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PRE F ACE 

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. 

Vlhat 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. Onl y ord inar y concrete-making mater ial s and convent ional 

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. 



SUM MAR Y 

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 mold s. 

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 resul ts 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. 



IMP L E MEN TAT ION 

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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C HAP T E R 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 addi tion, cost compari sons 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, 
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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 

appl icable 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. It 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 technicall y and econom icallly feasible [1 ~ J. How­

ever, very little information has been developed concerning the identi­

fication of the most relevant parameters in the selection of materials 
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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. Al so, 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; 
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(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 cyl inder 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 4-in. x 4-in. cube, as is used in Europe, molded from the same batch 

of concrete will yield two completely diff~rent compressive strengths. 

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

days. Shah [85J defined high strength for lightweight concrete as 

having a compressive strength of over 4,000 psi, whereas Albinger [1 J 

set the lower limit for lightweight concrete at 5,000 psi. Others [20, 

92J 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 [12] 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 
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improved production techniques. For concrete compressive strengths over 

15,000 psi, ftexotic" 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 12-1n. 

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 technical 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 [29]. Due to a higher fines content. high 



7 

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. Host 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 bui Id ing'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]. 
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Nilson [84] 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 1,500 psi concrete was 

first used in Chicago in 1965 in the Lake Point Tower. In 1912, 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 1916, 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 19-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, 8,000 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 
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7-in. slump, pumped concrete mix which had a 7,500 psi compressive 

strength [1S, 7S]. 

In the 72-story InterFirst Plaza in Dallas, the design strength 

of the concrete was 10,000 psi [9S]. 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 5-112 in. to 6-112 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 3 ~f~', an allowable compressive stress of 0.4 f6' and a 

live load deflection criteria of L/SOO, where q 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 wi thin 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 1-

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 use 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, 20J: 

(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 (preb1ending water and cement at high 

speed for effic ient hyd ration), (4) com paction 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 

water-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 II. 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 were 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 guidel ines 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. 





C HAP T E R I I 

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. A1binger 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. 

15 
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The Chicago Task Force [16] suggested trial batches using cement 

contents of 1.0 to 10.0 sacks/cu.yd., comparing strengths on the basis 

of constant slump. Similarly, Freedman [2~] concluded that the cement 

content must be at least 6.5 sacks/cu.yd. for producing high strength 

concrete having a ~-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 wi thout 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 [1,1] 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, 16J, it was recom­

mended that the cement used should provide a minimum 1-day mortar cube 

strength of at least 4,200 psi. Cement fineness of 4,000 cm 2/g (Blaine) 

was suggested as a maximum. Another report recommended limiting cement 

fineness to a maximum of 3,500 cm 2/g to 4,000 cm 2/g (Blaine) for pro­

ducing high strength concrete [36J. Perenchio [12] found that a much 

higher early strength was achieved for a cement with a fineness of 

10,000 cm 2/g (Blaine), but determined that there was no difference in 

90-day strengths between mortars made with the 10,000 cm 2/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 [10J. The Chicago Task 

Force [16] reported that the higher early strengths obtained by using 

type III 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 

III 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 [88J. 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 occur 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 

[24]. 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 ~30 and 

a slumpof 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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Fig. 2.3 Effect of water-cement ratio and slump on the 90-day 
compressive strength of concrete [24]. 
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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 

job with the proper slump so that additional water was not required [1]. 

When enough water was added to raise the slump by 1 in., Cook [18J 

reported that at least 250 psi in compressive strength was immediately 

lost; another study determined that strength was decreased by 700 psi 

[36J 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 J 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 

Wi ttman [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 [2~,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 particles 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 is recommended. 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 112 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 si ze is 1 -1 /2 In., but using 3/8-1n. 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, 

quartzi te, 1 imestone, 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 ale [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 c'oncrete 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 

[1,16,24,83]. 

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

marl1y 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 compatabl1ity 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, 84J. The 

concrete strength gain from the use of 10 to 15 percent Class F fly ash, 
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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 [4,47] reported that fly ash mixes resulted 

in somewhat lower compressive strengths and elastic modul i at 28 days; 
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Fig. 2.6 Effect of the amount of pozzo1an on the compressive 
strength of concrete [88]. 
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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-produc ing properties of fl y ash, a pozzol an, 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, C2S, and anhydrite 

already present in small quantities [57]. The variation in fly ash 

chern ical composition and physical properties 1s due to differences in 

the composi tion of the raw mater ial s 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 1n quality and type of fly ash. Therefore, fly ash 

has been classified into different mineral admixture classes for use in 

concrete [gO]: classes 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 cementi tious 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 

[90]. 

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 [100,104]. 

Corrosion of reinforcement may be reduced as well [4]. 

Some possible problems that c.()uld 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 [74]. 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 

ini tial 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 also tends to restrict further water movement into the cement 

particles. Some of the admixture apparently even associates with the 

water on a molecular level, completel y preventing a small fraction of 

the water from ever hydrating the cement [21). 

Super plasticizers 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 slump 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 [3',~O,18). 

An additional advantage of using superplasticizers results from 

their use in hot-weather concreting. Slump loss can be successfully 

readjusted 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 '0 

percent increases in compressive strength without detrimental effects 

[1,1,'6). 
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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 [31]. 

Long-term studies of superplasticized concrete have been con­

ducted in Japan. Test results from l1-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 corrosion of rein­

forcement in superplasticized concrete than in control specimens [93]. 

2.5.3 Air Entrainment. 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 resul ting 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 ~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 

Compressive 
Strength 

Cement (Type I) 

Fine Aggregate 

Coarse Aggregate 

Water 

Admixture 

Fly Ash 

Air 

Slump 

Unit Wt. 

River Plaza 
Building 

11,200 psi 
@ 56 days 

850 lb 

1040 lb 

1730 lb 
(1/2-in.) 

330 lb 

43 fl.oz. 
(retarder) 

100 lb 
(Class F) 

1. 5~ 

4-1/2 in. 

Water Tower 
Place 

10,600 psi 
@ 56 days 

846 lb 

1025 lb 

1800 lb 
(5/8-in. ) 

300 lb 

25.4 fl.oz. 
(retarder) 

100 lb 
(Class F) 

4-1/2 in. 

Texas 
Study [18] 

11,300 psi 
@ 56 days 

844 lb 

765 lb 

1890 lb 
(1-in.) 

301 lb 

32 fl.oz. 
(reducer) 

211 lb 
(Class C) 

3-3/4 in. 

148.7 1 bl cu. ft • 151.9 1 bl cu. ft. 148.2 1 bl cu. ft • 
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mater ial s, method s of consol id ation, cur ing proced ures, cappi ng 

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 go days old, then 

the required compressive strength test age could be increased beyond 28 

days to take advantage of the gO-day concrete strength in the design of 

structure [3]. It is very reasonable to specify gO-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 go days of 

age will typically provide for at least 10 percent greater usable 

strength compared to 28-day test results [83]. 

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 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 1 OOoF, variations in water temperatures do not change the 

concrete strength [83]. Compared with curing at 73oF, curing at 1000 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 cri tical as the strength of 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 oil 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 I I I 

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 

con fid ence in its use. 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 11 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, 1I00-A Series, The American Society for 

43 
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Testing and Materials' 1980 Annual Book of ASTM Standards, Part & 

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 mix ing procedures used in this study are presented. 

~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 a 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 a, C, and D were natural sands 

(three different sources) having different fineness moduli. The several 

truck loads of sand a, 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 ASnt Type Bulk sorp- rodded 

Agg. Size Grade Grade and Specific tion unit 
(in. ) Description Gravity (I) weight 

SSD lb/ft 3 

B1 314 5 67 crushed 2.59 2.6 95 
limestone 
(yellow-whi te) 

B2 3/4 5 67 crushed 2.63 1.8 96 
limestone 
(yellow-whi te) 

C1 4 57 crushed 2.57 3.2 99 
limestone 
(yellow-whi te) 

D1 1/2 7 8 crushed 2.46 4.2 85 
limestone 
(whi te) 

£1 112 6 7 crushed 2.65 1.9 97 
limestone 
(gray) 

£2 1/2 6 7 crushed 2.64 2.1 95 
limestone 
(gray) 

£3 1/2 6 7 crushed 2.64 1.9 93 
limestone 
(gray) 

£4 1/2 6 7 crushed 2.68 1.2 95 
limestone 
( gray) 

F1 112 7 8 river gravel 2.58 1.5 97 

F2 , 12 6 7 river gravel 2.58 0.8 96 
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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 weigh~ 

SSD lb/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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adm ixture added was included as part of the water. Two water reducer­

retarders were (ASTH admixture type D) also used in some mixes. 

3.2.5 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 Portl and cement. Two water /"cement" 

ratios, by weight, are reported tor 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 fl y 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 750F ± 50 

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 4 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 lb/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 3-1/11 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. cyl inders 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 super plasticizer 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 superplastici zer dose of 
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Fig. 3.1 

Fig. 3.2 

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

The 400-kip compressive testing machine used 1n this 
study. 
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6 fl. oz./100 1b cement was added with the initial mixing water to every 

batch. A limit of 15 fl. oz. of superp1asticizer (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 fl. 

oz./100 lb 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 1000 F and hot tap water at a temperature of about 1050 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 

fi tted 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) A primary goal of this research was to show whether or not high 

strengt h concrete could be produced wi th mater i als pre sen tl y 

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 si ze fractions or under 

water. 

(2) 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. 

(3) 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. 

(4) All 6 in. x 6 in. x 12 in. beams were rodded in three layers, 

rather than two. 

(5) 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 cond i­

tions, 100 percent relative humidity and 730 F ± 30 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-BO, 

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-41B-A, 

Compressive Strength of Molded Concrete Cylinders; ASTM C7B-75, Standard 

Test Method for Flexural Strength of Concrete (Using Simple Beam wi th 

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 adequate 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 lb capacity. Specimens having a 

flexural load capacity in excess of 12,000 lb 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. 



C HAP T E R I V 

TEST RESULTS 

4.1 Introduction 

Experimental test results are presented in this chapter. In 

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 addi tion, observations on the workabil i ty 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, super plasticizers 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. 

55 



56 

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 Ibs) 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 pel'" 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.~ 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. 

4.4 and 4.5. 
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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 stud~ 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. x 12-in. 
cylinder specimens made, with and without chemical 
admixtures and fly ash. 
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Fig. 4.10 Effect of brand of type I cement and CA/FA ratio on the 
56-day compressive strength of concrete for mixes made 
with 8.5 sacks of cement per cu.yd., 3/4-in. limestone 
B, sand B, and no adm ixt ure. 
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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 III cement regardless of testing age and aggregate propor­

tions, as shown in Figs. 4.11 and 4.12. This was true despite the lower 

water demand of type II cement. 

