportions which are
suitable for producing high strength concrete, i.e., low water-cement
ratio and high cement content. Approximately 2500 concrete specimens,
representing over 200 different batches of concrete were made and tested
as part of this study. While mixing procedures and slump were kept
constant, the variables studied included materials, mix proportions,
specimen types, mixing time and temperature, test age, capping
materials, and curing conditions. Only commercially available materials
and conventional production techniques used by the Texas State
Department of Highways and Public Transportation were utilized in this
program,

The results of this study clearly demonstrate that high strength
concrete can be produced in Texas using readily available materials

using conventional batching procedures. Valuable guidelines were
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established to be followed by practicing engineers in the development of
trial mixes for producing high strength concrete. Without question, a
trial mix design procedure must be used for proportioning high strength

concrete in the field.



IMPLEMENTATION

The results of this study clearly demonstrate that high strength
concrete can be produced in the State of Texas with readily available
materials using conventional batching procedures. The recommendations
included in this study are based on a study of the interaction among
components of plain concrete and its mix proportions and of their
contribution to the compressive strength of high strength concrete.
These recommendations will serve as guidelines to resident engineers in
selection of materials and their proportions for producing high strength
concrete and should not replace the making of trial mixes.

As new information becomes available, the recommendations from this
study should be modified to incorporate field experience in using high

strength concrete.
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CHAPTER I

INTRODUCTION

1.1 A Need for This Research

Engineers are currently faced with increasing demands for
improved efficiency and reduced concrete construction costs from devel-
opers and governmental agencies. As a result, engineers are beginning
to design larger structures using higher strength concrete at higher
stress levels.

There are distinct advantages in the use of concrete with com-
pressive strengths in the range from 9,000 to 12,000 psi in both rein-
forced and prestressed concrete construction. For a given cross-
section, prestressed concrete bridge girders can carry greater service
loads across longer spans if made using high strength concrete. In
high-rise buildings, where the main disadvantages of using concrete
compared to steel are higher dead loads and large column cross-sections,
using high strength concrete makes possible significant reductions in
total structural dead weight and in column dimensions. Thus, concrete
becomes technically and economically feasible as a structural alterna-
tive to steel in tall buildings when high strength concrete is used.

In addition, cost comparisons have shown that the savings
obtained through the use of smaller and lighter high strength concrete
members are significantly greater than the added cost of the higher
quality concrete. Also, observed improvements in durability, shrinkage,

1



and creep characteristics of high strength concrete will decrease
serviceability and maintenance problems.

Numerous high strength concrete structures now standing in the
U.S. and elsewhere were constructed using concrete with a compressive
strength of between 8,000 psi and 11,000 psi. Remarkably, the use of
high strength concrete has preceded full information on its engineering
properties, which are significantly different in some respects from
those of ordinary strength materials. Current understanding of the
behavior of concrete under load and the empirical equations now used to
predict such basic properties as modulus of elasticity and tensile
strength are based mainly on tests of concrete having a compressive
strength of about 5,000 psi or less. Extrapolation to higher strength
levels is unjustified and may be dangerous. There is an urgent need for
studies focussing on the development of constitutive relationships
applicable to design of structural members made using high strength
concrete. For example, little is known about predicting the material's
behavior in high shear zones or its confined strength in overstressed
compression members,

Concrete compressive strengths of over 15,000 psi have been
achieved in the laboratory for many years. 1t has been demonstrated
that the production of high strength concrete having a compressive
strength of 9,000 to 12,000 psi, using conventional materials and pro-
duction methods, is technically and economicallly feasible [14]. How-
ever, very little information has been developed concerning the identi-

fication of the most relevant parameters in the selection of materials



and their proportions for producing high strength concrete. This is not
surprising, given the variability in physical properties and avail-
ability of concrete-making materials in different regions of the U.S.
Mix design guidelines for high strength concrete need to be developed
for each region of the country. Also, current quality control
standards, as they relate to materials used in concrete, especially
cement, are not narrow enough to ensure consistent production of good
quality high strength concrete.

What is needed most is a systematic, reproducible procedure for
attaining high strength concrete with readily available materials using
conventional ready-mix batching procedures. If an engineer is to take
advantage of this material, he must be given reason to be confident that
high strength concrete can be produced and used safely, economically,
and efficiently., This research program constitutes the much needed
first step towards the development of the necessary information for
using high strength concrete in highway structures in the State of

Texas.

1.2 Objectives

The overall objectives of this research are as follows:

(1) to identify the most relevant properties of cement, aggregate,
and admixtures for producing high strength concrete;

(2) to evaluate the suitability of commercially available cements,
aggregates, and admixtures in Texas for the production of high

strength concrete;



(3) to establish, in a form useful for practicing engineers in
Texas..guidelines for the selection of materials and their
proportions for producing high strength concrete;

(4) to study the effect of different curing conditions, temperature
and relative humidity, typical of those existing in Texas upon
the compressive strength of high strength concrete;

(5) to study the effect of mixing temperature and different mixing
times typical of those in construction in Texas on the
properties of fresh high strength concrete; and

(6) to study the applicability of current methods of measuring
concrete strength such as standard concrete cylinder and flex-
ural strength tests in predicting the strength of high strength

concrete.

1.3 Definition of High Strength Concrete

High strength concrete refers to concrete which has a uniaxial
compressive strength greater than that which is ordinarily obtained in a
region. This definition has been widely accepted by practicing
engineers because the maximum strength concrete which is currently being
produced varies considerably from region to region in the United States.

Further complications in defining high strength concrete arise
from specimen types used for compression testing and age at testing.
For example, a 6-in. dia. x 12-in. cylinder, as is used in the U.S,, and
a U-in, x U~in. cube, as is used in Europe, molded from the same batch
of concrete will yield two completely different compressive strengths.

Whether specimens are tested at 28, 56, or 90 days, any of which may be



more appropriate than the others for a particular job, can make a tre-
mendous difference in the measured compressive strength.

Researchers and practicing engineers have not yet agreed on what
compressive strength constitutes high strength for plain concrete. High
strength,. normal weight concrete has been defined by some as concrete
having a compressive strength of at least 6,000 psi [1, 30, 85] at 28
days. Shah [85] defined high strength for lightweight concrete as
having a compressive strength of over 4,000 psi, whereas Albinger [1]
set the lower limit for lightweight concrete at 5,000 psi. Others [20,
92] used 8,000 psi as the minimum compressive strength for normal weight
high strength concrete. Engineers in the Chicago area who have for some
time been using 10,000 psi concrete in high-rise buildings have been
developing the technology needed to consistently produce concrete having
strengths in excess of 12,000 psi. Perenchio [72] suggested that the
upper limit to high strength concrete will not be reached until the
strength of the cement paste is fully utilized--at about 25,000 psi.

According to Saucier [82], the eventual ceiling on concrete
strength is virtually unlimited. He reported, however, that very high
compressive strengths will only be achieved by changing production
methods. Currently, he stated, 5,000 to 10,000 psi concrete can be
produced nearly anywhere in the U,S. by using conventional production
techniques, by properly selecting materials and by maintaining good
quality control. It is possible to produce concrete with a compressive

strength of up to 15,000 psi by utilizing more expensive materials and



improved production techniques. For concrete compressive strengths over
15,000 psi, "exotic" procedures and materials may have to be employed.
The main objective of this research program was to establish
criteria for selection of materials and their proportions to achieve
uniform, economical, high-quality concrete with a compressive strength
between 9,000 and 12,000 psi at 56 days using 6-in. dia. x 12-in.
cylinders cast in steel molds. Only ordinary concrete-making materials
and conventional production techniques currently used by prestressing

plants in Texas were used in this project.

1.4 Applications of High Strength Concrete

There are definite advantages, both techniecal and economical, in
using high strength concrete in structures today. Carpenter [12] listed
the advantages of using high strength concrete in highway bridge
applications as: (1) greater compressive strength per unit cost, per
unit weight, and per unit volume; (2) increased modulus of elasticity
which aids when deflection and stability control the design; and (3)
increased tensile strength, which is a controlling parameter in the
design of prestressed concrete members under service loads. Nilson [84]
and Anderson [3] concluded that losses in prestressing forces will be
reduced because of improved long-term deflection properties of high
strength concrete. The National Crushed Stone Association [35] reported
that high strength concrete has greater durability and resistance to
abrasion and wear than normal strength concrete, Cracking and damage of
precast concrete products during delivery and handling can be reduced by

using high strength concrete [2G]. Due to a higher fines content, high



strength concrete can give a more satisfactory appearance on formed and
finished surfaces than normal strength concrete.

It has been estimated that for certain minimum heights and spans
of structures, high strength concrete generally permits more economical
construction due to reduced structural member cross-section
dimensions., This results in a reduction in the volume of concrete
required and smaller dead loads.

1.4,1 High-Rise Buildings. Most applications of high strength

concrete to date have been in high-rise buildings. High strength con-
crete has already been used in columns, shear walls, and foundations of
high-rise buildings in cities such as Houston, Dallas, Chicago, New
York, and abroad. Tall structures whose construction using normal
strength concrete would not have been feasible have been successfully
completed using high strength concrete. Column and beam dimensions can
be reduced resulting in decreased dead weight of the structure, and an
increase in the amount of rentable floor space in the lower stories,.
Reduced dead weight can substantially lessen the design requirements for
the building's foundation.

It has been shown [92] that in a 50-story structure requiring
4 ft dia. columns using 4,000 psi concrete, redesign using 8,000 psi
concrete would result in a reduction of 33 percent in column diameters.
Typically, high strength concrete is used only in columns in the lower
stories. It has been suggested that 30 stories is the minimum height

for a building for which high strength concrete is beneficial [92].



Nilson [B84] stated that despite differences in shrinkage and
creep behavior of higher strength concrete used in columns and normal
strength concrete used in adjoining slabs, no problems have been
encountered in actual structures. Based on material and labor costs and
the price of rental space in high-rise buildings in the Chicago area, it
was determined that using high strength concrete to obtain the smallest
member sections having only 1 percent reinforcement resulted in the most
economical construction alternative [1].

The Chicago Task Force [16] reported that 7,500 psi concrete was
first used in Chicago in 1965 in the Lake Point Tower. 1In 1972, con-
crete having a compressive strength of 9,000 psi was used in the first
20 stories of the 50-story Midcontinental Plaza Building. In 1976, two
experimental 11,000 psi concrete columns were instrumented and con-
structed as part of the River Plaza Project, The tallest concrete
structure to date is the 79-story Water Tower Place in Chicago, the
first 28 stories of which are supported by 48-in, dia., 9,000 psi tied
columns with 8 percent longitudinal reinforcement.

At least two high-rise buildings in New York City have utilized
8,000 psi concrete in the lower story columms: 101 Park Avenue Tower
(46 stories) and The Palace Hotel (51 stories). In Toronto's Royal Bank
Plaza Project, B,000 psi concrete was also used.

In Houston, 35 percent of the concrete in the Texas Commerce
Tower had a compressive strength of 6,000 psi or greater. Columns,

shear walls, and spandrels in the first eight floors were cast using a



7-in. slump, pumped concrete mix which had a 7,500 psi compressive
strength [18, T81.

In the 72-story InterFirst Plaza in Dallas, the design strength
of the concrete was 10,000 psi [98]. The structure's 16 exterior
columns, which vary in size from 6 ft x 6 ft to 8 ft x 8 ft, are set on
30 ft centers and are designed to carry the gravity load and base shear.

1.4,2 Highway Bridges. Prestressed, precast concrete bridge
girders in Texas normally do not exceed 135 ft to 150 ft in length.
Steel members are currently used for spans greater than 135 ft to 150
ft. High strength concrete would permit using greater spans for a given
number of girders, or fewer girders for ordinary spans, than when using
normal strength concrete. Carpenter [12] showed that a typical bridge
design for a 150 ft span would require using nine girders if 6,000 psi
concrete were used while only four girders would be needed if 10,000 psi
concrete were used. As a result, the slab thickness had to be increased
from 5-1/2 in. to 6-1/2 in. in order to support the traffic load on the
wider girder spacing. However, the overall dead load of the bridge was
reduced. This comparison was based on allowable tensile stresses in the
concrete of BNﬁzu an allowable compressive stress of OJJfé. and a
live load deflection criteria of L/B00, where fg refers to concrete
compressive strength (psi) and L refers to the girder span. The limit-
ing factor controlling the design in this case was spacing of the pre-
stressing tendons within the girders. The use of fewer tendons of a

larger diameter and of new girder sections and shapes may have to be
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considered for efficient use of high strength concrete in bridge
girders,

Japanese I-shaped, box, and rectangular section bridge girders
have been constructed using 8,500 psi concrete [62]. These highway and
railroad bridges have clear spans of between 100 and 280 ft, The I-
girders spanned over 150 ft.

A reduction in number and size of bridge columns and piers can
result from a reduction in dead load and wuse of longer spans due to the
use of a higher concrete compressive strength. This will allow for
significant savings in cost, labor, and construction time.

Other applications of high strength concrete include both
heavily loaded transfer girders and offshore structures [44].

No special or "exotic" techniques were employed in constructing
any of the high strength concrete structures mentioned in this section.

All utilized high-quality materials and good quality control programs,

1.5 Disadvantages of High Strength Concrete

Most of the disadvantages of using high strength concrete listed
by engineers result from a lack of research and available information on
the behavior of high strength concrete under actual field conditions.
Some of the drawbacks reported in the past have been alleviated by
recent developments and improvements in admixtures.

Possible drawbacks in using high strength concrete are listed
below [12, 20]:

(1) Increased quality control is needed.

(2) High quality materials are less available and often cost more.
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(3) Allowable stresses in codes may discourage the use of high
strength concrete.

(4) Minimum thickness or cover may govern the design, preventing
realization of full benefit of higher strength.

(5) Total available prestress force may be insufficient to fully
develop the strength.

(6) Adequate curing can be difficult due to self-dessication of low
water/cement ratio mixes. Even with no water loss by evaporation
there is inadequate water for full hydration.

(7) Curing can also be difficult because of the rapidly increasing
impermeabiity of high strength concrete, which prevents applied
curing water from compensating for any initial moisture loss.

A further disadvantage may be that, in structural members where
excessive deflections control the design, full utilization of the
material's load-carrying capacity when using high strength concrete
would not be possible [12,14]. For instance, the higher flexural
strength of a high strength concrete flat slab or plate is of little

consequence since deflection often controls design.

1.6 Methods of Producing High Strength Concrete

Several exotic methods for producing high strength concrete have
been studied, such as (1) modification with polymers, (2) fiber
reinforcement, (3) slurry mixing (preblending water and cement at high
speed for efficient hydration), (4) compaction by pressure, (5)
compaction by pressure combined with vibration, (6) autoclave curing,

and (7) mix proportioning using active or artificial aggregates. One
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study advocated revibration 2-1/2 hours after initial vibration as a
means for achieving higher strengths [49], Structural design which
accounts for additional concrete strength resulting from triaxial
compression or concrete confinement is also possible.

However, cost-effective production of high strength concrete in
construction today is achieved by carefully selecting, controlling, and
combining cement, fly ash, admixtures, aggregates, and water. Freedman
[24] stated that in order to achieve higher strength concretes the
concrete producer must optimize the cement characteristics, aggregate
quality, paste proportioning, aggregate-paste interaction, mixing,
consolidation, and curing procedures. The use of fly ash and very low
Wwater-cement ratios has been widely recommended for producing high
strength concrete.

The National Crushed Stone Association [36] further stated that
cooperation and coordination among the engineer, architect, materials
suppliers, ready-mix producers, contractor, and the testing and inspec-
tion agency are required for a successful high strength concrete

project.

1.7 Scope of This Program

This report is divided into six chapters. An introduction and a
brief literature review of the production of high strength concrete are
presented in Chapters I and I1I., The experimental work is described in
Chapter III. Test results are presented in Chapter IV, and are dis-

cussed and analyzed in Chapter V. Conclusions, a cost analysis, and
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recommendations for producing high strength concrete are presented in
Chapter VI,

Approximately 2,500 concrete specimens, representing over 200
different batches of concrete were made and tested as part of this
study. While mixing procedures and slump wWere kept constant, the
variables studied include materials, proportions, specimen types, mixing
temperature, test age, capping material and curing conditions.

A detailed listing of mix proportion and strength test data for
all mixes made is included in Appendix B.

In this study, the research approach was to investigate basic
interactions among concrete components in mix proportions which are
suitable for producing high strength concrete, i.e., low water-cement
ratio and high cement content. For this reason, it was important first
to know the effects of using different cements and aggregates in high
strength concrete mixes which contained no admixtures, and second, to
develop fundamental knowledge regarding other available materials such
as fly ash and superplasticizers. Only commercially available materials
and conventional production techniques used by the Texas State
Department of Highways and Public Transportation were utilized in this
program. Valuable guidelines have been established to be followed by
practicing engineers in the development of trial mixes for producing
high strength concrete. Without question, a trial mix design procedure

must be used for proportioning high strength concrete in the field.






CHAPTER II1I

LITERATURE REVIEW: MIX PROPORTIONING
FOR HIGH STRENGTH CONCRETE
The following is a survey of technical publications which deal,
at least in part, with the production of high strength concrete using
conventional production techniques. Materials selection, mix

proportioning, and the interaction among these materials are discussed.

2.1 Cement

Proper selection of the cement is one of the most important
steps in the production of high strength concrete. For high strength
concrete containing no chemical admixtures or fly ash, a high cement
content of 8.0 to 10.0 sacks/cu.yd. must be used. For a given set of
materials, the optimum cement content beyond which no additional
increase in strength is achieved from increasing the cement content must
be determined. Albinger and Moreno [1] stated that for any particular
combination of materials, an optimum cement content exists above which
strength declines and the mix becomes too sticky to handle. Additional
cement above the optimum cement content will not compensate for the loss
in strength due to the increase in mixing water demand needed in order
to make the mix manageable in the field. In Fig. 2.1, the 28-day
compressive strength of numerous mixes plotted against cement content is
shown [24]. In this case, compressive strength did not increase for

cement contents above 8.5 to 10.0 sacks/cu.yd.
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The Chicago Task Force [16] suggested trial batches using cement
contents of 7.0 to 10.0 sacks/cu.yd., comparing strengths on the basis
of constant slump. Similarly, Freedman [24] concluded that the cement
content must be at least 6.5 sacks/cu.yd. for producing high strength
concrete having a 4-in. slump, but that in order to achieve 10,000 psi
concrete strengths at 90 days a cement content of 10.0 sacks/cu.yd. is
needed. Two studies [20, 105] reported that quantities of cement
greater than approximately 9.0 sacks/cu.yd. gave no additional strength.
Yamamoto and Kobayashi [105] reported that 9.0 sacks/cu.yd. was the most
economical cement content and the minimum for producing high strength
concrete without segregation. Another report [88] concluded that the
optimum cement content depends on cement type: 10 sacks/cu.yd. for type
I cement and 9.25 sacks/cu.yd. for type II cement.

Selection of both type and brand of cement have been shown to be
extremely important [16]. Variations in the chemical composition and
physical properties of the cement affect the concrete compressive
strength more than variations in any other single material. It has been
recommended that careful studies be made of variations within one brand
and between brands for any area of the country which has plans to
produce high strength concrete [16]. These studies should include
evaluations of mortar cube strengths in conjunction with concrete trial
mixtures. Other studies [1,7] have concurred, and cautioned that the
final selection of cement must not be based solely on mortar cube

results.
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As a result of studies made in Chicago [1, 16], it was recom-
mended that the cement used should provide a minimum 7-day mortar cube
strengfh of at least 4,200 psi. Cement fineness of 4,000 cm2/g (Blaine)
was suggested as a maximum. Another report recommended limiting cement
fineness to a maximum of 3,500 cm2/g to 4,000 cm2/g (Blaine) for pro-
ducing high strength concrete [36]. Perenchio [72] found that a much
higher early strength was achieved for a cement with a fineness of
10,000 cm2/g (Blaine), but determined that there was no difference in
90-day strengths between mortars made with the 10,000 cm2/g cement
(Blaine) and one made with a 4,000 cm2/g (Blaine) cement.

The effects of cement type on strength have been studied also.
One study stated that type III cement produced the highest strength
concrete for high cement contents up to 90 days after casting. Beyond
90 days, type I cement gave equivalent results [10]). The Chicago Task
Force [16] reported that the higher early strengths obtained by using
type 111 cement were not significant in the production of high strength
concrete. In mixes made with high cement factors, use of cement types I
and II gave early and later age strengths comparable to those of type
111 cement. This may have been because the type III cement required so
much more mixing water for producing concrete with the same slump [16].
Figure 2.2 shows how concrete compressive strength was affected by
cement type at high cement contents [88]. It can be seen that using
cement types I and II produced higher strength concretes than type III

cements, especially for longer curing periods and later testing ages.
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For continuous moist curing for 90 days, using type II cement produced

the highest strength concrete,

2.2 Water and the Water/Cement Ratio

A U.S. Air Force investigation [88] concluded that the single
most important variable in achieving high strength concrete is the
water/cement ratio. Others reported [12,72] that the highest concrete
strengths were achieved with the lowest water/cement ratios, although
considerable effort was required to compact the concrete in some cases.
For example, Perenchio [72] acknowledged that the very dry concretes he
studied which produced the highest strengths would probably be unac-
ceptable for use in the field in cast-in-place structures,

Most sources agree that high strength concrete cannot be
obtained with a water/cement ratio in excess of 0.40. It has been
reported that a water/cement ratio in the field of about 0.27 is
adequate for hydration of cement [93]. However, others have stated that
complete hydration cannot 6ccur with a water/cement ratio of less than
0.38 to 0.40 [90,105]. Concretes having a compressive strength of 9,000
psi to 10,000 psi or more have been produced with water/cement ratios of
less than 0.35 in most cases. Figure 2.3 shows the effect of the
water/cement ratio on concrete mixes with a constant cement content
f24]. In that study, a 90-day compressive strength of 11,000 psi was
achieved with a concrete mix which had a water/cement ratio of 0.30 and
a slump of 1/2 in,

The difficulty with requiring low water/cement ratios for the

production of high strength concrete is overwhelmingly said to be
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control of water content in the field. Ryan [78] urged close monitoring
of moisture content of aggregates and careful control of slump in the
field. It was strongly recommended that concrete be delivered or the
Jjob with the proper slump so that additional water was not required [11].
When enough water was added to raise the slump by 1 in., Cook [18)
reported that at least 250 psi in compressive strength was immediately
lost; another study determined that strength was decreased by 700 psi
[36] for the same addition of water at the jobsite.

Quality of the water used in concrete is thought to be of no
major concern if drinking water is used. Although water temperature
affects workability [24,88], it alone will not affect strength signifi-
cantly. Freedman [24] concluded that unless ice is necessary for hot-
weather concreting, the small, if any, increase in strength resulting

from the use of ice does not outweigh the problems encountered.

2.3 Coarse Aggregate

Wittman [84] stated that the strengths of aggregates are
decisive for determining the ultimate load-bearing capacity of concrete.
In ordinary concrete most aggregates have sufficient strength, but, for
high strength concrete, aggregates have to be tested carefully. For
concretes with strengths of less than 5,000 psi, the aggregate strength
is generally greater than the mortar strength. However, for higher
strength concrete, the differences in strength and stiffness between the
aggregate and the mortar are important parameters [24,68].

Ideal coarse aggregate properties seem mostly to relate to

aggregate-mortar bond characteristics and mixing water requirements.
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According to Freedman [24], for a constant cement content and maximum
aggregate size, differences in the mixing water requirements for a given
slump tend to control the strength. Aggregate shape, surface texture,
and deleterious coatings are partly responsible for these variations in
mixing water requirements. Use of a strong coarse aggregate with mod-
erate absorption has been recommended [72]. Clean cubical, 100 percent
crushed stone with a minimum of flat or elongated ;articles is desirable
as well [18, 24, 36]. Freedman [24] advised using an aggregate with an
absorption in the range from 1.5 percent to 2.5 percent. He discouraged
the use of lightweight aggregate in high strength concrete. The Chicago
Task Force [16] stated that mineralogy of the aggregate is also highly
important.

Researchers and engineers have agreed that a smaller maximum
size coarse aggregate is desirable for high strength concrete. The
optimum size for coarse aggregate in concrete depends on the relative
strengths of the mortar, the mortar-aggregate bond, and the aggregate
particles. For each concrete strength level there is an optimum size
for the coarse aggregate that will yield the greatest compressive
strength per pound of cement [1,8,16,36]. Use of a 3/4-in. stone has
been recommended for producing 7,500 psi concrete, but, for concrete
strengths above 9,000 psi, 3/8-in. or 1/2-in. maximum size coarse aggre-
gate isrecommended. Since using 1/2-in. coarse aggregate produces a
more workable, less sticky concrete mix than using a 3/8-in. stone, 1/2-
in. maximum size coarse aggregate is generally recommended for high

strength concrete [10,24,72,88]. Reducing the aggregate size to 1/2 in.
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in rich mixes has resulted in increases in concrete strength of 10 to 20
percent, even though the water/cement ratio is also increased for a
constant cement factor and slump [8,40]., The smaller aggregate size
increases the total surface area, thus reducing disruptive stress con-
centrations and reducing the average mortar-aggregate bond stress
[20,24,40,90]). However, Bloem and Gaynor [8] stated that similar aggre-
gates with the same maximum size, but which are from separate sources,
may vary more in concrete strength-development characteristics than dif-
ferent sized aggregates from the same source,

The results from one investigation on the effect of maximum size
aggregate on concrete strength efficiency are shown in Fig. 2.4 [24].
For a compressive strength of 4,000 psi, the most efficient coarse
aggregate size is 1-1/2 in., but using 3/8-in. aggregate is more
efficient in producing 7,000 psi concrete. Figure 2.5 shows a compari-
son of concrete strengths for different sizes of coarse aggregate and
different cement factors {24]. In general, it is agreed that smaller
size aggregates and higher cement contents produce the highest strengths
in concrete mixes with and without admixtures.

Another aspect of coarse aggregate selection which has received
considerable attention is the difference in surface texture and particle
shape between gravel, or rounded aggregate, and crushed stone. Among
the different crushed aggregates that have been studied--traprock,
quartzite, limestone, graywacke, granite, and crushed gravel--traprock
tends to produce the highest strength concretes [88]. Limestone,

however, is more readily available in Texas and in other areas, and
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produces concrete strengths nearly as high as those achieved using
traprock, Crushed limestone provides a high aggregate-mortar tensile
bond strength in concrete, has a uniform mineralogical composition, and
its mineralogical compatibility with the cement matrix may aid in
producing high strength concrete [15,20].

However, smooth, rounded coarse aggregates require much less
mixing water to obtain a workable concrete. This raises the question of
which is more important for concrete strength: the lower water/cement
ratio possible when using gravel, or stronger aggregate-mortar bond
resulting from the use of crushed limestone. It has been concluded that
strength gains from using crushed aggregates overshadow the benefits of
increased workability with lower water requirements from using rounded
coarse aggregate [24,35). Carrasquillo et al. [13,15] noted that crack-
ing behavior was similar for gravel and limestone concretes at various
strength levels, but that limestone can result in greater ultimate
strength, static modulus of elasticity, and ultimate strain., Others
[7,16] have also reported a higher strength and static modulus of elas~
ticity for concretes containing crushed limestone.

Gradation of the coarse aggregate within ASTM limits makes very
little difference in strength of high strength concrete [16,24,72].

Optimum strength and workability of high strength concrete are
attained with a ratio of coarse to fine aggregate above that usually
recommended for normal strength concretes [1]. This means using a

higher coarse aggregate factor.
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The Chicago Task Force [16] recommended using higher coarse
aggregate factors than those recommended by ACI Committee 211. Due to
the already high fines content of high strength concrete mixes, use of

ordinary amounts of coarse aggregate results in a sticky mix.

2.4 Fine Aggregate

Some studies have stated that the fine aggregate gradation is
not highly critical for the production of high strength concrete [1,24].
However, it has also been reported that properties of the fine aggre=-
gate, especially sand particle shape and texture, have as great an
effect on the mixing water requirement of concrete as the properties of
coarse aggregate [8]., The fines content in high strength concrete is
generally so high due to increased cement contents that using a smaller
sand content or a coarser sand is beneficial. Finishability is provided
by the high cement content, so that additional fines may only produce
stickier, less workable fresh concrete with a greater water demand.
Parrott used 10 percent fine aggregate content by weight of total aggre-
gate in producing 11,000 psi concrete [70]. Use of a coarse sand with a
fineness modulus in the range between 2.70 and 3.20 has been recommended
(1,16,24,831].

One report stated that natural sand is preferable to manufac-
tured, or crushed, sand [88]. The higher mixing water requirement for
crushed sand results in lower concrete strengths in spite of the
improvement in aggregate bonding characteristics of manufactured sands.

Blending sands for improved capabilities to produce higher

strength concrete has also been suggested [90). If one fine aggregate
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is detrimental to high strength concrete production, combining it with
another different fine aggregate may permit use of the poorer sand in
high strength concrete. Blending may aid a ready-mix plant which pri-
marily depends on a source of less desirable fine aggregate for its

concrete production.

2.5 Mineral and Chemical Admixtures

The use of mineral and chemical admixtures in producing high
strength concrete results in significant increases in concrete strength
while reducing the cement requirement and the water/cement ratio. How-
ever, the compatability between these admixtures and the cement used
must be checked prior to their use in high strength concrete. The fact
that a cement, a fly ash, and a chemical admixture individually meet
ASTM requirements does not ensure that they are compatible in combina-
tion for use in producing high strength concrete [86].

Some concern has been expressed by cement producers that the
increasing use of fly ash as a partial replacement for cement in
concrete may detract from the demand for cement in this country. On the
contrary, the use of fly ash will likely make possible new and
unforeseen uses of concrete, resulting in an overall expansion of the
market for concrete and cement. This has been the case in the past with
the arrival of admixtures such as water reducers [104].

2.5.1 Fly Ash. A good quality fly ash has been said to be
mandatory for producing high strength concrete [4, 7, 35, 84]. The

concrete strength gain from the use of 10 to 15 percent Class F fly ash,



30

by weight of cement, cannot be attained through the use of additional
cement [7, 16]. For Class C fly ash, even higher fly ash contents can
be used [1, 18). However, when using fly ash as cement replacement, by
volume or weight, lower compressive and flexural strengths may result at
ages less than 90 days [23]. Greater compressive strengths will be
achieved at later ages. For comparable early strengths, mixes made with
fly ash must contain more fly ash than the amount of Portland cement
replaced.

The effect of pozzolans, such as fly ash, on the properties of
concrete have been widely investigated, but much controversy still
exists about their use in producing concrete [87]. One study
demonstrated that 90-day compressive strengths improved when 10 percent
of the cement was replaced with fly ash, but concrete strengths dropped
when 30 percent of the cement was replaced with fly ash, as shown in
Fig. 2.6 [88]. Yamamoto and Kobayashi [105] stated that if any mineral
fine, fly ash, blast furnace slag, or even inert standard sand, replaced
cement by 15 percent, the strength was essentially unaffected at any age
after 7 days, but that replacement by up to-30 percent may cause
considerable strength reduction. Another study concluded that replacing
18 to 25 percent of the cement with fly ash, by weight, increases the
28- and 56-day compressive strength and the modulus of elasticity of
concrete. Cement replacements with fly ash in the range from 35 to 50
percent resulted in no increase in compressive strength at any age
[100]. Two investigations [#,47] reported that fly ash mixes resulted

in somewhat lower compressive strengths and elastic moduli at 28 days;
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but the addition of fly ash inevitably resulted in stronger, stiffer
concrete at one year of age.

Berry and Malhotra [4] defined a pozzolan as follows: a
siliceous or siliceous and aluminous material which itself possesses
little or no cementitious value but which will, in finely divided form
and in the presence of moisture, chemically react with calcium hydroxide
at ordinary temperatures to form compounds possessing cementitious
properties. This chemical effect, or pozzolanic action, is secondary in
concrete, as it both depends on and follows the hydration of Portland
cement [24],

The strength-producing properties of fly ash, a pozzolan, can
vary widely., In fact, while the use of some fly ashes results only in
pozzolanic action, other ashes contain a cementitious system similar to
Portland cement with compounds such as C3A, C3S, C,S, and anhydrite
already present in small quantities [57]. The variation in fly ash
chemical composition and physical properties is due to differences in
the composition of the raw materials used in coal combustion, power
plant boiler procedures, and the presence of fuel oil in the combustion
chambers in which the ash is produced [57].

Of the 50 to 60 million tons of fly ash produced annually in the
U.S., only 15 to 20 percent meets requirements for use in cement or
concrete needs [57]. Within that usable portion, there is considerable
room for variation in quality and type of fly ash. Therefore, fly ash
has been classified into different mineral admixture classes for use in

concrete [90]: c¢lasses C and F. Class F fly ash is ordinarily produced
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where anthracite or bituminous coal is burned, which is primarily found
in the eastern part of the U.S. Class F fly ash has pozzolanic but no
cementitious properties. Class C fly ash is ordinarily produced where
lignite or sub-bituminous coal is burned, which occurs primarily in the
western part of the U.S, Class C fly ash has both pozzolanic properties
and some cementitious properties.

Most fly ashes available in Texas are Class C fly ash. These
fly ashes are finer than Class F ashes, are gray to tan in color, and
tend to have good strength-gaining characteristics [57,100].

By 1979, fly ash was used in 37 percent of all ready-mixed
concrete produced in the U.S. [22]. Over 60 percent of the ready-mix
concrete suppliers in the greater Houston area are now reportedly
capable of supplying concrete containing fly ash [100].

The best fly ash for use in high strength concrete should have
an ignition loss no greater than 3 percent, have a high fineness, and
should come from a source whose production quality is fairly uniform
(901l.

When dealing with high strength concrete, it has been helpful to
broaden the "water/cement" ratio concept to include the effect of fly
ash on the mixing water requirement [(74]). The terms "water/cementitious
material”™ ratio and "water-binder" ratio have been used, where "cementi-
tious material" or "binder" refers to the Portland cement plus all or a
portion of the fly ash in the mix.

Benefits from the addition of fly ash to concrete are reported

to include increased concrete strength and modulus of elasticity,
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improved workability and finishability, decreased permeability, reduced
heat of hydration, and savings in energy and materials costs [100,1041.
Corrosion of reinforcement may be reduced as well [4].

Some possible problems that could arise from using fly ash in
high strength concrete include: (1) fly ashes from different origins
perform differently in otherwise identical concrete mixes; (2) fly ash
may act as a retarder and reduce very early compressive strengths of
concrete; and (3) concrete containing fly ash may require more careful
curing than plain concrete [T4]. Fly ash also reportedly reduces the
freeze~-thaw resistance of concrete for a given air-entraining admixture
dose [47].

2.5.2 High Range Water Reducers (Superplasticizers)., Three

types of superplasticizers are currently available in the U.S.: (1) a
sulfonated melamine formaldehyde condensate which, when added to
concrete, forms a lubricating film on the cement particle surfaces; (2)
a sulfonated naphthalene formaldehyde condensate, which causes a reduc-
tion in the surface tension of the water; and (3) a modified
lignosulfate which electrically charges the particles of cement so that
they repel each other [40,93]. The net effect of using any type of
superplasticizer is enhanced dispersion of cement particles [21]). The
initial cement hydration rate is increased since overall water-cement
contact is increased. However, the later hydration rate is slower than
usual because the reaction product which forms at first around the
cement particles tends to be thicker and more impermeable than in non-

superplasticized mixes. The film of admixture on hydrating cement
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particles alsc tends to restrict further water movement into the cement
particles. Some of the admixture apparently even associates with the
wafer on a molecular level, completely preventing a small fraction of
the water from ever hydrating the cement [21].

Superplasticizers increase concrete strength by reducing the
mixing water requirement for a constant slump, and by dispersing cement
particles, with or without a change in mixing water content, permitting
more efficient hydration. The addition of superplasticizers to a mix
can save cement and increase the slﬁmp without changing the consistency
of the fresh concrete. High-slump flowing concrete with high
compressive strengths have been produced and used which thoroughly fill
in the volume surrounding tightly spaced reinforcement, harden quickly
to facilitate rapid slip forming, and as a result save 20 to 30 percent
in labor cost [31,40,781].

An additional advantage of using superplasticizers results from
their use in hot-weather concreting. Slump loss can be successfully
read justed by redosage with superplasticizers instead of with water. A
second dosage generally restores the slump and results in greater 28-day
strengths [40]. Third and subsequent redoses may not improve strength,
but it is important to experiment with higher dosages than those recom-
mended by the admixture manufacturers. Dosage rates as high as 50
percent above manufacturers' recommended amounts have resulted in 10
percent increases in compressive strength without detrimental effects

(1,7,161.
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The main consideration when using superplasticizers in concrete
are the high fines requirements for cohesiveness of the mix and rapid
slump loss. Neither is harmful for the production of high strength
concrete. High strength concrete mixes generally have more than suffi-
cient fines due to high cement contents. The use of retarders, together
with high doses and redoses of superplasticizers at the plant or at the
job site can improve strength while restoring slump to its initial
amount. Even a superplasticized mix that appears stiff and difficult to
consolidate is very responsive to applied vibration [311l.

Long-term studies of superplasticized concrete have been con-
ducted in Japan. Test results from 1l-year studies showed better
strength improvement of superplasticized concretes than of concretes
made using a conventional water-reducing admixture or with no admixture
at all. Five-year tests showed significantly less corrosionof rein=-
forcement in superplasticized concrete than in control specimens [93].

253 Air Eptrainment. Air entraining agents are not required,

nor have they been recommended for high strength concrete in buildings,
since the primary applications of high strength concrete, such as cais-
sons, interior columns, and shear walls, will normally not require air-
entrained concrete. One investigation recommended that if high strength
concrete is to be used under saturated freezing conditions, air
entrained concrete should be considered despite the loss of strength due
to air entrainment [83]. High strength concrete is much more durable
than lower strength concrete; but an air-entrained concrete with only

half the strength of high strength concrete is more durable than the
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high strength concrete containing no entrained air [83]. Ryan [78]
stated that effective levels of air content cause an increase in void
space which quickly reduces the strength and limits the use of the
water/cement ratio as a factor for field control of the mix. It has
been shown, however, that adding an air entrained additive to a mix with
2 percent air to get a 5 percent air content reduced the 90-day strength
of a 9,400 psi mix by only 2 to 5 percent [83]. In that study, the air
entrained mix had a water/cement ratio of 0.03 less than the control
mix. This shows that the resulting reduction in the water/cement ratio
cannot fully compensate for strength loss due to increased air content.
It has been reported that as compressive strengths increase and water/
cement ratios decrease, air void parameters improve and entrained air

percentages can be set at the lower limits of the acceptable range [90].

2.6 Sample Mix Designs

Listed in Table 2.1 are high strength concrete mix designs from

two jobs in Chicago [4,16] and from one study in Texas [18].

2.7 Curing and Testing Considerations

Several variables which have direct impact on the results of
concrete compressive strength tests are unrelated to the concrete
itself. These other influencing factors are partially responsible for
the differences between the strengths of laboratory specimens and field
specimens., Variations in results from tests performed on the same

material can be caused by differences in specimen shape and size, mold
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TABLE 2.1 Sample High Strength Concrete Mix Designs
River Plaza Water Tower Texas
Building Place Study [18)
Compressive 11,200 psi 10,600 psi 11,300 psi
Strength @ 56 days € 56 days @ 56 days
Cement (Type I) 850 1b 846 1b 844 1b
Fine Aggregate 1040 1b 1025 1b 765 1b
Coarse Aggregate 1730 1b 1800 1b 1890 1b
Water 330 1b 300 1b 301 1b
Admixture 43 fl.oz. 25.4 fl.oz. 32 fl.oz.
(retarder) (retarder) (reducer)
Fly Ash 100 1b 100 1b 211 1b
(Class F) (Class F) (Class C)
Air 1.5% —— —
Slump 4-1/2 in. 4-.1/2 in. 3=3/4 in.
Unit Wt. 148.7 1b/cu.ft. 151.9 lb/cu.ft. 148.2 1lb/cu.ft.
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materials, methods of consolidation, curing procedures, capping
materials and specimen test procedures [30,83].

The age of the specimens when tested is extremely important for
high strength concrete. If loading of a high strength concrete bridge
girder will not occur until the concrete is at least 90 days old, then
the required compressive strength test age could be increased beyond 28
days to take advantage of the 90-day concrete strength in the design of
structure [3]. It is very reasonable to specify 90-day strengths in a
high-rise building construction since lower floors may not be fully
loaded for a year or more [24,78], depending on construction loads. The
later age strength criterion may be an additional expense and leave the
concrete strength issue in doubt for an uncomfortable length of time in
situations of questionable concrete strength [20]). Testing at 90 days of
age will typically provide for at least 10 percent greater usable
strength compared to 28~-day test results [831].

The type of cylinder mold used to cast the compression specimens
has a strong effect on compressive strength test results. Rigid steel
molds aid in achieving higher and more uniform compressive strength test
results due to the more uniform and effective compaction of the concrete
and the exactness of standard specimen shape and dimensions which cannot
be matched by plastic or cardboard molds [1,30,78]. A steel mold
reportedly results in a higher compressive strength test result than
does a plastic mold [30]. Using cardboard molds results in compressive
strength test results between 2 and 15 percent lower than those of

steel-molded concrete [24,30].
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Cylindrical specimen size has an effect on concrete strength as
well. It was suggested that as specimen size increases, the probability
of the presence of a critical flaw in a critical location and orienta-
tion likewise increases [83]. Using larger test specimens results in
lower average compressive strengths and lower coefficients of variation.
Cylinder specimens 6 in. dia., x 12 in. result in an average compressive
strength which is 90 percent of that obtained when using 4 in. dia. x 8
in. cylinder specimens [13]. However, one study reported that concrete
made with 1 in. coarse aggregate gave the highest strength when using 6
in, dia. x 12 in. specimens, compared to other mold sizes, while con-
crete made with 3/8 in. stone showed a higher strength when tested using
3 in, dia. x 6 in. cylinder [86].