However, for mixes made with 1I2-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. In addition, type II cement 

required less mixing water and less admixture than type I and type III 

cements to achieve a 4 in. slump. The type II cement used also produced 
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Fig. 4.15 Effect of cement type and CA/FA ratio on the 28-day 
compressive strength of concrete for mixes made with &5 
sacks of cement per cu.yd., 1/2-in. 1 imestone E, sand C, 
and superplasticizer B. 
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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/c ratio. In general, a CA/FA ratio of 1.5 in 8.5-sack mixes resulted 

in sl ightly 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

ci zer dosage for all mixes tested is shown in Figs. 4.16 through 4.19. 

Superplasticizer dosage is expressed in fl.oz.!100 lb 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. Addi tional water in excess of that correspond ing to a 

w/c ratio of ~30 was added if the slump was inadequate with an admix­

ture dose of 15.0 f1.oz. per 100 lbs 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 chern ical and mineral adm ixtures, 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 si ze 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 



82 

c 
...J 
c 
::E: 

...J 
w 
W 
I-
en 

.. --en 
Il... -
:I: 
I-
(,!) 
z 
w 
a:: 
I-
en 
a:: 
w 
c 
z -...J 
>-
U 

N -X 
(.Q 

10000~----~-----r-------------------------

9500 

9000 

8500 

8000 

7500 

7000 

6500 

Slump. 3-4 in. 

(.42) 

(.46) 

(.5'3) 

(.31 ) 
(.32 ) 

( ). VIle RATIO 

LIMEST~NE AGG. SIZE 
~ : 1/2 IN., BRAND E 
A : 3/4 IN., BRAND.B 
+ : 1 IN., BRAND C 

7.00 7.75 8.50 9.25 10.00 10.75 
CEMENT CONTENT (SACKS/CU. YD. ) 

Fig. 4.21 Effect of coarse aggregate max. size and cement content 
on the 28-day compressive strength of concrete for mixes 
having a CA/FA ratio of 2.0 and made with type II cement, 
crushed limestone coarse aggregate, sand B, and no 
admixture. 



c 
..J 
c 
2: 

..J 
LtJ 
LtJ 
I-
(J') 

• --(J') 

c... -
:I: 
I-
c.!) 
z 
LtJ 
a:: 
I-
(J') 

a:: 
LtJ 
I:) 

z -..J 
)0-

w 
N -x 
c.o 

10000~----~------r-----~--------------------

9500 

9000 

8500 

8000 

7500 

7000 

6500 

(.32) 

(.31 ) 

(.33) 

(.42) Slump· 3- 4 in. 

(.53) 

( ):1 w,t RATIO 

L I MESTCINE AGG. SIZE 
(!) • 1/2 IN •• BRAND E • 
A: 3/4 IN. , BRAND B 
+: 1 IN •• BRAND C 

7.00 7.75 8.50 9.25 10.00 10.75 
CEMENT CCJNTENT (SACKS/CU. rD. ) 

83 

Fig. 4.22 Effect of coarse aggregate max. si ze and cement content 
on the 56-day compressive strength of concrete for mixes 
having a CAIFA ratio of 2.0 and made with type II cement, 
crushed limestone coarse aggregate, sand B, and no 
admixture. 
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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 

3/4-1n. aggregate produced the highest 28-day concrete strength for a 

cement content of 8.5 sacks/cu.yd., even though the w/c ratio was higher 

than for the mix containing l-in. coarse aggregate. At 56 days, the 

1/2-in. max. si ze aggregate mix containing 8.5 sacks/cu.yd. produced the 

greatest concrete compressi ve streng th even though its water /cem ent 

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-sack 

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-sack 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. si ze 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 3/4-1n. max. si ze aggregate. Var iations 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 1-1n. max. size coarse 

aggregates showed a reduction in strength with an increase in CA/FA for 
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Fig. 4.24 Effect of coarse aggregate max. size and cement content 
on the 56-day compressive strength of concrete for mixes 
having a CA/FA ratio of 2.0 and made with type II cement, 
crushed limestone coarse aggregate. sand B. and 
superplasticizer B. 
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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. 4.27 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 4.28, regardless of cement content. An exception to 

this, though, was concrete made with 1/2-in. aggregate 0, which had a 

low bulk specific gravity and unit weight. Concrete made with aggregate 

o 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 1, 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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Fig. ~.31 Effect of coarse aggregate max. size and CAIFA ratio on 
the 56-day compressi ve strength of concrete for mixes 
having a cement content of 7.0 sacks/cu.yd. and made with 
type II cement, crushed limestone coarse aggregate, sand 
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Fig. 4.33 Effect of coarse aggregate max. size and CA/FA ratio on 
the 28-day compressive strength of concrete for mixes 
having a cement content of 10 sacks/cu.yd. and made with 
type II cement, crushed limestone coarse aggregate, sand 
S, and superplasticizer S. 
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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 wlc ratios, as shown 

in Figs. 4.34 through 4.36. For mixes containing superplastici zer, the 

lower the wi 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 

recombin ed into thr ee pred eterm in ed si ze d istr ibutions. 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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Fig. ~.3~ Effect of coarse aggregate max. size and specimen age on 
the compressive strength of concrete for mixes having a 
cement content of 7 sacks/cu.yd. and a CA/FA ratio of 1.5 
and made with type II cement, crushed limestone coarse 
aggregate, sand B, and no admixture. 
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Fig. 4.36 Effect of coarse aggregate max. size and specimen age on 
the compressive strength of concrete for mixes having a 
cement content of 10 sacks/cu.yd. and a CAIFA ratio of 
1.5 and mad e with type II cement, crushed limestone 
coarse aggregate, sand B, and no admixture. 
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Fig. 4.37 Effect of coarse aggregate max. si ze and specimen age on 
the compressive strength of concrete for mixes having a 
cement content of 8.5 sacks/cu.yd. and a CA/FA ratio of 
1.0 and made with type II cement, crushed limestone 
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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 Di fferent Si zes of Crushed 
Limestone Coarse Aggregate (includes No Mixes which 
Contain F1 y Ash). 

Crushed Limestone 
Coarse Aggregate 

1/2-in. Aggregate E 

3/4-in. Aggregate B 

1-in. Aggregate C 

Gain in Compressive Strength 
of Concrete from 28 to 56 Days 

Wi th No With 
Admixture Superplasticizer 

13.01 6.71 

6.51 7.21 

4.31 
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these mixes was the mixing water requirement for producing a ~-in. 

slump. 

The results of the compressive strength tests performed on these 

three mixes are shown in Fig. ~.39. At 56 days, the compressive 

strength increases as the w/c ratio of the concrete mix decreases, as 

shown in Fig. ~.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. 

~.8 Coarse Aggregate !IE! 

Two types of coarse aggregate were used: crushed limestone and 

natural gravel. In addi tion, 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. 

~.8. 1 Cement Content. Two limestone coar se aggregates and one 

natural gravel were used in similar concrete mixes, with and without 

superp1asticizer. Figures ~.~O and ~.~1 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 super plasticizer. 

In general, using a crushed limestone having a dry rodded unit 

weight of 85 1b/cu.ft. and a bulk specific gravity of 2.~6 (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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Fig. ~.39 Effect of coarse aggregate gradation and specimen age on 
the compressive strength of concrete for mixes having a 
cement content of 8.5 sacks/cu.yd. and a CA/FA ratio of 
1.5 and made with type II cement, 3/4-in. crushed lime­
stone coarse aggregate, sand B, and superp1astici zer B. 
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of the same max. size but having a dry rodded unit weight of 95 

lb/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 7-sack mixes, the difference in 

strength was approximately 51, but in 10-sack mixes the difference in 

strength was about 201, 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 super plasticizers there was no clear 

trend between aggregate type and cement content. Figures 4.42 through 
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Fig. ~.~3 Effect of coarse aggregate type and cement content on the 
56-day compressive strength of concrete for mixes having 
a CA/FA ratio of 1.0 and made with type II cement, 1/2-
in. max. size coarse aggregate, sand B, and super­
plasticizer B. 
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Fig. 4.45 Effect of coarse aggregate 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 type II cement, 112-
in. max. size coarse aggregate, sand C, and 
superplasticizer B. 
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4.45 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. 

4.8.2 Coarse/Fine Aggregate Ratio. In high cement content 

concrete mixes containing no admixtures, the general trend for gravel F 

and limestone E (ORUW = 95 lb/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 

daysof age. 

For high cement content mixes containing limestone "0" (ORUW = 

85 lb/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. 4.46 Effect of coarse aggregate type and CAIFA ratio on the 
28-day compressive strength of concrete for mixes having 
a cement content of 8.5 sacks/cu.yd. and made wi th type 
II cement, 1/2-in. max. size coarse aggregate, sand B, 
and no admixture. 
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Fig. LI.LlS Effect of coarse aggregate type and CA/FA ratio on the 
56-day compressive strength of concrete for mixes having 
a cement content of 1.0 sacks/cu.yd. and made with type 
II cement, 1/2-in. max. size coarse aggregate, sand B, 
and super plasticizer B. 
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Fig. 4.49 Effect of coarse aggregate type and CAIFA ratio on the 
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Fig. 11.50 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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superp1asticizers 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 1.4%, 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 2.12 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). 

1 /2-in. 
Coarse Aggregate 

Limestone E 

Gravel F 

Limestone D 

Gain in Compressive Strength of 
Concrete from 28 to 56 Days 

Wi th No 
Admixture 

13.01 

10.81 

18.51 

With 
Superplasticizer 

6.71 

5.51 
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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 56-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

ci zer dosages. 
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Fig. 4.55 Effect of sand fineness and cement content on the 28-day 
compressive strength of concrete for mixes having a CA/FA 
ratio of 1.5 and made with type II cement, 1/2-in. 
limestone E, and superplasticizer B. 
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Fig. 4.57 Effect of sand fineness and cement content on the 56-day 
compressive strength of concrete for mixes having a CA/FA 
ratio of 1.5 and made with type II cement, 1/2-in. gravel 
F, and superplasticizer B. 
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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 

super plasticizer dosage. 

In general, high strength concrete can be produced using sands 

having a fineness modulus as low as ~45 if superplasticizer is used. 

4.9.2 CoarselFine 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 CAIFA 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 

CAIFA ratio. 

Figure 4.61 shows a typical plot of compressive strength versus 

CAIFA ratio for mixes containing superplasticizer and different sands. 

In general, a CAIFA ratio of 2.0 produced the highest compressive 

strengths regardless of san.d fineness. 

4.9.3 Specimen Age. For mixes made wi th cement contents of 7 

to 8.5 sacks/cu.yd., but containing no admixtures, using the coarsest 

sand resulted in an increase in wlc ratio and the lowest compressive 

strength at any age for all CAIFA 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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Fig. ~.59 Effect of sand fineness and CA/FA ratio on the 56-day 
compressive strength of concrete for mixes having a 
cement content of 8.5 sacks/cu.yd. and made with type II 
cement, 1/2-in. limestone E, and no admixture. 
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Fig. 4.60 Effect of sand fineness 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 wi th type II 
cement, 1/2-in. limestone E, and no admixture. 
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Fig. 4.62 Effect of sand fineness and specimen age on the 
compressive strength of concrete for mixes having a 
cement content of 7.0 sacks/cu.yd. and a CA/FA ratio of 
1.0 and made with type II cement, 1/2-in. limestone E, 
and no admixture. 
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compressive strength existed between the strongest concrete and the 

weakest at any age. Figures 4.63 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 4.61 and 4.68 show that in concrete containing super­

plasticizers finer sands resu1 ted in higher compressi ve 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 superp1asticizer 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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Fig. 4.64 Effect of sand fineness and specimen age on the 
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Fig. 4.65 Effect of sand fineness and specimen age on the 
compressive strength of concrete for mixes having a 
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1.5 and made with type II cement, 1/2-in. limestone E, 
and no admixture. 
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Fig. 4.67 Effect of sand fineness and specimen age on the 
compressive strength of concrete for mixes having a 
cement content of 8.5 sacks/cu.yd. and a CAIFA ratio of 
1.5 and made with type II cement, 1/2-in. limestone E, 
and superplasticizer B. 
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and superp1ast1c1zer B. 



143 

water to total binder. Chemical admixture dosages are reported as fluid 

ounces of admixture per 100 Ibs of Portland cement. 

4.10.1 Total Cementi tious Materials Content. Compressi ve 

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. 4.69, mixes containing 30 percent fly ash had the highest compres­

sive strength at 28 days. For mixes containing no chemical admixtures, 

the hi ghest compr essi ve strength was achi eved by using approximately 

1,000 lbs 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 lbs 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 0 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 lbs 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. 4.11 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 

lbs 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. 4.13. The highest compressive strength was 

obtained with a concrete mix containing 800 lbs of binder with a 30 

percent fly ash content. 



146 

12000 

11500 

c 
!5 11000 
:s:: 

~ 10500 
IJ.J 
I-
en 10000 

• - 9500 
en 
a.. 

900a 

I 
I- 8500 ~ 
z 
UJ 
a:: 8000 
I-
en 

a:: 
IJ.J 
c 
Z -...J 
)0-

W 

N -X 
to 

(.34) 

(.34) 

(.27) 

(.28) 

( ). Water/ Binder Ratio 

Slump-3-4in. 

RATIO OF FL.Y AS H 
TO PORTL.AN 0 

CEMENT BY WEIGHT 

(!) 0 / 100 
~ 20 / 80 
+ : 30 / 70 

o~--~----~----~--~----~----~--~~--~ 
600 700 800 900 1000 11 00 1200 1300 1.00 

TOTAL BINDER WE I GHT (lBS/CU. rD. ) 

Fig. 4.70 Effect of fly ash content and total binder content on the 
56-day compressive strength of concrete for mixes having 
a CAIFA ratio of 2.0 and made with type II cement, fly 
ash A, 1/2-1n. limestone E, sand a, and no chem ical 
admixture. 



13000r_------~------_r------~r_------~------_, 

-
~ 12000 

Slump·3-4in. c 
:L 

-' 
UJ 
UJ 
~ 11000 
(f') --(f') 

CL 

• 
:J: 
~ 
t!) 
Z 
UJ 
c:c 
~ 
(f') 

c:c 
UJ 
Cl 
z --' >-
W 

N -x 
(D 

10000 

9000 

8000 

7000 

TOTAL BINDER 
(!) : 800 LB. 
~ : 940 LB • 

(.32) 

(.40) 

(.31) 

(.34) 

( ). W/B RATIO 

O~------~------~------~~------~--------
o 10 20 30 

FL r ASH CONTENT. PERCENT OF B I NDEA WE I GHT 

147 
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28-day compressive strength of concrete for mixes having 
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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 

was gained at 28 days by using more than 800 Ibs 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 

superplasticizers were made with fly ash contents of 20 and 30 percent. 

Compressi ve 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 Ibs 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 

u sing fly ash A. 
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Fig. 4.14 Effect of superplasticizer and total binder content on 
the 28-day compressive strength of concrete for mixes 
having a CAIFA ratio of 2.0 and made with type II cement, 
fly ash A (30S by wt.), 112-in. limestone E, and sand B. 
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Fig. 4.75 Effect of superp1asticizer and total binder content on 
the 56-day compressive strength of concrete for mixes 
having a CA/FA ratio of 2.0 and made with type II cement, 
fly ash A (301 by wt.), 1/2-in. limestone E, and sand B. 
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Fig. 4.76 Effect of total binder content and fly ash content on the 
28-day compressive strength of concrete for mixes having 
a CA/FA ratio of 2.0 and made wi th type II cement t fly 
ash At 1/2-in. limestone Et sand Bt and superplastici zer 
B. 
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Fig. 4.18 Effect of fly ash source and cement content on the 56-day 
compressive strength of concrete for mixes having a CAIFA 
ratio of 2.0 and made wi th type II cement, 1I2-1n. 
limestone E, sand Bt and superplastlclzer B. 
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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 1000 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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Fig. 4.79 Effect of high CAIFA ratios and superplasticizer on the 
28-day compressive strength of concrete for mixes having 
a cement content of 10 sacks/cu.yd. and made with type II 
cement, fly ash A( 20S by wt.>, 112-in. limestone E, and 
sand B. 
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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). 

Cement C (lbs) 

1/2-in. Limestone E 
Clbs) 

Sand B Clbs) 

Reducer-Retarder C 
(fluid ounces) 

Initial WIC Ratio 

Final WIC Ratio (a) 

Mixing Temperature 
(oF) 

Mixing Time (min.) (b) 

Compressive Strength (c) 
(psi) 

Reference 
Mix Q 

930 

1825 

901 

o 

.35 

72 

15 

8890 

Mix 
Q-1 

943 

1804 

902 

o 

.35 

.35 

106 

60 

7930 

Mix 
Q-2a 

933 

1785 

893 

45 

.36 

102 

60 

9470 

Mix 
Q-2b 

930 

1780 

890 

45 

.37 

103 

90 

9050 

a 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. 

b 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 (lbs) 785 798 797 803 802 

1/2-in. Limestone E 2041 2065 2064 2079 2075 
(lbs) 

Sand B (lbs) 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 
(fl uid ounces) 

Water/Cement Ratio ( a) .32 .28 .28 .27 .27 

Mixing Temperature 71 104 97 104 99 
(oF) 

Mixing Time (min. ) (b) 15 60 90 60 90 

Compressive Strength (c) 10,610 10,400 '1,470 '1,490 11,820 
(psi) 

a 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. 

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

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) 

d Demolded 48 hours after casti~g due to slow rate of hardening. 



TABLE 4.5 Mix Design Data per Cu. Yd. for 7-Sack High Strength 
Concrete Mix Containing 30S Fly Ash but No 
Superplasticizer (Mix S). 

Reference Mix 
Mix S S-1a 

Cement C (lbs) 

Fly Ash A (lbs) 
(Class C) 

1/2-in. Limestone E 
(lbs) 

Sand S (lbs) 

Reducer-Retarder C 
(fl uid ounces) 

Initial W/C Ratio 

Final W/C Ratio (a) 

Initial W/S Ratio 

653 

280 

1821 

916 

o 

.46 

Final W/S Ratio (a) .32 

Mixing Temperature 70.5 
(oF) 

Mixing Time (min.) (b) 15 

Compressive Strength (c) 9630 
(psi) 

646 

276 

1803 

901 

o 

.46 

.49 

.32 

108 

60 

8490 

Mix 
S-1b 

638 

273 

1782 

891 

o 

.46 

.52 

.32 

.36 

108 

90 

8080 

Mix 
S-2a 

662 

283 

1848 

923 

35 

.38 

.43 

.26 

.30 

101 

60 

9650 

Mix 
S-2b 

654 

280 

1826 

913 

35 

.38 

.46 

.26 

.32 

101 

90 

9590 
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a 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. 

c Refers to the 6-in. dia. x 12-in. cylinder compressive strength of 
specimens cast from that mix t moist cured t 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 T T-la 

Cement C (lbs) 

Fly Ash A (lbs) 
(Class C) 

1/2-in. Limestone E 
(lbs) 

Sand B (lbs) 

Superplasticizer B 
Initial Dose (fl.oz) 

Final Dose (fl.oz.) 

Reducer-Retarder D 
(fluid ounces) 

Water/Cement Ratio (a) 

Water/Binder Ratio (a) 

Mixing Temperature 
(OF) 

Mixing Time (min.) (b) 

553 

237 

2,042 

1,040 

135 

o 

.40 

.28 

72.5 

15 

Compressive Strength (c) 11,600 
( psi) 

565 

243 

2,072 

1,036 

108 

153 

o 

.36 

.25 

104 

60 

11,210 

Mix 
T-lb 

564 

242 

2,069 

1,035 

108 

184 

o 

.36 

.25 

102 

90 

11,430 

Mix (d) 
T-2a 

566 

243 

2,078 

1,039 

109 

148 

30 

.35 

.24 

105 

60 

12,170 

Mix (d) 
T-2b 

565 

243 

2,073 

1,036 

109 

211 

30 

.36 

.25 

105 

90 

12,160 

a 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. 

b 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) 

d Demolded 48 hours after casting due to slow rate of hardening. 
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Fig. 4.81 Effect of mixing time and a water-reducing-retarding 
admixture on the slump of high strength concrete mixes 
having a cement content of 10 sacks/cu.yd. but containing 
no fly ash or superplasticizer (see Table 4.3). 
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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 1000 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 1000 F resulted in a higher 28-day compressive strength than 

that of the same basic concrete mix batched at 70 0 F to 75 0 F and con­

taining no reducer-retarder admixture. 

Reducer-retarder C was used at a dosage of 2.0 fl.oz.!100 Ibs 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.oz.!100 Ibs 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./l00 lbs of cement, the specimens were demolded 21.l hours after 

casting without problems. The compressive strength at 24 hours was 4690 

psi. Also, when the same mix proportions were batched at 780 F with a 

reducer-retard er dosage of 4.0 fl.oz./l00 lbs, 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 l-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 l-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 
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Fig. ~.B5 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 (O~ or 30~ by wt.), ~ l2-in. limestone E, and sand 
B. 
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TABLE 4.7 Mix Proportions for Concrete Mixes Shown in Fig. 4.85, 
Comparing Compressive Strengths at Different Curing 
Ages. 

Mix "Q" Mix "R" Mix "S" Mix "T" 
10 Sacks 8.5 Sacks 7.0 Sacks 6.0 Sacks 

Cement C (lbs) 921 785 653 553 

Fly Ash A (lbs) 
(Class C) 0 0 280 237 

, /2-in. Limestone E 
(lbs) 1,834 2,041 1,821 2,042 

Sand B (lbs) 866 1,011 916 1,040 

Superplasticizer B 
(f1 uid ounces) 0 117 0 127 

Water/Cement Ratio .37 .32 .46 .40 

Water /Bind er Ratio .37 .32 .32 .28 

28-day fb (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 drying at1 OOoF to 

120oF. 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 wi thin the range from 8.0 ~ f{ to 12.0 If{. 