Curing temperature and humidity affect compressive strength test
results in high strength concrete, especially when curing variations
occur at early ages. Water curing can add 1,000 psi to the 28-day
compressive strength compared to sealed curing., When cured at tempera-
tures above 100°F, variations in water temperatures do not change the
concrete strength [83]. Compared with curing at 73°F, curing at 100°F
results in higher concrete strengths [83]. Continuous moist curing for
28 days results in 10 percent greater compressive strength and 26 per-
cent greater flexural strength in high strength concrete, compared to
specimens moist cured for 7 days followed by curing at 50 to 65 percent
relative humidity until testing. Moist curing for 14 days results in
about a 5 percent reduction in compressive strength of concrete compared

to continuous moist curing [13,70].
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Capping thickness and capping compounds have been shown to be
important, too. Capping becomes more critical as the strengthof the
concrete increases [24]. Capping of cylinders must be done with extreme
precision using only high strength capping compounds [1,7]. All caps on
high strength concrete cylinders must be allowed to develop adequate
strength prior to testing [1,7]. Caps with a nonuniform thickness will
not transmit the load evenly, and low strength caps may flow or creep
under load resulting in induced tensile stresses at the specimen ends
[30,90]. Contamination of the capping compound by o0il and other impuri-
ties must be avoided also [30]. ACI Committee 363 [90] recommended
using a 3/8«~in. thick high strength cap, having a compressive strength
in the range from 7,000 psi to 8,000 psi, or else forming or grinding of
all specimen ends. Caps should be allowed to cool for 2 hours, accord-
ing to Freedman [24].

In addition, testing machines and loading procedures have
been shown to cause significant variations in strength. High strength
concrete is more sensitive to loading rates than low or moderate
strength concretes [30]. When no other information is available,
researchers agree that recommended ASTM procedures should be followed

when testing high strength concrete.






CHAPTER 1I1II

MATERIALS AND TEST PROCEDURES

3.1 Introduction

High strength concrete is being used increasingly in the field,
not only because its production has become economically feasible but
also because designers and contractors are slowly beginning to have
confidence in its wuse. Whether or not high strength concrete,
especially in the strength range above 10,000 psi, will ever command a
significant share of the structural concrete market depends on the ease
and consistency with which it can be produced and placed. Although high
strength concrete must have a low water/cement ratio, it can be produced
using readily available materials and having appropriate workability for
ease of placement and proper finishing, even under extreme temperature
conditions.

Throughout this investigation, an attempt has been made to
include only commercially available materials currently used by precast
prestressing plants approved by the Texas State Department of Highways
and Public Transportation (TSDHPT). Workability, as measured by the
slump test, was the controlling factor for all mixes. All concrete
mixes had slumps of at least 3 to 4 inches. Production, curing and
testing of concrete specimens in this study were conducted according to

applicable procedures described in the TDSHPT Manual of Testing Pro-

cedures, Physical Section, 400-A Series, The American Society for
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Testing and Materials' 1980 Annual Book of ASTM Standards, Part 14,

Concrete and Mineral Aggregates, and the TDSHPT 1982 Standard Specifi-

cations for Construction of Highways, Streets and Bridges.

In this chapter, a description of the materials, mix propor-

tioning and mixing procedures used in this study are presented.

3.2 Material Properties

The materials used in this study include 5 cements, 5 coarse
aggregates, 3 fine aggregates, 2 superplasticizing ASTM type F admix-
tures, 2 water-reducing and retarding ASTM type D admixtures, 2 sources
of fly ash and local tap water. Two or more separate deliveries of
several of the materials used were required during the conduct of the
study described herein. For this reason, the composition and physical
properties of a given material from a single source varied slightly
during the course of this study. As a result, each material has a two-
part identification number, e.g., A2. The letter represents the source
or brand, while the number refers to the delivery date.

With slight, if any, variations in aggregate gradations, as can
be seen in the tables shown in Appendix A, the materials used meet
applicable TSDHPT and ASTM specifications. Composition and physical
properties of the fly ashes and cements used are also presented in
Appendix A.

3.2.1 Cement. Three cement types, ASTM types I, II, and III,
were included in this study. Brands A, B, and D were type I cements.
Brands C and E were cement types II and III, respectively. Each of the

five cements was produced in Texas at one of four different plants. For
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mix design purposes, the specific gravity of each cement was assumed to
be 3.15.

3.2.2 Coarse Aggregate. Coarse aggregates A through E were all
crushed limestones from several aggregate producers in Texas. The
maximum size of aggregates B and C was 3/4 in. and 1 in., respectively.
The maximum size of aggregates D and E was 1/2 in. Limestone aggregate
A was used for a few concrete mixes but became unavailable after the
initial delivery. Results from mixes made using coarse aggregate A
were limited and incomplete so they are not discussed in this report.

A 1/2-in, maximum size natural gravel, aggregate F, was used for
comparison with the limestone aggregates.

Table 3.1 summarizes the properties of these aggregates.

3.2.3 Fine Aggregate. Sands B, C, and D were natural sands
(three different sources) having different fineness moduli. The several
truck loads of sand B, delivered at three to four month intervals during
the study also yielded different fineness modulus values. Fine
aggregate A, which was determined to be unacceptable for use in
structural concrete was discarded. The few mixes made using sand A are
not discussed in this report.

Table 3.2 summarizes the properties of the fine aggregates used
in this study.

3.2.4 Chemical Admixtures. Two brands of high-range water

reducers, or superplasticizers, ASTM admixture type F, both sulfonated
naphthalene formaldehyde condensates, were studied. In calculating the

water/cement ratio of mixes containing superplasticizer, the quantity of
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TABLE 3.1 Summary of Coarse Aggregate Properties
(See Appendix A for more complete

descriptions.)
Ab- Dry
Nom. Texas ASTM Type Bulk sorp- rodded
Agg. Size Grade Grade and Specific tion unit
(in.) Description Gravity (%) weight
SSD 1b/ft 3
B1 3/4 5 67 erushed 2.59 2.6 95
limestone
{yellow=white)
B2 3/4 5 67 crushed 2.63 1.8 96
limestone
(yellow=white)
c1 1 y 57 crushed 2.57 3.2 99
limestone
(yellow=-white)
D1 1/2 7 8 crushed 2.46 4,2 85
limestone
{white)
E1 172 6 T crushed 2.65 1.9 97
limestone
(gray)
E2 1/2 6 7 erushed 2.64 2.1 95
limestone
(gray)
E3 172 6 7 crushed 2. 64 1.9 93
limestone
(gray)
EY 172 6 7 crushed 2.68 1.2 95
limestone
(gray)
F1 172 7 8 river gravel 2.58 1.5 97
F2 1/2 6 7 river gravel 2.58 0.8 96




TABLE 3.2 Summary of Fine Aggregate Properties
(See Appendix A for more complete

descriptions.)
Bulk Dry rodded
Aggre-  Fineness Specific unit
gate Modulus Gravity Absorption weighg
SSD 1b/ft
B1 3.08 2.56 1.0 102
B2 2.57 2.57 1.8 105
B3 2.85 2.57 1.5 107
B4 2.77 2.56 1.7 103
C1 2.72 2.62 1.6 108
c2 2.45 2.64 1.4 104

D1 2.75 2.62 1.0 106
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admixture added was included as part of the water. Two water reducer-
retarders were (ASTM admixture type D) also used in some mixes.

3.25 Fly Ash. Fly ash (A and B) from two different sources in
Texas was considered. Fly ash was added to the concrete at a rate of 20
and 30 percent by weight of the Portland cement. Two water/"cement"
ratios, by weight, are reported for mixes containing fly ash: "w/c"
refers to the ratio of water to Portland cement by weight, and "w/b"
refers to the ratio of water to binder by weight. "Binder" refers to the
combined weight of Portland cement and fly ash or total weight of cemen-
titious material. Fly ash and Portland cement were batched at the same
time.

3.2.6 Water. Tap water was used in all mixes. The unit weight
of water was taken to be 62.4 lb/cu.ft. Water temperature was 75°F % 5°

during this study.

3.3 Mixing and Testing

3.3.1 Introduction. All mix designs were based on a saturated

surface dry condition of the aggregates. The main variables considered
in mix proportioning were: the water/cement ratio required to produce
concrete of a given slump, cement factor, and coarse aggregate/fine
aggregate weight ratio.

Slump was maintained at 3 to # in. in all batches, except those
containing superplasticizer. Most mixes containing superplasticizers
had slumps in the range from 4 to 5 in., Three cement contents, 7.0,

8.5, and 10.0 sacks/cu.yd. (658, 799, or 940 1b/cu.yd.) were considered.
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Coarse aggregate/fine aggregate ratios of 1.0, 1.5, and 2.0 by weight
were also considered.

No air entraining admixtures were included in this study.

The concrete was mixed in 3-1/4 cu.ft. batches, For most con-
crete batches, the following specimens were cast: 6-6 in. dia. x 12 in.
cylinders (steel molds), 3 to 6-4 in. dia. x 8 in. cylinders (cardboard
and/or steel molds), and 3-6in., x 6 in. x 21 in. flexure text beams.
Three 6 in. dia. x 12 in. cylinders from each batch were tested for
compressive strength at 56 days. All other specimens, both flexural and
compressive strength, were tested at 28 days. Exceptions are noted in
the test results in Appendix B, Additional batches were used to study
other variables such as: type of cylinder mold including steel, plastic
and cardboard molds; effect of high temperature during mixing; mixing
time; type of tensile strength specimen, including split cylinder and
flexural beam; curing time and conditions. The concrete mixing room
including the concrete mixer used in this study are shown in Fig. 3.1.

3.3.2 Mixing Procedures. The mixing procedure for all concrete

mixes containing no superplasticizer was to first mix 50 percent of the
water with the aggregates followed by the addition of the cement, and
then the remainder of the water was added as required to reach the
desired slump.

Batches containing superplasticizer were mixed similarly to the
mixes without admixture, except that the maximum allowable water/cement
ratio was set at 0.30. Slump was then adjusted by adding

superplasticizer instead of water. A minimum superplasticizer dose of
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Fig. 3.1

Fig. 3.2

Concrete batching laboratory with the concrete mixer used
in this study at left.

The 400-kip compressive testing machine used in this
study.
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6 fl. 0z./100 1b cement was added with the initial mixing water to every
batch. A limit of 15 fl. oz. of superplasticizer (18 fl. oz. for fly
ash mixes) per 100 1b of cement was set to avoid excessive bleeding and
extreme retardation effects experienced with lean mixes containing doses
of 25 to 40 fl. oz. per 100 1b cement.

A water/cement ratio of 0.30 and an admixture dose of 15 f1,
02./100 1b cement were insufficient to produce the desired slump in some
7-sack mixes, so a water/cement ratio higher than 0.30 was used for
those mixes.

For the study of the effect of high temperatures on the proper-
ties of fresh concrete, similar batching procedures as described earlier
were followed except that the materials were preheated overnight to a
temperature of 100°F and hot tap water at a temperature of about 105°F
was used for mixing water. During mixing, the mixer was kept hot by
continuously running hot tap water over the drum. A plastic cover
fitted over the mouth of the mixer prevented cooling of the fresh con-
crete during the duration of the mixing. Slump was checked at 15 minute
intervals. After mixing for 60 minutes, slump was adjusted, if neces-
sary, by adding either water or superplasticizer and three cylinders
were cast. After mixing for 90 minutes the slump was again adjusted and
three more cylinders were cast. The remainder of the mix was discarded.
Mix proportions are given in Appendix B, All other mixes required
approximately 15 minutes mixing time before casting.

3.3.3 Tests on Fresh Concrete. The mixer used was a 6 cu.ft.

maximum capacity Essex drum mixer with a mixing speed of 30 rev/min.
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Concrete was made and molded according to ASTM C192-76, Standard Method

of Making and Curing Concrete Test Specimens in the Laboratory, and Tex-

418-A, Compressive Strength of Molded Concrete Cylinders, except for the

following exceptions from some of the specified procedures:

(1

(2)

(3)

4)

(5)

A primary goal of this research was to show whether or not high
strength concrete could be produced with materials presently
used by precast prestressing plants. Therefore, coarse and fine
aggregates were stored as received, in bins, at a constant
moisture content rather than in separate size fractions or under
water.

The mixer was moistened thoroughly, but was not buttered before
each mix. It is believed that, since this procedure was used
constantly throughout this project, it had no effect on relative
strength of these mixes.

Except for "hot weather" mixes, every batch was steadily mixed
for about 10 to 20 minutes, with stops as necessary to check and
adjust the slump until the desired slump was reached.

All 6 in. x 6 in. x 12 in. beams were rodded in three layers,
rather than two.

A 5/8 in. dia. rod was used to compact 4 in. dia. x 8 in.
cylinders rather than a 3/8 in. dia. rod. This simplified the
casting process, since only one rod was needed for all

cylinders.
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(6) Flexural test specimens were moist cured under the same condi-
tions, 100 percent relative humidity and 73°F % 3°F, as the
compressive strength cylinders.

Slump tests were conducted according to ASTM C143-78, Standard
Test Method for Slump of Portland Cement Concrete, and Tex-415-A, Slump
of Portland Cement Concrete. The fresh unit weight of every mix was
measured according to ASTM C138-77, Standard Test Method for Unit
Weight, Yield, and Air Content (Gravimetric) of Concrete, using a 0.10
cu.ft. container., Yield was calculated on the basis of batch weights
and specific gravities., As applicable, the Standard Method of Sampling
Fresh Concrete, ASTM C172-71, was followed. The temperature of each mix
was also recorded.

Specimens were cured in a moisture room meeting ASTM C511-80,
Standard Specifications for Moist Cabinets, Moist Rooms, and Water
Storage Tanks Used in the Testing of Hydraulic Cements and Concretes.

3.3.4 Testing. With the exceptions mentioned below, the
following specifications were followed for compressive, flexural, and
split cylinder strength testing: ASTM C39~72, Standard Test Method for
Compressive Strength of Cylindrical Concrete Specimens; Tex-418-A,
Compressive Strength of Molded Concrete Cylinders; ASTM C78-75, Standard
Test Method for Flexural Strength of Concrete (Using Simple Beam with
Third-Point Loading); ASTM C496-71, Standard Test Method for Splitting
.Tensile Strength of Cylindrical Concrete Specimens.

Exceptions to these specifications are as follows:
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(1) Nominal specimen dimensions were used in stress calculations and
were deemed adeguate for the purposes of this project.
(2) The suspended spherically seated block was slightly larger than
recommended specifications for the 4 in. dia. x B in. cylinders.
Compressive tests were performed using a SATEC 400 kip
compression testing machine, shown in Fig. 3.2, Flexure testing was
initially carried out on a hydraulic, hand-operated third-point loading
beam tester, which has a 12,000 1lb capacity. Specimens having a
flexural load capacity in excess of 12,000 1b were tested using an Emery
testing machine, with a 120 kip capacity. All compressive strength test
specimens were capped using Forney's high strength capping compound.

One-day strength tests were conducted between 24 and 27 hours
after casting. These cylinders were cured using wet burlap for the
first 20 to 24 hours followed by moisture room curing until testing at
24 to 27 hours after casting.

All test results are listed in Appendix B.



CHAPTER IV

TEST RESULTS

4,1 Introduction

Experimental test results are presented in this chapter. 1In
Chapter V, the results are discussed and analyzed in relation to the
production of high strength concrete.

Chapter IV is divided into sections dealing with the effects of
particular component materials or their relative proportions on concrete
compressive strength. The effects of compression cylinder mold type and
size on the measured compressive strength of high strength concrete are
presented. Flexure beam and split cylinder test results are also
included. In addition, observations on the workability of fresh
concrete mixes containing high dosages of superplasticizers, high coarse
aggregate contents, and fly ash are reported.

In this study, the research approach was to investigate basic
interactions among concrete components in mix proportions which are
suitable for producing high strength concrete. The effects of aggregate
type and gradation, and cement type and brand on concrete compressive
strength were initially studied in concrete mixes containing no
admixtures. Later, superplasticizers and fly ash were added to the mix
proportions. The results presented apply to the specific materials used
in this study. Changing the materials can be expected to affect the

results somewhat.,
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The term "w/c" refers to the ratio by weight of water to Port-
land cement; the ratio of coarse aggregate to fine aggregate by weight
is referred to as "CA/FA".

All compressive strengths reported are average values of at
least three 6 in, dia. x 12 in, cylinders cast using steel molds unless

otherwise noted.

4.2 Cement Content

Nearly all mixes studied contained either 7.0, 8.5, or 10.0
sacks (660, 800, or 940 1bs) of cement per cubic yard of concrete. With
very few exceptions, 10-sack mixes containing no chemical or mineral
admixtures resulted in greater compressive strengths than either 7- or
8.5-sack mixes, regardless of mix proportions. The relationship between
56-day concrete strength and cement content for a concrete mix made
using type II cement, 1/2 in. crushed limestone E and sand B, is shown
in Fig. 4.1. Compressive strengths of approximately 9,500 psi were
obtained at 56 days using 10.0 sacks of cement per cubic yard, while
mixes containing 8.5 sacks/cu.yd, reached only about 8,500 psi. Typical
compressive strength results are plotted versus specimen age in Fig.
4,2, As shown in Fig. 4.3, for mixes containing no admixtures the
higher the cement content, the higher the compressive strength for any
type of cement.

In general, the optimum cement content of high strength concrete
mixes containing superplasticizers was 8.5 sacks/cu.yd., regardless of
mix proportions used in this study and specimen age, as shown by Figs.

L.4 and 4.5.
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4.1 Effect of cement content and CA/FA ratio on the 56-day
compressive strength of concrete for mixes made with

type II cement,
admixture,

1/2-in., limestone E, sand B, and no
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Effect of cement type and cement content on the 56~-day
compressive strength of concrete for mixes having a
CA/FA ratio of 1.5 and made with 1/2-in. limestone E,
sand C, and no admixture,
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CA/FA ratio of 2.0 and made with type II cement, 1/2-in.

limestone E, sand C, and superplasticizer B.
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4.3 Water/Cement Ratio

The w/c ratio was the most influential parameter affecting the
compressive strength of high strength concrete mixes in this study.

As shown in Figs. 4.6 and 4.7, it is clear that the lower the
water/cement ratio, the higher the compressive strength, regardless of
test age, materials used, and mix proportions. The scatter of data
observed in these figures results greatly from not considering the
weight of fly ash contained in many high strength concrete mixes as part
of the weight of cement. However, if the compressive strength of the
concrete is plotted versus the water/binder ratio (w/b) where binder
refers to the total weight of cement plus Class C fly ash, a much better
correlation is observed, as shown in Figs. 4.8 and 4,9. These figures
include results of all compressive strength tests in this study. From
these figures it is clear that a low w/b or w/c ratio is of primary
importance for producing high strength concrete regardless of specimen

age, and materials and mix proportions used.

4.4 Cement Type

Early in the research program, numerous comparisons were made
among different brands of type I cement, and among three cement types,
I, II, and III, in concrete mixes made using 3/4-in. crushed limestone,
sand B, 8.5 sacks of cement/cu.yd. and no admixtures. For these mixes,
compressive strengths were less than 9,000 psi. As shown in Fig. 4.10,
there was a definite effect on concrete compressive strength of the
brand of type I cement used independent of aggregate proportions and

water-cement ratio.
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Fig. 4.6 Effect of water-cement ratio on the 28-day compressive

strength of concrete for all 6-in. dia.
cylinder specimens made,

admixtures and fly ash.
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The effect of cement type on concrete compressive strength was
more significant in high strength concrete mixes than in concrete having
a compressive strength less than 9,000 psi. In concrete mixes made
using 3/4-in. and 1-in. maximum size coarse aggregate which resulted in
compressive strengths of less than 9,000 psi, the use of type II cement
did not result in higher concrete strength than that obtained when using
type I or 11l cement regardless of testing age and aggregate propor-
tions, as shown in Figs. U4.11 and 4.12. This was true despite the lower
water demand of type II cement.

However, for mixes made with 1/2-in. maximum size coarse aggre~
gate, as shown in Figs. 4.13 and 4.14, use of type II cement resulted in
higher compressive strengths than did the use of other types of cement,
regardless of cement content, aggregate proportions, testing age,'and
sand fineness. As shown in Fig. 4,14, concrete compressive strengths
achieved in mixes containing no admixture using type II cement were
greater than 9,000 psi, which is nearly 10 percent greater than the
compressive strength of concrete mixes made using types I and III
cements. As shown in these figures, less mixing water was required for
a given workability in high strength concrete mixes containing type II
cement than in mixes made with types I and III cements.

Figure #4,15 shows that for high strength concrete made using a
superplasticizer, type II cement produced the highest concrete strengths
regardless of aggregate proportions. 1In addition, type II cement
required less mixing water and less admixture than type I and type III

cements to achieve a U in. slump. The type II cement used alsoc produced
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mixes which had better workability than the concretes made using the
type I and type III cements.

It can also be seen in Fig. 4.15 that mixes having a CA/FA of
1.5 had slightly lower concrete strengths than mixes made with either
greater or smaller CA/FA ratios, regardless of cement type. It was
noted frequently in series of mixes containing superplasticizers that
the lower concrete strengths tended to correspond to mixes which
required a lower dosage of superplasticizer for the same slump. The
8.5-sack mixes having a CA/FA ratio of 1.0 were generally sticky and
needed a greater admixture dose to achieve a 4-in, slump, for a given
water/cement ratio, compared to the mixes having a higher CA/FA ratio.
On the other hand, concrete mixes having a CA/FA ratio of 2.0 were rocky
in texture compared to mixes having a lower CA/FA ratio, so a higher
superplasticizer dose was required to reach a slump of 4 in. at a given
w/¢ ratio. In general, a CA/FA ratio of 1.5 in 8.5-sack mixes resulted
in slightly lower compressive strengths but produced the most workable
mix requiring the lowest admixture dose. Further addition of
superplasticizer above that needed to produce a 4~in. slump at a w/c
ratio of 0.30 was not investigated. Using as much superplasticizer as a
mix can hold without workability or segregation problems could result in

both higher strengths and higher slumps.

4,5 Superplasticizer Dose and Brand

It was generally observed that for two identical high strength
concrete mixes having the same w/c ratio, the one with a higher super-

plasticizer dosage produced concrete with higher compressive strength.
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This was particularly true for mixes which had cement contents of at
least 8.5 sacks/cu.yd. It was also noted that a lean, rocky mix was
rendered harsh and segregated by the addition of high dosages of admix-
ture. This type of a mix was also exceedingly slow to set, unfinish-
able, and weaker at any test age.

The relationship between compressive strength and superplasti-
cizer dosage for all mixes tested is shown in Figs. 4.16 through 4.19.
Superplasticizer dosage is expressed in fl.0z./100 1lb of cement in Figs.
4,16 and 4.17 and as a percent by weight of the total mixing water in
Figs. 4,18 and 4.19., The point labelled "A" in each of these figures
corresponds to a lean, high-dosage concrete mix which hardened at such a
slow rate that it could not be removed from the molds until 48 hours
after casting. The typical effects of brand and dosage of superplasti-
cizer on concrete compressive strength are illustrated in Fig. 4.20. As
explained in Chapter III, an attempt was made to maintain the w/c ratio
at 0.30 and the superplasticizer dosage between 6 and 15 fl.oz. per 100
lbs of cement, Additional water in excess of that corresponding to a
w/c ratio of 0.30 was added if the slump was inadequate with an admix-
ture dose of 15.0 fl.oz. per 100 1bs of cement. As shown in Fig. 4.20,
additional water above a w/c ratio of 0.30 was generally required for
the 7-sack mixes. A lower w/c ratio could have been achieved with
higher admixture dosages but it was not tried in this study. As is also
seen in Fig. 4.20, significant strength increases of approximately 25
percent occurred in 7-sack mixes when, because of the addition of either

brand of superplasticizer, the w/c ratio was reduced from 0.46 to 0.38.
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The strength increase in concrete compressive strength due to
the addition of superplasticizer varied for different brands of super-
plasticizer for given mix proportions. However, based on the two super-
plasticizing admixtures used in this study, no consistent trend was
found concerning the effect of superplasticizer brand on concrete com-

pressive strength.

4,6 Coarse Aggregate Size

After the cement and both chemical and mineral admixtures, the
coarse aggregate maximum size had the greatest influence on the
compressive strength of high strength concrete. Three maximum sizes of
crushed limestone coarse aggregate, 1/2-in., 3/4-in., and 1=-in., were
included in this study. The results of a comparison between gravel and
crushed limestone coarse aggregates are presented in Section 4.7.

4,6.1 Cement Content. For concrete mixes containing no admix-

ture, the compressive strength was highly dependent on the maximum size
of coarse aggregate for cement contents ranging from 7 sacks/cu.yd. to
10 sacks/cu.yd., as shown in Figs. 4.21 and 4.22. For mixes containing
7 sacks/cu.yd., the effect of the maximum size of the coarse aggregate
on concrete strength was directly related to the effect of that aggre-
gate on the mixing water demand for a given workability. The 1-in. max.
size coarse aggregate, having the smallest total surface area and conse-
quently the lowest mixing water demand for a given slump, resulted in
the highest compressive concrete strength regardless of test age and

CA/FA ratio, for mixes containing 7 sacks/cu.yd. The 1/2-in. max. size
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coarse aggregate mixes produced the lowest compressive strengths for a
cement content of 7 sacks/cu.yd.

For concrete mixes containing 8.5 sacks/cu.yd., the w/c ratio
alone did not govern compressive strength. As shown in Fig, 4.21, the
3/4-in. aggregate produced the highest 28~day concrete strength for a
cement content of 8.5 sacks/cu.yd., even though the w/¢ ratio was higher
than for the mix containing 1-in. coarse aggregate. At 56 days, the
1/2-in., max. size aggregate mix containing 8.5 sacks/cu.yd. produced the
greatest concrete compressive strength even though its water/cement
ratio of 0,40 was the highest of the three mixes. In mixes having
cement contents of 10 sacks/cu,yd., the 1/2-in. max. size coarse aggre-
gate produced the highest concrete strength at 56 days. The compressive
strength of several 10-sack mixes was less than that of some 8.5-5ack
mixes made with 3/4-in. aggregate and less than that of all batches
containing 1-in. coarse aggregate.

As shown by Fig. 4.22, 10=-5ack concrete mixes containing 1/2-
in. max. size coarse aggregate and no admixtures, and having a w/c ratio
of approximately 0.32, achieved strengths in excess of 9500 psi at 56
days. A concrete strength of 9000 psi was also produced with a mix made
using a 1-in. max. size crushed limestone coarse aggregate and a cement
content of 10-sacks/cu.yd.

For mixes containing superplasticizer, 1/2-in. max. size aggre-
gate was compared to 3/4-in. max. size aggregate. Variations in fine-
ness modulus between shipments of sand from a single source hampered

this analysis somewhat. However, for any combination of materials for
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which the fineness moduli were identical, the 1/2-in. aggregate concrete
was stronger at 56 days than concrete made with 3/4-in. aggregate, for a
4- to 5-in. slump, as shown in Figs. 4.23 and 4.24 for a fineness
modulus of 2.57. It should be noted that different admixture dosages
were used for producing the same slump concrete for different mix
proportions.

The difference between the effects of the two coarse aggregates
should be most apparent in concrete mixes containing the most coarse
aggregate, which in this study was for any mix with a coarse/fine aggre-
gate ratio of 2.0. For a CA/FA ratio of 2.0, mixes containing 1/2-in.
aggregate are stronger at 56 days for any cement content, independent of
the w/c ratio and superplasticizer dosage, even though the 3/4-in.
aggregate mixes contains less water and more admixture.

Concrete mixes made with 3/4-in. max. size coarse aggregate
achieved strengths of approximately 9,000 psi at 56 days, while mixes
made with 1/2-in. max. size aggregate achieved compressive strengths of
10,000 psi.

4.6.2 Coarse/Fine Aggregate Ratio. Trends can be seen in the

compressive strength of concretes made with different maximum size
coarse aggregates as a function of the CA/FA ratio.

Figures 4.25 through 4.28 show these relationships for mixes
made with cement contents of 7 sacks/cu.yd. and 10 sacks/cu.yd.,
containing no admixture. Concrete made with 1-in. max. size coarse

aggregates showed a reduction in strength with an increase in CA/FA for
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any cement content. This relationship does not correspond to the trend
in concrete strength predicted based on the w/c ratio of these mixes.

For mixes made with 3/4-in. maximum size aggregate, compressive
strength decreased with an increase in CA/FA for a cement content of 7.0
sacks/cu.yd., as shown in Figs., 4.25 and 4.26. At higher cement con-
tents, the compressive strength of mixes containing 3/4-in. max. size
aggregate remained unchanged or increased with an increase in CA/FA, as
seen in Figs. U4.27 and 4.28.

The 1/2-in. aggregate concretes tended to increase in compres-
sive strength at 56 days with an increase in CA/FA ratio, as seen in
Figs. 4.26 and U4.28, regardless of cement content. An exception to
this, though, was concrete made with 1/2-in, aggregate D, which had a
low bulk specific gravity and unit weight. Concrete made with aggregate
D had a lower compressive strength with an increase in CA/FA, as shown
by Fig. 4.29.

Mixes containing superplasticizer did not exhibit a clear trend
in compressive strength as a function of CA/FA, since variations in
admix dosage for a given slump appeared to control the concrete
strength. Figures 4,30 through 4,33 show the effects of coarse aggre-
gate size and CA/FA ratio on the compressive strength of concrete mixes
containing 7, 8.5, and 10 sacks/cu.yd. and superplasticizer.

In general, for CA/FA ratios of over 1.5, concretes made with
1/2-in. max. size aggregates showed higher compressive strengths than
concretes made using 3/4-in. max. size aggregate for all cement

contents.
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4.6.3 Specimen Age. Mixes containing no superplasticizer
gained compressive strength from 28 to 56 days of age at greater rates
for smaller sizes of coarse aggregate and greater w/c ratios, as shown
in Figs. 4,34 through 4.36. For mixes containing superplasticizer, the
lower the w/c ratio, the larger the strength gain from 28 to 56 days, as
shown in Fig. #4.37. These relationships in strength gain with time were
typical of nearly all concrete batches tested in this study.

A summary of the effects of aggregate maximum size and specimen

age on compressive strength of concrete is presented in Table 4.1.

4,7 Coarse Aggregate Gradation

All but three of the mixes in this study were made with "as
received" coarse aggregates. The gradations of all aggregates used are
shown in Appendix A.

To compare concretes made with coarse aggregates having
different gradations, aggregate B was separated by sieve size and
recombined into three predetermined size distributions. As shown in
Fig. 4.38, these size distributions correspond to coarse, medium and
fine gradations within the limits on aggregate gradation for use in

concrete according to Texas 1982 Standard Specifications for

Construction of Highways, Streets and Bridges, Item 421.2(3), and the

ASTM Standard Specification for Concrete Aggregates, C33-80.
One concrete mix containing the same dosage of superplasticizer
was made using each of the three coarse aggregate gradations shown in

Fig. 4.38. The only variable besides coarse aggregate gradation in
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TABLE 4.1 Comparison of the Average Rate of Increase in Compressive
Strength of Concrete from a Test Age of 28 Days to 56
Days for Mixes made using Different Sizes of Crushed
Limestone Coarse Aggregate (includes No Mixes which
Contain Fly Ash).

Gain in Compressive Strength
of Concrete from 28 to 56 Days

Crushed Limestone With No With
Coarse Aggregate Admixture Superplasticizer
1/2=-in. Aggregate E 13.0% 6.7%
3/4-in. Aggregate B 6.5% T.2%

1=-in. Aggregate C 4,.3% —
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these mixes was the mixing water requirement for producing a 4-in.
slump.

The results of the compressive strength tests performed on these
three mixes are shown in Fig. 4.39. At 56 days, the compressive
strength increases as the w/c ratio of the concrete mix decreases, as
shown in Fig. 4.39. The mix made with the coarsest coarse aggregate
gradation required the least amount of mix water resulting in the high-
est compressive strength. Concretes made with the fine gradation of
coarse aggregate resulted in the highest mixing water demand and there-

fore the lowest compressive strength at 56 days.

4.8 Coarse Aggregate Type

Two types of coarse aggregate were used: crushed limestone and
natural gravel. In addition, limestone coarse aggregates taken from two
different sources were considered. The purpose was to study how
texture, shape, and mineralogy affect the compressive strength of high
strength concrete.

4,8.1 Cement Content. Two limestone coarse aggregates and one

natural gravel were used in similar concrete mixes, with and without
superplasticizer. Figures 4.40 and 4.41 show the effect of aggregate
type on concrete compressive strength as a function of cement content at
28 days and 56 days of age for mixes containing no superplasticizer.

In general, using a crushed limestone having a dry rodded unit
weight of 85 1b/cu.ft. and a bulk specific gravity of 2,46 (SSD)
resulted in a higher mixing water demand and lower concrete strength for

all cement contents at any test age than when using a crushed limestone
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of the same max. size but having a dry rodded unit weight of 95
l1b/cu.ft. and bulk specific gravity of 2.65. The compressive strength
difference between concretes made with the two limestones was greater
for higher cement contents. For T7-sack mixes, the difference in
strength was approximately 5%, but in 10-sack mixes the difference in
strength was about 20%, at 28 or 56 days.

In addition, there was a difference in the optimum cement
content above which no increase in strength was obtained from increasing
the cement content of the mix for the two crushed limestones. The
optimum cement content was higher for the more dense limestone
aggregate,

Comparing the gravel mixes to the mixes made using the more
dense limestone, the gravel concrete had a significantly lower water
requirement at lower cement contents and a higher compressive strength,
at 28 or 56 days. For mixes containing 8.5 sacks of cement/cu.yd., the
difference in water requirement was small, resulting in similar concrete
strengths for gravel and limestone concretes at 28 and 56 days.
However, limestone concretes had a higher compressive strength than
gravel concretes at 56 days in mixes containing 10 sacks of
cement/cu.yd., even though the w/c¢ ratio of both concretes was the same.
Whereas gravel mixes achieved strengths of approximately 9,000 psi at 56
days with 10 sacks of cement/cu.yd., limestone mixes exceeded 9,500 psi,
especially for a CA/FA ratio of 2.0,

For mixes containing superplasticizers there was no clear

trend between aggregate type and cement content. Figures 4.42 through
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K. 45 show compressive strength at 28 days and 56 days plotted versus
cement content for concretes containing two different sands. Admixture
dose affected the results considerably, but it can be seen from these
figures that 10,000 psi compressive strengths can be achieved using
gravel or crushed stone if a superplasticizer is added to the mix,
regardless of CA/FA ratios.

L.8.2 Coarse/Fine Aggregate Ratio. In high cement content

concrete mixes containing no admixtures, the general trend for gravel F
and limestone E (DRUW = 95 1b/cu.ft., BSG = 2.65) concretes was for an
increase in compressive strength with an increase in CA/FA. This same
relationship was observed even for two concretes having the same w/c
ratio but different CA/FA ratios. Increased strength with increased
CA/FA was not as significant and less noticeable at 28 days than at 56
days of age.

For high cement content mixes containing limestone "D" (DRUW =
85 1b/cu.ft., BSG = 2,46) lower compressive strengths were obtained as
the amount of coarse aggregate increased. This is shown in Fig. 4.46
for concrete mixes having a cement content of 8.5 sacks/cu.yd. Mixes
containing no admixtures and having a cement factor of 7.0 sacks/cu.yd.
showed no relationship betwee compressive strength and CA/FA ratio.

For gravel concrete containing superplasticizer, the compressive
strength increases with higher CA/FA ratios at low cement contents as
seen in Figs. 4.47 and 4.48. For higher cement contents, the compres-
sive strength of gravel concretes tended to decrease for a CA/FA ratio

of 2.0, as shown in Figs. 4,49 and 4,50, Limestone mixes containing
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Fig. 4.50 Effect of coarse aggregate type and CA/FA ratio on the
56~day compressive strength of concrete for mixes having
a cement content of 10 sacks/cu.yd. and made with type II
cement, 1/2-in. max. size coarse aggregate, sand B, and
superplasticizer B.
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superplasticizers generally showed an increase in compressive strength at
28 and 56 days for increases in the CA/FA ratio. As shown in Figs. 4.48
and 4.50, high strength concrete was produced using any CA/FA ratio in
the range from 1.0 to 2.0 using both gravel and limestone concrete.

4.8.3 Specimen Age. For mixes made with and without superplas-
ticizers using all sizes and types of aggregate but containing no fly
ash, the average compressive strength gain between 28 days and 56 days
was T7.4%, as shown in Table 4.2. Crushed stone aggregates produced
concrete with the highest rate of strength gain from 28 to 56 days,
compared to gravel concretes. Concrete made with the limestone E had a
lower rate of strength gain than did limestone D concrete.

In general, the rate of strength gain from 28 to 56 days was
higher for mixes having a higher w/c ratio.

4.9 Sand Fineness

Three sands with fineness moduli ranging from 2.72 to 3.10 were
used to compare the effects of sand fineness on concrete strength for
high strength concrete containing no admixtures. Sands from the same
source having fineness moduli ranging from 2.45 to 2.85 were used to
compare mixes containing superplasticizers. In general, researchers have
recommended the use of coarse sands for the production of high strength
concrete. In addition, it is agreed that because of the high fines
content of high strength concrete due to high cementitious content, the
need for fine aggregate for finishability of fresh concrete is reduced.

4,9.1 Cement Content. The effect of sand fineness on strength

of high strength concrete mixes made using 1/2-in. max. size coarse
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TABLE 4.2 Comparison of the Average Rate of Increase in Compressive
Strength of Concrete from a Test Age of 28 Days to 56 Days
for Mixes made Using Different Types of Coarse Aggregate
(includes No Mixes which Contain Fly Ash).

Gain in Compressive Strength of
Concrete from 28 to 56 Days

1/2-in. With No With
Coarse Aggregate Admixture  Superplasticizer

Limestone E 13.0% 6.7%

Gravel F 10.8% 5.5%

Limestone D 18.5% —
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aggregate and different types of cement was studied. The concretes
having the highest w/c ratios, for a given cement factor and CA/FA ratio
had the lowest compressive strengths. However, the coarsest sands did
not require the least mixing water for producing high-strength concrete
with a 3-in. to 4~in, slump. As shown in Figs. 4.51 through 4.54, the
mixes made using the finest sand had the highest 28-day compressive
strength for a given CA/FA ratio. A similar relationship was observed
for mixes made with cement types I and III and other CA/FA ratios.

Fineness modulus had little effect on 56-day compressive
strength for any CA/FA ratio in mixes containing 10 sacks/cu.yd., but
the finest aggregate produced the strongest concrete in 7-sack mixes.
The w/c ratio controlled strength at 28 days but seems to have had
little direct relationshp with S56-day strengths, as seen in Figs. 4.52,
4,53, and 4.54,

Mixes containing superplasticizer seemed to be controlled by
admix dosage as much as by sand fineness.

The effects of sand fineness on compressive strength of concrete
mixes containing superplasticizer can be seen in Figs. 4.55 through
4,57. Finer sands generally produced higher strength concrete for mixes
containing 8.5 sacks of cement/cu.yd. and any type of coarse aggregate
at any CA/FA ratio. However, these mixes made with finer sands also
required the greatest dose of superplasticizer, so the resulting
strength increase could have been affected by the increased superplasti-

cizer dosages.
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Compressive strength of concrete mixes containing 10 sacks of
cement/cu.yd. was adversely affected by use of finer sands. The exces-
sive fines content tended to reduce compressive strength regardless of
superplasticizer dosage. For a cement content of 7.0 sacks/cu.yd.
higher compressive strengths were obtained in mixes made using the
coarser sand. The w/c ratio in these mixes were lower for a given
superplasticizer dosage.

In general, high strength concrete can be produced using sands
having a fineness modulus as low as 2,45 if superplasticizer is used.

4,9.2 Coarse/Fine Aggregate Ratio. As shown in Figs. 4.58

through 4.60, there was no clear trend between compressive strength of
concrete as a function of the CA/FA ratio and sand fineness in mixes
containing no admixtures. It can be seen by comparisons between these
figures that the difference in compressive strength due to a change in
sand fineness was reduced as cement content increased regardless of the
CA/FA ratio.

Figure 4.61 shows a typical plot of compressive strength versus
CA/FA ratio for mixes containing superplasticizer and different sands.
In general, a CA/FA ratio of 2.0 produced the highest compressive
strengths regardless of sand fineness.

4,9.3 Specimen Age. For mixes made with cement contents of 7
to 8.5 sacks/cu,yd., but containing no admixtures, using the coarsest
sand resulted in an increase in w/c ratio and the lowest compressive
strength at any age for all CA/FA ratios, as shown by Figs. 4.62 and

4,63. As seen in Fig. 4.63, a difference of 500 to 1,500 psi in
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compressive strength existed between the strongest concrete and the
weakest at any age. Figures U4.63 through 4,66 show that for mixes
having cement contents of at least 8.5 sacks/cu.yd., higher w/c ratios
produced lower 28-day compressive concrete strength but resulted in a
higher rate of strength gain up to a test age of 56 days.