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. (4-in. Dia. 
x 8 in. Cylinders, Cardboard Holds) 

Curing fb (psi) 

28 days, under water 11,050 

28 days, moist, 13°F 10,550 

14 days, moist, 730F 11,480 
14 days, dry, 80°F-90°F 

7 days, moist, 73°F 11,380 
21 days, dry, 80°F-90°F 

14 days, moist, 13°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 f~ (psi) 

Rodding 10,550 

External Vibrating, 2 min. 10,170 

Capping fc (psi) 

Sulphur Capping Material A 10,550 

Sulphur Capping Material B 11,180 
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approximately 8.11f~'for specimens molded in steel forms, and 7.71fc' 

for those made using cardboard molds. Identical mixes tested for 

flexural strength had an average modulus of rupture of 10.4if~: 

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 12-1n. 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 1n 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 fb (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 9,130 9,090 10,060 

Plastic 6-in. dia. x 12-in. 8,230 10,130 8,930 10,960 

Steel 4-in. x 8-in. 9,810 11,150 10,480 11,080 

Cardboard 4-in. x 8-in. 8,640 10,540 10,240 10,330 
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4.11 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, 1-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.oz./100 Ibs of 

cement in order to achieve a 4-in. slump at a water-cement ratio of 0.30 

or less. As a result 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 super plasticizer dosage from 50 fl.oz./100 Ibs of 

cement to 25 fl.oz./100 Ibs of cement was insufficient to make possible 

a workable mix containing 1 sacks of cement per cu.yd. and having a w/c 

ratio of 0.30. The 1-sack mix with a dosage of 25.0 fl.oz./100 Ibs 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.oz./100 lbs of 

cement had been added. 

A superp1asticizer dosage of 15 fl.oz./100 lbs 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.oz./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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182 

made with 3/4-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 

with 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]. 



C HAP T E R 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 concrete 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 
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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 resul ted 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 12-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 8.5-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 resul t, 8.5-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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Fig. 5.2 Effect of cement content and CA/FA ratio on the 56-day 
compressive strength of concrete for mixes made with 
type II cement, 1/2-in. limestone E, sand C, and 
superplasticizer B. 
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For mixes made using superplasticizers, compaction of specimens 

was most effective in the 8.5-sack mixes, and may have also 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 producing normal strength concrete. In 

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. 



13000~--~----~----~----~----r---~----~----~ 

-012000 
....I 
0 
~ 

....I 
w 11000 
w 
~ 
(f') 

~ 10000 
CL 

. 
I 
~ 9000 ~ 
z 
W 
II: 
~ 
(f') 

BOOO 
II: 
W 
0 
Z -....I 7000 
>-
U 

N -x 6000 
(,!) 

(All Mixes Made) 

0.30 0.35 0.40 0.45 0.50 0.55 O.SO 
~/B RAT I (j [BY ~E I GHT l 

189 

Fig. 5.3 Effect of water-binder ratio on the 28-day compressive 
strength of concrete for all 6-in. dia. x 12-in. 
cylinder specimens made, with and without chemical 
adm ixtures and fl y ash. 
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5.!! Cement ~ 

For mixes containing no admixtures, it was found that type II 

cement was more sui table 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. In general, 

high strength concrete can be produced wi th 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 1I-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 Superp1asticizer Dose and Brand 

Changing the brand of superp1asticizer 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 superp1asticizer 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 

noticeabl y different. Spec ifically, more bleed ing 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, super plasticizer 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 superp1asticizers, 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 resul ted 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 f1.oz. of superplasticizer per 100 lbs 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 difficul t to strike off and finish. Use of 

a CA/FA ratio of 1.0 or less, and use of 3/4-1n. max. size coarse 

aggregate instead of 1/2-in. may be expected to improve the workability 

considerably in 7-sack mixes, but will likely reduce compressive 

strength. 

For 8.5-sack mixes, superplasticizer dosages of 10 fl.oz.1100 

lbs 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. Finishabl1ity was much better than for 7.0-sack mixes. 

Ten-sack mixes may also be expected to increase in strength for 

higher superp1asticizer dosages, but not significantly, unless w/c 

ratios considerably below 0.30 are used. In general, the objective of 

using the superp1asticizer 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 

resu1 ted 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 ~n 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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Fig. 5.5 Effect of coarse aggregate max. si ze and cement content 
on the 56-day compressive strength of concrete for mixes 
having a CA/FA ratio of 2.0 and made with type II cement, 
crushed limestone coarse aggregate, sand B, and no 
admixture. 
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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 sur face area apparently overcome the effect 0 f 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 II cement per cu.yd., a wlc 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 wlc 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 wlc 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 lb/cu.ft., and a BSGsSd 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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Fig. 5.6 Failure surface of high strength concrete cOlllpressive 
strength test specilllen. 
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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 were 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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F1g.5.7 Effect of total binder content and fly ash content on the 
28-day compressive strength of concrete for mixes having 
a CA/FA ratio of 2.0 and made with type II cement, fly 
ash A, 1/2-in. limestone E, sand B, and no admixture. 
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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 

manufactu rers' recom mended dosages makes it possi ble to produce hi gh 

strength concretes even when mixed at temperatures above 100oF. 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 go minutes of 

mixing at 100oF, 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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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, fl y 
ash A (01 or 301 by wt.), 1/2-in. limestone E, and sand 
B. 
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strength of concrete. However, superplastici zers 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 2ij-hour compressive strength of 6,000 psi. Simi­

lar mixes containing no superplasticizer had 2ij-hour strengths of just 

over ij,OOO 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 2ij-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 2ij-hour concrete strength may 

require a superplasticizer dosage of at least 15 oz/100 lbs of cement in 

an 8.5-sack mix. Superplasticizers may not be needed if ij,OOO psi is an 

acceptable 2ij-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 

1 ater 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 10 to eOoF. 
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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 a.Off'fand 121f~, 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 si ze 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 

0'( 6-in. x 12-in. cylinders, or when using same size cylinder molds made 

of steel rather than cardboard. 

No concl usi ve results were obtained in lim i ted compar isons 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 superplastici zer before they are combined with 
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the water and as a consequence the qual i ty of the fresh concrete could 

be adversely affected. In this study, addition of superplasticizer to 

unmoistened cement resul ted in segregation and a sl imy 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 sl ump. 

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 moi stened fresh concrete very quickly after several revol utions 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 

mater ial s usi ng conven tional batc hi ng proced ures. 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 least 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 



210 

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 4-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 -{ff and 12 1 f b: 
14. High strength concrete having a slump of 4-in. or greater 

can be produced even when mixing temperatures are of the order of 1000 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.', entitled "High Strength Concrete Mix Design 

Guidelines" is presented here. The information in Table 6.' 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 is expected that the recommendations pre­

sented in Table 6.' 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.' 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.' 

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.' 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 H-H-OO H-H-01 H-H-10 H-H-11 
(Reference Mix 
from thi s St ud y) (IIQII) ("R" ) ("S" ) ("Til ) 

Sacks cement 
per cu.yd. 10.0 8.5 7.0 6.0 

Min. Compo Str. 9,500 10,500 10,000 11,000 
(f' ) c 56 day, psi (a) (a) (a) (a) 

Min. Beam Str. 1,040 1,130 960 990 
( fr) 28 day, psi (0) (0) (0) (0) 

Max Water-Cement 
Ratio (gal/sack) 3.9 3.4 5.0 4.5 

Max Water-Binder 
Ratio (gal/100 los) 4.1 3.6 3.7 3.3 

Crushed Coarse Tx. Gr. 6 Tx.Gr. 6 Tx.Gr. 6 Tx. Gr. 6 
Aggr. No. (c) ( c) (c) (c) (c) 

CAiFA 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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Notes: 

TABLE 6.1 High Strength Concrete Mix Design Guidelines 
(continued) 

(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. 

(c) Crushed stone should have dry rodded unit weight of at least 
go lb/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 guidel ines. 

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; (c) 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 $ 3.00/sack 

Coarse Aggregate $ S.2S/ton 

Fine Aggregate $ 3. SO/ton 

Fly Ash $30.00/ton 

Superplasticizer $ S.2S/gal (4.1t/fl.oz.) 

Reducer-retarder $ S.OO/gal (3.9t/n.oz.) 
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TABLE 6.3 Comparison of Costs of High Strength Concretes N 
...... 
00 

Approximate Total Cost Concrete 
Concrete Description Mix Material per Cu. Yd. Total Cost ReI. 

Design $/cu.yd. I/cu.yd. $/1000 psi Cost 

6.3 sack, 5,000 psi mix, Cement 590 1b $18.80 751 
no admixtures Coarse 1450 1b 3.81 15 $5.02 1.00 
(for cost compar ison on1 y) Fine 1430 1b 2.50 10 

$25.51 1001 

10-sack, 9,500 psi mix, Cement 940 1b $30.00 831 
no admixtures Coarse 1830 1b 4.80 13 $3.82 0.76 
(Mixes "Q") Fine 870 1b 1.52 4 

$36.32 1001 

8.5-sack, 10,500 psi mix, Cement 800 1b $25.50 681 
with superp1asticizer, Coarse 2040 1b 5.36 14 
no fly ash, Fine 1010 1b 1.77 5 $3.82 0.76 
( Mix es "R") Su~er • 15 fl.oz./100 4.92 13 

$37.44 1001 

7.0-sack, 10,000 psi mix, Cement 660 1b $21.00 671 
with ny ash, Coarse 1820 1b 4.78 15 $3.58 0.71 
no superp1asticizer, Fine 920 1b 1.61 5 
(Mixes "S") Fly Ash 280 1b 4.20 13 

$31.59 1001 

(continued) 



TABLE 6.3 

Concrete Description 

6.0-sack, 11,000 psi mix, 
with fly ash 
and super plasticizer 
(Mixes "T") 

6.0-sack, 12,000 psi mix, 
wi th fly ash, 
superplasticizer 
and red ucer-retarder 

Comparison of Costs of High Strength Concretes (continued) 

Approximate Total Cost Concrete 
Mix Material per Cu. Yd. Total Cost 

Design $/cu.yd. I/cu.yd. $/1000 psi 

Cement 560 lb $18.00 541 
Coarse 2040 lb 5.36 16 
Fine 1040 lb 1.82 6 $2.99 
Fly Ash 240 lb 3.60 11 
Su~er • 18 fl.oz./100 !i. 13 13 

$32.91 1001 

Cement 560 lb $18.00 5a 
Coarse 2080 lb 5.46 15 
Fine 1040 lb 1.82 5 $2.98 
Fly ash 240 lb 3.60 10 
Super. 25 flo 0 z ./1 00 5.74 16 
Red.-ret. 5 fl.oz./100 1.09 3 

$35.71 1001 

Rel. 
Cost 

0.60 

0.60 

IV ..... 
\0 





A P PEN D I X A 

MATERIAL PROPERTIES 

The physical properties of the materials used in the study 

reported herein, i ncl ud i ng aggregates, cements, and f1 y 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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N 
N 
N 

TABLE A.l Chemical and Physical Properties of Cements Used in This Study 

Type I I I-II II II II II II II II I I III III 
Identification Al A2 Bl Cl C2 C3 ell C5 C6 C7 Dl D2 El E2 

510 J 22.88 22.02 21.38 22.02 21.211 2l.211 22.70 22.68 20.0 20.2 20.00 20.00 
A1 2g3 

S 5.2 5.2 3.83 11.91 11.79 11.38 5.11 5.11 3.82 11.011 5.6 6.0 5.7 5.8 
Fet3 J 3.3 3.1 3.75 11.63 11.69 11.88 11.71 11.71 3.88 3.76 2.6 2.9 2.6 2.9 
Ca S 65.31 611.18 611.117 611.211 611.27 611.27 65.81 65.30 65.11 65.3 65.3 64.8 
",0 S 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 
S03 J 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 4.2 

Isnl ticn Loss J 1.1 1.0 0.87 0.56 0.66 0.66 0.53 0.53 0.55 0.112 

N~O Equiv. J 0.116 0.50 0.115 0.57 0.55 0.111 0.117 0.117 0.117 0.51 0.55 0.60 0.119 0.60 
C J 511.91 118.66 53.29 50.35 52.50 52.50 51.112 511.30 63.3 59.6 62.5 56.1 
C2S J '211.19 25.73 21.10 25.15 21.29 21.29 21.76 24.06 9.6 12.9 10.1 111.5 
C A J 8.0 8.11 3.80 11.811 11.15 3.35 5.51 5.51 3.56 11.35 11.0 11.0 10.1 10.5 
C~AF J 10.011 9.113 11.112 14.69 111.27 111.85 111.33 111.33 11.81 11.1111 1.9 8.8 1.9 8.8 

Fines 'Wagner 2000 1900 1200 19112 1942 1938 1985 1985 19111 1909 1905 1810 2810 26110 
IBlaine 3559 3559 22110 3383 3383 3611 3536 3536 3336 3242 3755 3165 5895 5600 

Set: Vlcat (Gil.are) 1:50 2:50 (2: 35) (2: 35) (2:28) (2:20) (2:20) (2: 25) (2:30) 3:00 2:110 1:50 2:115 
lIax/lllin 3:20 II: 10 (5:05 ) (5:o5) (1I:52) (4:115) (4:115) (5:00) (5: 10) 5:00 4:55 3:50 II: 10 

False Set 88.0 811.11 84.11 15.5 89.5 89.5 85.2 93.3 

Autoclave .030 .032 .018 .008 .008 .012 .011 .011 .011 .006 
Air J 9.3 9.0 9.11 9.11 8.4 9.11 9.11 9.6 9.2 
Ins. Res. 0.19 0.12 0.18 0.18 0.17 0.15 0.15 0.11 0.15 

l-day, psi 1383 1383 1515 1649 16119 1315 1315 31100 3605 
3-day, psl 31183 33112 2671 2671 2813 30118 30118 2662 2683 3635 3505 5150 11800 
1-day, psi 111183 4125 11616 38116 38116 3752 11015 4015 3630 3663 11360 111100 5925 5790 

28-day, psl 5866 5800 5800 58711 5975 5975 5373 56116 61165 6050 70110 7300 



TABLE A.2 Chemical and Physical Properties of Fly Ash 
Used in this Study. 

Si02 (S wt.) 

A1 203 (S wt.) 

Fe203 (S wt.) 

CaO (S wt.) 

HgO (S wt.) 

S03 (S wt.) 

Na~ (S wt.) 

K20 (S wt.) 

Loss on Ignition (S wt.) 

Hoi sture (S wt.) 

Ammonia (S wt.) 

S Retained on No. 325 Sieve 

Pozzolanic Activity at 28 Days 
(S of Control) 

Water Requirement (S of Control) 

Specific Gravity 

Autoclave Soundness 

Fly Ash A Fly Ash B 

35.96 

19.81 

5.02 

27.24 

4.91 

3.15 

2.23 

0.41 

0.02 

15.0 

87.3 

89.6 

2.62 

.104 

63.1 

12.9 

5.25 

11.2 

2.52 

1.46 

0.34 

0.47 

0.45 

0.06 

0.031 

15.8 

95.8 

89.2 

2.50 
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Applicable Specifications for Aggregate Tests [54, 66, 67] 

- Item 421, Concrete for Structures, 19S2 Standard Specifications for 
Construction of Highways, Streets and Bridges, Texas State Department 
of Highways and Public Transportation. 

- ASTM C33-S0, 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-S0, Standard Method for Sieve Analysis of Fine and Coarse 
Aggregates; Tex-401-A, Sieve Analysis of Fine and Coarse Aggregates. 

- ASTM C127-S0, Standard Test Method for Specific Gravity and Absorption 
of Coarse Aggregate; ASTM C12S-79, Standard Test Method for Specific 
Gravity and Absorption of Fine Aggregate; Tex-403-A, Saturated 
Surface-Dry Specific Gravity and Absorption of Aggregates. 

- ASTM C566-7S, Standard Test Method for Total Moisture Content of 
Aggregate by Drying; Tex-409-A, Free Moisture in Aggregates for 
Concrete. 



TABLE A.3 Coarse Aggregate B1 

Material: crushed limestone (yellow-white in color) 
Max. Size: 3/4 in. 

Bulk specific gravity, SSD: 
Apparent specific gravity: 
Absorption: 2.6S 

2.59 
2.70 

Dry rodded unit weight: 95 lb/cu.ft. 

Sieve 
Size 

1" 

3/4 " 

S ASTH C-33 
Passing Size 67 

100 100 

97.7 90-100 

1/2" 76.9 

3/8" 55.3 20-55 

1/4" 23.0 

4 8.6 0-10 

Pan o 

(ASTH C127) 

(ASTH C29) 

Texas Item 421 
Gr. 5 

(same as ASTM) 
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TABLE A.ij Coarse Aggregate B2 

Material: crushed limestone (yellow-white in color) 
Max. Si ze : 3/4 in. 

Bulk specific gravity, SSD: 
Apparent specific gravity: 
Absorption: 1.751 

2.63 
2.71 

Dry rodded unit weight: 96 Ib/cu.ft. 

Sieve S ASTM C-33 
Size Passing Size 67 

1" 100 100 

3/4" 9l.1.8 90-100 

1/2" 61.8 

3/8" 37.2 20-55 

ij 3.0 0-10 

10 0.8 

Pan a 0 

(ASTM C127) 

(ASTM C29) 

Texas Item l.I21 
Gr. 5 

(same as ASTM) 



TABLE A.5 Coarse Aggregate C1 

Material: crushed limestone (yellow-white in color) 
Max. Size: 1 in. 

Bulk specific gravity, SSD: 2.57 
2.70 Apparent specific gravity: 

Absorption: 3.21 

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

Sieve 
Size 

1-1/2" 

1" 

3/4" 

1/2" 

3/8" 

1 /4" 

4 

Pan 

1 ASTH C-33 
Passing Size 57 

100 100 

91.7 95-100 

75.1 

57.4 25-60 

43.6 

22.3 

9.8 0-10 

0 o 

(ASTH C127) 

(ASTH C29) 

Texas Item 421 
Gr. 4 

(same as ASTM) 
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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: 4.2S 

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

Sieve 
Size 

1/2" 

3/8" 

S ASTH C-33 
Passing Size 8 

100 100 

86.5 85-100 

1/4" 20.1 

4 

8 

Pan 

7.1 

2.6 

o 

10-30 

0-10 

o 

(ASTH C127) 

(ASTH C29) 

Texas Item 421 
Gr. 7 

100 

70-95 

0-25 

o 



TABLE A.7 Coarse Aggregate E1 

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

Bulk specific gravity, SSD: 2.65 
2.74 Apparent specific gravity: 

Absorption: 1.9S 

Dry rodded unit weight: 97 lb/cu.ft. 

Sieve 
Size 

3/4" 

112" 

3/8" 

S ASTM C-33 
Passing Si ze 7 

100 100 

99.0 

79.0 

90-100 

40-70 

1/4" 25.1 

4 

8 

Pan o 

0-15 

0-5 

o 

(ASTM C127) 

(ASTM C29) 

Texas Item 421 
Gr. 6 

(same as ASTM) 
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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: 2.64 
2.74 Apparent specific gravity: 

Absorption: 2.11 

Dry rodded unit weight: 95 lb/cu.ft. 

Sieve 
Size 

3/4" 

1/2" 

3/8" 

1 ASTM C-33 
Passing Size 7 

100 100 

99.5 90-100 

80.2 40-70 

1/4" 25.8 

4 12.6 0-15 

8 2.6 0-5 

Pan o o 

(ASTM C127) 

(ASTM C29) 

Texas Item 421 
Gr. 6 

(Same as ASTM) 



TABLE A.9 Coarse Aggregate E3 

Material: 
Max. Si ze: 

crushed limestone (gray in color) 
1/2 in. 

Bulk specific gravity, SSD: 2.64 
2.72 Apparent specific gravity: 

Absorption: 1.9% 

Dry rodded unit weight: 93 lb/cu.ft. 

Sieve 
Size 

3/4" 

1/2" 

3/8" 

4 

10 

Pan 

% ASTM C-33 
Passing Si ze 7 

100 100 

99.8 

75.3 

5. 1 

1.6 

o 

90-100 

40-70 

0-15 

o 

(ASTM C127) 

(ASTM C29) 

Texas Item 421 
Gr. 6 

(same as ASTM) 
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TABLE A.10 Coarse Aggregate E4 

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

Bulk specific gravity, SSD: 2.68 
Apparent specific gravity: 2.74 
Absorption: 1. 2~ 

Dry rodded un it we i g ht : 95 lb/cu.ft. 

(ASTM C127) 

(ASTM C29) 

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

3/4" 100 100 (same as ASTH) 

1/2" 99.5 90-100 

3/8" 66.1 40-70 

4 2.1 0-15 

8 0.5 0-5 

Pan 0 0 
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TABLE A.11 Coarse Aggregate F1 

Material: river gravel 
Max. Size: 112 in. 