It can be seen that sand fineness had no consistent effect on
56-day compressive strengths for different CA/FA ratios in mixes con-
taining 10 sacks/cu.yd. However, the finest aggregate consistently pro-
duced the strongest concrete at 28 days.

Figures 4.67 and 4.68 show that in concrete containing super-
plasticizers finer sands resulted in higher compressive strengths in
8.5-sack mixes and lower compressive strengths in 10-sack mixes at any
age. The rate of strength gain with curing age from 28 to 56 days was

higher for lower superplasticizer dosages.

4,10 Fly Ash

The addition of fly ash to high strength concrete mixes
increased the compressive strength at 28 and 56 days more than did the
addition of the same weight of Portland cement. Substituting class C
fly ash for 20 to 30 percent of the cement in a mix containing no
chemical admixtures resulted in concretes having 28-day compressive
strengths of nearly 10,000 psi.

In this report, "percent fly ash" refers to the ratio by weight
of fly ash to total binder (Portland cement plus fly ash) expressed as a

percent. The term "w/b" is the ratio by weight of total required mixing
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water to total binder. Chemical admixture dosages are reported as fluid
ounces of admixture per 100 1bs of Portland cement.

4.10.1 Total Cementitious Materials Content. Compressive

strengths at 28 and 56 days are plotted in Figs. 4.69 and 4.70 against
total cementitious material content, or total binder weight, for dif-
ferent fly ash contents. At 28 days, the concrete mixes with the higher
fly ash content resulted in higher compressive strength. As shown in
Fig. U4.69, mixes containing 30 percent fly ash had the highest compres-
sive étrength at 28 days. For mixes containing no chemical admixtures,
the highest compressive strength was achieved by using approximately
1,000 1bs of binder per cubic yard for fly ash contents ranging from 20
percent to 30 percent.

However, for a total binder weight of more than 1,000 1bs per
cu.yd., there was little difference in compressive strength between
mixes having a fly ash to total binder ratio of 20 percent to 30 percent
by weight.

At 56 days, mixes containing O percent to 20 percent fly ash
showed a signficant strength increase over the 28 day strength. Mixes
containing 30 percent fly ash showed little or no strength increase for
the same test age except for mixes having a total binder content of less
than 950 1bs per cu.yd. As a result, mixes havng a ratio of fly ash to
total binder of 20 percent produced the highest concrete compressive
strengths at 56 days. The 56 day strengths were more closely related to
the water/binder ratio. At 56 days, for a given total binder content,

the mixes with lowest w/b ratio also produced the highest compressive
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the mixes with lowest w/b ratio also produced the highest compressive
strengths, as seen in Fig. 4.70.

In any case, Figs. 4.69 and 4.70 clearly show that for a given
total binder weight per cu.yd., the concrete compressive strength
increases if 20 to 30 percent of the total weight of Portland cement was
replaced by an equal weight of Class C fly ash.

Compressive strength of concrete at 28 and 56 days is plotted
versus fly ash content expressed as a percentage of the total weight of
binder in Figs. 4.71 and 4.72.

As shown in these figures, increasing the total binder content
tended to increase the 28 day compressive strength of concrete for any
fly ash content up to at least 30 percent. However, for mixes contain-
ing 30 percent fly ash, an increase in total binder content beyond 800
1bs per cu.yd. did not result in any inc.ease in strength after 28 days.

Adding fly ash to mixes containing superplasticizer did not
result in as great an increase in compressive strength as did the addi-
tion of fly ash to mixes containing no chemical admixtures. Strength
gains of approximately 10 percent resulted from the addition of fly ash
to mixes containing superplasticizers. As had been the case in earlier
comparisons of mixes with and without superplasticizers, trends of
compressive strength as a function of binder content were not well
defined, as shown in Fig. 4.73. The highest compressive strength was
obtained with a concrete mix containing 800 1lbs of binder with a 30

percent fly ash content.
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A direct comparison of compressive strength for identical
concrete mixes containing 30 percent fly ash, with and without
superplasticizers, is shown in Figs. 4.74 and 4.75. In general, the
addition of superplasticizers did not significantly affect compressive
strength at 28 days except for the leanest mix which required a higher
admixture dosage for a given slump. At 56 days, mixes containing
superplasticizer generally resulted in higher compressive strengths than
mixes containing no chemical admixture,

In Fig. 4,76 it is shown that little or no compressive strength
Wwas gained at 28 days by using more than 800 lbs of binder per cu.yd.
(8.5 "sacks"/cu.yd.) for mixes containing superplasticizer. Mixes
having the highest superplasticizer dosages resulted in the highest
compressive strengths for a given fly ash content.

4,10.2 Fly Ash Source. The effects of using a class C fly ash

from two different sources was also studied, Mixes with and without
superplasﬁicizers were made with fly ash contents of 20 and 30 percent.
Compressive strength test results from one set of mixes are shown in
Figs. 4.77 and 4.78. For mixes containing superplasticizer with 6 sacks
of Portland cement plus 240 lbs of fly ash, the compressive strength and
rate of strength increase were affected by fly ash brand. In this case,
fly ash B produced lower strength at 28 days but resulted in the highest
56-day compressive strength. However, the workability and compressive
strength of concrete made with fly ash B were similar to those made

using fly ash A,
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4.,10.3 Fly Ash and Coarse/Fine Aggregate Ratio. The effect of

very high coarse aggregate contents on compressive strength was studied
for mixes containing approximately 12 sacks of binder/cu.yd. and a fly
ash content of 20 percent of total binder weight. As shown in Figs.
4,79 and 4.80, the compressive strength of concrete decreased with an
increased CA/FA ratio. The loss of strength with increasing CA/FA was

greater for mixes containing superplasticizer.

4.11 Effect of Temperature and Mixing Time

The effects of high temperature and mixing time on slump and
compressive strength of high strength concrete were studied. High
strength concrete mixes made with and without superplasticizers, fly
ash, and reducer-retarders were considered. Some mixes made with and
without superplasticizers were retempered with superplasticizer and
water, respectively, to adjust the slump after mixing for prolonged
periods at temperatures of approximately 100°F,

Tables 4.3 through 4.6 list mix proportions and compressive
strength data for four different sets of high strength concrete mixes.
Slump is plotted versus mixing time in Figs. 4.81 through 4.84 for these
mixes.

Slump losses after 60 minutes of mixing at high temperature
ranged from 0 in. to only 1=3/4 in, for concrete containing no fly ash.
For similar mixes containing fly ash, slump dropped to 0 in. after 60
minutes. Slump loss rates were similar after retempering, with or

without chemical admixtures.
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TABLE 4.3 Mix Design Data per Cu. Yd. for 10=Sack High Strength
Concrete Mix Containing No Superplasticizer and No Fly

Ash (Mix Q).
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Reference Mix Mix Mix
Mix Q Q-1 Q-2a Q-2b
Cement C (1bs) 930 943 933 930
1/2=-in. Limestone E 1825 1804 1785 1780
(1bs)
Sand B (1lbs) 901 902 893 890
Reducer-Retarder C 0 0 45 45
(fluid ounces)
Initial W/C Ratio — .35 .34 .34
Final W/C Ratio (a) .35 .35 .36 .37
Mixing Temperature 72 106 102 103
(°F)
Mixing Time (min.) (b) 15 60 60 90
Compressive Strength (c¢) = 8890 7930 9470 9050

(psi)

a8 Refers to the water-cement ratio at time of casting of cylinders.
All retempering water added to restore the workability of the mix
is included as part of the water.

Y Refers to the duration of the mixing until casting of compression

cylinders.

C Refer to the 6-in. dia. x 12-in. cylinder compressive strength of
specimens cast from that mix moist cured, and tested at 28 days.
(Average of three specimens)
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TABLE 4.4 Mix Design Data per Cu. Yd. for 8.5-Sack High Strength
Concrete Mix Containing Superplasticizer but No Fly Ash

(Mix R).
Reference Mix Mix Mix (d) Mix (d)
Mix R R-1a R=-1b R-2a R-2b
Cement C (1lbs) 785 798 797 803 802
1/2-in. Limestone E 2041 2065 2064 2079 2075
S;ggsé (1bs) 1011 1034 1033 1040 1038
Superplasticizer B
Initial Dose (fl.oz.) — 129 129 126 126
Final Dose (fl.oz.) 124 129 153 126 180
Reducer-Retarder D 0 0 0 43 43
(fluid ounces)
Water/Cement Ratio (a) .32 .28 .28 .27 .27
Miging Temperature 1 104 97 104 99
Hixgég Time (min.) (b) 15 60 90 60 90
Compressive Strength (¢) 10,610 10,400 11,470 11,490 11, 820

(psi)

8 Refers to the water-cement ratio at time of casting of cylinders.
All admixture added to restore the workability of the mix is included

as part of the water.

cylinders.

Refers to the duration of the mixing until casting of compression

Refers to the 6~in., dia. x 12-in. cylinder compressive strength of

specimens cast from that mix, moist cured, and tested at 28 days.

(Average of three specimens)

4 Demolded 48 hours after casting due to slow rate of hardening.



TABLE 4.5 Mix Design Data per Cu. Yd. for T-Sack High Strength
Concrete Mix Containing 30% Fly Ash but No

Superplasticizer (Mix S).

l61

(psi)

Reference Mix Mix Mix Mix
Mix S S-1a S-1b S=2a S=2b
Cement C (1bs) 653 646 638 662 654
Fly Ash A (1bs) 280 276 273 283 280
(Class C)
1/2-in. Limestone E 1821 1803 1782 1848 1826
~ (1bs)
Sand B (1bs) 916 901 891 923 913
Reducer-Retarder C 0 0 0 35 35
(fluid ounces)
Initial W/C Ratio — .46 .46 .38 .38
Final W/C Ratio (a) 46 .49 .52 .43 .46
Initial W/B Ratio —— .32 .32 .26 .26
Final W/B Ratio (a) .32 « 34 .36 .30 .32
Mixing Temperature 70.5 108 108 101 101
(°F)
Mixing Time (min.) (b) 15 60 90 60 90
Compressive Strength (¢) 9630 8490 8080 9650 9590

2 Refers to the water-cement and water-binder ratios at time of casting
of cylinders. All retempering water added to restore the workability
of the mix is included as part of the water.

b Refers to the duration of the mixing until casting of compression

cylinders.

Refers to the 6-in. dia. x 12-in. cylinder compressive strength of

specimens cast from that mix, moist cured, and tested at 28 days.
(Average of three specimens)
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TABLE 4.6 Mix Design Data per Cu. Yd. for 6-Sack High Strength
Concrete Mix Containing Superplasticizer and
30% Fly Ash (Mix T)

Reference Mix Mix Mix (d) Mix (d)
Mix T T-1a T=1b T=2a T-2b
Cement C (1bs) 553 565 564 566 565
Fly Ash A (1lbs) 237 243 242 243 243
(Class ()
1/2-in. Limestone E 2,042 2,072 2,069 2,078 2,073
(1lbs)
Sand B (le) 100‘40 19036 1a035 1a039 10036
Superplasticizer B
Initial Dose (fl.oz) —— 108 108 109 109
Final Dose (fl.oz.) 135 153 184 148 21
Reducer-Retarder D 0 0 0 30 30
(fluid ounces)
Water/Cement Ratio (a) .40 .36 .36 .35 .36
Water/Binder Ratio (a) .28 .25 .25 24 .25
Mixing Temperature 72.5 104 102 105 105
(°F)
Mixing Time (min.) (b) 15 60 90 60 90

Compressive Strength (e¢) 11,600 11,210 11,430 12,170 12,160
(psi)

2 Refers to the water-cement and water-binder ratios at time of casting
of cylinders. All retempering admixture added to restore the work-
ability of the mix is included as part of the water.

Refers to the duration of the mixing until casting of compression
cyliners.

C Refers to the 6-in. dia. x 12-in. cylinder compressive strength of
specimens cast from that mix, moist cured, and tested at 28 days.
(Average of three specimens)

Demolded 48 hours after casting due to slow rate of hardening.
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As expected, compressive strength of high strength concrete was
reduced when water was added to mixes containing no chemical admixture
to restore slump after 60 to 90 min. of mixing at 100°F, as shown in
Tables 4.3 and 4.5. Adding superplasticizer instead of water to restore
slump in mixes already containing superplasticizer resulted in a sig-
nificant increase in compressive strength, as shown in Tables 4.4 and
4,6, The addition of water-reducer-retarders generally did not affect
the rate of slump loss with time in the mixes studied. However, for all
mixes, the addition of a reducer-retarder admixture to a mix batched at
or above 100°F resulted in a higher 28-day compressive strength than
that of the same basic concrete mix batched at 70°F to 75°F and con-
taining no reducer-retarder admixture.

Reducer-retarder C was used at a dosage of 2.0 fl.0z./100 1lbs of
cement in the two mixes containing no superplasticizer. The rate of
slump loss was not improved by the addition of water-reducer C to these
mixes at this dosage. As a result, a second reducer-retarder D was used
instead in the remaining mixes containing superplasticizer. Reducer-
retarder D was added at a dosage rate of 5.0 fl.0z2./7100 1lbs of cement to
the mixes containing superplasticizers. This admixture dosage was well
within the manufacturer's recommended dosage. However, hardening of the
fresh concrete was retarded so much that specimens could not be demolded
24 hours after casting. These specimens were demolded 48 hours after
casting.

When the mix proportions of the high temperature batch labeled

"T-2a" in Table 4,6 were remixed with a reducer-retarder dosage of only
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2.0 fl.oz./100 1bs of cement, the specimens were demolded 24 hours after
casting without problems. The compressive strength at 24 hours was 4690
psi. Also, when the same mix proportions were batched at 78°F with a
reducer-retarder dosage of 4,0 fl.oz./100 1lbs, the specimens were ready

for demolding 24 hours after casting.

4.12 High Strength Concrete and Test Age

Four different high strength concrete mixes were tested for
compressive strength at curing ages of 1, 7, 28 and 56 days. The mix
proportions for these concretes are listed in Table 4.7. Test results
are shown in Fig. 4.85.

The 1-day strength of both mixes containing superplasticizer
with and without fly ash was of the order of 6,000 psi. For mixes
containing no superplasticizers, the 1-day compressive strength was
approximately 4,200 psi. The addition of 30 percent fly ash to mixes
with and without superplasticizers reduced slightly the l-day compres-
sive strength compared to similar mixes containing no fly ash., At later
ages mixes containing fly ash showed a higher compressive strength than
similar mixes containing no fly ash. For all mixes, compressive
strengths at 28 days ranged from about 9,000 psi for a plain 10-sack mix
containing no chemical or mineral admixtures to about 11,500 psi for a
mix containing 6 sacks of cement per cu.yd., superplasticizer, and fly
ash.

When a water-reducer-retarder was added to the 6-sack mix
containing superplasticizer and fly ash, made at room temperature, the

compressive strength at 24 hours was reduced from 5,900 psi to 4,700



169

12000

11000

10000

9000

8000

STEEL MOLD

7000

(PSI,

6000

S000

4000

O : 10 SACKS Slump=3-4in,

A& : B.5 SRCKS Siump=4-5in

+ : 7 SACKS Siump=3-4in. J
¥ : 6 SACKS Slumps4-5in

6X12 CYLINDER STRENGTH

3000(

2000

1000 b

o 1 1 1 A 1 ] I
0 7 14 21 28 35 42 49 S6 €3
SPECIMEN RGE (DRYS)

A

Fig. 4.85 Effect of specimen age and fly ash and a superplasticizer
on the compressive strength of concrete for mixes having
a CA/FA ratio of 2.0 and made with type II cement, fly
ash A (0% or 30% by wt.), 1/2-in. limestone E, and sand
B.



170

TABLE 4.7 Mix Proportions for Concrete Mixes Shown in Fig. 4.85,
Comparing Compressive Strengths at Different Curing

Ages.
Mix mQ" Mix "R" Mix m3» Mix nTv
10 Sacks 8.5 Sacks 7.0 Sacks 6.0 Sacks
Cement C (1lbs) 921 785 653 553
Fly Ash A (1bs)
(Class C) 0 0 280 237
1/2-in. Limestone E
{(ibs) 1,834 2,041 1, 821 2,042
Sand B (1bs) B66 1,011 916 1,040
Superplasticizer B
(fluid ounces) 0 117 0 127
Water/Cement Ratio .37 «32 .46 40
Water/Binder Ratio .37 .32 .32 .28

28-day f (psi) 8,910 10,610 9,630 11, 640
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psi. However, as can be seen in Fig. 4.86, the 7-day and 28-day
compressive strengths of the retarded mix were equivalent to those of

the same mix without the retarder.

4,13 Compaction, Curing and Capping

The effects of different compaction, curing, and capping proce-
dures on 28-day compressive strength of high strength concrete are
compared in Table 4.8. The highest 28-day compressive strength was
achieved by moist curing for 14 days followed by oven dryiné at 100°F to
120°F. Cylinders compacted by rodding resulted in higher compressive
strengths than cylinders compacted by 2 min. of external vibration.
Using high strength capping compound material results in higher concrete
compressive strength test results than using conventional sulfur
compounds.

These results show that the compressive strength of high
strength concrete is not adversely affected by a hot and dry environment

after 7 days of ideal curing.

4,14 Flexural Strength

Third-point loading, flexural beam tests at 28 days were

performed for most concrete mixes in this project.

As shown in Fig. 4.87, the flexural strength of all mixes tested

fell within the range from 8.0+4f3 to 12.0-ﬂfé-

4,15 Split Cylinder Strength

Split cylinder tests were performed on 6-in. x 12-in. cylinders

from several mixes. Split cylinder tensile strength results were
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TABLE 4.8 Effects of Different Compaction, Curing, and Capping
Procedures on 28-Day Compressive Strength. (i4-in. Dia.
x 8 in. Cylinders, Cardboard Molds)

Curing fe (psi)
28 days, under water 11,050
28 days, moist, 73°F 10,550
14 days, moist, T73°F 11,480

14 days, dry, 80CF-90CF

7 days, moist, 73°F 11,380
21 days, dry, B0CF-90°F

14 days, moist, 73°F 12,360
14 days, dry, 100°F=120°F

7 days, moist, 73°F 12,260
21 days, dry, 100°F=120°F

Compaction fe (psi)
Rodding 10,550
External Vibrating, 2 min. 10,170

Capping £} (psi)
Sulphur Capping Material A 10,550

Sulphur Capping Material B 11, 180
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approximately 8.14f! for specimens molded in steel forms, and 7.7 yf}

for those made using cardboard molds. Identical mixes tested for

flexural strength had an average modulus of rupture of 10-uifé.

4,16 Mold Types and Sizes

The effects on compressive strength of high strength concrete of
using cylindrical concrete specimen molds made of steel, plastic, and
cardboard were compared. The effects of specimen size on compressive
strength were studied as well. Based on the test results using 4-in.
dia. x 8-in. cylinder specimens, concrete made in steel molds always had
higher compressive strength, than specimens made using cardboard, as
seen in Fig.4.88. Table 4.9 shows the results of four high strength
concrete mixes made to compare 6-in., dia. x 12-in. cylinders made out of
cardboard, plastic and steel molds. Specimens made in steel molds were
generally stronger than those made in cardboard molds. No definite
conclusions can be made from this data with respect to strength of
specimens made using plastic molds as compared to steel molds.

As seen in Fig. 4.89, 4-in. dia. x 8-in. cylinders always gave
higher compressive strength results than 6-in. dia. x 12-in. specimens
when cast in molds made of the same material. Generally, a 4-in. x 8-
in. cylinder made using steel molds can be expected to result in a
compressive strength of between 10 and 15 percent higher than a specimen

made out of the same batch using a 6-in. x 12-in. steel mold.
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TABLE 4.9 Compressive Strength Test Results of Specimens Cast

in Different Types of Molds.

28-Day f, (psi)

Mix Q Mix R Mix S Mix T
Mold Cylinder

Material Size (Admix, (Fly Ash, (Admix,
(Plain) No Fly No & Fly

Ash) Admix) Ash)
Steel 6-in. dia. x 12-in. 8,890 9,500 9,560 10,210
Cardboard 6~in. dia. x 12-in. 8,490 9,730 9,090 10,060
Plastic 6=-in. dia. x 12-in, 8,230 10,730 8,930 10, 960
Cardboard 4~in. x 8-in, 8, 640 10,540 10,240 10, 330
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4,17 Superplasticizers and Workability

When superplasticized mixes were first introduced into this
program, it was intended for all batches to contain a final water-cement
ratio of 0.30 or less, However, 7T-sack mixes containing superplasti-
cizer, 1/2-in. coarse aggergate, and coarse/fine ratios of 1.0 to 2.0
required a superplasticizer dose of more than 50 fl.o0z./100 1bs of
cement in order to achieve a 4-in, slump at a water-cement ratio of 0.30
or less. As aresult of this high dosage, excessive bleeding occurred
and the coarse aggregate had a slimy appearance. The fresh concrete had
no cohesion, and workability requirements were not adequate. When
attempting to measure the slump of this concrete, the sample slowly
collapsed to nearly a 12-=in, "slump" after removal of the slump cone.
The mix was rocky and too harsh to rod and compact properly. The
specimens were soft and crumbly 24 hours after casting and flexure beam
specimens would fail under their own weight when supported at an 18-in.
span. One of these 6-in. dia. x 12-in. cylinder specimens was saved and
demolded at 3 days. Its 3-day compressive strength was 4000 psi. Its
appearance was dark brown and porous.

Reducing the superplasticizer dosage from 50 fl.oz./100 1lbs of
cement to 25 fl.0z./100 1bs of cement was insufficient to make possible
a workable mix containing 7 sacks of cement per cu.yd. and having a w/c
ratio of 0.30. The T-sack mix with a dosage of 25.0 fl.0z./100 1bs of
cement was too harsh and the slump collapsed. The specimens were not
ready to be demolded for 48 hours after casting. The 56-day compressive

strength (6,500 psi) of this concrete was only 2/3 of that obtained with
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the same mix to which a superplasticizer dose of 15 fl.0z./100 1lbs of
cement had been added.

A superplasticizer dosage of 15 fl.0z./100 1lbs of cement in a
mix which had a w/c ratio of at least 0.33 was the maximum acceptable
dosage for Workability in a 7-sack mix using the materials in this
study. A lower w/c ratio can be obtained with a higher admixture
dosage, but workability and strength are sacrificed.

For 8.5- and 10-sack mixes the higher fines contents allowed
superplasticizer doses greater than 30 fl.0z./100 lbs cement to be added
to the concrete without workability problems. Slump test results were
more representative of the workability of these mixes.

Figure 4,90 is a diagram relating the workability of mixes in
this study which contained superplasticizers, a 1/2-in. crushed lime-
stone coarse aggregate, and type II cement, and had a slump of 4 in. to
5 in. At one extreme, a lean (7-sack) mix with a high coarse aggregate
content (coarse/fine aggregate ratio = 2.0) was harsh and unworkable
with a strong tendency to segregate. At the other extreme, a rich, 10-
sack mix with the highest fine aggregate content (coarse/fine ratio =
1.0) was too sticky.

The "slightly rocky" mixes frequently appeared to stiffen when
sitting still in molds or in the mixer. However, the concrete quickly
loosened and flowed when remixed or subjected to vibration, especially
internal vibration,

Changes in the materials used affected workability. For

instance, 7-sack mixes having a CA/FA ratio of 2.0 were workable when
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made with 3/U-in. stone instead of 1/2-in. stone. Brand of superplasti-
cizer also affected workability. More bleeding and segregation occurred
in 7-sack mixes made using superplasticizer brand A than in mixes made
Wwith brand B.

Due to the higher fines content of high strength concrete,
formed concrete surfaces resulted in a satisfactory appearance. How-
ever, in this study, hand-finishing was difficult on the top surface of
specimens made from "slightly rocky" mixes containing superplasticizers
and especially difficult for the "harsh" mixes. This is not expected to
present significant problems in casting columns and precast girders in
the field, since use of power finishers has reportedly resulted in

acceptable finished surfaces [90].



CHAPTER V

DISCUSSION OF TEST RESULTS

5.1 Introduction

The experimental test results presented in Chapter IV are dis-
cussed in this chapter. Explanations for the observed effects of dif-
ferent variables on compressive strength of high strength concrete are
examined. Procedures are suggested for direct application of the test
results presented in Chapter IV to the development of high strength

concrete mix designs in concrete batching plants in the state of Texas.

5.2 Cement Content

In order to produce high strength concrete, higher cement con-
tents than for normal strength éoncrete must be used, as shown in Fig.
5.1. The cement content of concrete mixes made in this study ranged
from 7.0 sacks/cu.yd. to 10.0 sacks/cu.yd. For trial mix design pro-
grams in Texas, cement contents in excess of 8.5 sacks/cu.yd. and as
high as 11.0 or 12.0 sacks/cu.yd. should be used for concrete mixes
containing no fly ash and no chemical admixtures. When evaluating the
effects of cement content and superplasticizer dosage on concrete
strength, cement contents in the range from 6.0 to 10.0 sacks/cu.yd.
should be considered. However, the workability of mixes containing
superplasticizers and having a cement content ranging from 6.0 to 8.0

sacks/cu.yd., and a coarse/fine aggregate ratio (CA/FA) of 1.5 or

183
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greater might not be acceptable for placement of the concrete in the
field.

Ten-sack mixes containing no superplasticizer or fly ash pro-
duced 56-day compressive strengths greater than 9,000 psi using 1/2-in.
max. size coarse aggregate. Two 8.5-sack mixes having a CA/FA ratio of
1.5 and made with identical materials except for the source of the sand
resulted in concrete strengths of 9,000 psi at 56 days. However, no
other 7.0 or 8.5-sack mixes resulted in 9,000 psi concrete at 56 days
without the use of chemical or mineral admixtures. The low mixing water
requirement associated with high cement factors was greatly responsible
for achieving high strength in mixes containing no chemical or mineral
admixtures. Typically, the w/c ratio for a 1/2-in. max. size crushed
stone, 10-sack mix having a compressive strength of 9000 psi at 56 days
containing no admixture was 0.32 for a 3-in. slump. However, for a
similar 8.5-sack mix, the w/c¢ ratio was about 0.37. To produce concrete
having a 3-in. slump, mixes containing 7.0 sacks/cu.yd. required a w/c
ratio of between 0.42 and 0.50.

For mixes containing no superplasticizer, increasing the cement
content from 8.5 to 10.0 sacks/cu.yd. in mixes made using 1/2-in. max.
size coarse aggregate resulted in significant increases in compressive
strength at any age. For mixes containing no admixtures, using cement
contents in excess of 10 sacks/cu.yd. may result in even higher compres-
sive concrete strengths than were obtained without admixtures in this
study. However, all mixes made in this study had cement contents of 10

sacks/cu.yd. or less.
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When superplasticizers were added to high strength concrete
mixes, increases in compressive strength of the concrete were observed
at test ages of 28 and 56 days for any cement content. For producing
high strength concrete, the optimum cement content for mixes containing
superplasticizer was 8.5 sacks/cu.yd., as shown in Fig. 5.2. The dis-
persion effect of the superplasticizer on cement particles improved the
efficiency of hydration, making the strength of the concrete less depen-
dent upon the cement content and w/c ratio. The higher the superplasti-
cizer dosage, the higher the compressive strength of the concrete for a
given workability as long as the mix remained cohesive. Since the
objective of using superplasticizers was to reduce the w/c ratio of all
mixes to 0.30 while maintaining a 4-in. slump, the B8.5-sack mixes
required higher admixture dosages than did the 10.0-sack mixes, due to
the much higher w/c ratio of the 8.5-sack mixes without superplasti-
cizer. The 7.0 sack mixes required the highest admixture dosages of all
but, as reported in Section 4.17 on superplasticizers and workability,
in order to produce a good, workable concrete having a normal setting
time and a smooth formed surface, the w/c ratio of 7.0-sack mixes had to
be increased to at least 0.34. As a result, B.5-sack mixes containing
superplasticizer in this study produced the highest compressive
strengths. It may be possible to obtain higher concrete strengths
having the desired 4 to 5-in. slump with much lower w/c ratios through
the use of higher superplasticizer dosages. However, no attempt was

made in this study to obtain the lowest possible w/c ratio.
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For mixes made using superplasticizers, compaction of specimens
was most effective in the 8.5-sack mixes, and may have alsoc enhanced the
compressive strength of those mixes. Fresh concrete mixes containing
7.0 sacks of cement per cu,yd. tended to be harsh while the 10-sack
concrete mixes were generally sticky for optimum compactibility using

current cylinder casting techniques.

5.3 Water/Cement Ratio

Lower water/cement ratios are required for producing high
strength concrete than for proqucing normal strength concrete. 1In
addition, use of the water-binder ratio is more appropriate than use of
the water~cement ratio as a general indicator of the compressive
strength of high strength concrete. The plot of concrete compressive
strength versus water-binder (w/b) ratio shown in Fig. 5.3 indicates
that a w/b ratio of less than about 0.32 is required for producing
concretes having a 28-day compressive strength of 9,000 psi. A w/b ratio
less than about 0.35 is required for producing concretes having a 56-day
strength of 9,000 psi or higher., This is based on a minimum 4-in. slump
for mixes containing superplasticizer and a minimum slump of 3 in. for
mixes containing no superplasticizer. Higher strengths would be pro-
duced if the slump were permitted to be less than 3 to 4 in., since the

w/¢c or w/b ratio could be reduced. However, all concrete mixes produced

in this study had slumps of at least 3 in.
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5.4 Cement Type

For mixes containing no admixtures, it was found that type II
cement was more suitable for production of high strength concrete than
cement types I or III. However, for concretes having compressive
strengths of about 8,500 psi or less, the effect of cement type and
brand were inconclusive. Therefore, it is recommended that high
strength concrete trial mix programs include a comparison of several
available brands and types of cement, even though a given type or brand
may have produced less desirable results when producing normal strength
concrete.

For mixes made using superplasticizers, the highest compressive
strengths were produced using type II cement. However, cement type has
less of an effect on concrete compressive strength for mixes containing
superplasticizers than on mixes containing no admixtures. 1In general,
high strength concrete can be produced with any type of cement when a
compatible superplasticizer is added to the mix.

Mixes made using type II cement had a lower mixing water
requirement than mixes made with cement types I and II, with or without
the addition of superplasticizer. An 8.5-sack mix containing super-
plasticizer and having a d-in. slump could not be produced using a w/c
ratio of 0.30 for cement types I and III, However, this was readily
accomplished using type II cement, Higher compressive strength and
denser concrete result from a lower mixing water content and lower heat
of hydration at early ages such as that needed for workable mixes

containing type II cement.
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5.5 Superplasticizer Dose and Brand

Changing the brand of superplasticizer used in several concrete
mixes resulted in no consistent change in the compressive strength of
concrete, However, this is not expected to be a general rule. The
effect of superplasticizer brand on compressive strength of concrete
will depend greatly on the compatibility of the admixture with the other
concrete-making materials. Each brand of superplasticizer must be
tested individually for compatibility with the Portland cement and
aggregates used, especially as it relates to workability, setting time,
and compressive strength. For instance, the workability of concretes
made with the two superplasticizer brands used in this study were
noticeably different. Specifically, more bleeding occurred with brand
A, while similar mixes made using admixture brand B were more cohesive
and had better finishability. Both admixtures were satisfactory for
producing high strength concrete,

Similarly, it is expected that the compatibility of different
types of superplasticizer, such as naphthalene, melamine, and ligno-
sulfates, with other concreting materials may affect compressive
strength results.

In this study, superplasticizer dosage was found to be an
important variable in the production of high compressive strength con-
crete. The required dosage for a given slump and w/b ratio depended on
type and amount of cement, amount of fly ash, and mix proportions. For
producing high strength concrete at a ready-mix plant in Texas, trial

mixes will have to be performed not only to determine strength-producing
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properties of superplasticizers, but also to determine the dosage for
optimum workability and placement characteristics., Superplasticizer
dosages as recommended by the manufacturers of the admixtures used in
this study were not adequate for the production of high strength except
as a starting point for trial mixes., The effects of the types and
amounts of cement and other materials used on the effectiveness of the
superplasticizer‘are not necessarily accounted for in the manufacturer's
recommended dosages. As shown in Fig. 5.4, increasing the superplasti-
cizer dosage above manufacturer's recommendations resulted in an
increase in concrete compressive strength if the dosage was not so high
that it caused segregation of the mix.

In general, 7-sack mixes became unworkable at high superplasti-
cizer dosages, especially when using a CA/FA ratio of 1.5 or higher. An
upper limit of 15 fl.oz. of superplasticizer per 100 1bs of cement is
recommended in 7.0-sack mixes for the mix proportions and materials used
in this study. Compressive strengths at 28 days exceeded 9,000 psi for
7-sack mixes in some cases, but the workability was often poor and rocky
and the specimens were very difficult to strike off and finish. Use of
a CA/FA ratio of 1.0 or less, and use of 3/4-in. max. size coarse
aggregate instead of 1/2-in. may be expected to improve the workability
coﬁsiderably in 7T-sack mixes, but will likely reduce compressive
strength.

For 8.5-sack mixes, superplasticizer dosages of 10 fl.02./100

1bs of cement or more significantly increased the compressive strength
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at both 28 and 56 days. Workability of these mixes was generally very
good. Finishability was much better than for 7.0-sack mixes.

Ten-sack mixes may also be expected to increase in strength for
higher superplasticizer dosages, but not significantly, unless w/c
ratios considerably below 0.30 are used. In general, the objective of
using the superplasticizer was to obtain a w/c ratio close to 0.30. The
reduction in w/c ratio for 8.5 sack mixes from about 0.37 to 0.30
resulted in higher concrete strengths, However, since the reduction in
w/c ratio for 10-sack mixes was only from approximately 0.33 to 0.30,
and since the total surface area of the cement particles was greater and
therefore less affected by a given amount of superplasticizer than in an
8.5-sack mix, strength increases due to increases in dosage were less

significant in 10-sack mixes.

5.6 Coarse Aggregate Size

A smaller coarse aggregate max. size is required for production
of high strength concrete than for production of normal strength
concrete when no chemical admixtures are used, as shown in Fig. 5.5.
For a cement content of 7 sacks/cu.yd. the compressive strength of
concrete was controlled by the w/c ratio in mixes containing no chemical
or mineral admixtures. As a result, mixes made with 1=-in. max. size
coarse aggregate, which required the least mixing water for a given
slump, produced the highest compressive strengths. For higher cement
contents, however, using 1/2-in. max. size coarse aggregate resulted in

the highest compressive strengths, despite the higher w/c ratio of these

mixes.
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The effect of increased homogeneity in concrete containing 1/2-
in. coarse aggregate, higher cement contents and overall decreased
average coarse aggregate-to-mortar bond stresses due to greater aggre-
gate surface area apparently overcome the effect of the higher water
requirement as the controlling factor for compressive strength. Disrup-
tive stress concentrations at the aggregate-mortar interface may be less
likely to occur until higher compressive stresses are applied with
smaller size coarse aggregates. The strength of the mortar may come
closer to being fully realized as well.

High strength concrete having a compressive strength of 9140 psi
at 56 days was achieved using 1-in. max. size aggregate, 10 sacks of
type Il cement per cu.yd., a w/c¢ ratio of 0.31, and no admixture.
However, all 1/2-in. aggregate concrete mixes containing 10 sacks of
type II cement per cu.)yd. resulted in high compressive strengths ranging
from 9000 psi to 9560 psi at 56 days with w/c ratios averaging 0.34.

High strength concrete may be produced using any maximum size of
coarse aggregate ranging from 1/2-in. to 1=-in. max. size when a super-
plasticizer is added. However, the greatest compressive strengths were
achieved using 1/2-in. max. size coarse aggregate in this study.

Use of a CA/FA ratio of approximately 2.0 is also recommended
for consistent production of high strength concrete.

The higher rate of strength gain between 28 and 56 days observed
for higher w/c ratio mixes containing 1/2-in, aggregate is likely due
to the extra available pore water which can enhance hydration at later

ages.
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5.7 Coarse Aggregate Gradation

Based on the limited information presented in Section 4.7, the
effect of the gradation of the coarse aggregate on the compressive
strength of high strength concrete is directly related to the effect of
the gradation on the mixing water requirement for a given slump. As
shown in that section, changes in gradation of the coarse aggregate
resulted in a change in the w/c ratio of about 0.01. As a result, the
difference in compressive strengths of the concretes made using the
coarsest and finest gradations was nearly 1,000 psi, or 10 percent.

Due to the high fines content and the use of workability admixtures
in the production of high strength concrete, the effect of variations in
coarse aggregate gradation within allowable ASTM C-33 limits is not

expected to be significant.

5.8 Coarse Aggregate Type

Based on the limited information from this study for producing
concrete strengths greater than 9,500 psi, aggregate surface texture is
very important. High strength concrete can be produced using gravel or
limestone coarse aggregate without the need of adding superplasticizers
to the concrete. However, mixes made using limestone aggregate gener-
ally resulted in higher concrete strengths, especially for high cement
contents and 56 day test age. Improved bonding due to the rough surface
of the aggregate and good mineralogical compatability between the lime-
stone aggregate and the mortar are important in achieving very high
concrete compressive strengths, especially in 10-sack mixes without

admixtures and in 8.5 -sack mixes containing superplasticizers.
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Dense limestone coarse aggregate having a DRUW of at least 90 to
92 1b/cu.ft., and a BSG 4 of at least 2.55 is recommended for produc-
tion of high strength concrete.

Figure 5.6 shows the failure surface of a 6-in., dia. x 12-in.
high strength concrete specimen tested in compression. The smooth
failure planes passed through the limestone aggregate, rather than
around the aggregate. Gravel mixes resulted in similar compression test
failure planes. However, in flexure beam tests, the failure surface
always propagated through the limestone aggregate, while some aggregate

bond failure often occurred in the failure plane of gravel mixes.

5.9 Sand Fineness

The higher the cement content, the smaller the difference in
compressive strength of similar high strength concrete mixes produced
using sands having fineness moduli of between 2.7 and 3.1. Based on the
results presented in Chapter IV, it can be concluded that high strength
concrete can be produced using sands whose fineness moduli are in the
range from 2.7 to 3.1.

In concrete mixes containing superplasticizer, using sands with
a fineness modulus as low as 2.4 resulted in high concrete compressive
strengths. Contrary to the production of normal strength concretes, use
of the finer sands generally resulted in higher strengths when producing
high strength concretes. The finer sands allowed the use of larger
superplasticizer dosages without inducing any workability problems in

the concrete.
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5.10 Fly Ash

It is highly recommended that trial mix programs for high
strength concrete include the use of a Class C fly ash. As shown in
Fig. 5.7, more compressive strength was gained by adding fly ash to a
concrete mix than by adding an equal weight of Portland cement, for
mixes having a ratio of the total fly ash weight to the combined weights
of fly ash and Portland cement in the range of 20 to 30 percent. Sub-
stitution of fly ash by weight for 20 to 30 percent of the Portland
cement in an ordinary concrete mix resulted in the production of high
strength concrete with a substantially lower cement factor. Concrete
strengths at 28 days of over 11,000 psi Wwere achieved in mixes con-
taining approximately 6 sacks of Portland cement per cu.yd. when both
fly ash and superplasticizer were used in the mix.

The strength-producing properties of the calcium and silicon
components of the fly ash apparently add substantially to concrete
strength, especially since the mixing water demand of the fly ash is
less than that of Portland cement.

The two sources of fly ash used in this study produced fly ash
with very different total calcium and silicon contents. Yet their
concrete strength-producing capacities were very similar.

It is recommended that as part of the trial mix design
procedure, the engineer determine both the optimum total binder content
and fly ash content for the materials available and given strength

requirements.
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Fly ash used in structural concrete should be laboratory-tested
for compatibility with other materials before it is used in the field.
It should also be tested at regular intervals during production for
consistency of quality and composition. Changes in the operating proce-
dures at the power plant boiler where the fly ash is collected can

seriously affect the fly ash chemical composition.

5.11 Reducer-Retarders and Hot-Weather Concrete

The use of a reducer-retarder admixture in the low range of the
manufacturers' recommended dosages makes it possible to produce high
strength concretes even when mixed at temperatures above 100°F. High
strength concrete can be produced even if retempering water has to be
added to restore the workability of the concrete mix, if a reducer-
retarder is used. Superplasticizer redosages, after 60 to 90 minutes of
mixing at 100°F, improved the compressive strength of the concrete
significantly. This was especially true in the presence of a reducer-
retarder.

Careful control of admixture dosages is recommended when using
both superplasticizers and reducing-retarding admixtures in a given mix.
Their combined retarding action can cause the rate of hardening and 1-
day compressive strength to be reduced significantly if the reducer-
retarder dosage is not controlled properly.

5.12 High Strength Concrete and Curing Age

The effect of specimen age on concrete compressive strength is
shown in Fig. 5.8. Substitution of fly ash for 30 percent of the cement

in a concrete mix resulted in slightly lower 24-hour compressive
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strength of concrete. However, superplasticizers increased the early
strength of concrete with or without fly ash, Concrete with a super-
plasticizer dosage of between 15,0 and 23.0 fl.oz. per 100 lbs of
Portland cement had a 24-hour compressive strength of 6,000 psi. Simi-
lar mixes containing no superplasticizer had 2U4-hour strengths of just
over 4,000 psi.