Bulk specific gravity. SSD: 2.58 (ASTH C127) 
Apparent specific gravity: 2.64 
Absorption: 1.51 

Dry rodded unit weight: 97 lb/cu.ft. (ASTH C29) 

Sieve I ASTH C-33 Texas Item 421 
Size Passing Size 8 Gr. 7 

3/4" 100 100 100 

1/2" 99.8 100 1 00 

3/8" 97.0 85-100 70-95 

114 " 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 

Sieve I ASTH C-33 
Size Passing SIze 7 

3/4" 100 100 

1/2" 91.5 90-100 

3/8" 44.6 40-70 

4 1.9 0-15 

8 0.2 0-5 

Pan 0 0 

(ASTH C127) 

(ASTH C29) 

Texas Item 421 
Gr. 6 

(same as ASTH) 
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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. OS 

Dry rodded unit weight: 102 lb/cu.ft. (ASTM C29) 

Sieve S ASTM C-33 Texas Item 421 
Size Passing Gr. 1 

3/8" 100 100 100 

4 91.5 95-100 95-100 

8 83.1 80-100 80-100 

16 65.2 50-85 50-85 

30 35.6 25-60 25-65 

50 1.6 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: 1.8S 

Dry rodded un it we ig ht : 105 lb/cu.ft. (ASTM C29) 

Sieve S ASTH C-33 Texas Item 421 
Size Passing Gr. 1 

3/8" 100 100 100 

4 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 

ZOO 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: 2.57 (ASTM C128) 
Apparent specific gravity: 2.64 
Absorption: 1.51 

Dry rodded unit weight: 107 lb/cu.ft. (ASTM C29) 

Sieve S 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 40.3 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 

Mater ial: natural sand 
Fineness mod ul us: 2.17 

Bulk specific gravity, SSD: 2.56 (ASTM C128) 
Apparent specific gravity: 2.63 
Absorption: 1.11 

Dry rodded unit weight: 103 lb/cu.ft. (ASTM C29) 

Sieve 1 ASTM C-33 Texas Item 421 
Size Passing Gr. 1 

3/8" 100 100 100 

4 99.4 95-100 95-100 

8 81.4 80-100 80-100 

16 69.9 50-85 50-85 

30 41.4 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 



TABLE A.17 Fine Aggregate C1 

Material: natural sand 
Fineness modulus: 2.72 

Bulk specific gravity, SSD: 
Apparent specific gravity: 
Absorption: 1.6S 

2.62 
2.69 

Dry rodded unit weight: 108 lb/cu.ft. 

Sieve 
Size 

3/8" 

4 

8 

16 

30 

50 

100 

200 

Pan 

S ASTM C-33 
Passing 

100 100 

98 95-100 

85.2 80-100 

71.5 50-85 

57.1 25-60 

14. 1 10-30 

2.3 2-10 

o o 

(ASTM C128) 

(ASTM C29) 

Texas Item 421 
Gr. 1 

100 

95-100 

80-100 

50-85 

25-65 

10-35 

0-10 

0-3 

o 
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TABLE A.18 Coarse Aggregate C2 

Material: natural sand 
Fineness modulus: 2.45 

Bulk specific gravity, SSD: 2.64 (ASTH C12S) 
Apparent specific gravity: 2.70 
Absorption: 1.4S 

Dry rodded unit weight: 104 Ib/cu.ft. (ASTH C29) 

Sieve S ASTH C-33 Texas Item 421 
Size Passing Gr. 1 

318 ft 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 0-3 

Pan 0 0 0 
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TABLE A.19 Fine Aggregate D1 

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 un! t weight: 106 lb/cu.ft. (ASTM C29) 

Sieve % ASTM 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 





A P PEN D I X B 

MIXING AND TESTING DATA 

In the following pages, Table B.1 presents the test resul ts 

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, 

respecti vely. Some mixes were produced more than once and are marked 

with circled letters for easier comparison with the information pre-

sen ted in Chapters IV, V, and VI. 

MIX 1. D. 

MIX DATE 

CF 

CAFA 

BRAND 

TYPE 

(In order of appearance on table headings) 

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

- Month/day/year. 

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

- Coarse aggregate to fine aggregate weight ratio. 

- Identified by letter and number, as described in 
Appendix A. 

- 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 (OZ/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 lbs of 
Portland cement. 

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

- Same as DOSE (OZ/1 00). 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 

245 

- Unit weight of fresh concrete (lb/cu.ft.). 

- Temperature of the concrete when it is cast (oF). 

- Period of time concrete is mixed (min.). 

- Method of curing. Generally in moisture room at 
73 0 F. 

6x12, 6x6x18, 4x8 Size of molds in inches. 

STEEL - Mold material. 

CARDBD - Mold material (cardboard). 

PSI - Pounds per square inch. 

28-DAY - Test age is 28 days after casting. 

"COMPR STEEL 70" 

"SPLIT CRDBD 280" 

"VIBRTD" 

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

"HIGH STRNGTH 
CAP" 

"MISC CAP" 

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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2122181 I NONE LlK(STONE BRAND 81 1'10"( .395 1119. • f5]0 •• 7150 •• 936. • fIlO& •• -0· 
8.511.0 811. 0 BRINO 81 1365. 0 320. 1&.0 14"0. f343. 95A. 12AO. -0 

15. 0 IJ99. 32. 11.11 15. IItN 19110. 8'HlO. 90A. 1(,110. -0 
0 32. 55. 1.02 -0 2.0 ()AMP,13F 7200. 1820. ''''2. 12110. -0 

AbB 0 8R'IIID .2 JIll .1.10 .3"2 11.00 128-0U' (51-01" (28-01" C28-01U (211-0ITt 
<.1<:2182 , NO"t LI "( S UNE BRAND III NONE .392 149. • 1600 •• 1620 •• 1192 •• 1510 •• -0· 
8.511.5 810. 0 !lAINO Bl 1091. a 318. 16.0 '520. 14111). ~175. 1160. -0 

15. a lIOn. ol5. 11.11 15. ""'I 1820. 8190. 908. 111'0. -(I 

0 39. &5. 1.'53 -0 z.o !l1 .. P ,1lF '''60. 1200. 0 1520. -0 

UIII 0 BUIliD '2 Sill l.lO .316 3.50 128-!)AT' (56-01" (2~-01" (28-0'" (28-0'" 
2123182 1 NONt LI"lSTO"£ BRAND 81 "ON£ • 31& 151. • 1910 •• '''10 •• 939. • 8650 •• -a. 
8.512.1 816. 0 BRINO 81 '09. 0 301. 1&.0 8210. flOO. 958. 8A1O. -0 

15. a 18"0. 21. '.2 15. "'I'" HIIO. 8720. 950. 8590. -0 
0 113. JII. 2.0tl -0 2.0 DI"'P ,1lF 8210. 1590. 908. 8418'!. -0 

81'B 0 BRAND 81 3111 hl0 .1111 3. !>O (Z8-!lln (56-0'" (28-01', 128-0U, C28-0U' 
21,,3/82 1 hONE lIMESTON£ 8RI"O til NON£ • 111' l'I9. • llS0 •• 1760 •• 792 •• !;5AO •• -a. 
8.:'11.0 802. 0 8~I'IID 81 1.,.0. 0 3311. 7&.0 1500. 1510. 192. 6050. -0 

15. a 131~. 31. II. f 15. IIIN 1610. 1&60. 8112. 6&110. -0 
a 32. 511. 1.CII -0 2.0 :lA",p.13F (,880. 8050. 142. fOliO. -0 

8118 0 BRANO 81 "" 3.10 .396 3.13 U8- tUTI (56-01" (29-0IY, (2A-OI', (211-01', 
2I2518Z I ,.ON£ lU'LSTONE 8RANO Bl NONE .396 151. • 19l0. • 8&"0 •• 861 •• "9fl •• -0' 
8.5/105 806. D B~."ID Bl 1090. 0 319. 15.0 8010. 11150. 842. 8120. -0 

15. a 16~1I. 25. 11.5 15. ""N 8010. 11"110. 1192. 1560. -0 
0 39. 66. 1.'511 -0 2.0 DaMP ,UF 1180. 8680. 850. 16AO. -a 

Btl8 a 8RAND Bl 3" .Jol0 .392 3.25 (28-01" (56-0IT' (28-0'" (211-0n, 12A-OIT' 
2n":ll82 I NONE LIMtSTONE BIUNO til N3N£ .392 151. • 78RO •• 8A20 •• 1911 •• 14"" •• -0· 
8.S/2.0 80'. a 8RAlliO 81 '12. 0 31&. 75.0 11'50. 111"0. 183. 1120. -I) 

15. 0 1811. 21. ".11 15. "'I N 8130. 8510. 808. fR80. -0 
a 113. 13. 2.05 -0 2.0 oa",p ,1lF 1160. 9160. 192. ,.80. -0 

Cb8 0 81UND Cl 3,. 3.10 .3&9 11.25 ( 28-0a" (56-01" (28-01" (28-0'" (211-01" 
31 l/d2 II NON£ LIMeSTONE 8RAND 81 NON£ .3&9 150. • 8110 •• 15110 •• 8530 • 8190 •• -0 • 

IJo51100 til, • 0 BU"'O Bl ll8'. 0 3030 15.0 1800. 15l0. ""2. 8831). -0 
15. 0 11119. 32. '.2 15. I'IIN 83tO. J800. 8'58. 8f50. -0 

0 33. 55. 1.03 -0 z.o O,,,,p.13f 11220. 1290. !l58. 819!). -0 

CBB 0 8A1100 Cl '" 3.10 .362 '.13 (28-D'" (5('-0'" (28-0'" (2"-0'" (28-DI" 

" 1192 11 NOIf£ LU'CSTONE BIIIND III NON£ • 362 lSZ • " !H20. • 11"0 •• !ISS. • 1500 •• -0· 

Ih!:Il.S 8010. U B .... NO Bl 1111. 0 2"7. '" .0 19.0. UllI. "SA. 1"0(1. -0 
15. 0 U09. olIO. 11.1 1"1. M''I 8210. 1"60. Al'5. 6490. -0 

0 39. &1. 1.511 -0 2.0 DIMP, flF A210. 19"0. 1133. 8200. -0 



ct"'En FLUSH COARSE 1'6 FINE 1'6 10"'lX TURE .. UER "'ISC ••••••••••••••• T!SY _ESUlTS ••••••••••••••• 

"ll 1.1). BRA NO BoUND SIlt F'NE'-IES5 T'PE 4/C SlU"P 
"Il DU~ UPE CllSS "'llIlRlll SOURCE BRIND .. /A ullin ,,, 6 x 12 6 x 12 6X6XlII 4 X II 4 X II 
(F/CIFI lBS/CU'D LHS/CU'D SOUR C~ L8;i/CU'O OOSE(Oll100' L~/CU'O "'IX T"'P C'LIIilDER C'LIIilOEA 3!"'" C'lIIllOER C'lIIilOER 

pcr WOLUIIIE PCT _Ollll'll lBS/C"'D PCT _OlU"E (21110 T yp[J Gll/SACK "'X UHf (STE~U (STErL' csn:EU ( CAII::IAO. I$TE!"U 
PCT RLPUClO P:VOL,ORUII CI/FAlL8/LBI (2ND OOS~' PC T at R CUR I NG (PSI' (PSI' CPSI' (PSI' (PSI' 

C8B 0 BRI .. D C 1 314 3.10 .365 3.00 (211-DAY , (56-01" (211-DI" C211-0IU C211-01" 
31 218Z 11 NOllie LIMESToIIIE BRI .. O Bl NONE • 165 152. • 11470 •• 11400 •• 9119. • llli10 •• -'I' 
b.5/2.0 1119. 0 BhlNO ttl 92'. 0 299. 71.0 8'50. 8A 10. 1O~0. 11'110. -0 

15. 0 1895. 21. 4.1 15. 1'1'1'1 8100. 11100. 118l. 11360. -0 
0 43. r4. 2.05 -0 2.0 OI"P ,llF 8260. 11290. 1033. 8590. -0 

0118 0 8RINO D1 314 3.10 .399 3.50 (28-01" (56-01" (28-01" (211-01" (211-DI" 
3121HZ I NONE LI"ESUN!: 8RINO 81 NONE • l99 149. • 11540. • 11340 •• 869. • A460. • -0 • 
1I.!>/1.0 11011. 0 8~INO 81 11&0. 0 323. 11.0 11950. 8100. 1158. 11440. -0 

15. 0 1400. 32. 4.5 15. "1111 80110. 11010. 1175. 110.0. -0 
0 32. 55. 1.03 -0 2.0 DI"'P,1lF 115110. 1191 o. 1115. 1I'J10. -" 

DeB 0 BRINO 01 J/. 3.10 .425 3.63 (28-01" (56-01" (211-01', C28-01" C211-01Y' 
II l/82 1 NONl L' "l S UNt 8U .. 0 111 NONE .425 148. • 71140. • 8310 •• 11116. • 1110., •• -0' 
8.!./1." 199. 0 B~ IND 81 1066. 0 340. 15.2 11100. 831110. 911. 5110. -0 

15. 0 1&01. 25. 4.11 15. "'IN 1'J·0. 11360. 11192. 16110. -0 
0 lil. !os. 1.56 -0 2.0 01"'P,13F 14110. 11360. 1150. 1920. -0 

D8B 0 BRAND D1 ll4 le10 .404 3.63 C211-oAY' (56-01,. (211-01" (21-01" (211-01" 
II 3/112 I NON[ LlNtSTON:: UAIIIOIl1 NONE .404 150. • 11370 •• 11110 •• 939. • 6150 •• -0' 
8.!>/2.1 806. 0 B" IND 81 1199. 0 325. 14.3 7820. 80110. 10011. 5510. -0 

15. 0 1dU. 21. 4.5 15. "IN 11420. 111150. 942. 5010. -, 
0 4l. 7l. 2.01 -0 2.0 O"'P,1lF 8860. 115110. 1161. 18110. -0 

reB 0 BRAND E1 314 3.10 .440 3.50 (211-01" (56-DI" (211-01" (211-01" C211-0AY' 
II 4182 111 NDNE Ul'ltSTONE 8RANO 111 NOlliE .440 141. • 8180 •• 11100 •• 950. • 11330 •• -0' 
8.5/1.0 194. 0 BRAND 81 1330. 0 350. 15.2 11220. 8!'t80. 1050. R.40. -0 

15. 0 1]7]. 31. 5.0 15. "IN 8210. 8130. 1167. lllilC. -0 
0 31. 54. 1.0l -0 2.0 DI"", PlF 11120. 15'J0. 933. 18RO. -0 

(Bft a BRI .. D [1 314 l.1O .411 3.50 ( 211-oAY' (56-01', (211-01" (28-01" (211-01" 
II 4/t12 111 NONE LII'IESTONE BRAND 111 N'NE • 4l3 141. • 11390 •• 8370 •• 922 • • 1130 •• -0. 
1I.~/l.5 194. 0 BII 11'10 81 10&8. 0 344. 74.3 115110. IH.10. 11113. 11100. -0 

15. 0 1653. 2!>. •• 9 15. "IN 11350. 11120. 9511 • 1760. -0 
0 lil. 64. 1.55 -0 2.0 O''''P,73F 112'0. 11650. 925. 7640. -0 

rtl8 0 BRINO E 1 ll4 3.10 .441 3.311 C211-0AY' (56-01', (28-DI" (211-01" (21-01" 
II 5/82 111 NONE LIMeSTDNt BRIND 111 NONE .441 141. • 111110 •• 8000 •• 941. • 11110 •• -0 • 
8.5/2.0 791. 0 B'IIilD 81 891. 0 3411. 74. J 87'0. 1220. 911J. 821110. -, 

15. 0 1822. 21. 5.0 15. "'III 9000. 11970. 933. '1360. -0 
0 42. 71. 2.04 -0 2.0 DII'IP,1lF 8750. 71100. 90". 111110. -0 

CBft 0 811&1'.0 C1 JI4 3.10 .448 3.CO ( 28-DI" (56-01" (211-01" (28-01', (211-01" 
3/11/1J2 II NOlliE LIMESTONE BRINO Bl N:!Ne • 448 150. • 69'0 •• 725~ •• 1172. • 16110. • -0 • 
7.C/1.0 .. 52. 0 8U.NO lil 1465. 0 ;!92. 71i.1 6'J00. 7320. R61. lAO~ • -r N 

12. 0 1501. J4. 5.0 15. I'll" li8<,0. 70<,0. 'J17. 1600. -0 ~ 
0 3'. 59. 1.02 -0 2.0 o,,,,p ,73F 70 rD. 7160. All. 76.0. -0 \0 



CENE,., FL YASH COUSE AGG FIIiE A5G AD"I II TUR~ ""ER "I'iC ••••••••••••••• T[ST RE'UlTS ••••••••••••••• I\.) 

VI 
0 

"II 1.0. BRAIID B'<AND SIZE F Ilir NESS T TPE .. /C SLUMP 
IHX DAfE T,PE ClASS "A 11'" R tAL SOURCE BRAND .. /8 UNIT .. T 6 I 12 6 I 12 6161111 4 I II 4 I II 
CF ICAfA LBS/CU'D LBS/CUY" SOURC:: L8S/CU'D DOSE(Ol/IOO. L8/CU'0 "II T"P C'LIIIoER C'LINoER BI:A" C'LI~DrR C'LINDE-

PCT _OLUME PCT _OLU"E LII:i/CU'o PCT VOLUME (2ND T'Pf. GAL/SACK "II TI"E (S'HL. (S'c::c::lt ( S'C::ELt (CAR'lRD. (s,rEU 
PCT REPLACEO P: VOL, DRU., CA/FAe LBILR. (2ND DOSE. PCT AIR CURING (PS 1. (P'il. (PSI. (PS I • (PS I. 

CSR 0 8 RAil 0 C1 ],. S.lO .4]9 4.00 C 28-DAn (56-0A" (211-DA,. (211-DAU (211-oAU 
]/11/82 11 NONE LIMESTONE 8""~D 81 NONE .439 151. • 64RO. • 11 go •• 194. • 6110r. • -II. 
1.C/1.:; &53. D !I"AND !II 1116. 0 287. 15.2 6170. 1110. 1142. 66"0. ..., 

12. 0 1801. 21. 5.0 15. "IN 6120. 1271). 808. 6160. -0 

° 41. 10. 1.54 -0 2.0 DA"P,13F 5940. 1160. 1]]. 6'160. -0 

CRB 0 8RAhD C1 ]/4 ].10 .458 ].50 C28-DAn 156-0". (2')-0". U8-DA,. 128-0". 
]112/82 11 hONE LIMESTONE 8RAND B1 NONE • 458 152. • 642'. • 6900 •• 1164 •• 6900. • -D. 
7.C/2.0 &49. ° BQAND 111 913. 0 298. 11.0 62<'3. 6'130. 892. 6160. -0 

12. 0 1981. 23. 5.2 15. "IN 6&00. 6840. 850. 6160. -0 
0 46. 11. 2.04 -0 2.0 ilA"P ,1]F 6440. 11120. 1150. 10110. -" 

CBB 0 BRAND Cl 3,. ].10 .]]2 4.50 (28-0A yt C56-'lA" ( 211-oA,. (211-0AU (211-0". 
311211J2 11 IIONE LIM[ STONE BRAIID B1 NONE • 332 151. • 11150 •• 8120 •• 1061. • 8610 •• -I) • 

1O.tl1.0 988. a BUND B1 1286. a 328. 17.9 1600. 8680. 1015. 8]60. -0 
1~. " 1314. 30. ].1 15. ~IN 8450. 1500. 1050. 9030. -0 

0 ]0. 51. 1.02 -0 2.0 OA"P.llF 840~. 8190. 11158. 116]0. -0 

CBB 0 BItAND C1 314 ].10 .]20 4.00 ( 28-')". (56-0A" (28-0" • (211-0". (211-0A,. 
l/U/ll2 11 NONE LIMESTONE BRAND 81 NONE .320 152. • 86"'0. • 8060 •• 10011. • 83]0. • -II. 

1D.t/1.5 993. a B~A:IIO 111 1030. 0 ]18. 11.0 8140. 111120. 1042. 11550. -0 
19. 0 1~95. 24. ].6 15. "IN 11880. 1230 • IOn. 8630. -0 

0 ]1. 62. 1.55 -(' 2.0 OA"P.llF 8360. 8130 • 950. 11100. -0 

C8R 0 BRAhD C1 ],. ].10 .]1] 4.00 128-1)". U6-DA" 128-0". C2I1-0A,. 1211-0" • 
ll1~/82 11 NONE LIMESTONE RRANO 81 N"NE .]1] 153. • 8580. • 11010 •• 955. • 11001) •• -0· 

lD.U2.1 9,,6. 0 BUND 81 11&]. 0 ]11. 11.0 85'10. 8410. "50. 1'160. -0 
19. 0 1118. 20. ].5 15. "IN 8560. 1610. "511. 11550. -0 

0 41. 69. 2.0b -0 2.0 DA"P,1]F 8590. 0 958. 14110. -0 

eCB 0 BRAhO el 1 lel0 .]54 ].25 (211-D'n (56-0An 1211-0". (211-O'U (211-0". 
]11~/II2 11 NONE lI"lSTONE: BRAIIO 81 N~IIIE .354 152. • 11290. • 11010 •• 906. • 1950. • -D. 
8.5/1.0 826. ° 8"NO C1 1380. 0 292. 1'.0 11220. 11060. 95O. 111"0. -0 

1&. 0 1433. ]2. 4.0 15. "IN 8290. 11290. 915. 112110. -II 
0 ]]. 54. 1.04 -0 2.0 0'"P.1]F 831,0. 1850. 192. 161l!!. -0 

eCB 3 BRAND el 1 3.10 .]51 3.15 (211-DAU (56-0AU (2'J-0" • C2I1-oA,. 1211-0" • 
]/15/112 11 NONE lIM[STON!: BRAND 81 NONE .]51 153. • 1130. • 11160. • "4. • 1400 •• -0· 
B.~/1.6 823. a B'AND C1 1104. ° 2119. 15.2 1850. 8220. 950. 1600. -0 

16. a 1121. 21' .. 4.0 15. "I" 1520. 1960. 900. 1440. -0 
0 40. r.4. 1.5'; -0 2.0 DA"P,1lF 18l0. B31O. 892. 1160. -0 

CCR D IIRAND Cl 1 3010 .340 3.25 ( l8-D,n (56-0A,. 128-0" • (211-oA,. 1211-0'" 
05/16/112 11 NONE LIMESTONE 8RUIU 81 NONI: .340 15l. • 8010. · 8050 •• '112. • 1111"0. • -0 • 
tI."/2.1 tl21. ° 8R'NU C1 926. 0 281. 1&.1 8130 • 1'100. 961. "550. -0 

1&. 0 l'J17 • 21. 3.8 15. "1111 11S"0. 81 '10. 1000. 9l'l0. -0 
II 44. 12. 2.01 -0 2.0 OA"P.llF 11050. Ilo ftO. 950. " 700. -0 