Seven~day compressive strengths for these mixes ranged from
about 7,500 psi to 9,500 psi. Compressive strengths at 28 days ranged
from 11,000 to 12,000 psi were measured.

A reducer-~retarder in a concrete mix can reduce the 2i~hour
strength by 20 percent or more, but the 7-day and later age compressive
strengths were nearly the same as those of non-retarded mixes.

Construction which requires high 24-hour concrete strength may
require a superplasticizer dosage of at least 15 0z/100 lbs of cement in
an 8.5-sack mix. Superplasticizers may not be needed if 4,000 psi is an
acceptable 2U-hour compressive strength.

Type III cement may also improve the early strength of concrete,
but it is expected to result in a slightly lower concrete strength at

later ages.

5.13 Curing and Capping

Based on the limited information from this study, the compres-
sive strength of high strength concrete is not reduced by drying until
testing if the concrete has had at least 7 days of moist curing at a

temperature of 70 to B80°F,
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The type of capping compound used to cap concrete compression
specimens affects the measured concrete compression strength. It is
suggested that a high strength capping compound be used when testing

high strength concrete.

5.14 Flexural Strength and Split Cylinder Strength

As shown in Fig. 5.9, the modulus of rupture for high strength
concrete falls within the range from 8.0 fg and 124/f2, regardless of
mix proportions or materials used.

Split cylinder test results are of the order of 75 percent of

the modulus of rupture.

5.15 Specimen Mold Size and Type

It is important to take into consideration the type and size of
specimen mold used when evaluating compressive strength test results of
high strength concrete. An increase in compressive strength of 10
percent can be expected when using 4-in. dia. x 8-in. cylinders instead
of 6-in. x 12-in. cylinders, or when using same size cylinder molds made
of steel rather than cardboard.

No conclusive results were obtained in limited comparisons of

plastic molds with steel and cardboard molds.

5.16 Admixtures and Batching Procedures

It is recommended that cement be thoroughly moistened before
superplasticizers and reducer-retarders are added to high strength
concrete mixes. Hydration can be hindered greatly if dry cement

particles are coated by superplasticizer before they are combined with
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the water and as a consequence the quality of the fresh concrete could
be adversely affected. 1In this study, addition of superplasticizer to
unmoistened cement resulted in segregation and a slimy appearance of the
fresh concrete. Addition of more water to the mix restored workability
after sufficient mixing. However, control over the w/c ratio was lost,
since more than the usual amount of mixing water was required for the
desired slump.

If superplasticizers are used without other admixtures, at least
half of the dose should be added to the concrete with the last portion
of mixing water added. The remaining admixture should be added directly
to the fresh concrete after mixing has started.

When superplasticizers and reducer-retarders are used together,
the reducer-retarder should be added first with some of the mixing
water, after the cement is moist. Then, after thorough mixing, the
superplasticizer should be added as described above.

The two superplasticizers used in this project dispersed through
the moistened fresh concrete very quickly after several revolutions of
the mixer. However, special care must be taken to ensure thorough
mixing and moistening of all materials in all parts of the concrete
mixer when superplasticizers are added to high strength concrete mixes

because of the low w/c ratio.






CHAPTER Vi

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The results of this study demonstrate that high strength
concrete can be produced in the State of Texas with readily available
materials using conventional batching procedures. The following
conclusions have been made regarding the selection of materials, mix
design, production, and testing of high strength concrete.

1. The water-cement, or water-binder, ratio is the most
influential parameter affecting the compressive strength of high
strength concrete. In general, to produce concrete having a 56-day
compressive strength of at least 9,000 psi, the water-binder ratio must
be less than 0.35.

2. A cement content of at 1east 10 sacks/cu.yd. is required to
produce high strength concrete having a slump of 3 to 4 in., if no
chemical or mineral admixture is added to the mix. A cement content of
8.5 sacks/cu.yd. is optimum for strength and workability of high
strength concrete mixes containing superplasticizer, for a water-cement
ratio of 0.30 and a slump of 4 to 5 in.

3. Compressive strength of concrete increases as superplasti-
cizer dosage increases, up to a dosage which causes a concrete mix to
become segregated and unworkable. The addition of too much superplasti-
cizer to a high strength concrete mix may result in significant retarda-

tion of concrete hardening. The brand of superplasticizer used affects

209
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both the workability and the compressive strength of high strength
concrete.

4, High strength concrete can be produced using natural gravel
or crushed stone, However, higher compressive strengths are obtained
with concrete made using crushed stone.

5. For concrete mixes made with cement contents of 8.5
sacks/cu.yd. or more but without superplasticizers, using 1/2-in. max.
size coarse aggregate results in higher concrete compressive strengths
at 56 days for mixes having a similar slump. For concrete mixes made
with a superplasticizer, use of any size of coarse aggregate between
1/2-in. and 1-in. can result in high compressive strength. However, the
highest compressive strengths result from the use of 1/2-in. max. size
coarse aggregate.

6. High strength concrete can be produced using a sand with a
fineness modulus of from 2.7 to 3.1 for mixes containing no admixtures.
Sands having a fineness modulus of as low as 2.4 are satisfactory for
producing high strength concrete when a superplasticizer is used.

7. More compressive strength is gained by adding Class C fly
ash to a concrete mix than by adding an equal weight of Portland cement,
if the ratio of the weight of fly ash to the combined weights of fly ash
and Portland cement is in the range from 20 to 30 percent.

8. The source of a fly ash affects the concrete strength-

producing properties of the fly ash.
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9. The 1-day strength of high strength concrete is slightly
reduced by the addition of fly ash and can be significantly increased by
the addition of superplasticizer.

10. The 28-day compressive strength of high strength concrete
which has been cured under ideal conditions for 7 days after casting is
not seriously affected by curing in hot and dry conditions from 7 to 28
days after casting.

11, The compressive strength of high strength concrete speci-
mens cast using U4-in. dia. x 8-in. molds is 10 percent higher than that
of concrete specimens cast using 6-in. dia. x 12-in. molds, in general.
In general, the compressive strength of high strength concrete specimens
cast in steel molds is 10 percent higher than that of concrete specimens
cast in cardboard molds, in general.

12. The type of capping compounds used to cap high strength
concrete compressive strength specimens for compression testing affects
the test results. High strength capping compounds should be used.

13. The modulus of rupture of high strength concrete falls
between 8.0+ f! and 12 9f{.

14, High strength concrete having a slump of 4-in., or greater
can be produced even when mixing temperatures are of the order of 100°F

and the total period of mixing is between 60 min. and 90 min.

6.2 Mix Design Recommendations

Ten classes of regular and special concretes are presently

specified in Tables 4 and 5 of the 1982 Standard Specifications for

Construction of Highways, Streets, and Bridges of the Texas State
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Department of Highways and Public Transportation. Using a format simi-
lar to that used by the Texas State Department of Highway and Public
Transportation, Table 6.1, entitled "High Strength Concrete Mix Design
Guidelines" is presented here. The information in Table 6.1 is a result
of over 200 trial batches of concrete made using materials commercially
available to ready-mix and precast plants in Texas and mixed using
conventional mixing techniques. The recommendations are based on a
study of the interaction among components of plain concrete and its mix
proportions and of their contribution to the compressive strength of
high strength concrete. It 1s expected that the recommendations pre-
sented in Table 6.1 will serve as a guideline to resident engineers in
selection of materials and proportions for producing high strength
concrete in the State of Texas. Table 6.1 is intended to be used as a
guideline only, and it should not replace the making of trial mixes. As
new information becomes available, the recommendations in Table 6.1
should be modified to incorporate field experience in using high
strength concrete. Substantial improvements in strength and workability
may be achieved simply by experimenting with different brands of cement,
chemical admixtures and fly ash. Concrete producers are also encouraged
to try larger coarse aggregates in concretes with superplasticizers, and
fine aggregates with finer gradations. However, the aggregates and
proportions described by Table 6.1 represent the optimum conditions for
the materials studied. An increase in the amount of water used above
that recommended may result in a drastic loss of compressive strength.

Admixture dosages can be expected to vary with admixture brand. See the
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TABLE 6.1 High Strength Concrete Mix Design Guidelines

Class HeH«00 H-H-01 H-H-10 HeH-11

(Reference Mix
from this Study) (mQm) ("R") (ns") {("7Tu)
Sacks cement
per cu.yd. 10.0 8.5 7.0 6.0
Min. Comp. Str. 9,500 10,500 10,000 11,000
(fl) 56 day, psi (a) (a) (a) (a)
Min. Beam Str. 1, 040 1,130 960 990
(f.) 28 day, psi {(b) (b) (b) (b)
Max Water-Cement
Ratio (gal/sack) 3.9 3.4 5.0 4,5
Max Water-Binder
Ratio (gal/100 1ibs) §,1 3.6 3.7 3.3
Crushed Coarse Tx.Gr. 6 Tx.Gr. 6 Tx.Gr. 6 Tx.Gr., 6
Aggr. No. (¢) (¢) (c) (¢) (e)
CA/FA Ratio 2.0 2.0 2.0 2.0
(by weight) (d) (d) (d) (d)
Fly Ash —— - Yes (g) Yes (g)
Superplasticizer -— Yes (e) ——— Yes (e)
General Usage

Prestressed Concrete Yes Yes Yes Yes

Cast in Place Yes Yes Yes Yes
Other Notes

Good Formed

Surfaces Yes Yes Yes Yes

Good Finished

Surfaces Yes See Note (f) Yes See Note (f)
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TABLE 6.1 High Strength Concrete Mix Design Guidelines
(continued)

Notes:

(a) Based on tests performed on 6 in. dia. x 12 in. cylinder of
concrete made using a rigid steel mold.

{(b) Based on tests performed on 6 in. x 6 in. x 18 in. simply
supported beam with loads placed at third points.

(¢) Crushed stone should have dry rodded unit weight of at least
90 1b/cu.ft., and a saturated-surface dry specific gravity of
at least 2.55.

(d) Mixes containing no superplasticizer should be made using a coarse
sand whose fineness modulus is at least 2.70.

(e) Dosage of superplasticizer should be highest possible without
causing segregation or excessive retardation of fresh concrete,

(f) Smoothly finished surfaces possible with motor-driven finishing
tools. Despite high fines content this mix is not easily
finished by hand.

(g) Use of Class C fly ash at a rate of 30 percent by weight of the
total cementitious material content is recommended for these mix
proportions.
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footnotes following Table 6.1 for additional important refinements to
the guidelines.

The four classes of high strength concrete in Table 6.1 refer to
mixes: (a) containing no fly ash or chemical admixtures; (b) containing
a superplasticizer but no fly ash; (¢) containing fly ash but no

chemical admixture; and (d) containing a superplasticizer and fly ash.

6.3 Cost of High Strength Concrete per Cubic Yard

A compression member or prestressed girder made using high
strength concrete can carry a greater load at a lower cost per cubic
yard of concrete than if made using normal strength concrete. Based on
material costs alone, the cost of a column made using 12,000 psi
concrete is far less than the cost of a 6,000 psi concrete column
designed to carry the same load with identical reinforcement.

Richart's study focussing on tied columns reported that the
price per cubic yard of concrete increased by only 20 percent when the
concrete compressive strength was increased from 3,000 psi to 6,000 psi
[55]. However, use of the higher strength material resulted in overall
savings of 25 percent. This savings included consideration of the
replacement cost of a less durable concrete.

Based on typical material costs for the Austin area shown in
Table 6.2, total costs per cubic yard for some concrete produced in this
study are presented in Table 6.3.

It can be seen that the price per cubic yard of high strength
concrete is more dependent on the relative quantities of cement, fly ash

and admixtures used than on compressive strength. However, the cost of
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concrete per 1,000 psi decreases by over 20 percent with an increase in
concrete compressive strength from 9,500 psi to 12,000 psi. Based on
material costs and load-carrying capacity alone, it is most economical
to use 12,000 psi concrete containing 6 sacks of cement per cubic yard,

fly ash, superplasticizer, and a water reducer-retarder.



TABLE 6.2 Assumed Material Costs
(based on 1983 Prices

Austin, Texas)

Cement

Coarse Aggregate
Fine Aggregate
Fly Ash
Superplasticizer

Reducer-retarder

$ 3.00/sack

$ 5.25/ton

$ 3.50/ton

$30.00/ton

$ 5.25/gal (4.14/£fl.0z.)

$ 5.00/gal (3.94/f1.0z.)
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TABLE 6.3 Comparison of Costs of High Strength Concretes

Approximate Total Cost Concrete
Concrete Description Mix Material per Cu.Yd. Total Cost Rel.
Design $/cu.yd. 1/cu.yd. $/1000 psi Cost
6.3 sack, 5,000 psi mix, Cement 590 1b $18.80 75%
no admixtures Coarse 1450 1b 3.81 15 $5.02 1.00
( for cost comparison only) Fine 1430 1b 2.50 10
$25.51 100%
10-sack, 9,500 psi mix, Cement 940 1b $30.00 83%
no admixtures Coarse 1830 1b 4,80 13 $3.82 0.76
(Mixes "Q™) Fine 870 1b 1.52 y
$36. 32 100%
8.5-sack, 10,500 psi mix, Cement 800 1b $25.50 68%
with superplasticizer, Coarse 2040 1b 5.36 14
no fly ash, Fine 1010 1b 1.77 5 $3.82 0.76
(Mixes "R") Super. 15 fl.02./100 %.92 13
$37. 44 100%
7.0=-sack, 10,000 psi mix, Cement 660 1b $21.00 67%
with fly ash, Coarse 1820 1b .78 15 $3.58 0.71
no superplasticizer, Fine 920 1b 1.61 5
(Mixes "S") Fly Ash 280 1b 4,20 13
$31.59 100%

(continued)
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TABLE 6.3 Comparison of Costs of High Strength Concretes (continued)

Approximate Total Cost Concrete
Concrete Description Mix Material per Cu.Yd. Total Cost Rel.
Design $/cu.yd. %/cu.yd. $/1000 psi Cost
6,0=sack, 11,000 psi mix, Cement 560 1b $18.00 54%
with fly ash Coarse 2040 1b 5.36 16
and superplasticizer Fine 1040 1b 1.82 6 $2.99 0.60
{Mixes "T") Fly Ash 240 1b 3. 60 11
Super. 18 fl.0z./100 4,13 13
$32.91 100%
6.0-sack, 12,000 psi mix, Cement 560 lb $18.00 51%
with fly ash, Coar se 2080 1b 5. 46 15
superplasticizer Fine 1040 1b 1.82 5 $2.98 0.60
and reducer-retarder Fly ash 240 1b 3.60 10
Super. 25 fl.oz,./100 5.74 16
Red.~ret, 5 fl,0z,/100 1.09 3
$35.71 100

617






APPENDIX A

MATERIAL PROPERTIES

The physical properties of the materials used in the study
reported herein, including aggregates, cements, and fly ashes, are
presented in this section.

Each material used for this study is designated by a capital
letter, indicating a source or brand, followed by a number referring to
the delivery date of the material. This designation is used throughout
this report.

After coarse aggregate A was used for a small number of mixes,
this material became unavailable. Since the mix series using aggregate
A could not be completed, the data for the concrete mixes made using
aggregate A was not used in this report. Coarse aggregate A is excluded
from this appendix.

It was determined that fine aggregate A did not meet ASTM
requirements for fine aggregates used in structural concrete. The few
mixes made using it were not discussed in this report. Fine aggregate A

is excluded from this appendix also.
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TABLE A.1 Chemical and Physical Properties of Cements Used in This Study

rAAA

Type I I I-11 11 11 II II 11 II II 1 I 111 IIl
Identification Al A2 B1 Ct ce Cc3 [} c5 cé c7? D1 D2 E1 E2
510 % - o e 22.88 22.02 21.38 22.02 21,24 21.24 22.70 22.68 20.0 20.2 20.00 20.00
Al 313 5.2 5.2 3.83 L9 4.79 4,38 5. 11 5.1 3.82 4,04 5.8 6.0 5.7 5.8
Fe 03 3.3 3.1 3.7% 4,83 4.69 4.88 4.7 LS 3.88 3.76 2.6 2.9 2.6 2.9
Cas 1 — —— 65.31  64,1B 64,47 64.24 BUH,.27 64,27 65.81 65.30 65.4 65.3 65.3 64.8
MgO < 1.0 1.0 0.95 0. 80 0.80 0.79 0.87 0.87 0.80 0.83 0.80 0.89 0.86 0.92
803 4 2.7 2.7 2.09 2.52 2.73 2.60 2.33 2.33 2.37 2.33 2.9 2.9 3.25 §,2
Ignition Loss % 1.1 1.0 0.87 0.56 0.66 0. 66 0.53 0.53 0.55 0.42
Na,O Equiv. % 0.46 0.50 0,45 0.57 0.55 0.4 0,47 0,47 0.47 ¢.51 0.55 0.60 0.49 0.60
c % — -——- 58,91 48,66 53.29 50,35 52.50 52,50 57,42 S4.30 63.3 59.6 62.5 56.7
CZS 4 —— -—- 2419 25.73 21.10 25.15 21,29 21.29 21.76 24,06 9.6 12.9 10.1 14,5
C3A 3 8.0 8.4 3.80 4,84 .75 3.35 5.57 5.57 3.56 4,35 11.0 11.0 10.7 10.5
CuAF ) 4 10,04 9.43 11.42 14,69 14,27 14,85 14,33 14.33 11.81 11,44 7.9 8.8 7.9 8.8
Fines {Wagner 2000 1900 1200 1942 1942 1938 1985 198% 1974 1909 1905 1870 2870 2640

{Blaine 3559 3559 2240 3383 3383 3617 3536 3536 3336 3242 37155 3765 5895 5600
Set: Vicat (Gilmore) 1:50 2:50 e (2:35) (2:35) (2:28) (2:20) (2:20) (2:25) (2:30) 3:00 2:40 1:50 2:45
max/min 3:20 4:10 —— (5205} (5:05) (4:52) (H:45) (U:45) (5:00) (5:10) 5:00 4:55 3:50 4:10
False Set 88.0 — — 8u.4 LT 75.5 89.5 89.5 8s.2 93.3
Autoce] ave .030 .032 .018 .008 .008 .012 011 L0111 011 . 006 ———— — — PR
Alr % 9.3 9.0 —— 9.4 9.4 8.4 9.4 9.4 9.6 9.2 — -——— - —_—
Ins. Res, 0.19 0.12 — 0.18 0,18 0.17 0.1% 0.15 0. 11 0.15 ——— ——— ——— ——
i-day, psi 1383 1383 1515 1649 1649 1315 1315w -——— 3u00 3605
J-day, psi 3483 3342 —— 2671 2671 2813 3048 3048 2662 2683 3635 3505 5150 4800
7-day, psi 4483 4725 4616 38u6 3846 3752 4075 ko175 3630 3663 4360 4400 5925 5790

28~day, psi e s 5866 5800 5800 5874 5975 5975 5373 5646  6u6S 6050 7040 7300




TABLE A.2 Chemical and Physical Properties of Fly Ash

Used in this Study.
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Fly Ash A Fly Ash
510, (% wt.) 35.96 63.1
A1 03 (% wt.) 19.81 12.9
Fej03 (% wt.) 5.02 5.25
Ca0 (% wt.) 27.24 11.2
MgO (% wt.) 4,91 2.52
S03 (% wt.) 3.15 1.46
Na 0 (% wt.) 2.23 0.34
K0 (% wt.) 0.42 0.47
Loss on Ignition (% wt.) 0. 0.45
Moisture (% wt.) 0.02 0.06
Ammonia (% wt.) —— 0.031
%2 Retained on No. 325 Sieve 15.0 15.8
Pozzolanic Activity at 28 Days 87.3 95.8

(% of Control)

Water Requirement (% of Control) 89.6 89.2
Specific Gravity 2.62 2.50
Autoclave Soundness . 104 —_—
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Applicable Specifications for Aggregate Tests [54, 66, 67]

- Item 421, Concrete for Structures, 1982 Standard Specifications for
Construction of Highways, Streets and Bridges, Texas State Department
of Highways and Public Transportation.

- ASTM C33-80, Standard Specification for Concrete Aggregates.

- ASTM C29-78, Standard Test Method for Unit Weight and Voids in
Aggregate; Tex-404-A, Determination for Unit Weight of Aggregate.

- ASTM C136-80, Standard Method for Sieve Analysis of Fine and Coarse
Aggregates; Tex-401-A, Sieve Analysis of Fine and Coarse Aggregates.

- ASTM C127-80, Standard Test Method for Specific Gravity and Absorption
of Coarse Aggregate; ASTM C128-79, Standard Test Method for Specific
Gravity and Absorption of Fine Aggregate; Tex-U403-A, Saturated
Surface-Dry Specific Gravity and Absorption of Aggregates.

- ASTM C566-78, Standard Test Method for Total Moisture Content of
Aggregate by Drying; Tex-409-A, Free Moisture in Aggregates for
Concrete.
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TABLE A.3 Coarse Aggregate B1

Material: crushed limestone (yellow-white in color)

Max. Size: 3/4 in.

Bulk specific gravity, SSD: 2.59
Apparent specific gravity: 2.70
Absorption: 2.6%

Dry rodded unit weight: 05 1lb/cu.ft.

(ASTM C127)

(ASTM C29)

Sieve % AS™ C-33 Texas Item 421
Size Passing Size 67 Gr. 5

n 100 100 (same as ASTM)

3/4" 97.7 90-100

172" 76.9 -——

3/8" 55.3 20-55

1/4n 23.0 ———

y 8.6 0-10

Pan 0] ——
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TABLE A.4 Coarse Aggregate B2

Material: crushed limestone (yellow~white in color)

Max. Size: 3/4 in.

Bulk specific gravity, SSD: 2.63
Apparent specific gravity: 2.71
Absorption: 1.75%

Dry rodded unit weight: 96 1b/cu.ft.

(ASTM C127)

(AST™ C29)

Texas Item 421
Gr. 5

Sieve % ASTM C-33

Size Passing Size 67
™ 100 100
3/74n 94.8 90-100
172" 61.8 ——
3/8" 37.2 20-55
y 3.0 0-10
10 0.8 —

Pan 0 0

(same as ASTM)
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TABLE A.5 Coarse Aggregate C1

Material: crushed limestone (yellow-white in color)

Max., Size: 1 in.

Bulk specific gravity, SSD: 2,57
Apparent specific gravity: 2.70
Absorption: 3.2%

Dry rodded unit weight: 99 1lb/cu.ft.

(AST™M C127)

(AS™M C29)

Sieve 1 ASTM C-33 Texas Item 421
Size Passing Size 57 Gr. 4
1=1/72" 100 100 (same as ASTM)
" 91.7 95-100
3/4» 75.1 ———
1/2" ST.4 25-60
3/8" 43.6 ———
1/74n 22.3 —
4 9.8 0-10

Pan 0 0
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TABLE A.6 Coarse Aggregate D1

Material: crushed limestone (white in color)

Max. Size: 1/2 in.

Bulk specific gravity, SSD: 2,46
Apparent specific gravity: 2.62
Absorption: 4.2%

Dry rodded unit weight: 85 1lb/cu.ft.

(ASTM C127)

(ASTM C29)

Sieve % AST™™ C-33 Texas Item 421
Size Passing Size 8 Gr. 7

172" 100 100 100

3/8" 86.5 85-100 70-95

174" 20.1 - —

y 7.1 10-30 0-25

8 2.6 0-10 —

Pan 0 0 0
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TABLE A.7 Coarse Aggregate E1

Material: crushed limestone (gray in color)
Max. Size: 1/2 in.

Bulk specific gravity, SSD: 2.65 (ASTM C127)
Apparent specific gravity: 2.T4
Absorption: 1.9%

Dry rodded unit weight: 97 1lb/cu.ft. (ASTM C29)
Sieve % AST™ C=-33 Texas Item 421
Size Passing Size 7 Gr. 6
3/74n 100 100 (same as ASTM)
172" 99.0 90-100
3/8" 79.0 40-70
1/74n 25.1 —

Pan 0 0
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TABLE A.8 Coarse Aggregate E2

Material: crushed limestone (gray in color)

Max. Size: 1/2 in,

Bulk specific gravity, SSD:
Apparent specific gravity:

Absorption: 2.1%

Dry rodded unit weight:

2.64
2.74

95 1b/cu.ft.

(AST™M C127)

(ASTM C29)

Sieve % ASTM C-33 Texas Item 421
Size Passing Size 7 Gr. 6

374" 100 100 (Same as ASTM)
172" 99.5 90-100

3/8" 80.2 40-70

1/4n 25.8 —

4 12.6 0-15

8 2.6 0-5

Pan 0 0




TABLE A.9 Coarse Aggregate E3
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Material: crushed limestone (gray in color)

Max. Size: 1/2 in.

Bulk specific gravity, SSD:
Apparent specific gravity:

Absorption: 1.9%

Dry rodded unit weight:

2.64
2.72

93 1b/cu.ft.

(ASTM C127)

(ASTM C29)

Sieve % ASTM C-33 Texas Item 421
Size Passing Size 7 Gr. 6

3/7un 100 100 (same as ASTM)
172" 99.8 90-100

3/8" 75.3 40-70

y 5.1 0-15

10 1.6 —

Pan 0 0
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TABLE A.10 Coarse Aggregate Ei

Material: crushed limestone (gray in color)
Max. Size: 1/2 in.

Bulk specific gravity, SSD: 2.68 (ASTM C127)
Apparent specific gravity: 2.74
Absorption: 1.2%

Dry rodded unit weight: 95 lb/cu.ft. (AST™ C29)
Sieve % ASTM C-33 Texas Item U421
Size Passing Size 7 Gr. 6
3/un 100 100 (same as ASTM)
172" 99.5 90-100
3/8" 66.1 40-70

Pan 0 0




TABLE A.11
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Coarse Aggregate F1

Material: river gravel

Max. Size: 1/2 in.

Bulk specific gravity, SSD:
Apparent specific gravity:

Absorption: 1.5%

Dry rodded unit weight:

2. 58
2. 6u

97 1b/cu.ft.

(AST™M C127)

(ASTM C29)

Sieve % ASTM C-33 Texas Item 421
Size Passing Size 8 Gr. 7

374" 100 100 100

172" 99.8 100 100

3/8" 97.0 85-100 70-95

1/4n 49.1 — -—

4 7.2 10-30 0-25

8 0.5 0-10 0

Pan 0 0 0
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TABLE A.12 Coarse Aggregate F2

Material: river gravel
Max. Size: 1/2 in.

Bulk specific gravity, SSD: 2.58
Apparent specific gravity: 2.62
Absorption: 0.8

Dry rodded unit weight: 96

(ASTM C127)

(ASTM C29)

Texas Item 421
Gr. 6

Sieve % AS™M (=33
Size Passing Size 7
3/4m 100 100
1/2" 91.5 90-100
3/8" Ly, 6 4070
4y 1.9 0-15
8 0.2 0-5

Pan 0 0

{same as ASTM)
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TABLE A.13 Fine Aggregate B1

Material: natural sand
Fineness modulus: 3.08

Bulk specific gravity, SSD: 2.56 (ASTM C128)
Apparent specific gravity: 2.60
Absorption: 1.0%

Dry rodded unit weight: 102 1lb/cu.ft. (ASTM C29)
Sieve % ASTM C-33 Texas Item 421
Size Passing Gr. 1

3/8" 100 100 100
4 97.5 95-100 95-100
8 83.7 80-100 80-100
16 65.2 50-85 50-85
30 35.6 25-60 25-65
50 7.6 10-30 10-35
100 2.1 2-10 0-10
200 — —— 0-3

Pan 0 0 0
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TABLE A.14 Fine Aggregate B2

Material: natural sand
Fineness modulus: 2.57

Bulk specific gravity, SSD: 2,57 (ASTM C128)
Apparent specific gravity: 2,64
Absorption: 1.8%

Dry rodded unit weight: 105 1lb/cu.ft. (ASTM C29)
Sieve % ASTM C-33 Texas Item 421
Size Passing Gr. 1

3/8" 100 100 100
y 96.7 95-100 95-100
8 86.7 80-100 80-100
16 76.4 50-85 50-85
30 53.7 25-60 25-65
50 23.5 10-30 10-35
100 4.5 2-10 0-10
200 ——— —_— 0-3

Pan 0 0 0
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TABLE A.15 Fine Aggregate B3

Material: natural sand
Fineness modulus: 2.85

Bulk specific gravity, SSD:
Apparent specific gravity:
Absorption: 1.5%

Dry rodded unit weight:

20 5?

107 1b/cu.ft.

(ASTM C128)

(ASTM C29)

Sieve ) ASTM C-33 Texas Item 421
Size Passing Gr. 1
3/8" 100 100 100
4 100 95-100 95-100
8 89.5 80-100 80~100
16 69.6 50-85 50-85
30 §o.3 25-60 25-65
50 13.2 10-30 10-35
100 2.4 2-10 0-10
200 —— —— 0-3
Pan 0 0 0
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TABLE A.16 Fine Aggregate B4

Material: natural sand
Fineness modulus: 2.77

Bulk specific gravity, SSD: 2.56 (ASTM C128)
Apparent specifiec gravity: 2.63
Absorption: 1.7%

Dry rodded unit weight: 103 lb/cu.ft. (ASTM C29)
Sieve 2 AS™™ C-33 Texas Item 421
Size Passing Gr. 1

3/8" 100 100 100
4 99.4 95-100 95-100
8 87.4 80-100 80-100
16 69.9 50-85 50-85
30 u7.4 25-60 25-65
50 15.8 10-30 10-35
100 2.9 2-10 0-10
200 — ——— 0-3

Pan 0 0 0
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TABLE A.17 Fine Aggregate C1

Material: natural sand
Fineness modulus: 2.72

Bulk specific gravity, SSD: 2.62
Apparent specific gravity: 2.69
Absorption: 1.6%

Dry rodded unit weight: 108 1b/cu.ft.

(ASTM C128)

(ASTM C29)

Sieve % ASTM C-33 Texas Item 421
Size Passing Gr. 1
3/8" 100 100 100
4 98 95-100 95-100
8 85.2 80-100 80-100
16 71.5 50-85 50-85
30 57.1 25-60 25-65
50 14.1 10-30 10-35
100 2.3 2-10 0-10
200 —_—— ———— 0-3
Pan 0 0 0
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TABLE A.18 Coarse Aggregate C2

Material: natural sand
Fineness modulus: 2.45

Bulk specific gravity, SSD: 2.64 (ASTM C128)
Apparent specific gravity: 2.70
Absorption: 1,4%

Dry rodded unit weight: 104 1b/cu.ft. (ASTM C29)
Sieve % ASTM C-33 Texas Item 421
Size Passing Gr, 1

3/8" 100 100 100
4 98.3 95-100 95-100
8 87.7 80-100 80-100
16 77.7 50-85 50-85
30 66.1 25-60 25-65
50 22.5 10-30 10=-35
100 2.1 2-10 0-10
200 P— - 0=3

Pan 0 0 0




TABLE A,19 Fine Aggregate D1
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Material: natural sand
Fineness modulus: 2.75

Bulk specific gravity, SSD: 2.62 (ASTM C128)
Apparent specific gravity: 2.66
Absorption: 1.0%

Dry rodded unit weight: 106 1b/cu.ft. (ASTM C29)
Sieve % AST™ C-33 Texas Item 421
Size Passing Gr. 1

3/8" 100 100 100
4 94.7 95-100 95-100
8 81.6 80-100 80-100
16 73.7 50-85 50-85
30 55.7 25-60 25-65
50 17.5 10-30 10-35
100 2.2 2-10 0-10
200 — —— 0-3

Pan 0 0 0







APPENDIX B

MIXING AND TESTING DATA

In the following pages, Table B.1 presents the test results
and a list of all materials and proportions used for the concrete mixes
made during the experimental phase of this study. In the test results
for each mix, the numbers marked with asterisks are the averages and are
the values used throughout Chapter IV, Every mix is identified by the
five (four if no fly ash added) letters listed under "Mix I.D."., They
stand for the cement brand, the coarse aggregate source, the fine aggre-
gate source, the fly ash brand, and the chemical admixture brand,
respectively., Some mixes were produced more than once and are marked
with circled letters for easier comparison with the information pre-

sented in Chapters IV, V, and VI.

Key

(In order of appearance on table headings)

MIX I.D. - Refers to cement brand, coarse aggregate brand,
fine aggregate brand, fly ash brand (blank means
none), and chemical admixture brand (0" means
none), respectively.

MIX DATE - Month/day/year,

CF - Cement factor (sacks/cu.yd.).

CAFA - Coarse aggregate to fine aggregate weight ratio.
BRAND - Identified by letter and number, as described in

Appendix A,

TYPE - Cement type (I, II, or III),
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LBS/CUYD

PCT VOLUME

PCT REPLACED

SIZE
MATERIAL
SOURCE
P: VOL

P:DRUW

FINENESS
CA/FA

TYPE

DOSE (0Z/100)

(2ND TYPE)

(2ND DOSE)

W/C
W/B

GAL/SACK

PCT AIR

SLUMP

Total weight of the material per cu.yd. of
concrete.

Total volume of the material as a percentage of the
total volume of concrete. (Note: air content
assumed at 2 percent.)

The weight of cement replaced by an equal weight of
fly ash, expressed as a percentage of the total
weight of fly ash plus portland cement.

Coarse aggregate maximum size (inches).

Type of coarse aggregate.

See BRAND.

See PCT VOLUME.

Total amount of coarse aggregate used per unit
volume, expressed as a percentage of dry rodded
unit weight.

Fineness modulus of the sand.

See CAFA.

Admixture type (superplasticizer and/or water/
reducer retarder).

Dosage of admixture in fluid ounces per 100 1lbs of
Portland cement.

Same as TYPE., Assumes the use of two chemical
admixtures.

Same as DOSE (0Z/100). Assumes the use of two
chemical admixtures.

Water-cement ratio by weight.
Water-binder ratio by weight.

Water-cement ratio expressed as gallons of water
per sack of portland cement.

Air volume (assumed to be 2 percent).

Slump (inches).



UNIT WT
MIX TMP
MX TIME

CURING

6x12, 6x6x18, U4x8
STEEL

CARDBD

PSI

28-DAY

"COMPR STEEL T7D"

"SPLIT CRDBD 28D"

"VIBRTD"
"MOIST", "DRY",
"HOT & DRY",
"UNDER WATER"

"HIGH STRNGTH
CAp?

"MISC CAP"

245

Unit weight of fresh concrete (1lb/cu.ft.).
Temperature of the concrete when it is cast (°F).
Period of time concrete is mixed (min.).

Method of curing. Generally in moisture room at

73°F.

Size of molds in inches,
Mold material.

Mold material (cardboard).
Pounds per square inch.

Test age is 28 days after casting.

Additional Explanations

Means compression specimen cast in steel mold and
tested 7 days after casting. (PLSTC means plastic
mold. CRDBD means cardboard mold.)

Means split cylinder test specimen cast in
cardboard mold and tested 28 days after casting.

Vibrated.
All refer to types of curing and are followed by
the number of days cured under that condition.

High strength capping compound.

Another capping compound.






TABLE B.1

Mixing and Testing Data for Concrete Mixes
Made in This Study
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PIX 106
NIR DATE
CE/CAFA

AbBR ¢
2rz2s82
8457160

AuB ©
2182
BeS7145

APP 0
2723782
Be5/2.1

88 0
2/:3/82
Be57140

8FB 0
_27257/82
8457145

BtB 0
2425/82
BeS/240

cue o
37 1492
BeS5/1e0

ceB 0
37 1rs2
BeSl1aB

CEnENT

BRAND
TYPE
LBS/CUYD
PCT NOLUML

BRAND A2
{

81l.
15

GRAND A2
I

810,
15

BRAKD A2
1

816.
15.

BRAND 81
1

802+
15«

BRAND B1
1

806
15

BRAND B1
1
807.
15

BHAND C1
1t
819.
15

BRAND C1
11
8a0.
15

FLYASH

BRAND
CLASS
LBS/CuUYD
PCY VOLUME
PCT REPLACED

NONE

COARSE 466

S1Z&
MATCRIAL
SOURCE
LBS/CUYD
P2 voly ORUN

374
LIMESTONE
BRAND Bl

1399,

32. 55

37
LIMESTINE
BRAND 81

1677,
3. 65

3/
LIMESTONE
BRAND B1

1890,
43. T4,

374
LINESTONE
BYLAND B1

1335.
32. T4

374
LIRESTONE
B2AND Bl

1684,
3% 66

3rs
LINLSTONE
BRAND B1

1871,
3, 73.

376
LINCSTONE
BRAND B)

1819,
33 55.

374
LIMCSTONE
BRAND B1

1109,
39. 67,

FINE AGG

FINENESS
SOURCE
LBssCcuYp
PCT VOLUNE
CAZFALLBZLD)

le 10
BRAND 8)
1365
32
1.02

3.10
BRANO B1
1097.
25
1453

310
BRAND B1
909,
21l
2.08

Jel0
BRAND O]
13¢0,
Jle
1e0%

3.10
BRAND B1
1090 .
25
1.54%

310
BHAND ®1
912,
21,
2,09

3.10
BRAND 81
138%,
32.
1.03

3.10
BRAND B1
{11le.
26,
1.5¢

AUNT XTURE

TYPE
BRAND

WATFR

wrc
[ 14:]

00SEC(DZ/I00) LB/CUYD
$2ND TYPE) GAL/ZSACK

(2ND DOSE)

NONE
-0
NONE
-0
NONE
0

-0
NONE
-0
NONE
o

-9
NONE
-0
NONE
0

-0
NONE

-0

PCT AIR

»39%
«395
320,
L 7% ]
2.0

«392
- 392
318.
LY}
20

o376
e376
3oz,
..2
240

417
o417
338,
47
240

«398
«396
319%.
s
2.0

«392
«392
3lee
(¥}
2.0

«369

303.
LIY

240

+362
«362
291,
4l
240

nisce snavenasossence TOST RESJLTS concessecorenece

SLumP
UNLIT WY 6 X 12 6 X 12 6X6X18 A X P “. xR
MIK TWP CYLINDER CYLINGER BE AN CYLINOER CYLINDER
MX TIME (STETLD)  (STSEL) CSTEEL? (CARDRO) (STEEL)
CURING tPsthy (P51} 2s1) (PS1) (FSIy

4400 (28-~0AY) (57-DAY) (28-047) (2A~DAY) (28~0AY)

189, » 7530, & 7750, o 9364 ¢ TAOL. @ - e
Taal 1850 T340, 958« 1280, b
15+ NIN 7980, 8180 908 T6R0., -
DARP 4T3F  T200. 1820« 42, 7240, -0
4,00 (28-0AY) (ST-DAY) (28-04Y) (28-0AY) (28-CAY)}
149, o 7600, o 7620, » 892, ¢ TS570. » - @
Tael 15204 7480, 875 17160, -0
15. MIN 1820, 8190, 908, T480, -l
DAMPT3F  TaG0. 7200 0 1520 -0
350 (28«0AY) (56-0DAY) (28-0DAY) (28-DAY) (28-0AY)
151e & 1970, » TA70. o 939, * B8650. ¢ e
71640 B210s T300. 958 BRT0. -0
15 MIN TAADS 8120, 950 8590, -0
DANPLT3F 8210a 7590« 908, 8s89, -0
3.50 (2B8-0AY) (56~DAY) (28-DaY) (28-DAY) (28-DAY)
189, o 13504 & T760. ¢ 792, ¢ 6580, ¢ -0
T16.0 1500 71570, 192, 6050, -f)
15« MIN 1670, 716606 8az, 6640, -f
JANPLT3F 6880, BOS0,. 742, T080. -
3413 (28-0AY) (S56-0AY) (29-DAY) (2R~DAY) (28~0AY)
151 ® 79304 ¢ 8630, » B6le ¢ T790, -0
7540 8010, 8350, 842, 8120, -0
15« MIN B010s 8480, RI2e 7560 -0
DAMP ,73F T7180. Bs80 . 850. TR0« -0
3.25 (28~0AY) {S56-0AY) (20~0AY} (2R~0AY) (28-0AY)
151 = THAO, +« BA20, o 198, » 7498, ¢ -0
15.0 T1S0. 8130 783 7120, -1
1Se MIN 8130, 85104 808, 1880, -0
DAMP ¢T3F TT60. 9160, 792, T480. -0
8,25 (28-0AY) (S6«0AY) (2A-DAY) (28-=0AY) (28-0AY)
150, ¢ Bl10s ¢ T340, 853, & 8790, ¢ -0
750 THOO. 7530 42, 8839, -
15. MIN 8310, TROO0 . BS8,. 8150, -0
DAMP L I3F 8220, 1290 A58, ar9n,. -0
3.13 (28-DAY) (S6-NAY) (28-DAY) (2R-0AY) (28-0AY)
152« ¢ B120. & V780, o RS5. o 7500, » Qe
18,0 7940, TA20 A5A. 7400, -0
15« ™IN 8210, 1960 AT5. 6490, -0
DAMPST3IF R210. 1940, B33. B200. -0

8%¢



rix LeDe
RIX DATE
CF/CAFA

cbB 0
37 2782
be57240

DuB O
37 2782
8457140

088 0
37 3782
Beb/1e6

D68 0
37 3/82
8457261

€88 0
37 a/82
B8e571.0

€t6a o
37 s/82
B8e571e5

fres 0
37 5782
8657240

cen o
3711782
TeG/1.0

CEMENT

BRANO
TYPE
LBs/CcuYD
PCT VOLUKME

BRAND C1
1 9
819
15.

BRANO D1
1
808,
156

BRAND D1
I
199,
15

BRAND D1
4
806.
15.

BRAND €1
11t
794,
15¢

BRAND E1
11t
194,
15¢

BRAND E1
Iz
791,
15.

BRAND C1)
11
652
12,

FLYASH

BAND
CLASS
LBS/CUYD
PCT vOLUME
PCT RLPLACED

NONE

COARSE AGE
S12€
MATLRIAL
SQURCE
LBs/CuYD
PIVOLeORUY

374
LIMESTONE
B8~ AND B}

1895,
43. T8,
376

LINESTONZ
B4ANO B1

1400.
32. 55.
374

LIMESTONE
B8+ AND 81
16ole
38. 55.
37
LIRESTONE
B~ ANO 81
1d61,
43, 73.
376
LINESTONE
BRAND B1

1373,
3. See.
376
LINESTONE
BRAND B1

1653,
J8. 648,
3/

LINCSTONE
BIAND BY

1822,
2. Tle
Y4
LIMESTONE
BIAND B)

1501,

3a. S59e.

FINE AGG

F INENESS
SOURCE
LBs/7Ccuvo
PCT vOLUNE
CA/FALLB/LB)

3.0
BRAND B1
924,

21

2005

Jel0
BRAND B}
1360,
32.
1.03

Je10
BRAND 81
1066
25
1+56

J.10
3RAND B}
899,
21
2407

3.10
BRAND B1
1330,
3.
1.03

3.10
BRAND 81
1068.
25
1455

3.10
BRAND 81
891
21e
204

3.10
BRAND B1
1465,
ALY
102

ADM1 X TURE

TYPE
BRAND

WATER

d/C
u/8

DO0SEC0Z2/71000 LI/CUYD

(2ND TYPL) GAL/SACK

(290 Qo0st)

NONE
-0
NONE
-a
NONE
-0
NONE
-0
NONE
-0
NINE
-0
NONE
-0
NINE
0

PCT AIR

¢365
e 365
299,
Sl
240

«399
399
323,
85
20

e8425
825
340,
4.8
200

o804
o804
325.
45
240

o840
e840
350,
Se0
20

*833
«433
340,
8.9
240

0841
FLL}}
Ja8,
5.0
2.3

e848
e848
292.
5.0
2-0

MISC

SLump
UNIT uY
MIX THMP
RX TIME
CURING

3.00

152,

17.0
15« MIN
DAMP ¢ 73F

3o 50

149,

77.0
15« MIN

DAMP, T3F

3.63

148.

752
15¢ MIN

DAMP o T3F

3o 63

150

1403
15« MIN

DAMP 4 T3F

350

147,

752
15¢ MIN

DAMP, I3F

3o 50

147,

7403
15. MIN
OAMP o T3F

3. 38

187,

783
15« MIN
DANP o 73F

3.C0

150.

7641
15¢ MIN
DAMP ¢ T3F

Se0cnetsncsssnce TESY RESULTS cecccccncccccee

6 x 12 6 x 12 6X6X19 L3 B ] s ne
CYLINDER CYLINDER ITAN CYLINOER CYLINDER
(STESL) (STESL) (STEEL) (CARDAD) (STYETL)

PsSly Psty (PsS1) PsS1) sty

(28-DAY) (56-DAY) (28-DAY) (28-DAY) (28-0AY)

® 8470, 8400, ¢ 989. ¢ RG610e ¢ -9e
8450, 8810, 1050, A8T70, -0
8700. 8100, 883, A360. -0
8260, 8290, 1033, 8590, -0

(28~DAY) (56-DAY) (28-0AY) (28-DAY) (28-0AY)

® B5480e *» 8340, ¢ 869« ¢ AR4600 ¢ =0e
8950, 8100, 858, A0, -0
8080, 8010, 875, ACe0, -0
8580. 8910, ATS. 8910. -h

(28-0AY) (36-08Y) (28-DAY) (28-DAY) (28-DAY)

® 7640 ¢ 83706 ¢ 886s © TRON, o -0e
8100. 83n0, 917. S170. -0
7940, 8360, R92. T6R0. -0
74800 8360. 850. 7920, -0

(28-DAY) (S56=DAY) (28-DAY) (28-DAY) (28-Dav)

® 8370, * AlT0. o 93% * 6130. o =0e
7820, 8080, 1008. 5570. -0
8420, TA50. 942, 3010, -1
8860, 85804 867, 7880, -0
(28-DAY) (S56-0AYV) (2R-DAY) (28-DAY) (28-DAY}
®* 8180s © 8100, » 950s * A3306 ¢ =0e
8220, 8580, 1050 LLLY -0
8210, 8130, 867, B6TC, -0
8120, 7590, 933. T8A0. -0
(28=-DAY) (S56-DAY) (28-DAY) (28-0AY) (28-DAY)
® 8390. © 8370. 922, o T730, o -0e
8580. 8530. 883. 7800, -0
8350, 7820, 958 T760. -0
8280, 8650, 925. 76404 -0
(28-DAY) (56-DAY) (2R=-DAY) (28-DAY) (28-DAY)
* R830, » 8000, ¢ 941. ¢ B1706 o 0o
8740, T220. 9A3e 82R0. -9
9000. 8970, 933. 8360, -0
8750, 7600 908%. T8R0. -0
(28-DAY) (S6-DAY) (28-DAY) (28-DAY) (28-DAY)
® 6940, * 725%6 R72, o T6ER0. o -0
6900, 7320, R6T. TR0 . -C
68460, 1040, 917. 76006 -0
7070. 7360. R33. 7640, -0

6%¢



NIX [.0.
MIX DATE
CF/CAFA

cep 0
3711782
Tel/1e5

ChAB 0
3712782
Tel/2.0

ces 0
3712782
10.C/1.0

ces o
3715782
10eC/7165

CRR 0
37157082
1007241

(44 ]
3715782
8e5/1.0

ccB8 )
3715782
Bel/1e6

cch 9
3716782
Be3/2e1

CEMENT

BRAND
TYPE
Las/curo
PCT vOLUME

BRAND C1
11
653,
12.

BRAND C1
11
689,
12.

BRAND C1
11
988.
1’.

BRAND C1
11
993,
19.

BRAND C1
11
996«
19.

BRAND C1
It
826.
1.

BRAND C1
11
823,
16,

BRAND C1
11
827.
lé6e

FLYASH

B AND
CLASS
LBS/CuUYy
PCT wOLUME
PCT REPLACED

NONE

COARSE AGG

SI1Zt
MAT. RIAL
SOURCE
L8s/cuvo
PIVOLeDRUW

AYA )
LIMESTONE
BRAND Bi

1807.
4, 70
374

LIMESTONE
BRAND 81

1987.
46, 7.
A YA
LIMCSTONE
BIAND 81

1316,
30. Sle
AYL)

LIMESTONE
BRANO Bl

1595,
37, 620
376

LIMESTONE
BIAND 8}

1778,
4. 69
1
LINESTONE
B8I4ANO C}

1433,
33. 54,
1

LIMCSTONE
B2AND C1

1721.
40. 654¢
1
LINESTONE
BRAND C1

19171,

LY T2

FINE AGG

F INENESS
SOURCE
LBS/CUYD
PCT voLUME
CAZFACLB/LD)Y

3.10
BRAND B1
11766
2Te
154

310
BRANO B1
973,
23
2406

Je10
BRAND B1
1286.
30.
102

J.10
BRAND B1
1030,
24,
1455

J.10
BRANO B1
863
20.
206

Jel10
BRANO B1
1380,
32
1.04

Jel0
BRaND B1
1108,
26.
1.56

3e.10
BRANU 81
926.
21e
2-07

ADMI XTURE

T TPE
BRAND

WATER

wc
ure

DOSE(0Z/100) LB/CUYD
(2ND TYPE) GAL/SACK

(280 DOSE)

NONE

NONE

NONE

NONE

-¢

NNNE

NCNE

NONE

NONE

PCT AIR

*439
839
2817.
Se0
2.0

°858
«458
298.
Se2
240

332
«332
328,
3.1
2.0

«320
320
318,
3.6
240

«313
«313
31t.
345
2.0

«358
«35%
292
4.0
240

«351
351
289,
4.0
2.0

«340
e 340
281.
3.8
240

MISC ececccccccccece TESTY RESULTS ececceceecccces
SLUNP
UNIT T 6 X 12 6 X 12 6X6X1A A xe 4 X8
MIX TMP CYLINDER CYLINOER BEAM CYLINDER CyLTINDEQ
WX TIME CSTEFL) (STECL) (STCEL) (CARDBD) (STFEL)
CURING (PSID) (PSI) (PS1) (PS1) ws1)
4,00 (28-DAY) (S6~0AY) (2R-DAY) (28-DAY) (28-DAY)
151e @ 68R0, ¢ 7180, ¢ 794e © 680C, o =0
752 6770, 7110, LLY- 66R0, -9
15¢ MIN 6720, 7210, 808. 6760. -0
DAMP ¢T73F 5940, T160. 733, 6960 -0
3¢50 (28-DAY) (56-0AY) (29-0AV) (28-0AY) (28-DAY)
152¢ <« 68274 ¢ 6900, ¢ B6d, ¢ 6900, o -0 e
77.0 6223 6930, 892. 6760 -0
15 MIN 6600. 6840, 850, 6760, -0
OAMP o T3F 6440, 1020, 850, T0R0. -0
4,50 (28=0AY) (56~-DAY) (28-DAY) (28-0AY) (28-0AY)
151e¢ o B150s © B120. ¢ 1061s © 8670, ¢ =Ne
77.9 7600, 8680, 1075, 8360. -0
15« “IN 8450, 7500, 1050, 9030, -0
DAMP473F 840D, 8190« 1038. R630. ~0
4,00 (28-0AY) (S56=-DAY) (28-DAY) (28-0AY) (28-DAY)
152¢ < 8660, ¢ p060, ¢ 1008, o 8330, ¢ Qe
77.0 8740, AR20, 1062, A550, -0
15. MIN 8880, 7230, 1033, 8630, -0
DANPL73F 8360, 8130, 950, TR00. -0
4,00 (28-DAY) (S6-DAY) (28-DAY) (2R-DAY) (28-0AY)
153« © 8580, ¢ 08070, o 955. ¢ A000, o Qe
77.0 8590, 8470, 950, 7960, -0
15« MIN 8560 1670. 95Re A550,. -0
DAMP o73F B8590. 0 958. T4R0. -0
3425 (28=DAY) (56-04Y) (28-DAY) (28-DAY) (28-DAY)
152 © 8290, « 8070, ¢ 906s ¢ 7950, o -0e
T1.0 8220. 8060, 950, T78R0, -0
15 MIN 8290, 8290, 975. 8200, -0
OAMP¢73F B350, 7850, 792. TeAd. -0
3.75 €28-DAY) (56=-DAY) (23-DAY) (28-DAY) (28=-DAY)
153¢ & 77130, © 8160, ¢ 918, ¢ 7400, ¢ =0
7542 7850, 8220. 950. 7600. -0
15« MIN 7520, 7960« 900. T840, -0
DAMPoT3F 7830« 8310. 892. 7160, -0
325 (28-DAY) (56-0AY) (28-DAT) (2R-DAY) (28-0AY)
153. e 8010, o 80504 o 972+ ¢ PRAARD. o -0
Teel 8130. 7900, 967. R550e -0
15¢ ®IN 7850 8190. 1000. 9390, -0
DAMP 4T3F ACS0. Al60. 950 BT00. -0

0S¢



MIX l.D.
PIX OATE
CF/7CAFA

cce 0
3716782
Tel/1a0

ccn o
3716782
Tel/1e5

cca 0
3716/42
Tel/2e1

cca o
3726782
10.C/71.0

cce o
3/726/82
1bel /15

cc8 o
a7 5782
1007201

ACB O
3711782
B8e5/7140

ACB O
3717/82
8057241

CEMENT

BRAND
TYPE
LBS/CUYD
PCT VOLUME

BRAND C1
11
6586
12.

BRAND C1
I
664,
x’.

BRAND C1
11
657
12.

BRAND C2
11
9924
19.

BRAND C2
11
979.
18¢

BRAND C2
11
980.
18,

BRAND AL
1
815.
15,

BRAND A1
1

819,
150

FLYASH

BRAND
CLASS
L85/CuYD
PCT VOoLUME
PCT REPLACED

NONE

COARSE AGG
SIZE
MATCRIAL
SQUKCE
LBS/CuUYD
PIVOL+ORUM

1
LINESTONE
BYAND C1

1516
35. 57,
1
LIREITONZ

BRAND C1

1837
‘2. 69.
1

LIMESTONE
B3AND C1

2020,
AT 76.
1

LINESTONE
BRANO C1

1332,
3. 50.
1

LIRESTONE
BRAND C1

1582,
37. 59
1

LIMESTONE
BRAND C1

1770,
L2 66
1

LINESTONE
BRAND C1

1421,
33. 53
1
LIMESTONS
B-AND C1

1906,

LT Y e

FINE AGG

F INENESS
SOURCE
LBS/7CUYD
PCT vOLUME
CA/FALLB/LB)

Jel0
BRANO B1
1466.
34,
1¢03

.10
BRAND B1
1183,
27
155

3.10
BRAND 81
976
23,
2407

J.10
BRAND B1
1294,
30.
103

3.10
BRAND B1
1019,
24,
1455

3610
BRAND B1
B8AT,
20
2009

3.10
BRAND B1
136S5e.
32.
1«08

Je10
3RAND B1
9148,

21e

2409

ADMI X TURE

TYPE
BRAND

WATER

u/c
u/B

005€¢027100) LA/CUYD
(2NO TYPE) GALZ/SACK

¢2ND DOSE)

NONE

NONE

NCNE

NONE

NONE

NONE

NONE

NONE

PCT AIR

*825
*825
279%.
4.8
2.0

«397
«397
264,
4.5
240

o819
«419
215
4.7
240

e315
e315
312.
3.5
240

«334
334
327.
3.8
2.0

«327
«327
320.
Jo7
2.0

375
«375
306.

2.0

«357
«357
293.
4.0
2.0

mIsc

SLUmP
UNIT w7
MIX TMP
MX TIMc
CURING

3.00

150.

17.0
15. MIN
DAMP ( T3F

3.25

152¢

77.0
15« MIN
DAMP 4 73F

4,00

152

T8.8
15 MIN
DAMP o T3F

3.50

151.

770
15 "IN
DAMP o+ 73F

4,00

151

74.3
15« MIN
DAMP 3 T3F

4,00

150.

T7.0
15 MIN
OAMP o T3F

3.75

150.

T6el
15 MIN
DAMP 4 T3F

4.25

151.

76.1
15. MIN
DAMP,73F

tetcctccesnnces TUST RESULTS ececesrcncocene

6 X 12 6 X 12
CYLINDER CYLINJER
(STEEL) (ST

(PSI) (PSI)

6X6X1g
BTAM

(STEEL)
(PSD)

4 X8 4 X8
CYLINDER CYLINDER
(CARDRD) (STEEL)

(PSTY (PSI)

(28=-DAY) (56=-DAY) (28-0DAY) (2B~-DAY) (28-DAYV)

e T410e ® T480. ¢ AT, o 7530, ¢ -0
10600 7220, 892, 7600. -C
T840, S5110. 925 7600. -0
T730. 77306 725, 7400, -0

(28-0AY) (56-DAY) (23-DAY) (28-0AY) (28-DAY)

¢ 7230e ® 74100 ¢ B6% ¢ 7670 ¢ =0
1320, 7320. 833, 7720, -0
1370, 7500. 925, T6R0, -0
7000 0 850. 7600« -0

(28-DAY) (S56-DAY) (28-DAY) (2B-0DAY) (28-DAY)

¢ 6960. ¢ 7100, o BAS5. ¢ T190. o -0
6970, 6930 817. 7080, -n
6970, 7020, ne2, 7320. -0
6930. 7340, 875, 7160, -0

(28-JAY) (36-DAY) (28-DAY) (28-0AY) (2A-DAY)

e 8340, ¢ 9140, ¢ 997, ¢ 8310, o 0o
8310, 9580. 958. 82R0. -0
7960, 9180, 1050, 82a0, -0
8740, 8670. 983. 8360. -9

(28-0AY) (S6-DAY) (2A-DAY) (28-DAY) (28-DAY)

® 74500 ¢ 7990, o 928, ¢ 7550, ¢ Qe
77150 8260 1082, 7520 -0
7160, 1780, 925, 8040, -0
Ta40. 7640, 817, 7080. -0

(28=-DAT) (S56-0AY) (29-DAY) (28-0AY) (2B-DAY)

* 6830, ¢ 7810, ¢ 930e ¢ T8990, ¢ -0«
6830, 7850 917. 7600 -0
7160, 7920. 942, 7120, -0
6510, 7670, 0 7760, !/

(28-DAY) (56-DAY) (28-DAY) (2B=DAY) (26-0AY)

¢ 7740, ¢ 8210, ¢ 975« ¢ B8120, o -0
7500, BAS0. 917. R120. -0
8060, 7940, 975. 8000. -0
76604 8240, 1033, 8240, -0

(2R=DAY) (S6-DAY) (28~-DAY) (28-DAY) (28-0AV)

e 759Ce ¢ TRS50e 972 ¢ 73606 ¢ ~0e
77506 8080, 975. TARD, -0
7550 8010, 1017. 73204 -0
7430, 7460, 925. T2R0, -0

162



MIK L0
nix DATE
CFZLAFA

coB 0
a7/ 5782
Ba5/140

ces 0
A/ 6/82
B.5/146

[4: LI
A7 6782
Be572e2

cos 0
87 1782
Ts0/10l

cos ¢
A7 1782
Telflen

co8 0
/15742
TallF240

con o
47,0782
10637101

©

co8 0
4720/82
130736

CEmENT

BRAND
TYPE
LBS/CUYD
PCT wOLUNC

BRAND C2
It
808,
15.

BRAND €2
11
197,
154

BRAND C2
11
T95e
154

BRAND C2
il
637
12

BRAND C2
IX
648,
12.

BRAND C2
it
634,
12.

BRAND C2
i1
988,
19.

HRAND C2
11
982.
18.

FLYASH

BF AND
CLASS
L Curd
PCT VOLUME
PCT REPLACED

NONE

COARGE A6

S512¢
MATERLIAL
SOUKCE
L8sS/Curd
PIVOL+DRUN

172
LIMESTONE
BrAND D1

13N,
33, 60
172
LIMESTDNE
BF AND 01
1612.
3%, T0.
172
LINESTONE
BRAND DI
1785,
43, T8
172
LIMESTONE
BRAND 01
1428,
36 62e
172
LINESTONE
BRAND D1
1126,
42 $750

172
LINLSTONE
BIAND D1

1887,
L 199 82«
172
LINESTONE
BLAND J1

1250,
31. 56
172
LIMLS TONE
BRANC D1
1931,

371. 6Te

FINE 4&6

F INENESS
SQURCE
LBS/CUYD
PCT VOLUNME
CA/FACLB/LB)

Je10
3RAND BI
1327.

3.

103

Je10
BRAND B1
998.
23.
161

3.10
BRAND B1
B28.
19.
2416

3.10
BRAND B1
1328,
3.
1.08

3.!“
BRANC 81
1070.
25
le61

Jel0
BRANDO B
1%
21a
2405

3410
BRAND B1
1205
28
1.07

3e10
BRAND Bl
954 o
220
1.60

ADMI XTURE HATER
TYPE w/c
BRAND [ 74.]

DOSEC02/100) LB/CUYD

(2ZND TYPE) GAL/SACK

€2ND DOSEY PCT RIR
« 395
NONFE » 395
0 319
LTL]
-0 240
PLE R}
NONE .44)
0 353.
Se0
-0 240
«440
NONRE 114
¢ 350.
Se0
-0 2.0
«549
NONE 549
0 350,
642
-0 240
«508
NONE «508
0 327
Se?
-0 240
«511
NONE «5%11
[ 324,
Se8
-@ 2.0
«386
NONE «346
[} 382,
3.9
-0 2.0
351
NONE «351
¢ 345
$.0
-0 2.0

mise csonostonnboasr TEST RFESULTS ecssssscscoscnce
SLume
UNEIT WY 6 X 12 6 X 12 6XEX18 ¢ X R ¢ X3
MIX TMP CYLINDER CYLINDER BEAN CYLINOER CYLINDER
MK TIME (STETLY  (STECLY (SYEEL) (CARDBD} (STEEL)
CURING (198 ] (PS) {(PSI) {PSIy (PSDy
3450 (28~0AY) (S6-DAY) (29~DAY) (2B~DAY) (28-0AY)
187 » 7360. ¢ 80304 » 825« *» T280e » -0
7443 7900 8150, B50. T640, -0
15+ MIN T390, 7680, A2Se. 7040, -0
UAMP s T3F 7180, 8310, A00. 7160, -0
3625 (28-DAY) (56-DAY) (28-DAY) (2A~DAY) (28-0AY)
186 * T7120s ¢ 77304 = T86e & TAI0. o -0
1249 6140, 7820, 800, 73204 -~
15, ™IN T390, 1670, 783, 1520, -0
DANPoT3F T230. 1690« 175, 1400, -0
3e25 (28-DAY) (56-0AY) (2A-DAY) (28-DAY) (28-DAY)
147, « 6BT04 & 7560 ¢ T68, ¢ 65506 o -0
Tleb 6420, 7390, 733, 6760 ~0
!5. nl“ ’2'00 7660. 825. 6.10. -0
DAMP ¢ T3F 6910, 1640, 733. 6490, -0

3425 (28~0AY) (S56~DAY) (2B-DAY) (28-DAY) (28-0AY)

1464 * ST70. » 6720, ¢ 63% * S290, ¢ -0

Th5e2 5660 1040, 650 6050 -0
15 MIN 5730, 6670 650, L1310 -0
DAMP o 73F S5910. 68480 617. 4970, -G

3475 (2B-0AY) {S6-DAY) (2B-DAY}) (28-DAY) (28-0AV)
1464 * S870. ¢ 6730, « 66%, ¢+ 351104 o -0
Téed 3T10. T8 70. 675 Sitt. -0
1%, MIN 5630, 6580, 633 5050, -0
OANMP oT3F 6010, 6770, 683, 3180 -9
3,50 (€2B-DAY) (56-T7AY) (23-DAY) (28-DAY) (28~-0AV)
187 * S5610e ¢ 6710, T33. & S5TAG. » -0
AXY ] 5710. 6860 733 %430, -0
15, MIN 5640, 6680, 733, 59710, -0
DAMP oT3F 5440, 6600 733, $T10. -0

3.00 (28-DAY) (S56-0AY) (2R=-DAY) (28-DAY) (28~DAY)
14T« * 78B40, ¢ RI50, » A8%. * 8330, » -fle
T1.0 1820, 8490, 875 BT10. -0
15« MIN 1800, 8560, 958, B280, -
VANP 4T3F  T7900. 9200, B33 8000, -0
3,00 (28-0AY) (S6-0AY) (2R-0AY) (28-0AY) (2R-0AY)
187, ¢ 79006 » 8630, ¢ A03s » A0, o -l
75.2 1670, 8330, BY2,. AGT0. -0
15« MIN 8510, 8260, T6T AN60. -0
DAMP 4 T3F 7550, 8100, ADD, R200. -0

(474



"Ix leDe
MIx DATE
CF/CAFA

cos o
4720782
leel/201

ADB 0
3/11/82
Ba5/1.0

ADB ©
3/7171/82
8.5/72,1

cce o
4/15/82
104(/1.0

O,

ceB8 0
5/711/82
TeG/140

ctg o
5711782
Te0/1e5

Ct8 o
S719/82
Te0/2.0

ctEa o
5719782
Bed/1e0

CEMENT

BRAND
TVYPE
Las/cuvo
PCT wOLUME

BRAND C2
11
963.
18.

BRAND Al
4

B8la.
15

BRAND A}
1

yoae.
15

URAND C2
11
954,
la.

BRAND C2
it
681,
12«

BRAND C2
11
643,
lz.

BRAND C2
i1
626
12.

BRAND C2
11
802'
15

FLYASH

Bk AND
CLASS
LBsS/CcuYo
PCT vOLUME
PCT REPLACLD

NONE

COARSE AGG

sl2t
MARCRIAL
SOURC:Z
L83/7CuyD
PIVOLDRUY

172
LINESTONE
B-AND D1

1665

40. T2.
172
LIMESTONE
BRANO 01
1376.
33. 60.
172
LIMLSTONE
BRAND D1
1803,
43, 78,
172
LiNESTONE
BHAND 01
1244,
3. 5S4,
172
LINESTONE
BPAND E1
1501.
38, 57e
172
LINESTONE
BIAND 1
1813,
.. 69.
172
LIM_STONZ
B AND E1
12046,
A, 75
172
LINCSTONE
B~ AND =1
140s,

31. S8

FINE AGG

F INENESS
SDURCE
L8S/CUYD
PCT vOLUME
CA/FACLB/LB)

3.10
BRAND B1
717
1R.
2e14

Je10
BRAND B1
1331.
3.
1.03

3.10
BRAND B1
873,

20.

2.07

Je.10
BRAND 81
1213.
2R .
1.03

3.10
BRAND B}
1889,
38,
1.008

3.10
BRANO B1
1166«
27
155

310
BRAND Bl
984,
23
199

3.10
BRAND B1
1415,
33
99

ADMI X TURE

TYPE
BRAND

MATER

w/C
u/a

DOSECO0Z/100) LR/CUYD

(2ND TYPL) GAL/SACK

(2ND 00SE)

NONE
-0
NINE
0

-0
NONE
-0
NONE
-0
NONE
-0
NONE
-0
NONE
-0
NONE

-0

PCT AIR

3173
379
36S.
4,3
2.0

«3ARS
«385
313.
4.3
2.0

«400
<400
322.
4.5
2.0

«386
«386
369
LY ]
240

o832
492
315.
55
200

o878
478
307.
Seb
2.0

«528
«528
33t.
6.0
2.0

«392
e392
Jle,
4.8
2.0

MISC estssetessscase TEST RESULTS ecccececnnccnee
sLumpP
UNIT ¥T 6 X 12 6 X 12 6x6x18 A X8 A XN
MIX TMP CYLINDER CYLINDER BT AM CYLINDER CYLINOER
MX TIME (STETL) (STEELD) (STTEL) (CARDBD) (STFFL)
CURING (PSI) (PSI) [L49 ¢ (PS1) PSI)
375 (28-DAY) (56=-DAY) (28-DAY) (28-0AY) (28-DAY)
185 * 6920, » 7640, ¢ T72e ¢ 7280, ¢ -0e
15.2 6680, 8030, T42. 7000, -0
15« MIN 7020, T070. 733, 7400, -0
DANPT3F T070. 7930. 842, 7320. -0
3,00 (28-DAY) (S56=-DAY) (2R-DAY) (28-DAY) (28-DAY)
148, ¢ 7850, ¢ BD20, ¢ 91le ¢ A120, = -0
T7.0 1180, AL ars. 8000, -0
15« MIN 1750, 7990. 908, A360. -0
DAMPoT3F B030, 8590, 950. 8000. -0
3.00 (2R8-0AY) (56-0AY) (28-0AY) (2R-DAY) (2B-DAY)
148 © 7360a © 7390, ¢ ABle * 7310, o ~0e
77.0 T460. T460. 817. 7240, -0
15 MIN 7230, 7290, 908. 7200, -0
DAMP ,73F 7390, 7430, 917. T4R0,. -0
T«50 (28-DAY) (S6-DAY) (28-DAY) (28-0AY) (28-CAY)
187, + 6890, & 7440, o BT, ¢ 6970, o -0e
T1.0 6860, 716906 858. 6920. -0
15. MIN 67400 T1R0. 875. 7120, -0
OAMPoT3F T7070. 5500, 808. 68R0. -0
375 (28-DAY) (S56=-NAY) (28-DAY) (2R-DAY) (28-DAY)
148, ¢ 6070. & 6470, o R03. & 6£500. ¢ -0
7R.8 5920. 6510, a00. 6530, -0
15« MIN 6050. 6120. A00. 6490, -0
DAMP,T3F 6280, 6770, R0B. 6490, -0
300 (28-0AT) (56-7AY) (2R-DAY) (2R-DAY) (28-DAY)
151e * 57606 * 6760, ¢ T97e ¢ £560. o -0
78.8 48R0. 6930, 825 6600. -0
15« MIN 6470, 68R0. 767, 6600. -0
DANPT73F 5920, 6870, A0O. 6490, -0

325 (28-DAV) (S6-DAY) (2°-DAY) (28-DAY) (28-DAY)
149, ¢ 5830. ¢ 6910, ¢ 84T, ¢ 5930. o =0e
T7.9 5940, 6610. 850« 6130. -0
15« MIN 58504 7020, 850, 5670, -0
DAMPT3F 5710, T110. Re2. 6000, -0
350 (28~-DAY) (56=-DAY) (2B=0AV) (2R=DAY) (2R-DAY)
149, * 73A0e ¢ RS520, ¢ 900 * T6R0. o -0
T7.9 73600 Br20, R6T. 7990, -n
15« MIN T6n0e R400. 933. 7890, -0
DAMP oT3F 7070, Rea0, 900. T160. -0

£62C



MIN 1.0,
MIX DATZ
CF/CAFA

ces o
S7c¢0/82
84571465

.8 o
570782
8657240

ce8 0
$r25/82
100710

ctB 0o
Srsc/82
1007146

O)

CiB 0
Sr26/82
10.072.0

@

cFre o
5/.6/82
1007145

O,

cis 0
5725782
10.0/15

©

cec o
S7:1/82
TeC/1a0

CEMENT

BRAND
TYPE
LdS/CUYD
PCT vwOLUME

BRAND C2
11
805
15.

BRAND C2
11
803.
15«

BRANO C2
11
J48.
ls.

BRAND C2
11
959.
18.

BRAND C2
11
960
18

BRAND C2
11
939.
184

BRAND C2
il
983,
18.

HARAND C3
il
667,
13.

FLYASH

B ANO
CLASS
LBS/CUYD
PCT wOLUME
PCT REPLACED

NONE

COARSE AGE

SIZE
MATERIAL
SQURCE
LBS/CUYD
PI¥OLORUN

172
LIMRESTONE
BRAND E1

1691
38. 65e
172

LIMESTONE
BPAND E1

1881,
.2' '2.
172
LIMES TONE
BrAND E1L

1343,
30. Sle
172

LIRESTONE
BPAND £1

1639,
37. 63
172
LIMESTONE
BRAND €1

1823,
’l. 'o.
172
LIMUSTONE
BANOD t1

1602,
36. 6le
172
LIMESTUNE
B-AND £1

1609,
3be 6le
172
LIMESTONE
BRAND L1

1533.

34, 5%

FINE AGG

FINENESS
SOURCE
LBS/CUYD
PCT voLUME
CA/FALLB/LB)

3.10
BRAND B1
1121,
260
151

3.10
BRAND 81
938,

22.

2.01

3.10
BRAND B1
1328,
3l.
1401

3.10
BRAND B1
1005.
23.
le63

3.10
BRAND B1
496,

21.

2003

3.10
BRAND 81
1088,
28,
1.53

3.10
BRAND B1
1059%.
25
152

2.72
BRAKD C1
1512
38,
1.01

ADMI XTURE

TTPE
BRAND

WATER

u/C
WA

00SE€(02/100) LB/CUYD

(2ND TYPE) GAL/SACK

(2ND DOSE)

NDNE

NONE

NONE

NINF

NONE

NONE

NONE

NONE

PCT AIR

«397
«397
320,
8.5
2.0

«%00
«800
322,
8.5
240

«3083
«383
325.
3.9
240

«350
«350
336.
3.9
2.0

«322
«322
309,
3.6
2.“

«361
o361
339,
s.1
240

«351
«351
331.
4.0
240

*825
«425
28s,
8.8
240

8Ni{SC eescscscccscece TEST RESULTS eecceseccccceee
SLump
UNIT UT 6 x 12 6 X 12 6X6X1A s X0 L2 N ]
MIX TMP CYLINDER CYLINDER AFAM CYLINDER CYLINDER
MX TIME (STEFL) (STEFL) (STEEL) (CARDBD) (STFEL)
CURING (PsS1) (PSI) (PSI) (PSI1) (PSI)
3.50 (28-DAY) (56~-DAY) (28-DAY) (2A-DAY) (28-0AY)
151 ¢ 7560e © 8510, ¢ 916s ¢ TRGE0. o -fe
T7.9 1200, 8790, 875. 7620, -0
15« MIN 1750 8520, 925. 8120, -0
DAMP 4I3F T7730. 8510. 917, 7830, -9
8,00 (28-DAY) (56-DAY) (28-DAY) (28-DAY) (208-DAY)
151¢ ¢ 7770. ¢ 8670 o 922 * TAR0, o Qe
78 .8 1570, 8780, 933. TA30. -0
15. MIN 71920, AT40, 967. 8090. -0
OAMP,T3F 7820. 4280. 867. 7730, -0
3.75 (2A-~DAY) (S6-DAY) (28-DAY) (2R=DAY) (28-NAY)
189, ¢ 8820, » 9220. ° 975 © A3M0. o =Q0e
78.8 A540. 9200, 975 R210. -0
15+ MIN 8290, 9550« 992, 8940, -0
DAMP.73F Bed0. 8910« 958. 7680, -0
8,25 (28<-DAY) (S56-0AY) (28~-DAY) (28-DAY) (28-04YV)
150 ¢ B8130s ¢ 9010, ¢ 989, o 0 o Qe
T9.7 7900. 9230, 982, 0 -0
15. MIN B360. 8010. 95A. 0 -0
DAMP 3 73F 6300, Ar190. 1067. 0 -0
3.00 (28-DAY) (S56~-DAY) (28-DAY) (28-DAY) (2R-~DAY)
152 ¢ 8430, ¢ 9560, ¢ 1039, ¢ 08600, ¢ -Ne
79%7 8590, 9600« 1017. 81850, -0
15. MIN 8630, 96A0. 1050, 8440, -0
DAMP ¢73F 8060, 9600 . 1050. 8500, -n
5425 (28-DAY) (S56-DAY) (28-0AY) (28-DAY) (28-0AY)
150 ¢ 8220, ¢ 9000, ¢ 1017, ¢ 6360, o -0
79.7 8080. 9040, 1025. 8360. -0
15. MIN 8240, 8860, 992. 0 -0
DAMP 473F 8350, 9110. 1033. 0 -0
S¢50 (28-DAY) (S6-DAY) (2B-DAY) (28-DAY) (28-DAY)
150 © TR10. ¢ 9080, ¢ 940, ¢ T840, ¢ -0e
8.8 7570« 93000, 1030, 7260, -0
15« MIN 8050. 9090, 9508, 8100. -0
OAMPT73F 7800, 9140, A33. 8160, -0
3.00 (28-0AY) (56-DAY) (28-DAY) (2A-DAY) (26-DAY)
152¢ © 7130s ¢ 7060, ¢ B9, o =0 o ~0e
17.0 7200, 7070, 908, -0 -0
15 MIN 68A0, 1600, B5A8. -0 -0
DAMPoT3IF 7320, 1710, 917, -0 -0

K44



RIX la0De
rIX DATE
CF/CAFA

c:c o
S5/.R/82
Tel/1e3

ctc 9
$/7:.8/82
Tel7240

CtC o
Ss31782
B8et/1.0

cc o
S731/82
Be5/1e3

ctco
6/ 1/82
8.5/2.0

cic ¢
6/ 1482
10637140

ctc 0
64 2/82
10.€/71.5

CiCc 0
6/ 2/82
10.072.0

CEMENT

BRAND
TYPE
LBS/CuUYD
PCT VOLUMc

BRAND CJ
11
6624
12.

BRAND C3
It
6584
la.

BRAND C3
I1
1789.
15.

BRAND C3
11
795,
15.

BRAND C3
11
793
15«

BRAND C3
It
932.
le.

BRAND C3
11
928.
l’.

BRAND C3
11
933.
18,

FLYASH

BRAND
CLASS
LBS/CUYD
PCT VOLUNME
PCT REPLACED

NONE
0

COARSE AGG
SIZE
MATERIAL
SQURCE
LBS/CUYD
PIVOL+ORUW

172
LIMESTONE
BRAND f1

1821,
sl. 70.
172

L1MESTONE
BPAND E1

2012.
5. 17
172

LINESTONE
BPAHMD E1

1458,
33. 56.
172

LIRESTONE
B2 AND E1

1766.
40. 67
172

LIML STONE
B2 AND €1

1952,
L1 75
172

LINESTONE
B1AND €1

1393,
3l. 53.
172

LIMESTONE
82AND €1

1676,
38, 68,
172
LIMFSTONS
BHAND €1

1873,

a2. 12

FINE AGG

F INENESS
SOURCE
LBsS/CuyD
PCT vOLUNME
CA/ZFALLH/LB)

272
BRAND C1
1200,
27e
1+52

272
BRAND C1
994,

23

2002

272
BRAND C1
1431
32.
1.02

2. ,2
BRANO C1
1156,

26.

153

272
BRAND C1
95%.

22.

2400

272
BRAND C1
1376,
3l.
1.02

2.72
BRAND C1
1098,
25
153

272
BRAND C1
920

21.

2400

AJRI XTURE

TYPE
ARAND

WATER

W/ C
w/B

DOSEC02/100) LB/CUYD

(2ND TYPE) GAL/SACK

(2M0 DOSE)

NONE

-0

NONE

NONE

NONE

NONE

NONE

-0

NONE

NONE

PCT AIR

LT
o806
296
5.0
2.0

a861
o861
304,
952
240

«386
«386
30s.
4.3
2.0

«366
«366
291,
‘.1
2.0

o370
o376
297.
4.2
240

«325
«325
303.
37
20

«328
.328
305.
3.7
2.0

«318
«318
297,
3.6
2.0

MISC

SLUMNP
UNIT ut
MIX TMP
MX TIME
CURING

3.295

152

78.8
15« MIN
OAMP o T3F

3.00

152.

79.7
15 "IN
DAMP 4 73F

3.50

152.

7.9
15. MIN
DAMP 4 73F

3.25

154,

17.9
15. MIN
DAMP o T3F

3.00

153,

T7.0
15. MIN
DAMP o T3F

325

152«

T7.9
15« MIN
DAMP o T3F

3.00

152.

T1.9
15« MIN
DAMP 4 73F

325

158,

77.9
15 ™IN
DAMP o T3F

eecsenetscnteses TEST RESULTS cccccccecenccne

6 %12 6 X 12 6X6X18 ¢ XN 4 X8
CYLINDER CYLINOER BEAN CYLINDER CYLINDER
(STEZEL)  (STCZEL) (STEEL) (CARDBOD) (STEEL)

PS1) (PSI) rs1)y (PS1) PPsSD

(28-DAY) (56-DAY) (28-0AY) (2B-DAY) (28-DAY)

e 7270, © 8190, ¢ 928¢ ¢ -0 o =0e
T3AR0e 799, 917. -0 -0
1230, 8380, 958. =N -0
T7220. 8210. 908. -0 -0

(2B~-0AY) (S56-DAY) (23-0AY) (2R-DAY) (28-0AY)

® 6910, ¢ 7310, o 8R6e. o -0 e -0e
6630. 6790, Re2, -0 -0
7140, 7360, 97, -0 -0
6970, TTR0. 900. -0 -0

(2B-DAY) (56-DAY) (28-DAY) (2A-DAY) (28-DAY)

® 8260, * BRKRED, @ 975 ¢ 8730, o Qe
8740, 8220, 983. B820. -0
7680, 84850, 7. 8990. -0
8800, 9300. 1025. A790. -0

(2B-DAY) (S6-0AY) (28-DAY) (28-DAY) (28-0AY)

¢ 8010. ¢ 9160 @ 922« ¢ 8080, ¢ -0
7850, 9230. 942, 8510. -0
1980« 9140, RTSe 8100. -0
8210. 9120, 950, 7640, -0

(28-0AY) (38~-DAY) (2A-DAY) (28-DAY) (28-DAY)

¢ B260. ¢ 68610, 984s ¢ B290. ¢ -0e
8350, 8490, 992, 7810, -0
8290, 9300. 967, 8790 . -0
8130. 8030. 992. 82R0. -0

(28-DAY) (58-DAY) (2B8=-0AY) (2R-DAY) (28-0AY)

e BBT70. ¢ 9440. ¢ 100R, o ARLO0, ¢ -0e
8220, 9600, 975 8RA80. -1
8950. 9690, 1067, 8370, -0
9630, 9020. 983. 9170 -0

(28-DAY) (ST-DAY) €28-DAY) (28-DAY) (28-0AY)

¢ 8810. ® 9370, ¢ 389. ¢ 9930. ¢ «Ce
9110, 9690, 1058, 9220. -0
8060, 9530. 1025. 9710« -0
9270, R890. 8A3. 9660, -0

(2A-0AY) (57-DAY) (28-DAY) (28-DAY) (28-DAY)

* 85A0e ¢ 9810. ¢ 10360 ¢ 9310, o -0e
8420, 9350, 1150. 1570 -0
8610. 9400. 992. RI10. -0
8720. 92R0. 1067. 9450. -0

Y4



MIx le.0e
MIX DATE
CF/CAFA

tLC 0
6/ 3/82
1007140

FtC ¢
6/ 3/82
1040/1e3

ELC O
1716782
Be5/1e5

ptc o
T/716/82
10.071.5

otc o
1714782
8457145

ciD 0
6/ 1/82
Tel/1.0

cto o
6/ 1/s82
Tel/1e3

(3 )
6/ 8/82
TeC/2.1

CEMENT

BRAND
TYPE
LBs/CuvL
PCT vOLUME

BRAND E1
111
899
1le

B4LAND E£1
[ § 91
934,
18.

BRAND E1
11t
71124
15.

BRAND 01
1
91le.
17.

BRANO D1
1

T16e
15

BRAND C3
1t
673,
13

BRAND C3
11
672
13.

BRAND C3
11
6€68e
l’.

FLYASH

a7 AND
CLASS
LBo/Cuvy
PCT VOLUNE
PCT REPLACLD

MOL

NONC

ooQ

NONE

NONE

0o

NONE

COARSE AGG

SIZ¢
MATERIAL
SQURCE
L8s/Cuvo
PIVOL 04

172
LINESTONE
BRAND E1

1350.
30. 52.
172
LIMLSTOND
HRANO E1
1594,
36e 51

172
LIMLSTONE
BRAND E2

1713,
3%. 67.
172
LIMESTONE

BRAND E2

1659.
37. 65
172

LIMLSTIN
BRAND t2

1737.
39. 68e
172

LIMESTONE
B¥AND €2

1516.
LL Y 59%.
172

LIMESTONE
BLAND ©2

1819,
4. T1le
172
LINME STONE
BRAND E2

2005,

45 Tde

FINE AGG

FINENESS
SOURCE
LB3/CUYD
PCT vOLUME
CA/FALLB/LH)

272
BRAND C1
1321.
30.
1.02

2472
3RAND C1
1040,
28,
1453

272
kAND C1
1127.
26.
152

2.72
BRAND C1
1085
25
1.5)3

272
JKAND C1
1134,
260
1«53

2.81
HRAND O1
1876,
33.
1.03

281
BRAND D1
1180.
27.
1.54

2481
BRAND D1
972.
22.
206

ADMI XTURZ

TYPE
BRAND

MATER

u/c
¥/B

00SE(0Z/100) LR/CUTD
(2ND TYPE) GAL/SACK

(2N3 00s3D)

NINE
0

-0
NONE
-0

NONE
0

NONE
-0
NONE
-0
NONE
-0
NONE
-0
NONE

PCT AIR

392
0392
352
b d
2.0

e 381
e3A1
356
4.3
240

824
0824
327.
4.8
240

351
351
320.
4.0
2.0

0405
e405
31s,
L Y
2.0

o846
846
300.
5.0
200

A1)
o848
29R.
S50
240

0862
862
309.
Se2
2.0

MISC

SLUMP
UNIT uT
MIX THP
MX TIME
CURING

3.25

148,

A0 .6
15 MIN
DAMP ,73F

3.25

148,

A0.6
15. MIN
OAMP 3 73F

3.25

148,

Ad.6
15« MIN
DAMP 4 73F

4,29

189,

80 .6
15« MIN
DAMP 4 73F

350

148,

8046
15. "IN
DAMP o 73F

3.25

149,

770
15. MIN
OAMP o 73F

Je S50

151.

17.9
15« MIN
DAMP o 73F

325

151,

179
15 MIN
DAMP o 73F

6 X 12 6 X 12
CYLINDER CYLINDER
(STECL) (STSEL)

(PSDy (PSD)

6X6X18
BTANM

(STEEL)
(PSI)

eecvccencccccee TEST RESULTS scccecocnnccnee

4 X g LR O
CYLINDER CYLINDER
(CARPDBD)Y (STFEL)

(PS 1Y (PSI»

(28=-DAY) (58-0AY) (28-0AV) (28~0AY) (28-0AY)

* A200, o A6T0, ¢ 1039, o 7780, ¢ -0e
BR20. 8310, 1017, A120. -0
1660« 8590, 1058. 7500, -0
8130, 9120. 1042, 1721, -

(28-0AY) (58-0AY) (28-0AY) (2A-DAY) (2R~-DAY)

e 7740, ¢ 8710, ¢ 984, ¢ TT710, ¢ -0e
8050, 8790, 933, 771500 -0
7230, A5A0. 958. 8050 -0
7940, 87150, 942, 7340, -0

(28=-24Y) (56-DAY) (29-0AV) (28-0DAY) (2A-DAY)

e B020, ¢ B550, ¢ 897e & T720, ¢ =0e
7830. 8540, A58, T790. -0
8400, 8940. 942, TaR0. -t
71820, 82R0. 892, 7900, -0

(28-DAY) (56-DAY) (28-0AY) (28-0AY) (2A-DAY)

e T9R0e » 8960, » 900, » 8170, ¢ =0e
8050, 87150, 883. AD20. -0
1150, 9070, 917. 82R0. -0
8130. 9070. 900, R250, -0

(28-0AY) (S6€-0AY) (28-0AY) (2A-DAY) (28-DAY)

e B8040, » 8290, ¢ 8A%, & 7930, o =De
7820. 8040, 933. 7970, -0
8260, 8240, 875 7940, -0
8030, 8560« A58, 7870, -0

(28=-7AY) (56-DAY) (28~DAV) (28-DAYV) (28-DAY)

* 6930, ¢ 7820, o A2A, * 6620, ¢ ~0e
6830. T710. A33. 6130. =0
6880, 7590. 833. 6460, -0
7090. 6950, 817. 7260, -0

(28-DAY) (S56-0AY) (29-DAY) (28-DAY) (28-DAY)

® 6910e ¢ 75604 » Asl., * 66504 ¢ -0e
7160, 7860, A58, 7000, -0
6510, LLE ] 833. 6110, -0
7070, T140. A33. 6840, -0

(28-DAY) (56-0AY) (28-DAY) (2R-DAY) (28-0DAY)

e 68480, ¢ 7320, ¢ R03. & 6290, =Qe
6470 7360, A0R, 6750 -0
65480, 7360, 167 5510. -0
6300, 7250 A33. 6620, -0

962



MIX le0e
MIX OATE
CF/7CA-A

coo
6/ 8/82
Be5/7149

(S )
64 B/742
Be57145

cto o
6710782
8497201

cio 0
6/710/82
10.071.0

ctD o
6710782
100715

cogs
6718782
10.0721

ELto o
6714782
10e0/1e8

EED O
6715742
8e571e%

CENMENT

BRAND
TYPE
LBS/CuUYL
PCT vOLUML

BRAND CJ
11
81).
ls.

BRAND C3
11
819.
154

BRAND C3
Il
788.
1Se

BRAND C3
11
723
17.

BRAND C3
11
921.
17.

BRAND C3
11
920«
17«

BRAND E1
111
487,
11.

BRAND E1
| 9§
"J.
15

FLYASH

BRAND
CLASS
LB3/7CUYQ
PCT VOLUME
PCT REPLACED

NONE

COARSE AGG
514t
MATERIAL
SOURCEZ
LBS/CUYD
PIVOL ORUM

172
LIMESTONE
B AND E2

1829,
32 56.
172
LINESTONE
BIAND 2

1730,
Y. 67.
172

LIMESTONE
BrAND E2

1936,
4, 15.
172

LINESTONE
BRAND £2

1381,

172
LIMESTONE
BIAND 2

1657.

172
LIMESTONE
BRAND E2

1843,
Ale T2
172

LINL STONE
BPAND €2

1598.
36 62e
172
LINLUSTONE
BIAND Z2

1708,

38. 666

FINE AGG

F INENESS
SOURCE
LBS/7CuYD
PCT voOLUNE
CA/ZFALLB/LE)

2.81
BRAND DI
1386,
-‘l.
1«03

2.81
BRAND 01
1117,
2%
155

2481
BRAND D1
936
zl.
207

281
BRAND 01
1338.
30
1.03

281
BRAND 01
1069
2‘.
155

2.81
BRAND 01
887,
20e
2.08

2.81
BRAND O1
1026,
23
156

281
BRAND O1
1104,
25.
1e5%5

ADMIXTURL

TYPE
BRAND

MATER

w/C
u/8

00SEC0Z/7100) LB/CUYD

(2ND TYPC) GAL/SACK

(2ND 00sSD)

NONE

NONE

NONE

NONE

NONE

NONLC

NONE

NONE

PCT AILR

*396
«396
323.
4.5
2.0

<378
«378
310.
43
2.0

394
«394
310,
LY ]
2.0

e352
0352
326,
4.0
200

«351
351
323.
4.0
240

«351
«351
323.
4.0
2.0

«420
420
373.
4.7
240

«436
«835
337.
.9
2.0

MISC

SLUMP
UNIT Tt
MIX TmpP
MY TIME
CURING

500

148,

T7.9
15« MIN
OAMP, 73F

3.25

151.

T1.9
15« MIN
OAMP o T3F

3.00

151

T1.9
15. MIN
DAMP o7 3F

3.75

150.

TA.8
15« MIN
DAMP o 73F

3025

152

78.8
15« MIN
OAMP o 73F

300

152.

74,8
15« MIN
OAMP, T3F

3050

187,

‘006
15« MIN
DAMP ¢ 73F

325

148.

RCe 6
15. MIN
DAMP 4 13F

seennencscccsce TEST RESULTS ecccccccccscace

6 X 12 6 X 12 (213 3%) LI ) L3 B ]
CYLINDER CYLINOER BEAM CYLINDER CYLINDE®
(STESL) (STEEL) (STEEL) (CARDBO) (STEELP

PPsSD)y P31 s PsSI) Psi)

(28=D0AY) (56-DAY) (29-0AY) (28-DAY) (28-DAY)

e 6970 ¢ 8390, ¢ 855 ¢ T570. ¢ =0e
6930, 7570. 950. 7930. -0
7710. 8750. 783, 1540, -0
6260, 8030. A33. 7230. -0

(28-0AY) (56-0DAY) (2B-0AY) (28-DAY) (28-DAY)

® 7920 ¢ 9020, ¢ 897« © TR0, ¢ =0e
8210, 9160, 7. 1R50. -0
7890, 8610, 8a3. 8440, -0
T660. 9300. 892. T210. -0

(28-0AY) (S6-DAY) (28-0AY) (28-DAY) (28-DAY)

¢ T1R0, ¢ BA90, ¢ 913« ¢ 7700, o -fNe
7370, 8360« ] 7320, -0
6930 8910, 892. Al00. -0
7250 8210, 933. T670. -0

(28=DAY) (S56-DAY) (28-DAY) (28-DAY) (28-0AY)

¢ Al70e ¢ 9560, ¢ 966¢ * BO040, ¢ =0
- 86706 9699 958, 8660, -0
71550« 95A80. 983. A040. -0
8290, 9410, 95R. 7430, -0
(206-DAY) (S6-0AY) (2R-0AY) (28-DAY) (28-0AY)
e 8270, * 9060, ¢ 972« © TR30. ¢ =0
86840, a810. 1017, A0A0, -0
7890. 9620« 957 7720, -0
A080. 8750 . 933. T720. -9

(28-0AY) (S6~DAY) (2R-0DAY) (2R-DAY) (28-0AY)

e 7980, ¢ 9400, ¢ 920. ¢ 6930, ¢ =0s
8190, 9510, 917. T310. -1
7500. 9200. 950. 6600, -0
8240. 9500, 892. 68R0. -0

(28-0AY) (36-DAY) (28-DAY) (28-DAY) (28-DAY)

® 7020. © 8420, ¢ 906, © 6800, ¢ =Qe
66A0, 8380, 867, 1310, =0
6840, B85R0. 942, 6760, -0
7530, 8310, 90R. 6340, -0

(28=JAY) (S56=DAY) (2R=-NAY) (2B-DAY) (2R-DAY)

® 6900e * B8150. ¢ R75. ¢ 7490, ¢ Qe
67600 7960, 875. T490, -0
67606 7960, R6T,. 7630, -0
T180. 8540, RR3. T340, -0

(9)]
~J



MIX [ads
MIx OATE
CF/CAFA

D00
6715782
1Ge0 /105

[+ I+
67167482
Bet/1labs

CFre ©
6716782
Teb71.0

cFB 0
6717782
Tel/1eS

CFB 0
6717782
Tel/240

CkB O
6s18/82
BeSl1e0

CFB O
6/108782
BaXl1eS

cFB O
17 8782
Babl2a0

CENENT

BRANO
TYPL
LUS/CUYD
PCT wulUNE

dRAKD O1
1
F2&.
12.

BRAND O1F
i

188.
15,

BRAND C3
1t
655 ¢
124

BRAND C3
11
649,
12.

BRAND C3
11
684,
12'

BRAND €3
4
192«
15

BRAND C)
11
792«
15.

BRAND C3
i1
190,
15.

FLYASH

B AND
CLASS
LBy/CUYD
PCT yOLUME
PCT REPLACLD

1ONE

NUNL

0o

NONL

COARSE AGE

si2r
MATCRIAL

SOURCE
LUsS/7Ccuyo
PIVOL ¢ DRUM

172
LIMLSTONE
B-AND E2

Lleb4,e
37. 65«
172

LIRESTONE
BRAND £2

1740,
39, 68,
172

GRAVEL

BAAND F}1

1514,
35 S8.
172

GRAVEL
BHRAND F)

1795
4l 68.
1r2

GRAYEL

BAAND F1

1981 .
6. 75«
172

GRAVEL
B>aAND F1

18417,
33. L
172

GRAVEL
B?AND F1

1101,
39. 65.
172

GRAVLL
BRAND F1i
1902.

.‘. rz.

FINE AGG
FINENLSS
SOURCE
LBSZCUYD
PCY voLuwe
CAZFALLB/LE)

2.81
BRANL U1
1076,
£%
158

2.81
BRAND 01
1115.
25
156

251
BRAND B2
177,
3a,
1.03

2457
BRAND B2
11664
27.
1.5%

257
BRAND B2
965
22‘
2405

2457
BRAND B2
1832«
33
«99

2457
BRAND B2
1148,
256,
1e49

2+57
BRAND B2
932.
22
2404

ADMI XTURS

TYPE
ORAND

MATER

u/C
w/8

DASEC0Z/100) LBZCUYD

C2ND TYPLY GAL/SACK

{2ND 0OSED

NONE
-0
NOME
0

-0
NONE
-0
NONE
-0
NONE
-0

NONE
0

NOKE
-0
NONE

-0

PCT &IR

343
«343
3i7.
34
2.0

w802
802
316.
45
240

«830
- 430
282
a9
240

«456
« 456
276,
Sel
2‘0

«470
o870
303.
Se3
2.0

»370
«370
293,
‘.2
240

«373
«373
295
42
240

« 380
« 380
300
‘.3
240

nISC sersunerssesnte TUST RESULYS sevssnncacannns
SLumP
UNIT WT & % 12 6 x 12 6X6X1R 4 xm A x 8
MIX TMP CYLINDER CYLINDER BEAM CYLINDER CYLINDER
MX TIME (STEELD) (S3TEEL) (STEEL) (CAROBOD) (STFEL)
CURING tesy Pst) (PSI) tes1y tPs1)
3450 (28~DAY) (56~DAY) (28«DAY) (2R=DAY} (2R=-DAY)
189, o 7430, ¢ 8510e » 1018, o TA20, » -} o
79.7 7360, 1960, 1083, 7910 -0
15 MIN 7360 8540, 935 T80 o -0
OAMP,73F 75170, 9020 102S. 1560« -l
3.25 (28=DAY) (56-0AY) €28=-0AY) (2B-0AY) (2B~DAY)
149, » 7250. ¢ 79604 » 911e ¢ 70304 ¢ il e
T8.4 6840, 8130, 942, 7190 . -0
15 ™IN 7300. Bi70. BB3. 6800, -0
OAMP 4 T3F TR0, 7570 908. 7100, -0
3400 (2R-0AY) (56-0AY) (2R-0AY) {28-DAY) (28«0AY)
148, » 6960, * 7830, *» 153, ¢ T080. » -0 e
179 1200 1690 758, 7230. -f
15 MIN 6450 1730 725 6860« -0
OAMP 4 73F 7220, B0A0. 175 1020 -0
3«00 (28~0AY) (56~DAY) (28B~0AY) (28-DAY) (28-DAY)
149, & 1170, » 1M50e » 81, o 5520, ¢ -0
T1.9 70, an30. 833a 5430 -9
15« MIN 73204 TH6D 692« 52R0. -0
OAMP 473F 7130, 5750 . 817, 5860« =0
4,25 (28«NDAY) (S56~0AY) (28~DAY) (28-0AY) (28-DAY)
189, o 6400, ¢ 7430, » 769 o %5230, -0
TRe8 £370a 7530 808, 5570 -0
15, MNIN 6470, 7340, 150 5380 -0
DAMP s73F 6370, Ta30. 750, s740, -9
3050 (2B=0AY) (S56~0AV) (28<«DAY} (28«0ATY) (28~DAY)
149, =+ 7830, ¢ 8750, ¢ B72. » TRAD, » -t
3.7 1660, 8420, A%58. TAR0. -}
15, MIN 1800, 8950, 817, B280. -0
DANP o73F T840, 8890 942, 7350, -0
8.2% (28-0AY) (S56=DAY) (2B«DAY) (28~0AY} (28~0AY)
150 + 7710. » 8820, ¢ BB9. * 6800. » -0
119 T780. Ar20. 900, 6370, -0
15« MIN 1850, 8820, 8834 5960 -0
DAMP 4 T3F 1500, 8930. RA3. 6860 -0
3.50 (28«DAY) (56~-DAT) (28-DAY) (28-0AY) (28-0AY}
151 » 17204 » 85604 ¢ A7Re *= 7540, ¢ -
197 7500 A510. 833. R2R0. -0
15¢ MIN 1920, RT4D . 8A3. 7670, -0
OAMP oT3F 1130, Bad0., 917, 5680 -0

86¢



ik 1.0
HIXK DATC
CF/CAFA

CFR O
17 B/s2
10,0710

CtB 0
1712782
1007145

CFB 0
1712782
1057240

EFB O
7715782
10.071.5

FFB O
77157492
BelL/145

0FB 0
1713782
1007165

0B 0
1713782
Be5/1e5

Crc A
8713782
TeC/1.0

CENENY

BRANO
TYPE
LBS/7CUYD
PCT VOLUME

BRAND C3
[}
908,
17.

BRAND C3
it
929.
18.

BRAND C3
193
930.
i8.

DRAND 1
111
899,
17«

BRAND E1
111
770.
15,

BRANO 01
1

912.
17.

BRAND O1
1

T86.
15.

BRAND Co
11
651,
12'

FLYASH

BHAND
CLASS
LBS/CUYD
PCT VOLUME
PCT REPLACED

NONL

CDARSE AGS
SIZE
MARLRIAL
SOURCE
LasscuyD
PIVOL sDRUW

172
GRAVEL
BRAND F1

1338,
3l. 51.
172

GRAVEL

BRAND F1

1644,
38. 53,
172

GRAWEL

BRAND F1

1830.
2. 70
172

GRAVEL

BPAND F1

1578.
36. 60,
172

GRAVEL

BRAND F1

1659

38 63,

172
GRAVEL
BRAND F1

1602.
37, 6l
172

GRAVEL

BRAND F1

1635,
39. 65.
172
LIKESTONE
BPAND E2

1620.

36, 63e

F INE AGG

FINENESS
SOURCE
LBS/CuYD
PCT VYOLUME
CA/FAILB/LY)

2057
BRAND B2
1308,
30.
1.02

2457
BRAND B2
1076,
25
153

2457
BRAND 82
897.
21.
24048

2.51
BRAND B2
1036,
2..
1052

2657
BRAND B2
1067,
25
1.53

2057
BRAND B2
1043,
24,
1«54

257
BRAND B2
1102,
25
1e5¢

2.72
BRAND C1
1606,
36e
1.01

ADMI XTURE

TYPE
BRAND
0NSEC027100)

WATER

w/c
CT4]
LB/curd

(2ND TYPEL) GAL/SACK

(2MD 00SE)

NONE
-0
NONE
-0
NINE
0

-0
NONE
-0
NONE
-0
NONE
-0
NONE
0

-9

SUPERPLSTCZR
BRAND A1l
150

PCT AIR

«371
«371
337,
4,2
240

323
«323
300.
3.6
240

«320
«320
297.
3e6
2.0

«390
*370
351,
4.4
2.0

0842
L LY
361,
50
240

LY
367
335.
4.1
200

..02
e402
316.
%5
2.0

e335
e 335
218,
SeR
260

MISC eecesocsnssseee TEST RESULTS eeecccecccecrene
SLUMP
UNIT M7 6 X 12 6 X 12 6%X6X18 4 X8 “a X8
MIx TMP CYLINOER CYLINOER BEANM CYLINDER CYLINDER
MX TIME (STEFL) (STCEL) (STEEL) (CARDBOD) (STEFL)
CURING (PS1) tPsSI) PSIy (PSI) (PSDy
550 (28-DAY) (56-0AYV) (29-DAY) (28-DAY) (28-DAY)
151e¢ * 7770, ¢ ABT10. o 931e ¢ 68506 ¢ -0e
TR .8 8060. AT20. 942, 1050, -1
15 MIN 7500, 8610 933, 6650, -0
DAMP73F T150, 8810, 917. 6040, -0
4,25 (28=-DAY) (37-DAY) (28-~0DAY) (28-DAY) (28-DAY)
18R @ B4F0e ¢ B8RS0 ¢ 958s ¢ B570, ¢ -0e
78.8 8540, 8a70. 900, A980. -0
15« MIN 8190, 8740, 1017, Aa00. -0
OANMP 4 T3F BT840, 9340, 958, 8320, -0
3e75 (28-DAY) (S57-0AY) (28-DAY) (28-DAY) (28-DAY)
150 ¢ 8650, ¢ 9030, ¢ 995, © A270, ¢ «Ce
7197 ageal, 9020. 1000, 8090, -0
15 MIN 8380, 9390. 992. 84800, -0
DAMP o 73F 8780, 8570, 992, 8310. -0
300 (28-~DAY) (S56-0AY) (28-DAY) (28-DAY) (28-DAY)
146¢ ¢ 8110. * 8520 ¢ 858, ¢ T190¢ ¢ -0e
81.5 8380. 8150, 900. T110. -0
15, MIN 7390, 8670, AS8, 7210, -0
DAMP o T3F 8560, B740, 817, 7260, -0
4.00 (28-0AY) (56-DAY) (28-0AT) (28-DAY) (28-DAY)
146 * 7190e ¢ 7929, ¢ 86T &« 6770, ¢ -Qe
815 7060, 8220, B6T. 6810, -0
15« MIN 7020, 8030, as8. 7000. -0
DAMP,73F 7e80. 7500. 875, 6510, -0
4,00 (28-DAY) (56-DAY) (28-DAY) (28-DAY) (28-DAY)
146 ¢ 7430, ¢ 7590, ¢ 1000, o 7130, ¢ -0e
Al .5 1300, 1500, 1050, 67R0. -0
15 MIN 1290, 1780, 1017, 7670, -0
DAMP,73F T710. 7500, 933, 6940, -0
300 (28-DAY) (36-DAY) (28-DAY) (28-DAY) (28-0AY)
147, ¢ 7380e » 7760, ¢ AB3, ¢ T460, ¢ -0
78.8 71990, 7390, 950, 7400, -0
1S« MIN T460. 1570, 908. 7670, -0
JAMP 4 T3F 6700, 8310. 7192. 7310, -0
4.50 (28-0AY) (S6-DAY) (28=0AY) (2R-DAY) (28-DAY)
153, ® 9530, * 9640. ° 930, * 9380, ¢ -0
779 9340, 9140. 983. 9340, -0
1Se MIN 9500. 5450 AT73. 9440, -0
DAMP , 73F 9740, 10130, 933. 92%0. -0

66¢



iR I.Ue
HIX OATE
CFICLAFA

CLC A
87 9782
Teifl.5

Ctc &
8712782
Tall2.0

CiC A
8¢ 9782
Ba5/140

CEC A
87 %782
8.5/143

CiC A
8r10782
Bel 240

Cre A
8710782
10407140

C:C A
8rizrsa2
1Ca0/103

CiC A
BrL1#82
10407240

CEHENT

BRAND
TIPE
LBS7CUYL
PCT wOLUNL

BRAND CJ3
1
a3l
12.

HRAND Co
11
639,
12.

BRAND C3
i1
199.
1%5.

BRAND C3
I
T4,
15

BRAND C3
11
197
15‘

BRANO C3
11
941,
18.

BRANDO C»
It
94l.
18.

HAAND €3
Il
46,
14

FoTASH

8- AND
CLASS
Las/scuvo
PCY vOLULHE
PCT REPLACLO

NONE

COARSE AGS

Siit
MATLRIAL
SOURLED
LBasCurD
PIVOL o DRUM

172
LIMLSTOND
BRAND £2

1888,

42. T3
172
LIMESTONE
BIAND £2
2122
48, 33.
Ls2
LIRESTONT
HRAND E2
1524,
AL 59

172
LIMESTONE
BYAND t2

1316.
4. Tie
172

LIKESTONE
BRAND E2

2030
46 79
172

LIMESTONG
BRAND ©2

1412,
32 55
172

LIMESTONT
BRAND €2

1693,
38. 66e
172
LIMESTONED
HBxAND £ 2

189%.

43, 74,

FINL AGG

FINENESS
SouURCE
LBSICUYD
PLT wOLUME
CAZFALLY/LA)

212
ORAND C1
1253
28,
151

2.72
BRAND C1)
1058,
28,
201

2aT2
JRAND C1
1521

LRS

100

2.12
SRAND C1
1228,
284
198

2«72
BRAND C1
1012
23.
2-01

2e12
BRAND C)
1407,

324

1.00

2e72
BRA&ND C1
1127,
26
1e50

2e72
BRAND Ci
943,
21.
201

ADMIXTURE WATER
TYPE L 14
URAND NH
003€€02Z/100) LB/CUYD
C2ND TYPE S BAL/SACK
{2ND DUSE)Y PCTY ALR
SUPCRPLSTCZA «809
SRAND &1 «403
1540 258,
426
-0 240
SUPERPLSTCZR «3T76
BRAND A} «376
150 241,
4,2
-0 2.0
SUPERPLSTCZR «300
BRAND A} «300
10.3 2480,
3..
-8 2.0
SUPERPLSYC2R «305
BRAND A} «305
10.1 243,
Jet
-9 240
SUPERPLSTCZR «30%
BRAND Al «30%
849 243,
Jut
-0 2.0
SUPERPLSTCZR «298
BRAND A} «298
8.3 281
3..
-0 240
SUPERPLSTCZR «2%9
BRAND AL «299
6e0 281.
3.4
-0 240
SUPERPLSTICZR «287
BRAND A} «2R7
Tel 211
3'2
-0 240

MIsC

SLUMP
UNIT Nt
MIX THMP
My TINE
CURING

2.688

155

8%.6
15 MIN
DANMP T3F

12600
155.
17.0

15« MIN
DAMP T 3F

3.75

155

119
eses MIN
DANE  T3F

3.25

1550

78.9
15« MIN
DAMP 7 3F

329

154,

T8.8
15« HIN
OAMP ¢ T3F

5«23

153

137
15. MIN
DAMP . T3F

Ta00

1510

9.7
15+ MIN
DANP o 735F

5.00

153

TH.8
15 MIN
DAMP 4 T3F

sacecsncenareanee TEST RESULTS ¢onevcctrcrsrne

&6 ¥ 12 6 X 12 6X6X18 LI ] 4. X8
CYLINDER CYLINDER BEAM CYLINDER CYLINDER
(STEFLY (STECL) (STEEL)  (CARDBD) (STFEL)

(PS1) tP5I} P50 (PsI) (PSI)

(29<-0AY) (36=-DAY) (29-04Y) (29<DAY) (29-UAY)

« 8270e ¢ 9090 ¢ 831a & T240, » -0
8360, 9040, Lo 1.1 T26C -0
a130. 9070, 817, 6N50, -0
B330. 9160 Al8. T210. -0

(28-DAY) (56-0AY) (28-DAY) (2B~DAY) (28-DAY)

* BT10e * 90204 ¢ 906e * T970. ¢ -0
8910, 7900, 925. 7670, -0
8650, AS5R0. 907, 7800, -0
8580. 9460, 887, 8A80, -0

(29-0AY) (56=DAY} (29-0AY) (29-DAY) (29-DAY)

* 8910 & 94T70e ¢ 959 & B1%50, ¢ -De
B820. 9250, 1038, AA60. -0
26450, 95100 983, 7290« -0
R260. 2640 & 857, 8310, -0

(28~DAY) (S56-DAY) (28-0AY) (28-DAY) (28-0AY)

* 9680e * 10220e » 1069 ¢ 9170, ¢ -0
9550« 10130. 1082, 9550 » -0

10560, 10190, 1133, 8910, -0
ABLl0. 10270, 1033. 9060 -0

(28=DAY) (S56-DAY) (28-DAY)} (2R8-DAY) (28-DAY)

* 8920 & 9670, » 1010, & AO20. » -0
17180, 9640, 1092, 8120, -0
9310 9120, 910. 83710, -0
9400 10260 1028, 7580 -0

£28-DAYS (56~0AY) (28-DAY) (28-DAY) (28-DAY)

» 3020, ¢ 9990e » 1128, ¢ A100, o -0
8740, 10030, 1102, 8010 -0

10010. 10170. 983. 9020, -0
8310 9780, 1300, 72604 -9

L28-DAYY (56-DAY) (2B~DAY) (28-DAY) (28-0AY)

* B360s # 9250, ¢ 992+ & T480., * -0
B210. 9510 1017. 8280, -8
6370, B980 . 985, 7160, -0
8510, 1550 . 1013, T000. -0

£28-DAY) (S56-DAY) (28-0AY) (2B-DAY) (28-0AY)

* B9T0. » 9490s & 1042, » RA230. ¢ -0
BT70. 9710, 1018, B720, -0
9110, 9050« 1050, 8410, -0
9080, 9710, 1057. 1570, -0

092



MIK I.De
MIX OATE
CF/CAFA

CiC A
B/ A/H2
104G71.5

CtC A
8/ 3782
Tel/1.0

®

C°C A
8/11/R2
Ta0/1.0

®

c.c 8
8711782
Tel /140

c:cs
8717782
Tel/1.6

ctc 8
8s18/82
Tet 720

CtCc 8
8/718/42
Be5/71.0

ctc B
8719742
BeL/le>

®

CEMENT

BRAND
TYPE
LBS/CuYD
PCT VOLUME

ARAND C3
11
938.
18

BRAND C3
11
650.
12.

BRAND C3
1t
637.
12.

BRAND CA
l1
6481.
12.

BRAND Co
11
6487,
124

BRAND Co
l1
6aT.
12.

BRAND Co
Ii
795,
15.

BRAND Co
11
189,
15,

FLYASH

B8PAND
CLASS
LBa/CULYD
PCT VOLUME
PCY RLCPLACED

NONE
0

COARSE AGG

$lze
MATERIAL
SOURCE
LHS/CuYD
PIVOL,DRUM

172
LiMUSTONE
BRANQ €2

1692,
38. 66e
172

LIMLSTONE
BRAND (2

1619,
36 63e
172
LIMESTONZ

BRAND £2

1590.
36e 62
172
LIMESTINE

BRAND E2

1596.
36. 62
172

LIMESTONE
BRAND £2

1935,
43. 75
172

LIMESTONE
BPAND E2

2152
48, 84,
172

LIMESTONE
BRAND E2

1517.
a8, 59
172
LINESTONE
BRAND £2

1806«

4. 10.

FINE AGG

F INENESS
SOURCE
LBs/sCcuv0
PCT VOLUME
CA/FA(LB/LSB)

272
BRAND C1
1121.
29
le51

2072
BRAND C1
1622.
37.
100

2472
3QAND C1
1543
36e
1.00

2472
BRAND C1
1523.
3%
1.05

2.72
BRAND C1
1230,
28.
1le57

272
BRAND C1
1062.
28,
2003

20172
BRAND C1
1501.
36,
1.C1

2.72
BRAND C1
1179,
27.
1.53

ADMIXTURE

TYPE
BRAND

D0OSt (02/7100) LB/CUYD
(2HD YYPE) GAL/SACK

(2ND DOSE)

SUPERPLSTCZR
BRAND Al
150

-0
SUPERPLSTCZR
BRAND A1
2540

-0
SUPERPLSTCZR
BRAND Al
23.9

-0
SUPERPLSTCZR
BRAND B1
82
-0
SUPERPLSTCZR
BRAND B1
A.8
-0
SUPERPLSTCZR
BRAND B1
150
-0
SUPERPLSTCZR
YRANDO B1
be0
-0
SUPERPLSTCZR
BRAND H1
Ted

WATER

W/cC
W/B

PCT AIR

«303
«303
285.
3.0
2.0

«327
.32’
212.
3.7
2.0

«3A80
« 3RO
242.
4.3
2.0

«408
e408
262
LY )
2.0

«376
«376
284,
4,2
2.0

« 348
«348
225
3.9
2.0

«316
«316
291
36
2.0

«338
«338
267e
3.8
200

MmISC e0cccccccsccece TFEST RESJLTS econncececcccee
SLUNP
UNIT MT 6 X 12 6 X 12 6X6X18 A X8 ana8
MIX TMP CYLINDER CYLINDER BTAM CYLINOER CYLINDER
MX TIME (SYEEL) (STEEL) (STEEL) (CaRPOBD) (STTEL)
CURING (PSI) (PSI) t3>shy (PSI) (PSI)
12.00 (28-DAY) (S6-DAY) (29-0DAY) (28-DAY) (28-0AY)
1526 © 9690. © 10590. ¢ 1004, @ R240, ¢ -0
797 9670. 9590, 1050, 87150, -0
15 ™IN 99850. 10860. 958. 7290. -0
DAMP o 73F 9550, 10310. 4] B690. -9
4,00 (-0-0AY) (S6-0AY) (~0-DAY) (=-0-DAY) (-0-DAY)
155« » -0 e 6490, ¢ -0 o -0 o -0e
79.7 -0 6610, -0 -0 -0
15 MIN -0 6310, -0 -0 -0
DAMP o 73F -0 6540. -0 -0 -0
12,00 (28-0DAY) (56-DAY) (28-DAY) (28-DAY) (28-DAY)
149, ¢ 5870 © 63000 ¢ 672 © 7130, o «0e
T7.0 5660. 6120, 693, 6930, -9
15 MIN 5750. 6490. 643, 5790. -0
OAMP,73F 6210. 6280. 660, 7320. -0
525 (28-DAY) (S6-0AVY) (2R-DAY) (28~-DAY) (28-DAY)
151 o 7320, ¢ 7140, ¢ 822. o 63R0. ¢ Qe
77.9 7220, 6950 a00. 5790« -0
15¢ MIN 7600. 6950« AS0. 6570, -1
DAMP,T3F 7130, 7530. 817. 6780, -0
4.50 (28-DAY) (56-DAY) (28-DAY) (28-04Y) (2A-DAY)
152 ¢ 7610, ¢ 7780, ¢ 839, ¢ 6900, ¢ =0e
80.6 8030. 8710, 8S8. 7240, -0
15 MIN 75206 7550. 833, 6460, -0
DAMP o T3F T7290. 7780, 825, 7240, -0
1200 (28-0AY) (S56-DAY) (28-DAY) (2R-DAY) (2B-DAY)
156 © 9210, ¢ 9510, ¢ 928, ¢ RA20, =0e
77.9 8970. 9210, 917. 9260 . =0
15« MIN 55606 1570. 967. A310. -0
OAMP,73F 9440, 9a800. 900, 7690. -0
3,25 (20-0AY) (36-DAY) (23-DAY) (28-0AY) (28-0AY)
151¢ © 7740, » 8570, ¢ 925 © T7940. ¢ -0e
78.8 7850, 8280. 92%. 7510, -0
15 MIN 8010, 8610. 917. 7640, -0
DAMP 4 I3F 7370 8A10, 933. 8660, -0
4,75 (28-0AY) (56-0AY) (2R-DAY) (2A-DAY) (28-0AY)
154 © B320e ® BR60. ¢ 930s o 7620, o -Ce
77.9 8700, LLLL Y 952« 7290, -0
15 MIN 8380, 8980 . 970 7910, -0
DAMP o 73F T7830. BRT50. B6R. 7610. -0

192



HIX Lalde
®IK DATE
CFICAFA

crL @
uwr19782
Ha'l 720

©

cic 8
8s20782
1007140

cc 8
67207482
104071435

ccc e
9716792
Tel/Z1.0

®

ctC 8
92182
BeD7100

ccae
282
Balfle5

®

cic B
9/23782
857240

®

c:c B
9723782
10407103

CEMLNT

BRAND
TYPE
LBS/CUYD
PCT wOLUME

BRALD (o
It
T30
15

BRAND C6
191
937,
16,

BRANO Co
11
934,
18,

BRAND Ca
It
660
126

BRAND Ca
Ir
809,
19

BHAMD CA
11
803,
15

BRAND Co
i1
803,
‘5.

BRAND Co
11
949,
18.

FLYASH

874AND
CLASS
LBS/CUYY
PCY YOLUNE
PCT REPLACED

NONE

COARSL A&S

slat
MATERIAL

SOURCE
LE37CuLYD
Pzvlle DRUN

L72
LIMESTONE
BHAND £2

2007,
172
LIMESTONE
BPAND E2
1807,
32« 55.
172
LIMLSTONE
BIAND 2
1683,
38, 65
172
LIMESTONE
8r AnD €3
1953,
35 h2e
172
LIMESTONE
B-AKND ©3
1542,
55' al.
172
LIMESTONE
HIAND £ 3
1827
4l 73
172
LIRESTONE
BRANG €3
2045,
A6 Bl
172
LIMESTONE
BRAND €3
1109,

38. 68

FINE AGG
FINENESS
SOURCE
LasscuYD
PCY ¥ILUME
CAsFACLB/LD)

2472
BRAND C1
P11
22
2408

2.72
BRAND C1
139Q.
3.
le01

2,72
BRAND C1
1109
25
1e52

2445
BRAND C2
1580,
36e
«99

245
BRAND C2
1536,
35
1.00

2445
BRARD C2
1223
2?'
1e 89

2445
BRAND C2
1004,
23.
2403

245
BRAND C2
1124,
25
152

ADMEXTURE

TYPL
ARAND

DOSEL0Z/100) LB/CUYD
(2ND TYPE) GALZSACK
PCT AR

{2ND 0O0SLY

SUPERPLSTCZR
URAND Bl
Te6

-0
SUPERPLSTCZR
BRAND B1
el

-G
SUPERPLSTCZR
BRAND 81
Gel

-0
SUPERPLSTC 2R
BRAND 81
12414
-p
SUPERPLSTCZR
HRAND 81
18.4
-0
SUPERPLSTCZR
HRAND B1
11.0
-0
SUPERPLSTCZR
BRAND B1
13.3
-0
SUPERPLSTCZR
BRAND 81
9.6

-0

WATCR

w/C
W

334
338
2648,
3«8
Ze0

«310
«310
290
3e3
240

«315%
«315
294,
365
2.0

«380
«380
2514
4,3
200

«283
«283
229
3.2
240

«300
«300
281,
Iap
2.0

«298
«298
240,
3.8
2.0

»291
291
217
3.3
240

L] §1 aensnsrnessanas TESY RESULTS srncssnersnnens
SLuymp
UNIT u? 6 X 12 6 X 12 6X6X18 4 XA L3N O )
NIX TMP CYLINDER CYLINDEIR HOAM CYLINDER CYLINOER
MX TImME (STEFLI  (STUEL) (SYFEL) (CAPUROY (STFELY
CURING tPSI) PSI) (£33 8] PS1y tPshy
4,2% (28-DAY) (S6-=0AY) (28=-0AY) (28-0AY) (28~DAYY
155« ¢ 8610s ¢ 9130, 950 * 7450, » -Qe
7.9 AQRD, B3RO, a7, 7640, -t
15« MIN 8790 8280, 9A2. Ta60 . -0
DAMP 4 73F 8950 92170, 922. 7370, -0
5400 (28-0AY) (S6~0DAY) {29-DAY) (28<0AY) (28~0AY)
150« » 8770 » 8770, » 1011. & 7710, » -0 ®
T8.8 B770. 8910, 1033. 7530, -0
15. ®IN 8820, 8r2o0. 1000. 82R0. -0
DAMP o 7T3F 8720 8670, 1000. 730 -0
6625 (28-~0AY) (%56~0AY) (28-DAY) (28~DAY) (2B-(0AY)
153, & 8500, » 9040, o 922+ ¢ 76404 « =0
Tha8 B220e 9140. 900. 7080, -0
15« MIN B8AS0. 8930 992. 8000, -0
DAMP 473F 8840, TAS50. 875, 7850, -9
4,00 (€28~0AYY (56=DAY) (28-DAY) 128-DAY) (2R«DAY)
150, * 75804 ¢ BA3I0. ¢ 83%., » 8070, o -Ca
T1e9 T660. 81710, 833, 7930, -0
15« MIN Al20. 9120, 867, 8320, -8
OAMP73F 6950, B390. R17. 7960« -}

4,50 (20~DAY) (56-DAY) (28-DAY) (28-DAY) (28~DAY)
153« * 9580, ¢ 9970, * 1056, & 9630, » ~g*
18.8 F430. 10060, 1025. 10060, -0
15« MIN 96800, 9540 1072 9490, -0
DAMP ¢ T3F 9510, 10220. 1071. 9340, -0
A, 75 (280-DAY) (S56~-DAY) (2B-~0AY) (28-DAY) (28-DAY)
153 » 9070. * 9680, « 997e « 8020, » -
188 8930 9340 1025. 7460, -0
15« WIN G40 9A70. 1025. 8180, -0
DAMP o T3F 9250 9830, 942, 8420, -0
5,00 {(28~DAY) (S56-DAY) (29-DAY) (28-DAY) (2R-DAY}
156 & 94204 « 10380, » 1005, » 8940, » -0
T78.8 9250 10360, 1008 Al90. -0
15« MIN 2200 10270, 950« 8930. -0
OAMP ¢73F 9R10, 10520, 1058, 9490, -0

Se7S5 (28~DAY) (56-0AY) (28-DAY) (28~DAY?) (28-0AYV)

154 o BB60s * B?50s » 10A3, o« 8660, » -0

79,7 824904 89350 10A%. 87190 -0
15« MIN 9030 AR60 . 1050, R3A0. -0
CAMPyI3F  9200. 9010 1108, BA6D . -0

9¢



MIX [eDe
MIK DATZ
CF/CAFA

cec 8
9721782
10.072.0

CFB o
87.84782
Ted/1.0

crg 8
874792
Tel /15

CcFB B
8/725/42
TeG/240

CFB B
br25782
Ba5/71e2

C¢B 8
8/726/82
B8e57165

CéB 8
B/72R¢82
Be5/2.0

cF8 B
8/7.1482
1077140

CEMENT

BRAND
TYPE
LB3/7CcuvYL
PCT VOLUML

BRAND Co
11
J49
1d.

BRAND Co
Il
652
12.

BRAND Co
11
652.
12.

BRAND Co
II
645,
126

BRAND Co
Il
#02.
15.

BRAND C¢
11
801,
15.

BRAND Ca
It
198.
15.

BRAND Co
Il
945,
18.

FLYAGH

BRAND
CuLASS
LBs/7CuUYQD
PCT vVOLUME
PCT RLPLACED

NONE

COARSE AGG

S1Z%
MATCKIAL
SOURCL
L4S/CuYD
P:vOLeORUW

172
LIML STONE
89AND I3

1892,
A3, 75.
172

GRAVYEL
BRAND F1

1589,
37. 60,
172

GRAVEL

BRAND F1

1906,
a8, 73.
172

GRAVEL

BFAND F1

2098,
L1: 80.
172

GRAVEL

BRAND F1

1499,
38, 57,
172

GRAVEL

BRAND F1

1788,
Ale 68.
172

G6RAVEL

BRAND F1

1983.
46, 15.
172

GRAWEL

B2AND F1

1398,

32. 33.

FINE AGG

FINLNESS
SOURCL
LBS/CUYD
PCT VOLUMF
CA/FA(LB/LEB)

2445
BRAND C2
950.
21e
199

2.57
BRAND 82
1570,
36
l1.01

2457
BRAND B2
1254,
2%,
1.52

2457
BRAND B2
1047,
248,
2.00

2.57
BRAND B2
1498.
3S5e
1.00

2457
BRAND B2
1192,
28a
1.50

257
3RAND B2
Y46,
23.
2401

257
BHAYD B2
1383,
J2.
1.00

ADMIXTURE

TYPE
BRAND
003€£(C2/100)

“ATER

w/c
/8
LBsCcuvo

(2ND TYPZ) GAL/SACK

(2ND DOSED

SUPERPLSTCZR
BRAND 81
Be6

-0
SUPERPLSTCZR
BRAND 81
15.0

-0
SUPERPLSTCZR
BRAND 81
15-0

-0
SUPERPLSTCZR
BRAND B}
ls.o
-0
SUPERPLSICZR
BRAND B1
10.6
-0
SUPERPLSTCZR
BRAND B1
9.0
-0
SUPERPLSTCZR
BRAND 81
10.1
-0
SUPERPLSTCZR
BRAND Bl
T.4

PCT AIR

«289
«289
27s.
3.3
240

«333
«333
217.
37
200

334
«334
217.
3.7
240

«351
«351
226.
3.9
2.0

290
«290
233.
3.3
20

«300
«300
240,
3o
2.0

«307
«307
245,
35
2.0

.29}
«293
2177,
3.3
2.0

MISC tecceccececreoee TUST RESULTS ecccccccccecces
SLUmMP
UNIT MT 6 X 12 6 X 12 6X6X18 4 XA 4 X 8
MIX THP CYLINDER CYLINDER 9EAM CYLINDER CYLINOER
MX TIME (STEEL) (STEFL) (STEEL) (CARDAD) (STFEL)
CURING PsSI) (PSI) (L2 8] PShy (PSD)
500 (2B-DAY) (56-0AY) (28-0AY) (2R=-DAY) (28-DAY)
155 o+ 8780. ¢ 9150, ¢ 1017, ¢ 8160, ¢ -0e
73.8 9090« 8820, 1067. A130. -0
15. MIN 8750, 93C0. 975« 8280. -0
ODAMPoT3F 8490, 9340, 1008, 8070. -0
4,25 (2B-DAY) (56=-7AY) (28-DAY) (28=-0AY) (28B-0AY)
149, ¢ 8290, o 8470, o B59. ¢ 760N, o “Qe
78.8 8210. 8350. A58, 7500, =9
15 MIN 8290, 8490, 862, 7290, -0
DAMP,73F 8380, asao. A58. 8010, -9
Se2% (28=-DAY) (S6-0AY) (28-9AY) (28-0AV) (28=TAY)
151, ¢ 8970, ¢ 90R0. o 887, ¢ T460. o -0
78.8 9090« 9489. 833. 7640, =0
15 MIN 8840, 9090. B2, 7130. -0
DAMPT3F 7570, 8670« 867. 7610. -0
4,00 (2B-DAY) (S56-DAY) (28~0AY) (2R=-DAY) (28-DAY)
152 ¢ 8920e * 9450, ¢ 921e ¢ 8020, ¢ Qe
797 9120, 8950. 848, 7960, -0
15. MIN 81710, 9690« 923. 8esg, -0
DAMPo73F B8860. 9710. 993. 7660 -0
5.50 (28-JAY) (56-DAY) (29-DAY) (28-DAY) (28=DAY)
151e¢ © R660e ¢ 9230, ¢ 1008, ¢ A04A0, ¢ ~0e
TR .8 8810, 9530, 1013. A260. -0
15« MIN BAT0. 8970, 982. 7940, -0
OAMP ,73F B8700. 9200« 1017. 7930. -0
4.25 (28-DAY) (56~0AY) (29-DAY) (28-DAY) (28-0AY)
151¢ © 8370, ¢ 9160, ¢ 1061, ¢ T7170. * -0e
76.8 7920, 9050. 1025. 1290. -0
15 MIN 8360« 9580« 1092. 71706 -0
DAMP o 73F 8840, 8840, 1067, 7030, -0
S50 (28-0AY) (56-DAY) (28-DAY) (28=-DAY) (28-DAY)
152 ¢ 8370 ¢ 9200. ¢ 974, ¢ 70004 ¢ =0
719.7 8260, 9320. 9715, 6560, -0
15« MIN 8560. 8480, 1038, 74500 =0
DAMPo73F 8240. 9900. 908. 7000, -0
500 (2R-DAY) (S56-DAY) (2B8-0AY) (28-DAY) (28-DAY)
150, @ A933, ¢ 9320, ¢ 1050, ¢ A17C, e Qe
80.6 8590, ar20. 1080, A350. -0
15« MIN 9120, 9370, 1013. 1720, -0
DAMP 4 73F 9070, 987N 1057, A430, -0

£9¢



rIiX 1.0
MR PATE
CFZCAFA

CFB B
87.7782
1007163

crs 8
107:%5782
10407240

CiB @
9728782
Tol/1a0

kB 8
gr29782
Tel/1a5

cip 8
9130782
ToCl240

Cts 8
9730742
Be57140

ceBs B
107 a/82
Be5/145

cL8 B
107 5782
Be5/240

®

CEmMENT

BRAND
TYPE
LBS/Cu YO
PCT WOLUNC

BRAND Co
11
940
18,

BRAND CS5
il
943,
18.

HRAND C4
t1
[ 3
13

BRAMD CA
It
(13
!2.

BRAND C4
It
645,
12.

BRAND Cso
I
ﬂn‘.
15,

BRAND C4a
11
801«
15

HRAND Ca
191
807,
19,

FLYASH

B ANT
CLASS
LB3/7CuUYD
PCY ¥OLUME
PCT RIPLACLD

MONE

COARSE AGH

SIZE
NATERIAL
SOURCE
LBsS/Cuyo
PIVOL+DRUN

172
GRAVEL
BRAND F1

1653
38, 63e
172

GRAVLL

BF AND F2

1835,
42, 70,
172

LIMESTONE
BRAND E£3

1588,
6. 63,
172

LIMESTONE
BRAND E3

1918«

43. T6e

172
LIMESTONE
BYAND E3

2123
48, 8a,
172

LINESTONE
BIAND E3

1514,
38, 6l
172

LIML S TONE
BRAND <3

1821,

4l 124

172
LINCSTONE
URAND £ 3

20481,

46 Ale

FINE AGH

FINENESS
SOURCE
LBS/7CUY0
PCT WOLUME
CAZFRCELB/LY)

2457
BRAND B2
1100,
25
1450

24 A%
BRAND B3
921
21
1.99

257
BRAND B2
1604,
37
99

2.57
BRAND B2
1271«
29«
14351

2.57
BRAND 82
1072
254
1.98

2657
BRAND B2
1527,
3G
99

2457
BRAND B2
1193,
28
1453

2457
URAND B2
1032.
z..
1.98

ADMI XTURE

TreE
BRAND

DOSECGL/100) LB/CUYD
(2ND TYPE) GAL/ZSACK
PCT aIR

(2NO DOSED

SUPERPLSTCZR
BRAND B1
6.9

-0
SUPERPLSTCZR
BRANDO Bl
6e5

-0
SUPERPLSTCZIR
BRAND H1
150

-0
SUPERPLSTCZR
BRAND B1
150
-0
SUPERPLSTCZR
ARAND B1
1540
-0
SUPERPLSTICZR
BRAND 81
12.3
-0
SUPERPLSTCZR
BRAND B1
10.2
-0
SUPERPLSTCZR
BRAND BY
14,8

-0

MATER

w/c
w8

.302
302
286,
Jed
240

«299
299
282.
3.0
240

v 3480
e300
220
3.8
2.0

o347
v 387
225
3.9
2.0

«3%9
»349
225
’Q?
240

«28%
«28%
228,
3.2
2.0

«303
«303
243,
3e8
2.9

w273
«273
220
Jed
2.0

"ISC ereenenssserane TOST RESULTS ceccocnsnncsasey
sLumpP
UNIT T 6 K 12 & X 12 6x6X18 4 x8 . X8
MIX THP CYLINDER CYLINDER BT AN CYLINDER CYLINDER
HE TIWME (STEEL) (STEEL) (STEEL? <(CARDBD) (STFFL)
CURING {PSI) {PSI) {PSI) {PSI) (P31
S¢30 (28-DAY) (56-0AY) (2R~0AY) (2R~DAY) (2A=0AY)
151 = 9070, o 9420, » 1039, ® 74504 » -f) o
A0 «6 8970, 9330, 1046, R240. -
15 MIN 9120, 9s40, 1013, 7160, -0
DAMP+T3IF 9058, 9430, 1057. 7590, -0
Se03 (28-04Y) (58-0AY) (28~DAY} (28-0AY) (28-0AY)
151e = 8340, &« 8430, » 93%. »  TAS0, =De
-0 81130, ATAGN, 5. 1540, -8
15 min 8260« 8820 . 858, 7400, -0
DAMP,T3F 8630, 8930 . 983 1360 -f)
Te00 (28«DAY) (S56«DAYE (28«DAY} (28-0AY) (28-0AY)
148, ¢ R2204 » ABT80, » 956 * T660. » (e
17.9 BIt10. BaAG . 850, 71670, -
15« ™IN 8100, 8750, 850 T610 . -
DAMP o 73F B240, 8580, RETW 7640, -8
4?5 (28«0AY) (S56«04Y) (28~DAY) (28-DAY) (28-047)
156 * B770, » 9520, ¢ 926 * R8AD, » -Te
17.9 8420, 8980 . 922. 8230, -0
15« MIN 89004 9600 975 8730, -0
DAMP 413F 8980, 9970, 880, A370, -0
500 (28~DAY) (60-DAY} (20-DAY)} (28-0DAY} (28-DAY)
154, # B6T0s ¢ 9460, @ 918, = AS510, o -0
788 Bl1a0, 7960, 950, A210. -7
15« MIN 8670 9570, 933. BR2G, -0
DAMP,I3F 8610, 9350, 858 8510 -8
%75 (28-DAY) (50-0AY) (23-DAY) (28-DAY) (28-DAY)
152« # 9450, ¢ 9950, ¢ 106)e & A0, o ~0e
8.8 9580, 9710, 1108, 47190, ~0
15 MIN 9760, 10620, 1008, AN20. -0
DARP,T3F 9020, 9730 1067, A160. -0
.78 {28-0AY} (S6~DAY) (28-DAY) (28~DAY) (26~CAY)
157 & 8720, & 9450, » 9684 & 79204 o -0
79.7 BB&0. 9690 . 968 1660, -0
15« MIN 8490, 8970 942, B130. -0
DANP ,T73F 88420, 9710, 993 7960 -0
4,75 (28-0AY) (56-DAYD (28~DAY) (28=-DAY) (29%-0AY)
1564 * 98BS0, » 10100, » 1128, & 10130, ¢ -Oe
TH.8 9RT0,. 9410, 1133, 9ATC e ~q
15« ®WIN 10150, 10%60. 1133, 10270, -0
DAMP o T5F 9530, 180520« 1117, 10250, -0

%9¢



MIX feDe
MIX OATL
CF/CAFA

ctR 8
107 »/82
10e3/1e0

8 B
107 vs482
10.071.5

cle 8
107 Vs82
1007240

cyB 8
107217982
Tel/1e0

C8B8 B
10712782
TeG/1e5

con 8
16711782
Teb/r240

csB 8
10719782
B8e.%710

cps 8
10719742
BeS/1e3

®

CERENT

BRANC
FYPE
LBs/cuvo
PCT VOLUME

BILAND Co
11
943,
18,

BAAND CS
1t
945,
18.

BRAND CS5
11
Y84,
18.

BRAMND C5
11
653
12.

BRAND CS
11
663,
12.

BRAND CS
11
661
13.

BRAND CS
11
807,
1Se.

BRAND C5
11
809,
15

FLYAGH

BRAND
CLASS
LBS/CuYD
PCT VOLUME
PCT RLPLACED

NONE

COARSE AGG

S1ZE
MATERITAL
SOURCE
LBS/CuyD
PIVOL s DRUM

172
LINESTONE
BPAND £33

1396,
31. 5%«
172

LIMCSTONE
82AND I3

1687,
38. 6T
172

LIMES TONE
BRAND Z3

1876,
42 T4,
374

LINE STONE
B-ANO B2

1580.
36 6l
376

LIMESTOND
BrAND B2

1938,
4, 75«
374
LINLSTOND

B+ AND B2

2131.
L] 1% 82.
374

LIMESTONE
BRAND B2

1498,
36, 58e
374
LINCSTONE
B-AND B2

1806,

Sl 70,

FINE AGG

FINENESS
SOURCE
LBS/CUYD
PCT VOLUNE
CA/FA(LB/LB)

257
BRAND B2
1402,
32.
l.on

257
BRAND B2
1126
26e
150

257
BRAND B2
939.
22
2.00

2485
BRAND 83
1581.
3.
le00

2057
3RAND 82
1303,
30.
1.49

257
BRAND B2
1058,
280
201

2.85
BRAND B3
1500,
35.
100

285
BRAND B3
1203.
28e
150

ADMI XTURE

TYPE
BRAND

DISE(N2/7100) LB/CUYD
(2ND TYPE) GAL/SACK
PCT AIR

(2NO 00SE)

SUPERPLSTCZR
BRAND B1
ReY

-0
SUPERPLSTC2R
BRAND 81
Te?

-0
SUPERPLSTCZR
BRAND B1
8.0

-0
SUPERPLSTCZR
BRAND B1
150

-0
SUPERPLSTCZR
SRAND B1
150
-0
SUPERPLSTC2R
BRANC B1
15.1
-0
SUPERPLSTCZR
BRAND 81
9.6
-0
SUPERPLSTCZR
BRAND Bl
9.7

WATER

wc
u/8

295
«295
278.
3.3
240

«290
.290
274,
3.3
2.0

292
e292
2715,
3.3
260

0349
.3‘;
228,
3.9
240

«296
0296
196
3.3
20

«331
e331
219,
37
2.0

«300
e300
262,
Jeb
240

«297
«297
24C,
3Je3
20

MISC sosccecccerccce TEST RESULTS ccccovenrssecee
SLUmP
UNIT w7 6 X 12 6 X 12 6xX6x1a 4 X8 4 xn
MIX TMP CYLINDER CYLINDER BEAN CYLINOER CYLINDER
MX TIME (STEFL) (STEEL) (STEEL) (CARDBO) (STEEL)
CURING (PSI) (PSI) (PSI) (PSIH s
T.00 (28-0AY) (S56=-DAY) (28-DAY) (2R~DAY) (28-0AY)
147 * 8310, © 9270, » 978, » 7620, » “0e
80.6 8190. 9230, 1008, 6960, -0
15 MIN 7839, 90710, 977. 7590« -0
DAMP ,73F 8910, 9500. 950. 8310, -0
4.00 (28-DAY) (S&=-DAY) (28-DAY) (28-0AY) (28-DAY)
152 © 8920e ¢ 9270, ¢ 93¢, ¢ 7790, o -Ce
83.6 909%. 8910, 867, 7990. -0
15 ™IN 9290. 9230, 992. 7800, -0
OAMP,T3F 8470, 9780, 942, 7590« -0
4,23 (28-0AY) (56-7A7) (28-DAY) (2B-DAY) (28-0AY)
152 * B8T0, © 9290, o 970 ¢ R210, o Qe
80.6 9040, 8R20, 1017, 7240, =0
15 MIN 8740, 9350. 992. 8060, -0
OAMP T3F 8840, 9510. 900. RS530. -1
4,00 (28-DAY) (36-DAY) (2R~DAY) (28-DAY) (28-0AY)
152 © 8350. * 9160, ¢ 900. ¢ AA490, ¢ -0e
-0 1780, 9660, 850, 8390, -0
15« MIN 8240, 8580, 917. 8510, -0
DAMP,T73F 9020, 9250« 933. 6590, -0
4,00 (28-DAY) (56~-DAY) (28-DAY) (28=0DAY) (28-DAY)
153¢ * 8590, ® 9000, ¢ 980 © 8670, o =0e
17.0 8540, 9950, 1008, 8320, -0
15« MIN 8470, 83a0. 1008. 8960. -0
OAMP,73F B8750. 9570. 92Se. R720. -0
625 (28=DAY) (56-0AY) (2R-0AY) (28-D8Y) (28-DAY)
156 ¢ 8960e * B8AT0, ¢ 993, * 8660, o -0e
78,8 8890, 9350, 892, 8210, -0
15« MIN B930. 6420, 1025, 8R20. -0
DAMP,T3F 9050, 8380. 1063. 8940, -0
600 (28-0AY) (356=-0AY) (28-0AY) (28-DAY) (24-0AY)
151e ¢ 8290, o 9460, ¢ 986, * A130, ¢ =0e
T8.8 8450, 9320, 9%67. 81A0. -1
15« MIN 8030. 9690« 1017. 7910. -0
OAMP473F 8400, 931710, 9715. 8290, -0
5025 (2R-0AY) (S6-DAY) (28-DAY) (2RA=0AY) (28-DAY)
153¢ * 9650, * 9590, o 978 » A070. o -0e
78,8 9790, 9810, 105%. BR20. -0
15« MIN R630. 9580, 933. 6940, -0
DAMPT3F 8540. 9390. 950. Basfe -0

N
(o))
(%)



MIx I.0.
MIX DATE
CF/CAFA

CkR B
10714782
Be37240

cse 8
10721782
10.071.0

ces B
10714782
10407145

cue 8
10713782
1007240

(B8 8
10/7i8782
8e27143

CFC B
107:1/782
Tel/1e5

CFC B
107287682
Be371e5

ctc 8
10/7.8782
1040713

CUMENT

BRAND
TYPE
LBs/Cuvy
PCT VOLUME

BRAND C5S
94
807.
15

BRAND CS
11
545.
18.

BRAND CS
11
J4T.
18¢

BRAND C5
11
952
18,

BRAND CS5
11
198,
15

BRAND CS
11
628.
12.

BKRAND C5
11
807.
15

BRAND CS
1t
350.
14,

FLYASh

8% AND
CLASS
LBo/sCuy0
PCT VOLUME
PCT REPLACED

NONE

COARSE AGG

S1Z€
MATERIAL
SOURCE
LHs/Ccuyo
PivOLyURUN

3/
LIME S TONE
BFAND H2

1999.
45, 12
3/

LIMESTONE
BFAND B2

1378.
3. S53.
374

LINES TONE
BRAND B2

1660,
37. 68,
374

LIMESTONS
BAND B2

1861
2. 124
376

LIMESTONE
BRAND 62

17117,
40. 6%
172

GRAVEL

BYAND F2

1832,
42, 70.
172

GRAVEL

BRAND F2

1815,
82, 6%
172

GRAVEL
BGRAND F2
1641.

3%. 54,

FINE AGG

F INENESS
SOURCE
LBs/7CuYD
PCT vOLUME
CAZFACLB/LY)

257
BRAND B2
990.
23
2602

2485
BRAND B3
1379.
’2.
1.00

2457
BRAND 82
1094,
25.
1452

2457
BRAND 02
914,
21e.
2.04

2457
BRAND 82
1160,
27
1.53

2445
BRAND C2
1234,
28
le88

245
BRAND C2
1226.
28.
1.48

2045
BRAND C2
1134,
25
Lo 48

AOMI X TURE

TYPE
BRAND

D0SEC02/7100) LB/CUYD

WATER

w/c
w/B

(2ND TYPE) GAL/SACK

(2ND 00SED

SUPERPLSTC 2R
BRAND B1
Hel

-0
SUPERPLSTCZR
BRAND B1
6eb

-0
SUPERPLSTCZR
BRAND B1
6.1

-0
SUPERPLSTCZR
BRAND B1
6.0
-0
SUPERPLSTCZR
BRAND B1
9.2
-0
SUPERPLSTCZR
BRAND A1
150
-0
SUPERPLSTCZR
BRAND 81
167
-0
SUPERPLSTCZR
BRAND H1
11.9

PCT AR

.309
«309
250
3.5
240

e307
«307
291.
3.5
2.0

«310
«310
298,
Je5
200

«300
«300
286e
APY )
2.0

«339
*339
271.
3.8
2.0

o837
o837
274,
4.9
2.0

°201
«281
227.
Je2
240

282
282
2686
32
240

NISC eeecectecccccee TESY RESULYS eescecccccecore
SLuNe
UNIT WY 6 X 12 6 X 12 eXex1s 4 XA 4 XA
MIX THMP CYLINDER CYLINOER BEAM CYLINOSR CYLINDE®
MxX TINE (STEEL) (STEEL) (STEEL) CCARDBD) (STEEL)
CURLING (P31 (PSI) (°sSI) (PSI) (PS1)
4.25 (28-DAY) (56-DAY) (29-DAY) (2R-DAY) (2A-DAY)
152. o 8190, ¢« 8590, ¢ 922, ® 7960, ¢ -0
17.9 80AR0. A910. 933. ARa20. -0
15 MIN 8350, 8700, 883, 1810, -0
DAMP,73F 8130. 8150, 950, 7640, -0
4.00 (28-DAY) (36-DAY) (2B-DAT) (2R-DAY) (208-DAYV)
152, ¢ 8570, ¢« 8840, o 992« © AT50, o -0e
-0 8610, 9940, 1017. 8940, -0
15« MIN 8670, 8930. 983. 8570 -0
DAMP s 73F Beagd, B560. 975. 8750, -0
Te25 (28-DAY) (56=-DAY) (28-DAY) (2A=DAY) (28-0AY)
189, ¢ 7460, ¢ 8130, ¢ 889, ¢ 7190, o Qe
77.9 1730, 7980, 92%. 7100. -0
15 MIN 7370, 8130, 92%. 7420, -0
DAMP73F T7270. 8290, 817. 7050, -0
4.25 (28-DAY) (56-DAY) (28-DAY) (28-DAY) (28-DAYV)
153 o B220e. ¢ 8360, ¢ 990, ¢ 8270, ¢ «0e
7R.8 8290, 8R60 1037, a070. -0
15, MIN 8120. 9210, 982, 8260 -0
DAMP 473F 8260. 8820. 950. . L1 -
573 (28-DAY) (S6-DAY) (29-DAY) (2B-DAY) (2R-0AY)
150, o 7870, ¢ 8570, o 959% & 7500, o =0e
7.9 7670, 8740, 967, 6990, -0
15¢ MINMN 8170. 8440, 942, 7960, -0
DAMPT3F 7830, 8540, 967, 7R00. -0
4,00 (28-DAY) (70-DAY) (28-DAY) (28-DAY) (2A-DAY)
151e¢ ¢ 7290, ¢ 8300, ¢ 708« © 73350, ¢ B8010.°
-0 7040. 8350« 758, 71660, 8270,
15« MIN 7380, 8010. 66Te T840, A020.
DANMP73F 7500, 8540, 700. 6940, 1730.
S«50 (32-0AY) (70-0AY) (32-DAY) (32-DAY) (32-D0AV)
154, © 9900, & 10240, @ 1048, ¢ 9770, ¢ 10890
-0 9660, 10270, 1083, 91A0. 109900,
15 MIN 10030, 9810. 1042, 9910. 10700,
OAMP »73F 10010, 10650, 1020, 10230. 11080,

6425 (32-DAY) (70-DAY) (32-DAY) (32-DAY) (32-DAY)
152 © AS530. ¢ B8490, o 920, ¢ 9070. ¢ 9990,
-0 8510, 9000, A63e 9230. 9610
13« MIN AT90, 7940, 955, 9120, 10370,
OAMP, 73F B82R0, 8520, 942, AR50, 9990,

992



HIX lede
KIX DATC
CF/CAFA

pic 8
117 1782
BeS/1le3

o 8
117 3782
Bat/140

Ct BAD
117 8782
Tel/240

C:BA0
117 9782
8407200

CiBAO
117107482
8297242

Ct BAD
11711782
10+0 7240

C.BAB
11715782
Tel/2.0

[T 1.)
11716702
Bel #2e0

cemgny

BRAND
TYPE
LBS/CLUYD
PCT vOLUNE

BRAND D1
1
186
135«

BRAND D1
1
82,
15«

BRAND CS
It
654,
12.

BRAND C5
1z
rT63.
1a,

BRAND CS
11
AlO.
15«

BRAND CS
11
938.
18.

BRAND C5
11
653
12

HRAND €5
1z
1548,
l..

FLYASH

BRAND
CLASS
LBa/CuYD
PCT NOLUNE
PCT RUPLALED

NUNE

BRAND Al
CLASS €
lol.
LY
20

BRAND A1
CLASS C
191,
L2
20,

BRAND Al
CLASS €
202«
L
20.

BRAND Al
CLASS C
233
5’
20,

BRAND Al
CLASS C
163.
4.
20.

BRAND AL
CLASS C
188,
L
20

COARSE AGG

SLZ2t
MATERIAL
SCURCE
Lus/curo
PIVOL o DRUM

172
LINESTONE
URAND £3

K816,
Ale 12.

172
LINESTONE
BRAND E3

1507,
38 60,

172
LIMESTONSD
BRAND E3

1914,
3. T6e

172
LINESTONT
BFAND €3

1832.
‘x. ,3.

172
LIMESTONE
B2 ANO E3

1196
A0» Tle

172
LIMESTONE
BIAND I3

1625.
3T 65,

172
LIMESTONE
BIAND £}

2021 .
A5 0.

172
LIMESTONE
H+AND €3

1915,
43. 16

FINE AGG

FINENESS
SOURCE
LBY/CLYD
PCTY voLUME
CA/FACLB/LS)

2445
BRAND C2
1207.
27.
1530

2085
BRAND C2
1493,
36,
1.01

2405
SRAND B3
963,

22

1.99

2205
BRAND B3
927.

21

1.98

2485
BRAND B3
897,
2le
2.00

2085
BRAND 83
811
19.
2400

2485
BRAND 83
1010.
23
2400

2485
BRAND B3
961 e
22.
1499

ADML XTURE

TYPE
BRAND

00SECC2/100) LB/CUYD
{2ND TYPE) GAL/SACK
PLT AR

¢2ND DOSK)

SUPERPLSTCZR
BRAND Bl
18.7

-0
SUPERPLSTCZIR
BRAND 81
14.9

-0
NONE
-0
NONE
-0
MONE
-0
NOKE
o
-0
SUPERPLSTCZR
BRAND B1
1542
-0
SUPERPLSTCZR
BRAND Bl
11,3

-0

WATER

w/C
w/s

«327
»327
257,
3a7
2.0

o341

267,
3.8

20

430
348
281
4.8
2.0

«371
297
283,
442
2.0

*357
*2R8
289.
4.0
2.0

e3481
#2713
327
Je8
20

PR LY
«2T6
225
3.9
2.0

«321
«257
242,
Jeb
240

Misc asesessasensrenr THST RESULTS sennnsseccncosnes
SLUNP
UNIT MY & R 12 6 X 12 6X6X18 A X B LN S |

MIX THP CYLINDER CYLINDER Br AN CYLINDER CYLINDER
MX TIME (STEEL) (STESL) (STEEL) (CARDBD) (STEEL)

CURING (PS1y (PSIy €Sy (PFS1) s
273 (28-DAY) (63~DAY) (28-DAY) (2R~DAY) (28~-0AY)
1520 @« B330, ® 9110, o 955 & T8604 ¢«  IB20.e

-0 8120, 8430, 996 7450, 9550

1%« MIN 83604 9410, 936 8500, 3710

DAMP o 73F 8520, 9aa0, 933, 76480, 10190,
5«50 (28-DAY} (63-0DAY) (28-0DAY) (2R-0AY) (28-0AY)
149, ¢ 8560, © 9280, ¢ 976s » A230, o -0

-0 8650, 2600, 9AR. 9000, -0

15« MIN 8540, 9200. 968 TA50. -0

DAMP o T3F  B8490, 2040, 972, TA30, -0
300 (28-DAY) (S7~DAY) (28-DAY) (28-DAY) (2R-DAY)
152¢ * 89200 * 9620, ¢ 879, ¢ A320e ¢ 977040

-0 8820, 10030, 864, 8220. 9670,

15« MIN 8740, 9900, A6Te Ar70. 93R0.

DAMP o T3F 9210, 9020, 907, 79604 10079,
3,00 (2A~DAY) (56~DAY) (28-0AY) (28-DAY) (28-0DAT)
152 o 9140e & 10130« » 1009, o 9230. » 107106

-0 9320, 103R0, 1036, 9110, 10930,

15« MIN 8860, 9670, 1033. 9390, L0370

DAMPoI3IF 93004 10350, 958, 9190 10840,
300 (28-0AY) (S6~DAY) (2R~DAY) (28B~DAY) (2R-0DAY)
1524 © 94504 * 10620, « 996« * 9280, = 10970,

-Q 9740, 10540, 1042, 8990, 1127¢,

15« MIN 9250 10700, 1007, 8940, 10900.

OAMP o T3F 9370, 10610, 938e 9910C. 10740,
4,00 (28-0AY) (56-DAY) (2B-DAY) (28-0AY) (28-0AY)
151« ® 93604 *» 99504 » 1011a ¢ 9640, ¢ 10890,

-0 9670, 10170, 1028. 99604 10850,

15« MIN 9320, 9R00 . 911. 9390, 10970,

DANPT3F 3090, 9890 « 1035, 9580, 10850,

6a00 (28-DAY) (6O~DAY) (2B-0AY) (28-DAY) (28-DAY)

155« * 9470 * 10050, » 1043, & 10230, * 112204

7340 9670 9900, 1058, 103A0, 11340,
15« MIN 9670, 10420, 1016 9970 11309,
OAMP ¢TIF 9070, 9830, 1055 10350. 11010,

5.00 (2B-DAY) (53~DAY) (29-DAY) (28-DAY) (2R=-NAY)

154 & 9800, & 10160, » 1105, » 98R0, » 10590,

730 36904 10350, 1058, 10220. 10309,
15¢ ™IN 9910, 10600, 1173, 315C. 10170.
DAMP oT3F 9740, 9460 10R5%. 102804 10709,

192



"in .0
RIX OATE
CFITAFA

cigas
117197482
Bu5/240

©

L.8AH
11718/82
ICel/7200

CLBAg
11711782
B45/240

®

ciang
11722782
5697240

CtBA0
117:3¢82
Tal 72,0

®

[48:1
11730782
BelulZ2e0

CLBAD
11730702
1040723

CLBaAg
12¢ 1782
Se3/240

O]

CEmENT

BRANO
TYPE
LBS/CUYD
PCT vOoLUML

BRAND C5
1§
8na,
15.

HRAND CS
151
F46.
18

HRAND CS
il
Blu.
15

BRAND C5
it
562
11.

BRAND CS5
il
657,
12

BRAND €5
it
803,
15.

BRAND €5
it
I4%.
18,

BRAND CH
1t
556
10.

FLYASH

8- AND
CLASS
LBS/CUYD
PCT vOLUME
PCT REPLACED

BRAND A}
CLASS €
202«
.
20

BRANO Al
CLASS €
236e

Se

<Be

BRAND Al
CLAuS €
202
L
éu.

BRAND At
CLASS C
241,
Se
30.

BRAND &)
CLASS C
281
G
30,

BRAND A1l
CLA3S C
3as,
8'
30

BRANO Al
CLASS €
A07.
Fe
30

BRAND Al
CLassS C
239
5'
Jc.

COARGE &GG

S1ZE
MEDERIAL
SOURCE
LBsZCuUrD
PIVOL s DRUW

172
LIMLSYONE
HRAND 4

1873

41, 73,
172
CIMESTIND
87 ANO LB o
1682
37, bhe
142
LINESVTONE
BRAND Ea
18824
42, T3
172
LINESTONE
BRANO £ 4
1956
43. Tée
172
LINELSTONE
8P AND E4
1853,
at. 712
172
LIMESTONE
BRAND 4
1668,
377 65

172
LIMESTONE
BAND £&

1499,

33. 38.

172
LIMESTOND
BPAND LA

2038,

L1324 40,

FINE AGG

F INLNESS
SQURCE
LBS/CUYD
PCT VOLUNF
CassaqLe/Ly)

2¢ BS
BRAND B3
939,
224
2+ 00

2485
JRAND B3
Haz,
19
e00

24R8%
BRAND B3
938
22
2401

285
BRAND B3
916
234
2e00

2.5
BRAND B
919.
2!.
2.02

2485
BRAND 83
B26a
19,
2402

2485
BRAND B3
745,
"'
2«01

2285
BRAND 8)
1033.
28,
199

ADMI X TURE MATER
TYPE w/c
BRAND w/8

DOSECOZ/100) LHBZCUYD
(2ND TYPC} GAL/SACK

{ZND DOSLY PCT ALR
SUPERPLSTC2R »316
BRANO 81 °25%
111 256
3.6
SUPERPLSTC2R «325
HRAND 81 261
12.0 3on.
3e7
-0 240
SUPERPLSTCZR «310
BRAND Bl « 248
18.4 251.
35
-0 2.0
o487
NONE «381
0 276,
545
-0 2.0
L2
NONE «308
¢ 289
S0
-0 2.8
<08
NONE «283
o 325,
4.8
-0 2.0
«368
NONE «257
/] 3s9,
4.1
-D 2.0
SUPERPLSTCZR «3A8
BRAND B1 272
17.5 216
.4
-0 240

mIsSC casrsnvnnssescs TEST RESULTS ®ecnesnccenence
StLume
UNLT uT & x 12 6 X 12 &xaxta L3N 8N ) L3N
MWIX TMP CYLINOER CYLINOER 3T AN CYLIMOER CYLINOE®
MX TIME (STESLY) (STECELY (STECLY  (CARQBD) (STLEL)
CURING (P51 {PSD) tPS1) {PSty (PSIy
5400 (28-DAY) (62-0AY) (28-DAY) (2B-~0AY) (28-DAY)
155s & 9660 ¢ 10300, ¢ 1009, » 9440, « 10830,
150 Fr10. Bra0. 1061, a9, 10730,
15« MIN 9600, 10450, 988, 9410, 10490,
OAMP 4 T3F BS990, 10150, 978, 9980, 10010,
4,50 (28~0AY) (63~0AY) (29-DAY) (28~DAY} (2R-0AY)
151 ¢ 9930s * 102106 » (122, & 9D70e o 103204
750 A LR 1109 10290, 1130. 9120, 10250
15, MIN 10380, 10380, 1075, 8930, 7390a
OAMNP4T3F 991710, 9370, 1160« 150, 10%R0,
4,75 (20-DAY) (63-DAY) (28-0AY) (28-DAY) (2B-CAY)
155« * 9890, * 105504 ¢ 1119+ ¢ 10600. ¢ 1134049
12.0 10260, 10130, 1120. 10880, 11520,
15« MIN 9620 10800, 1168, 10190, 11300,
DAMPT3F 9780, 10730. 1070, 107aC, 11110,
300 (20-0AY) (S57-DAY) (2B-0AY) (2B-DAY) (2B-DAY)
152 * 9300, * 10060, o 86B. ¢ -0 ¢« 9500
7540 92004 102404 1% 1Y -0 2610,
15 MIN 9210, 10220. A97,. -0 9770
OAMPsT3F 9500, 9730 845, ~8 9110,
3400 (42~DAY) (36-DAY) (42-047) (42-DAY) (42-0AY)
150. » 99%50s ¢ 100704 « 9%57e @ =0 * 10330.»
T6.0 9670, 9990 . 987, -0 11190,
15« MIN 10340, 10490, 903, -0 11380,
DANP +73F 9830, 9730, 980. -0 9950
3,00 (35~0AY) (58-DAY) (35-NAY) (35-DAY) (35-0AY)
151e¢ % 94504 ¢ 9880, » 1103. » -0 & 10770,
16.0 9640, 9370 1128, -8 10150
15 MIN 9500, 9780, 1056 -0 11460,
OAMPT3F 9210, 9280 . 1129, -0 10570,

3.00 (39-DAY) (58~DAYI (35-DAY} (35-DAY) (33-0aV)
150. @ 9430e & 98%00. = 1154, o -0 * 10860«
750 8980, 9460 1118, -0 10420,
15« HIN 9410, IHO00 . 1161, -8 10890,
OAMP T3F 99004 R9%50. 1183, -0 11270,
550 (35~DAY) (S57=DAY) (35~DAY} (35-DAY} (35-0AV)
155« *11710. » 11030, 988, -0 & 11330.e
7540 11390, 11260, 963 -0 10790.
15 MIN 11070, 11000, 9694 -0 11520,
QAMP473F 10560. 1L0R80, 1933, -0 11673

8927



MIX TaDe
mIx DATC
CE/CAFA

C:8A8
12/ 2782
Te0/2.0

C:0AB
127 2782
Het /2.0

creas
127 3782
10e0 7260

C-BAD
127 6782
10a(/72.5

CLBAB
lal Trv2
10,072.5

CiBAD
12715742
1ol 7340

ct8ap
12715782
10eC/73.0

CrBao
12711/R2
LLel /7245

CEMENT

BRAND
TYPE
Las/cuyD
PCT voLUME

BRAND €5
9
660,
12.

HRAND CS
11
803
15

BRAND CS
181
YaTe.
18.

BRAND CS
11
924,
l'.

BRAND CS
i1
94].
18.

BRAND CS
11
919,
17.

BRAND €S
11
18,

HBRAND CS
11
956
18.

FLYASH

BRAND
CLASS
LB>/CuYD
PCT voLUML
PCY RLPLACLD

BRAND Al
CLASL C
282,
Ge
30.

BRAN) A}
CLASS C
RLLRY
Be
30.

BRANKD Al
CLASS C
a05.
Ye
30.

BRAND Al
CLAsS C
23le

5.

.‘u.

BRANC Al
CLASS C
235,

5.

20.

BRAND A2
CLASS C
230,

Se

20.

BRAND A2
CLAS> €
235

5.

20.

BRAND A2
CLASS ¢«
«10.
9.
30«

COARSE AGG
SIZ2E
MATERIAL
SOUkCE
L4S/CcuvYD
PIVOLsORUM

172
LINTSTONE
BRAND £ &

1929,
43, 7S«
172

LIMESTONE
BRAND £&

17224
38. 67e
172

LIMESTONE
9IAND o

1515
34, 59.
172
LIMESTONE
B2AND E6

1783,
39. 10.
172

LINES TONE
BRAND E£&
1833.
sl. Tl.
172
LINLSTONEC
BRPAND E8

1869,
al, 13.
172

LIMESTONE
BRAND & &

1930.
a3, 715.
172
LIMESTONE
HPAND "6

1582

35 62e

FINE AGG

F INLNESS
SOURCE
LBs/cuvD
PCT voLUME
CA/FACLB/LB)

2eR5
BRAND 83
963
22
2400

285
BRAND B3
462
20,
2,00

2485
BRAND 83
Tole.
1H.
l.99

2085
BRAND B3
710.

16

251

285
BRAND B3
735
17.
2449

2485
BRAND 83
615.
14,
3.0

2485
BRAKD B3
635
15.
3.04

285
BRAND B3
631,

1%

2.51

AJMI XTURE

TYPE
BRAND

DOSEC(NZ2/100) LB/CUYD
(2ND TYPL) GAL/SACK
PCT ALR

(2ND DOSE)

SUPERPLSTCZR
BAAND B1
1246

-0
SUPERPLSTCZR
BRAND b1
10.9

-0
SUPERPLSTCZR
BRAND B1
6.0
-0
NONE
0
-0
SUPERPLSTCZR
BRAND B1
9.6
-0
NONE
o
-0
SUPERPLSTCZR
BRAND B1
9.1

NONE

WATER

w/C
u/8

«367
«257
2842,
4.1
2.0

«361
«253
290.
4.1
240

«357
«250
338.
4.0
240

«358
«286
330.
4.0
240

«313
«251
295«
35
2.0

«365
«292
335.
4.1
2.0

«317
253
297.
3.6
240

«372
«261
356.
4,2
240

MISC

SLUmP
UNIT uv
MIX TMP
MX TINE
CURING

525

158,

74,0
15« MIN
DAMP o T3F

5.00

151.

760
15. MIN
OAMP o 73F

4,00

150.

Te.0
15« MIN
DAMP ¢ 73F

3e23

151.

T74.0
15« MIN
DAMP 4 73F

4.00

1548,

78.0
15. MIN
DAMP o T3F

3.00

152

T1.0
15« MIN
DAND 4 T3F

4,50

15‘.

T1e5
15« MIN
DAMP T 3F

3. 00

147,

T1.0
15« MIN
DAMP o T3F

t000cctonscnsce TEST RESULTS eececcttcecceee

6 X 12 6 X 12 6REN1A 4 X8 s XA
CYLINDER CYLINDER 3CAM CYLINDER CYLINDER
(STEEL) (STECL) (STEEL) (CARDBDD) (STFEL)

(PSI) (PST) PSI) (PSI) (PST)

(35-DAY) (56=DAY) (35-DAY) (35=-DAY)} (3IS-DAY)

©10090. ¢ 10030, ¢ 1997, o -0 ¢« 10730,
10400, 9990, 1170. -0 10310,
9890. 10200, 1071, -0 10920,
9990. 9890, 1051, -0 10910,

(35-DAY) (56-DAY) (33-DAY) (35-DAY) (35-DAY)

® 9560, ¢ 10560« » 1130, » -0 ¢ 106420,
9870. 10330, 1197, -0 11110.
9710, 10790, 1083. -0 10079,
9370. 9500« 1111. -0 10999,

(35-08Y) (60-DAY) (35-DAY) (35-DAY) (3I9-DAY)

¢ 9120s ¢ 9660. ¢ 107R, o -0 ¢ 10510,
9570« 9500. 11761, -9 10170,
9040, 9440, 1093, -0 10590,
8740. 10030, 10081, -0 10620,

(28-DAY) (57-DAY) (28-DAY) (28-DAY) (28-DAY)

¢ 3360e ¢ 9660e ¢ 1048, ¢ -0 ¢ 103C0.»
93<0. 9500, 1105. -0 9990,
9730. 9890. 1032, -0 10120.
9000. 9600, 1008, -0 107P0.

(28-DAY) (56=-DAY) (28-9AY) (28-DAY) (28-0AY)

® 9330, ¢ 9540, ¢ 1095, ¢ =0 ¢ 10660,
9550, 9710, 1102. -0 11170,
8770, 9300, 1167, -0 9970,
9660. 9600, 1017. -0 11097,

(35-0AY) (39-DAY) (33-DAY) (35-0AY) (35-0AY)

¢ 9160 ¢ 9940, ¢ 898, o -0 ¢ 9340,¢
9070, 10220, 878. -0 ARSO,.
9600« 9830, 933. -0 96"0.
8120, 97180, 8R3, -0 9490,

(35-DAY) (59-DAY) (33-DAY) (335-DAY) (3IS-CAY)

¢ 8970, ¢ 9060. ¢« 1108, o -0 ¢ 10730,
8840, 89130, 1090, -0 10570,
9020. 9050 . 117s, -0 1090%.
9050. 9290. 1047, -0 10710.

(34=-DAY) (57=DAY) (34-DAY) (34-DAY) (34-NAY)

e 9300, © 10240, ¢ 10Ra, o =0 ¢ 10800,
9300, 9700, 1068, -n 9610
9180, 10430, 1029. -C 1061,
9410. 10380, 1155. -C 10890,

69¢



CEMENT

"IK 1.0 BRAND
MIX DATZ TYPL
CF/CAFA LBS/CUYD
PCT wOLUME
CFBAS BRAND Co
1718793 11
Ball el 198,
15
CFBAB BRAND Co
17:0785 11
Bal2e0 T8,
15
CHBAD BRAND Co
1719783 11
Be5l240 T84,
ls.
cuBas HRAND Co
1rz1783 1I
Bet/2.0 788,
1%
C.RBaR BRAND C6
1726/u3 11
To.l240 652
‘2.
:8 9 BIAND C6
1/.6/583 11
1007240 Y34.
1d.
chn o BRAND Ceo
A7:8/743 i
Bab/1a5 191
(3/4~ Fine) 15¢
CHR 8 HRAND Co
1728783 [ §1
Ruflas FiSe

(3/4~ Medium) 15«

FLYASH

B+ AND
CLASS
LBAFCUYD
PCT vOLUME
PCT RuePLACED

BRAND A2
CLASS C
197
L3y
20

BRAND A2
CLASS C
198.
L1
20.

GRAND A2
CLASS €
190
L
20

BRAND A2
CLASS C
196,
L
20

BRAND A2
CLASS «©
213
6.
3.

NUNE
¢

COARSE AGS

s12¢
MATLRIAL
SO0URCE
Lus/7CuYDd
PIVOL+DRUM

172
GRAVEL
B4 AND F2

1767
A1, 67
172

GRAVEL
BRAND F2

1827,
42a 70,
3s

L IMESTONE
8+ AND B2
18C1.
LD ¥ 6%
374
LIMLSTOND
BaaND B2

1865
42 T2«
172

LIMESYONS
BIAND T«

1869«
4l, 73
172

LEME STONE
BPFAND L#

1874,
42 13
374

LINLSTONE
BIAND A2

1807,
at. 0.
376
LIMLSTONS
ARAND d2

1811,

4l. 10a

FINE AGG

FINENESS
SDURCF
LesS/CuUYD
PCT vOLUNKF
CAZEALLB/LY)

2409
BRAND 83
Bl6e
20
240¢

2eR3
BRAND 83
92 3.
21»
1.98

2.85
BRAND B3
895,
210
2.01

2eR5
SRAND B3
924,
21e
282

2485
BRAND 83
FA LM
224
2«00

248%
BRAND B
936
22
2400

2489
BRAND B3
1180«
27
153

285
BRAND 63
1187.
27
153

ADMI XTURES

TYPE
BRAND
DOSE(DZ/7100)

MATER

w/C
W’8
LBR/CUYD

(2ND TYPE) GAL/ZSACK

(2ZND 005t

NONE
0

-0
SUPERPLSTCZR
BRAND B1
Fab

-0
NOKE
o
-0
SUPERPLSTCZR
BRAND Bi
11.2
-0
SUPERPLSTCZR
HSRAND B1
13.1
-0
SUPERPLSTCIR
BRAND B1
10.4
-0
SUPERPLSTCZR
HGRAND 62
97
-0
SYPERPLSTCZR
BRAND B2
Ye?

-9

PCT ALR

«318
»302
298,
‘.3
240

322
«257
255
3u6
2.0

«375
»300
294,
4.2
2.0

«327
261
257
3.7
20

0424
298
217,
4.8
2.0

«312
»312
291.
345
20

«321
«321
254,
3.6
240

«309
«309
246
3e5
240

NISC

SLUwP

UNET uT 6 X 12

MIX TMP CYLINDER CYLINDER

HX TIME (STEFL)
CURING Pshy

eacsncsnsevsene TTST RESULTS

6 X 12 6X5%18
BEAM

(STEELY (STTEL)

tPSD) PSS

shbho0boteceeans

4 18 axn
CYLINDER CYLINDER
(CARDRAD) ¢STT% L)

(Psi PsI

300 (28-DAY) (56~0AY) (28~DAY) (28~DAT) (2A-DAY)
150« @ 8A204, ¢ 97304 ¢ 1032, ¢ -0 ¢ 108150,0
71,0 B190. 9410, 991. -0 18176,
15 MIN B670. 9340 . 1074, -0 10070,
ODAMFT3F 9000. 9830 1032. -0 10250,
4.00 (28=-3AY) (S56-DAV) (28-DAY) (28~-DAY) (28-DAY)
153 & 9040, ¢ 9730, ¢ 1100, o L & 9NI0ue
10.0 9000, 9810, 1073, -0 9510,
15« MIN 9480, 9460« 1110. -0 10110,
DAMP oT3F 86%50. 9890, 1117. -0 99RO
315 t2A-DAY) (56-DAY) (28-DAY) (28-«DAY) (2A-DAY)
191 & 9860, + 9450, » 1084, o 0 ¢ LUAT0.»
T0.0 9670, 92710, 1108, -0 105404
15« "IN 95304 9640, 1313, -0 10450,
DAMP o7T3F 9180, 9430 . 952 -0 10220,
Te50 (28«DAY) (56-DAY) (28~DAY) (28-0AY) (28-DAY)
1544 @ 96000 ¢ 9IT7IDe ¢ 116%9e o =0 & 10900N.»
T1.0 9510, 9710, 1201. -0 196530,
15« NIN 9600 9470, 1088, -0 10970,
OAMPLTIF 9690, G130 1217, -0 111C0.
T50 (28~0AY) (S56~DAY) (28~DAY) (28-DAY) (28-DAY)
152 »1017C. » 10940, o FiTe » -0 ¢ 10970,
T3e0 9020 10630, 888, -0 10950,
15 MIN 10170. 11000 915 -0 11400,
DAMP ,T3F 8520, 11180, 1.1 -0 10570,
B8.00 (2B-DAY) (S56-0AY) (28-DAY) (28~DAY) (2R8-CAY)
155« ¢ 9000s ¢ 9170. ¢ 101%. » -0 # 10370,
T2.0 8890 . 8230 3960 -0 10270,
15. FIn 8560. 9320 1038, -0 10100,
DAMP +T3F 95S0. 891710, 1012. -0 107704
4,00 (28=-DAY) (55~-DAY) (28-DAY) (28-DAY) (28-CAY)
152« ¢ 8820s ¢ 9210, » 895, * -0 & GE2N.e
730 8670 9180 320. -0 FEAD.
15 MIN B86A0, 9530, ArA, -0 9960,
DAMP L 73F 9110, 8910, RAB. -0 9850 .
4.2%  (28=DAY) (G55-JAY) (28~0AY) (28-JAY) (28-DAY)
1544 » 8630, ¢ 9470, ¢ 956, * -0 & GRG0.
730 8400 AlI60. 1000, -0 10030,
15« MIN 8970, 9310, 307, -0 W0
OAMP , T3F 8520, 9550 . 960. -3 790

0l2



NIX .0
“in DATL
CF/CAFA

Chh B
1729783
BeS/105

CEMENT

BRAND
TyPe
LABsS/sCUYY

PUT wOLUNME

ARAND Cb
11
197,

(3/4* Coarse) 15+

f.C o
1729743
8.5,1.0

fFfC B
/317183
Be3/1e5

L"AB8
171783
Se%l2e0

C:8B0
2/ 2483
de57240

C:BBO
27 2483
Te«l72e0

cig 0
2711733
luel /72,41

®

ADDITIVNAL DATA FROM

AkAND £2
e
791+
15

BrAND E2
111
779

15

HYRAND Cs&
It
548,
i0.

BRAND Co
it
189«
15,

BRAND (s
11
653,
12

HRAAD C6
11
921,
17,

FLYASH

BHANHD
CLASS
LUS/CUY)

PCT vOLUNL
PCT RCPLACED

NONE

BRANC Bi
CLASS €
235
be
30.

BRAND 31
CLASS C
178,

5.

<O

BRANU H1
CLASS €
2R
'.
30

NONE
g
Q
0

MIX ABOVL:

CDARSE AGG

Stze
MATERIAL
SQURCE
LBS/CUYD
PLVYOLeORUN

376
LIMISTONE
B~ AND BZ

1820,
al. 70.
172

LIMESTOND
BIANU L

1896,
33. S8
172

LIMLSTONE
BAAND o

1 e,
406 70.
172
LIMZSTONE
BRAND &

2074,
LI Bl.
172

LIMESTONE
BAAND £ 6

1741,
3%. 69,
172
LIMESTOND
BrAND E 4

18079,

a0, 71

172
LINE STONT
BPRAND (4

1834,
L3 I 120
1 ex12
en bX12
In bx12

FINC AGG

F INENESS
SOURCE
LBS/CUYD

PCT wvoLuUME

ADMI XTURE

TyYpPE
BRAND

WATER

w/C
W/B

ODSECOZ7100) LB/CUYO
(2NO TYPL) GAL/SACK

CAZFALLB/LB)Y

2895
BRAND B3
1190.
27«
153

2645
BRAND C2
18064
33
1.02

BRAND C2
1165
26.
154

2485
BRAND B3
1033
28,
2001

24835
BRAND B3
B8,
2l
1e9y

2485
ARAND B3
9084
21.
1%

2485
BRRAND B
BE6e

2Ce

2e12

COMPR STFEL
CoMPR SYEFL
LT STFEL

S

5

s

>

10
10
2A0

(2ND DOST)

UPERPLSTCZR
BRAND 82
.7
-0
UPERPLSTCZR
HRANO B2
150
-0
UPERPLSTCZR
BRAND B2
150
-0
UPERPLSTCZR
BRAND 82
1841

-9

MONE

-t

NONE

-0

NONE
g

-0
* 4270,

* 7440,
e 83lae

PCT AIR

305
«305
283,
3ot
20

371
«371
290.
402
240

«375
«375
292
4.2
240

»«390
*266
208,
W3
240

» 393
o314
310.
404
240

<466
. 326
304,
Se2
228

366
* 366
337.
4,1
2+0

4260
1220
R6Te

®i5C ekndnssedorsnnnr TESYT RESULTS nescccccecnsaesn
SLumP
UNIT uT 6 X 12 6 X 12 6X6X18B 4 x LI O]
MIX TMP CYLINDFR CYLINOKR BU AN CYUINDER CYLINDER
MX TIME (STEEL)Y (STEEL) (SYEEL) (CAROBO) (STFEL)
CURING (PST) (PSI) test)y (rsSI? PSty
550 (28-0AY) (60~DAY) (29-0AY) (28-0AY) (28-0iY)
1534 ¢ 3060. ¢ 9810, ¢ 9004 « =0 & 9RE0se
730 B790, 9130 . 903 -0 9710,
15« MIN 9200, 9900 . B43, -0 9R TN,
OAMP +73F 9180 9760, 95%. -0 10010,
Se75 (28-DAY) (60-0AY) (28-DAY) (28=DAY) (2A-DAY)
1504 * GAT0s o 9250, ¢ 996, ¢ -0 ¢ 10200,
7540 2000 8A80,. 1044, -0 10030,
15« MIN 96204 9600. 903 -0 10290,
DAMP 473F 9780, 9270. 1082, -0 10220,
4,00 (28-0AY) (58-DAY) (29-DAY) (2B=DAY) (2R-CAV)
153, ¢ 8930. ¢ 9860, ¢« 1004, « =0 & 10310,
1640 85404 9960 o 1003. -0 10030,
15, KIN 8890, 10130, 1052 -0 10620,
DAMP ¢ T3F 9350, 9430. 958« =0 10690,
S¢00 (28~DAY) (58=DAY) (2B-DAY) (28-DAY) (2B-DAY)
155« 10290+ + 11320, » 921. ¢ <0 e 11370,
1245 9940, 11830, 957, -0 116%0,
15. MIN 10790, 11210, 860. -0 11480,
DAMP o 73F 10130, 10930, 947, -0 11000,

3225 (28-0AY) (56~-0AY) (29-DAY) (28-DAY} (2B-DAY)

150 & 95204 » 9840, ¢ 852, ¢ -0 ¢ 10420,¢

715 9800, 9640 817, -0 10190
15+ ™IN 3200, 9760, 8asS, -7 10460,
DAMP 4 TIF 3570, 10120, 855 ~0 10620.

JeAB  (28-DAY) (S6-0AY) (28-0AV) (28-DAY) (2R-UAY)

151« @ 3030. ¢ 10070e o 798e ¢ =0 ¢ 101904

7140 3320, 10010, 813, -0 10580,
15 MIN 8750, 10380, 157 -0 9714,
DAMP4T3F 9020, 3810, 825, -g 102R0.

3,00 (28-DAY) (59-DAY) (28-DAY) (2B~DAY) (28-0DAY)
152¢ & 8910s ¢ 98560, ¢ -0 » -0 » “0e
690 8910, 9430, -0 -0 -ty
15 MIN -0 9830, -0 -0 -
DAMP 4 13F -0 9120, -0 -0 -0
4090, $A60,
T430. 1660
A48, T8,

1L2



Nix Lele
qlx DATY
CF/CAFA

crn o
/12743
Beb/2.0

®

ADOTYIONAL ODATA FROM MIX ABOVWEZ

CcBA0 URAD Co BRAND a2
£718/4% 11 CLass C
Tel /240 653 <80 .

124 be
® 5o
ADOITLONAL DATA FROM MIX ABQVL S

C7BAB
2715743
Se4/2.0

®

ADDITIONAL DATA FROM MIX AROVE D

cEa o
27167413
10407243

AUDITIONAL OATA FROM MIX ABOwE S

CEMTNT FLYASH
BRAND BRAND
TP CLASS
LRS/CUYD LYS/CUYo
PCT WOLUME PCT YOLUNC
PCT REPLACED
BRAND Cs
I NONE
185 ]
15« 1]

8

HRANO Ce BRAND A2
11 CLASS C
553 237,
1G. Se

I0a

BRAND Co
1 NONE
930. 4
18. 0

o

COARSE AGG

312F
MATERIAL

SOURCT
LHS/CUYD
PIVOL sURUW

172
LIMESTONE
BRAND L4

2041
45. 80,
1 6X12
2N exX12
3k 6xiz

172
LIMESTIND
HIAND Ee

1821,
40 Tl
1» eéxiz
2R 6X12
3N 6x)2

1/2
LIMESTONE
BrAND €4

20820
45. 80
1N 6X12
2% exl2
3 6X12

172
LIN.SYONE
BIAND T

1825,
A0 1.
e Bx12
F2 Y § ¥4
3 ex12

FINE AGG

FINENFSS
SOURCE
Lu3/CuYD
PCT WOLUME
CA/FALLB/LB

BRAKD B3
1011,
23
2.02

CORPR STEEL
COMPR STEEL
SPLIT STEEL

2.85
BRAND B3
F16e
21.
1.99

COMPR STEEL
COMPR STEEL
“SFLIT STEFL

248%
BRAND B
10480,
244
1e96

COMPR STEEL
COMPR STEEL
SHLIT STEEL

2485
BRAND B3
901
21
233

COMPR PLSYC
COMPR CRDRO
SPLIT LRORD

AOMI XTURE WATER
TYPE w/ec
BRAND Ny
QO5t¢ 0271003 LB/7CUYD
{2ND TYPT ) GAL/SACK
3  (2ND DOSE) PCT AIR
SUPERPLSTCZR «315
BRAND B2 «315
14.9 247,
3¢5
-G 240
1D s £300.* 6350,
m « BR60, BB20 .
280 ¢ 801.e 675
462
NONE v323
0 ).1:5 WY
Se2
-0 2e0
10 e 41204 39a0.
10 e 735Q0a0 7960
268D « 799, .15 2%
SUPLRPLSTCZR «396
BRAND B2 «217
230 219.
4.5
-0 240
10 * 5900, 4850 .
10 * 9520, 9530 .
280 * 844, T61le
« 349
NONE « 349
g 324,
S.q
-0 240
280 » B230. 79604
280 . BA90 . RAAD,
2RO *  I3Res 754,

MISC
SLUNMP
UNIT NT 6 X 12 6 X 12
MIX TMP CYLINOER CYLINDER
MK TIME (STEELY (STITL)
CURING PSI) iPs1)
3. 50
156« #10610e & 11130, »
Tia.0 10420, 114240,
1S« MIN 111180. 11420,
DAMP73F 10290, 10560,
6120 6840
RE50 9120,
817 9124
2.75
152 ¢ 3630« * 10180, ¢
1%9.5 9280, 10220,
15« MIN 9640, 10590,
OANP o 7T3F 9370, 9740,
4070, 4300,
1960 7920,
186, 762.
4.00
156+ »116804 ¢ 11340, »
1245 11690, 12010,
15« ®IN 11620, 10840,
OAMP o T3F 11600 11180,
5910, 5890,
9620. 9410,
993 718,
2.7%
150« « BB, » -0 ¢
7240 8510 -0
15, MIN 8930 -0
OAMP ¢ T3F 8840 -0
A280. 8430,
8510. R510,
701, 760

GXEXLA
3ECAM

(STZEL)
(PSID

Sesnedbocettone TTSYT RESYLTYS sdeancoscsenrene

4 x A LR O |
CYLINDER CrLiwDE
CCARIBOY  (STEFY

(PSIY (PSI)

€28-UAY) (58~0AY) (28~0AY) (28-DAY) (2B-DAY

-3 -0 o - s
-9 -0 -0
3 -0 -0
-0 -0 -0

(28-0AY) (S56-0AY) (28-DAY) (28-DAY) (28-DAY)

-0 o -0 -ge
-0 -0 -0
] -t -0
-2 -0 -0

€28~DAY) (S57-DAY) (28~0AY) (2R«0AY) (28-0AY)

- @ -l « -@»
-0 -0 -0
-0 -0 -0
-8 -0 -0

(28-0AF¥) (-0-DAY) (28-DAY) (2R-DAY) (2B-0AY}

=3 & R6A0, ¢ 9810.+
-0 8190, 760
-0 8720, 98004
-0 9020. 9880

[A%4



RIX Ieds
MIX DATE
CF/CAFA

cie 8
2/718/43
Bel/7ed

®

ADOITIONAL DATA FROM MIX ABOVE: i

CTBA0
2/17/83
TeC/7240

®

ADUITIGNAL OATA FROM MINX ABOVE: e

C.BAB
2/21/83
5e97240

®

ADOITI )NAL DATA FROM MIX ABOVE: 1

CtB O
2/725/83
18¢C7240

CtB A
3710783
Be%/2.0

CEMENT

BRAND

TYPE
L8sS/cuYo
PCT VOLUML

BRAND Ceo
Il
190
15.

BRAND Cé6
il
662
12,

BRAND Ce
11
5%56.
10.

HRAND Co
I1
94 3,
18.

BRAND Ce
1t
798.
15.

FLYASH COARSL AG3
B8R AND SIZ2¢E
CLASY MATENIAL
LBS/CuYD SOURCE
PCT VOLUME LBS/ZCUYD
PCT REPLACCD PIVOLoODRUM
172
NONE LIMESTONE
0 B<AND E6
1 2046,
0 45. a0,
6X12
2 6x12
3N 6eX12
BRAND A2 172
CLASS C LINESTONE
<836 BRAND Eo
Ge 1844,
30. al. T2
6X12
2N 6X12
3h 6X12
BRAND A2 172
CLASS C LIMCSTONE
239, BRAND E&
Se 2039,
30. 45, 79
6X12
2h  6X12
3N 6X12
172
NONE LIMESTONE
9 B2 AND E&
0 1804,
0 a0. 70.
172
NUNE LIMESTONE
0 B AND &
o 2065.
1 46, Ble

DOSEtP2/100) LA/CUYD MIX TP
(2ND TYPE) GAL/SACK MX TIME
PCT AIR CURING

FINE AGG AOMIXTURE
FINENESS TYPE
SUURCL BRANO
LBS/CuYD
PCT VvOLUNME [
CAZFACLB/LB)Y (2ND DOST)
2017 SUPERPLSTCZR
JAAND B& BRAND B2
1043, 1647
24,
1.96 -0

COMPR PLSTC
COMPR CROBOD
SPLLT CROBO

2485
BRAND B3
919
2l.
2.01

COMPR PLSTC
COMPR CRDBD
SPLIT CROBD

2. 77
BRAND B&
1009.
23,
2602

COMPR PLSTC
COMPR CROBD
SPLIT CRORD

2.77
BRAND B&
902.

2le

2000

277
BRAND B6
1038,
2%,
2.00

280 ©10730,¢
280 ¢ 9730,
280 e Bl6,e

NONE
0

-0
280 e 8930,

2R0 ¢ 9090,
280 ¢ T57.¢

SUPERPLSTCZR
BRAND B2
18.0
-0
280 «10960ee

280 ©10060,*
250 ¢ 687.¢

NONE
0

0
SUPERPLSTCZR
BRAND B2
1562

ATER

w/c
/8

«290
«290
229%.
3.3
2.0

10500,
9230.
7848,

«435
305
288,
4,9
2.0

9070,
9070,
707,

o011
«288
229.
4e 6
2.0

11260,
10360,
592.

«346
+ 346
326
3.9
240

«2A0
«280
223.
3.‘
240

11020,
9900.
822,

8950,
6700,
7495,

10490,
10260,

eeescececccceee TEST RESULTS eeecccccccccee

6 X 12 6 % 12 6X6X1A LN BN 4« XN
CYLINDER CYLINOER BEAM CYLINDER CYLINOE
(STEEL) (STESEL) (STEEL) (CARDBO) (STTEL

(PSI) (Psl) (Pst) PS1) (PSI)

(26=-0AY) (~0-DAY) (28-DAY) (28-DAY) (2A-DAY

¢ 9500 ¢ -C o «) o 103540. ¢ 11150,
9240. -0 -9 10220. 11140,
9320, -0 -0 10900. 10500.
9900. -0 -0 10490. 11730,

10660
10060.
8483,

(28=-DAY) (=-D-DAY) (28-0AYV) (2B-DAY) (28~DAV)

* 9560, o -0 » «0 ¢ 10240, ¢ 108R0,
9140. -0 -0 10280, 10340,
9480, -0 -0 9840, 11060
DAMP o 73F 10040, -0 -0 10600, 10030,
8770,
9110.
AlSe

(28=-0AY) (-0-DAY) (28-DAY) (28-DAY) (2B-DAY)

©10210. o -0 o =0 ¢ 10330, ¢ 1100,
9830. -0 -0 10190. 10820,
9890, -0 -0 10600, 11120,
DAMP73F 10910, -0 -0 1019¢. 11710,
11140,
9550,
699%. 769.

(27=DAY) (=0-DAY) (27-DAY) (27=DAY) (27-DAY)

¢ 79306 ¢ =0 o =0 o -0 ¢ -0e
7600, -0 -0 -0 -0
7940, -0 -0 -0 -1
8240, -0 -0 -0 -0

(28=DAY) (-0-DAY) (2R=-DAY) (28-0AY) (28-DAY)

©10400, -0 e -0 -C ~0e
9620, -0 -0 -0 -0
10420, -0 -0 -0 -0

DAMP 473F 11180, -0 -0 -0 -0

€L¢C



rIx [eD.
mix OATC
CF/CAFA

ctg 8
3/10/83
857240

C- BAQ
3 2/83
Te07240

®

CEBAO
3 2783
TeC/240

®

Cr BAg
3 9743
597240

@

C!BAB
3/ 9783
509720

®

cee ¢
3715783
1007240

®

cra ¢
3715783
l.tlz.u

cte o
3/717/83
857243

CEMENT

BRAND
TYPE
LBs/CuYD
PCT VOLUMT

BRAAND Cé
11
197.
15

BRAND Cs
11
646,
12.

BRAND C6
194
638e
12¢

BRAND Cé
11
565.
ll.

BRANDO Co
It
564,
11.

BRAND Co
It
933.
18.

BRAND Cé
11
930.
18,

BRAND C7
11
403.
15¢

FLYASH

BRANO
CLASS
LBL/CUYD
PCT vOLUME
PCT PEPLACED

NONE
0
0
0

BRAND A2
CLAS> C
<l6e
be
30.

BRAND A2
CLASS C
2713,
(Y
30.

BRAND A2
CLASS C
2‘3.
5.
30.

BRAND A2
CLASS C
242,
5.
30,

NONE

COARSE AGG
S1Z2€
MATERIAL
SOQUHCY
LBS/CLYD
PIvOL DR

172
LIMNESTONE
BFAND E&

2064,
46 80.
172

LINESTONE
BRAND Eo
1L803.
40. T70.
172
LIMESTONE
BRAND €6

17182,
39%. 69,
172

LIMESTONE
BRAND €4

2072.
86e 81.
172

LIMESTONE
B AND t o

2069.
‘6. sl.
172

LINESTONZ
B~AND E6

1735,
40. T0.
172

LIRCSTONE
BRANO £ 4

1780,
39%. 69
172
LINESTONE
BRAND o

20719.

46, fle

FINE AGG
FINENESS
SOURCE
LB>/7CuyD
PCT VOLUME
CA/ZFACLB/LB)Y

277
BRAND Be
1033,
28
2.00

217
BRAND B4
901,
21.
2.00

2.77
BKAND B4
891.

21e

2.00

277
JRAND 86
1036,
2%,
200

277
BRAND B4
1035.
28
2.00

277
JRAND B&
893,

21,

200

2.77
IRAND B6
890.

21.

2.00

2.77
BRANO B6
1040.
24,
2.00

ADMI X TURE

TYPE
BRAND

00SC(02/7100) LB/CUYD

WATER

w/cC
W/ R

(240 TYPE) GAL/SACK

(2ND D0ST)

SUPERPLSTCZR
BRAND B2
la.o

-0
NONE
0

-0
NONE
0

SUPERPLSTCZR
BRAND B2
254

SUPERPLSTCZR
BRAND 82
30e7

ROUCR/RTRDER
BRAND C1
4.5

RDUCR/RTROER
BRANOD C1
4.5

SUPLRPLSTCZR
BRAND BD
14.8
RDUCR/RTRDER
5.0

PCT AILR

.282
«2B2
225
3.2
2.0

«489
«343
316.
Se5
2.0

.519
«363
33l
5.8
240

«357
249
201.
4.0
2.0

.360
252
203.
4.l
2.0

e364
364
380,
‘.1
240

«369
«369
3as,
4.2
2.0

0266
266
2164,
3.0
240

MISC eesoseccosrcccse TEST RESULTS ecccccacsececee
SLUwP
UNIT WT 6 X 12 6 X 12 6X5X18 A x8 L3 . }
MIXK TMP CYLINDER CYLINDER BT AM CYLINDER CYLINODE:
MxX TIME (STEEL) (STEFL) (STEEL) (CARDBD) (STEEL)
CURING (Psl) (PSI) (>shy (PSD) (P3I)
4.50 (28-DAY) (=0-DAY) (2R-0AY) (28-0AY) (28-DAY
-0 11470, ¢ -0 o -0 o -0 o -0
97.0 11440, -0 -0 -0 -0
90, MIN 11350, -0 -0 -0 -0
OAMP ,73F 11620, -0 -0 -0 -0
3400 (2R-0AY) (~0-DAY) (28-0AY) (28-0AV) (28-DAY)
-0 o 8430, ¢ -0 o -0 o -0 o =0e
108.0 8650, -0 -0 -0 -0
60« MIN 8AT0. -0 -0 -0 -0
OAMP,73F B8360. -0 -0 -0 -0
3,00 (28~0AY) (=0-DAY) (28=-0AY) (28=-DAY) (28-0AY)
-0 ¢ 8080, ¢ -0 ¢ -0 o -0 ¢ -0e
108.0 715990, -0 -0 =0 -0
90. MIN 7980. -0 -0 -0 -0
OAMP 3 73F B868R0, -0 -0 -0 -f
4,00 (28-DAY) (=0-DAY) (28-DAY) (28-DAY) (28-0AY)
=0 ¢11210e ¢ -0 o - o -0 o -Ne
104.0 10700, -0 -0 -0 -0
60. MIN 11440, -0 -1 -0 -0
DAMP 4 73F 11490, -0 -0 -9 -0
4.00 (28-0AT) (=0-0AY) (28-DAY) (28-DAY) (2B-DAY)
=0 11430, ¢ -0 o -0 o -0 o =Qe
102.0 11710, -0 -0 -0 -0
90. MIN 10700, -0 -0 -0 -0
DAMP ,7T3F 11880. -0 -0 -0 -0
275 (28=-0AY) (=-0-DAY) (28-0AY) (28-0AY) (28=-0AY)
=0 & 9470, o -0 e -0 e -0 o -0e
102.0 9210, -0 -3 -0 -0
60« MIN 9730. -0 -0 -0 -0
ODAMP73F 9460 -0 -0 -0 -0
3400 (28-DAY) (=0-DAY) (28-DAY) (28~DAY) (28-0AYV)
=0 * 9050, ¢ -0 ¢ - e -0 o -Qe
103.0 B670, -0 -3 -0 -0
9C. MIN 8970, -0 -0 -0 -0
DAMP,73F 9510. -0 -0 -0 -0
3.50 (28=DAY) (=0-DAY) (28-DAY) (28=-DAY) (2B-0AY)
-0 11490, ¢ -0 o -0 o -0 » =0
106.0 12223. -0 -0 -0 -0
60. MIN 10750, -0 -0 -0 -0
DAMP ¢ T3F 0 -0 -9 -0 -0

7L¢



RIX l.0.
MIX DATE
CF/CAFA

cecs 8
3’11/83
857240

Ct BAC
3716/83
Tel/2.0

©,

Ct BAC
3716783
Te(/7240

®

CtRAB
3722783
S5e972.0

@

CfOAB
3722783
Sev/2e0

O]

CtBAB
&/ v/83
5097240

@

ADOITLONAL DATA FROM MIX ABOVE:

CEMENT

BRANOD
TYPE
LBS/CuYD
PCT vOoLuUML

BRAND C7
1l
802.
15.

BRAND C7
11
662
12.

BRAND C7
11
658,
12.

BRAND C7
11
566
11e

BRAND C7
11
563
11.

BRAND C7
i1
558.
11.

FLYASH

B AND
CLASS
LBsscuro
PCT vOLUME
PCT REPLACED

NONE
0
Y
0

BRAND A2
CLASS C
2“-‘.
6.
30.

BRAND A2
CLASS C
280,
6e
30.

BRAND A2
CLASS C
243,
6o
30.

BRAND A2
CLASS C
243,
5.
30.

BRAND A2
CLASS C
239
Se
3.

COARSE AGG

S12€
MATER 1AL
SOURC:Z
LBS/CuY0
PIVOL Y DRUM

172
LIMCSTDNE
BRAND Lo

2075,
LI 81.
172

LINESTONZ
BYAND €6

1848,
Ale 12«
172

LIMESTOND
BRAND £ &

1826 .
40. Tle
172

LIMES TONE
BFANO €6

2078
46, 8l.
172
LIMESTONE
BRAND €&

2073,

46. 8l.

172
LIMLSTONE
BRAND L[4

2083,
46. B1e
1» 6x12
2N 6X12

FINE AGG

FINENESS
SOURCL
LBS/CUYD
PCT vOLUME
CA/FACLBZLD)

277
BRAND 84§
1038,
28,
240D

277
JRAND BS
923,
21
2. nn

277
BRAND B4
913.

21.

2400

2.77
BRAND B¢
1039,
24,
200

2.77
BRAND BS
1036.
248,
200

277
BRAND Ba
1042,
2%,
2400

COMPR STEEL 10
COMPR STECEL 70

AOMI XTURE

TYPE
BRAND

WATER

K/C
v, 8

DOSEC(0Z/100) LA/CUTD
(2ND TYPI) GAL/SACK

(2ND 0OSE)

SUPERPLSTCZR
BRAND BD
21.1
ROUCR/RTRDER
Se0

ROUCR/RTROER
BRAND C1
Se0

ROUCR/RTRDER
BRAND C1

Te0
-0

SUPERPLSTCZR
BRANO BO
24.5
ROUCR/RTRDER
Se0

SUPERPLSTCZR
BRAND BD
35.1
ROUCR/RTROER
5.0

SUPERPLSTCZR
BRAND 80
21.0
RDUCR/RTRDER
240

* 4690,
e 9460,

PCT AIR

«2170
«270
217.
3.0
240

827
«299
2"-‘.
4.8
240

«457
«320
299
Se2
2.0

o348
«244
lg'.
Je9
2.0

355
0249
201,
4,0
240

«3610
251
200.
4.0
240

4560,
9440,

®1SC deceetccccccees TEST RESULTS ecececcvcaceccece
SLUMP
UNIT WY 6 X 12 6 X 12 6X6x18 4 X8 A XA
MIX TMP CYLINDER CYLINOER BrA% CYLINDER CYLINODER
MX TIME CSTEEL) (STEFL) (STEEL)D C(CARDRD) (STEEL)
CURING (PSI) (PS1) (PSI) PsS1I) (PSIH
3¢50 (28-DAT) (-0-DAY) (28-DAY) (28-DAY) (28-0AY)
=0 *11820 ¢ -0 -0 o -0 o ~0e
99.0 11880, -0 -0 -0 -0
90. MIN 11550, -0 -0 -0 -0
DAMP,T3F 11940, -0 -0 -0 -0
2475 (€28-DAY) (-0-DAY) (28-DAY) (28-DAY) (28-0aY)
=0 ¢ 9650. ¢ -0 o -0 o -0 e -Qe
101.0 10330, -0 -0 -n -0
60« MIN 9410, ~0 -0 -0 -0
DAMP 3 T3F 9200, -0 -0 -0 -0
2475 (28-DAY) (-0-DAY) (28-DAY) (28-DAY) (28-DAY)
=0 ¢ 9590, ¢ -0 o -0 » -0 o =0e
101.0 9850, -0 -0 -0 -0
90. MIN 9250. -0 -0 -0 -0
OAMP o 73F 9660. -0 -0 -0 -0
4,00 (28-0AY) (-0-DAY) (2R=-DAY) (28-0AY) (28-0AYV)
-0 212170. ¢ -0 * -0 o -0 o -0
105490 12060, -0 -0 -0 -0
60 MIN 12220, -0 -0 -9 -0
DAMP, 73F 12220. -0 -0 -0 -9
8,50 (28-DAY) (-0-DAY) (2%-DAY) (28-DAY) (2A-0AY)
-0 #121504 ¢ -0 o =0 » -0 o =Qe
105.0 11710, -0 -0 -0 -n
90, MIN 12220, -0 -0 -0 -0
OAMPo73F 12560 -0 -0 -0 -0
S5.00 (28-DAY) (-0-DAY) (28-0AY) (28-0DAV) (28-0AY)
-0 211390, ¢ -0 o -0 -0 ¢ «0e
98.0 11440, -0 -0 -0 -0
60. MIN 11510. -0 -0 -0 -0
DAMP o T3F 11230, -0 -0 -0 -0
4790, 4720,
9740, 9200.

SLe



rid oD
"R QAYE
w/CAFR

CEBAB
&/ A/B3
SeS/72.0

©)

CEMENT FLYIASH
BRAND BRAND
TePE CLASS
Las/cuyd LBL/CuUYD
PCT wOLUME #CY wOLUME
PCY RcPLACLD
BRAND C7 BRAND A2
11 CLASS C
Ga4e 92«
11. Je
30.

ADDITIONAL DATA FROM MIX ABOVE:

CDARSE AGL

stz
MAFLRIAL
SOQURCE
LBs3/7Cuvn

PIVOL yORUM

172
LIRESTONS

BRANU E9
2109

LT N

in
<N
Ix
)

Sk
6N
™
8x

52.

Ax8
X8
4x8
a8
4x8
AX8
4x8
4x8

FINE AGG AOMIXTURE WATER misC
FLHLNESS TYPE u/c SLuNe
SQUPCE BRAND wg UNIY MY 6 X 12 6 %X 12
LBsSsCuYp DOSELNZ/7100) LB/ZCUYD MIX TMP CYLINDER CYLINDER
PCT ¢OLUNE C2ZND TYPC) GAL/ZSACK MX TIME (STEFL) (STESL)
CAZFACLBZLYY {(2ND DOST)» PCT AIR CURING Ps1y (PSI}
2.17 SUPERPLSTICZIR «322 5.00
BRAND Bs BRAND BD +228 -0 -0 & -Q
10%55. 29«1 182, 78.0 -0 -0
24, ROUCR/RTRDER 3eb6 15 MIN -0 -0
2400 4.0 20 OAMP 4 T3F -0 -3
VIBRTD, MOISY T3 “10170. 8040. 9790 . 10540,
MOIST 1%y DRY 14 *11480. 11280 10550 12610
MQIST 74 DRY 21 *11380,% 9110. 11050, 11710,
M 14y HOTSDRY 14 *12360.¢ 9750, 12730, 11980.
M Ty HOTeDRY 21 *12250. 121490, 11900, 12730
UNDER MATER 28 *11050,¢ 10150 1120 11940,
HIGH STRNGTH CAP «10550. 10350, 10740, 11604
MISC. CaP *11180.« 10420, 11380, 11740,

6X6X18
acam

{STEEL)
(P51

- 2
-0
-0
-0

cacnrsasasennnes TUSYT RESULTS toasnsnanacnans

4 x8 4 xR
CYLINDER CYLINDER
(CARDBD) (STEFL)

(Psiy P51

-0 &
-0
-0
-0

(=0~0AY) (~0~-DAY} (=0=DAY} (-0-0AY) (=0=0AY)

-l) »
-0
-G
-0

9L¢



1.

5.

10.
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