CE"tU FLUSH COARSE AGG FI'l[ AGG AO"llITURt WATER 'USC ••••••••••••••• TrST _rSULTS ••••••••••••••• 

MIl 1.0. BRA,.O BRA,.O SIlt F 1,.r.'ltSS TYPE WIC SLU"P 
"Ill OATt: TYPE CLASS MATCR IAL SOURCE BRAND W/EI U'ln WT 6 II 12 6 II 12 611Ul'l 4 II II 4 ~ II 
CF/CAFA LBS/CU'O L8;;ICu'0 .iOul<C:: LIlS/ClJ'O OOSe(Oll100' LR/CU'O "Ill T"P C'LI'lOER C'LI'lJER tlC::A'" C'LI'lOEII C'LIN[)[II 

PC T VOlU"l PCT VOLu"e LtlS/ClJYO PCT VOLU,,[ (2NO TYPE. GAL/SAC~ Mil TIME (STO:fll (ST':<:L' ( STEElI (CARORO' ( ST(ElI 
PC r RlPLACEO P:VOl,ORUW CAIFACl81l8. (2,.0 OOSE. PC T A I R C U~ I NG (PS I' (PSI' ( PSII (PSI' (P<;I1 

CC8 0 BRA,.O Cl 1 3.10 .425 3.00 (28-0'" (56-0A" 128-0A" 128-0'" 128-0AY' 
lll6/82 II ,.ONE LUIESTONE BRAND Bl NON[ • 425 150. • 1410 •• 1480 •• 1141. • 15H • • -II. 
1.U/l.0 658. 0 B"ANO Cl 1466. 0 27'. 17.0 1060. 1220. 1192. 1600. -~ 

12. 0 1516. 34. 4.8 15. "IN 1440. 5110. 125. 1600. -0 
0 lS. 57. 1.03 -0 2.0 OAIIP ,13F 7130. l1l0. 125. 1400. -0 

CCR 0 BRAND Cl 1 l.10 .'97 3.25 ( 28-0A" 156-0A" ( 2'1-0A" (28-0Ay. (28-0A" 
3/16/82 11 NON[ 1I"[9TON~ BRAND Bl NONE .l97 152. • 72l0. • 1410 •• "69. • 7610. • -0 • 
7.t/l.S 664. a 811A'l0 Cl lUll. 0 264. 11.0 1320. 1120. 831. 1720. -0 

Il. a 1I1l'. 2 ,. 4.5 15. "IN 7310. 1500. 925. 76110. -0 
0 42. 69. 1.55 -0 2.0 OA"P,71F 70 0 I), 0 850. 1600. -0 

ceR 0 BRAND Cl 1 l.10 .419 4.00 128-0A'I (56-0A" 128-0A" (28-0A" (211-0A" 
l116/ .. 2 II NO,.[ LI"[STONE BRAND 81 N(,NE .419 152. • 6'&0 •• 7100 •• 845. • 7190 •• -0 • 
7.e/2.1 651. 0 B;;A,.O Cl 91&. 0 215. 711.8 6910. 6930. 811. 10AO. -II 

12. 0 2020. 23. 4.' 15. "IN 6910. 1020. 1142. ll20. -0 
a 47. 76. 2.01 -a 2.0 OA"P .1lF 6930. 1340. 875. 1160. -0 

CC8 0 BRAhO C2 1 3.10 .315 3.50 128-JA" (56-0A" (28-0A,. 1211-0A" ( 211-0A" 
3/24/1J2 II ,.ON[ LI"[STON[ BRAND Bl NON[ .315 151. • 8340. • 9140 •• 997. • A310. • -0 • 

10.CIl.0 992. 0 B.ANO Cl 1294. 0 l12. 11.0 !Ilia. 9580. 958. 82RO. -0 
19. a 13l2. lO. l.5 15. "IN 19(,0. 91110. 1050. 82AO. -0 

a 31. 50. 1.0 l -0 2.0 OA"P,71F 8740. 8610. 983. 8360. -, 
CC8 0 BRAltO C2 1 3.10 .334 4.00 128-0A" (56-0A" 1211-01" (211-01,. (28-0A" 

3/26/112 II NON[ LJII[STONE BIIINO 81 N'lNE • 334 151. • 7450. • 1'190 • • 9211. • 7550. • -0. 
lII.tll.5 979. 0 BqlNO Cl 1019. 0 327. 14.3 7750. 8260. 1042. 1520. -0 

18. 0 1582. 24. 3.A 15. "lit 7160. 7180. 925. 8040. -0 
a 37. 59. 1.55 -a 2.0 OI"'P,71F 7440. 1640. 811. 70110. -0 

CCB It BR'NO C2 1 3.10 .321 4.00 U8-01Tl (56-0A" 12'1-0AU (28-01', (28-0A" 
., 5/82 II NONl U"[STONt BRINO 81 NONE .l21 150. • 6tHO. • 1810 •• 930. • 1490. • -0 • 

10.0/2.1 980. 0 BgI,.O Cl 841. 0 320. 71.0 6830. 1950. 911. 1600. -0 
18. 0 1710. 20. 3.7 15. "Itt 7160. 7'20. 942. 7120. -0 

0 41. 66. 2.09 -0 2.0 OI"P.71F 6510. 7670. 0 1160. -0 

ACB a BRAhO AI 1 3.10 .375 3.15 ( 28-01" (56-01" ( 28-01U (28-0'" (28-0'Y' 
3/1 "82 I NONE ll"ESTONE BRAND Bl NONE • 315 150 • • 1740 •• 8210 •• 975. • 8120 •• -0 • 
8.:'/1.0 815. 0 BRAND C 1 ll65. 0 306. 7&.1 1500. 8450. 911. A120. -0 

15. 0 1421. l2. 4.2 15. "IN 80&0. 1940. 975. 11000. -0 
a 33. 53. 1.04 -0 2.0 OA"P,73F 7660. 8240. lOll. 11240. -0 

aCB 0 Il,UhO 11 1 3.10 .3';1 4.25 ( 211-01" (56-01" (2A-OI" (28-0A" (28-0U' 
3117182 I NO~l LI"[STON~ SIU'lO 81 N"NE .351 151. • 75'1(!. • 71150 •• 912. • 131;0 •• -0' 
11.:'/2.1 819. 0 B-I'lO Cl 914. 0 293. 16.1 11:;0. 8080. 915. 14AO. -0 N 

15. 0 1~0&. 21. 4.0 15. "'IN 7550. 9010. lOll. 1 32n. -0 VI 
g 44. 11. 2.0'1 -0 2.0 01"'P.13F 14dO. 7.60. 925. 12RO. -0 I-' 



(l"'tIIt FLUSH COAR.:iE IGG FINE IGG ID". lITUR~ III Tr A IHSC ••••••••••••••• '~ST ~~SULfS ••••••••••••••• N 
\Jl 

"III 1.D. BRA lil 0 8PAND Silt F INEtl[ SS TYPE IIIC SlUlilP 
N 

"'III oATt TYPE CUSS "AllER IAl SOUIICt BAUIO IUB UNIT liT 6 I( 12 6 II 12 61161(18 'I II 1'1 'I II II 
(F/t'AFI lliS/CllTO lH;,/C"TO ~OVl<t[ lBS/tUTO 00S[(Ol/100' lB/tu,O "11( TIIP CTl1~O[~ CTlINDtR lEI .. CYllNOEA CYllNDEII 

PCT VOLUII4( Pet VOLUME laS/CUTD PC T VOLUME UND TYPE. Gll/SICK ~x T1"£ «Sf~:'l' (Sn:r.:u «Sf[[U fUIIDRO' «SH£U 
PCT REPUC£O P!VOL.ORUiI Ctl/FIUS/lB' (2"10 DOSE' pcr AIR CURtNG (PSI , CPSU «PSU (PSI' CPSU 

COB 0 BRAND C2 112 3.10 .395 3.50 U8-01" C56-DI,' (29-01" «28-DI" (28-01" 
., 5/82 11 NONI: LI"ESTON!: 3UNO 81 NONF: • 1'15 141 • • 1160 •• 80 30 •• 825. - 12/tO •• -0-
8.,!)/l.~ 808. 0 8,1",0 01 1321. 0 319. n.l 1'51)0. 81'50. /t'50. 16'1!!. -0 

15. 0 lJU. 31. ..4 15. MIN 1390. 16 'U. A25. 1040. -0 
0 33. &0. 1.03 -a 2.0 01"p.13F 1180. 8110. 1100. 1160. -0 

(r8 0 8RINO C 2 1/2 3.10 ."43 3.25 (28-01" (56-0IYI (28-01" (211-01" (28-01" 
'II 6182 11 NONE lIIllSTDNE BRAND 81 NONE • H3 .. 6. • 7120. • 11l0. - 186 • • 1'10 •• -0-
8.!;/l.6 1'J1. 0 8-INO 01 998. 0 351. 12.'5 61'10. 1/t20. 800. 1320. -a 

15. 0 1612. 23. 5.0 15. "III 1190. 1610. 183. 1520. -0 
0 3'i1. 10. 1.61 -0 2.0 OI"p.flF 1230. 1&90. 115. 1400. -0 

COB 0 8RANO (2 1/2 1.lD •• 40 3.25 (28-01" «56-01" UII-OI" 128-01" U8-01U 
., 6/112 II HONt LI"lSTONE 8UNO 81 HONE .440 1" 1. • 6810. - 1560 •• 16'" • 6550 •• -0-
1I.!)/2.2 '''5. 0 B"IND Dl 828. 0 l50. 11.6 6"ZO. 1390. 133. 6160. -0 

15. 0 11115. 19. 5.0 15. "IN 12 fOe 1660. 1125. 6410. -0 
0 43. 111. 2.16 -0 2.0 OI"p.nF 6910. 16'10. ?H. 6490. -0 

C08 (I BRAND (2 1/2 l.to .5.9 3.25 (28-01" (56-01" (28-01" (28-0a" (28-01', 
.. , 1182 11 HONE Lt"(SfONE BRaND 81 NONE .5.9 146 • • 5 1ro •• 6120 •• 639. - 5290 •• -0· 
1.0/1.1 6l1. a BRtl!tO 01 1328. 0 l50. f"i.2 5660. 1040. &50. 1)050. -0 

12. 0 .. 28. ll. 6.2 15. "IH 5130. 6610. &50. "15ft. -0 
0 3'. 62. 1.011 -0 2.0 DI"P.flF 5910. '4 .. 0. 611. 4910. -0 

coe 0 8RI .. 0 (2 112 1.10 .508 3.15 (28-~A" (56-01" (28-01" (28-0a1' (28-0IY' 
'II 1182 11 NONE lHIESTONE: 8UNO 81 NONE .508 146. • 5810 •• 6190 ... 664. • 5110 •• -0· 
1.0/1 ... 6'14. ft 8A&NO 01 10 10. 0 321. n.l 5HO. 10 10. &15. 511ft. -0 

12. D IfZ6. 25. 5.1 15. "IN 5890. 6;'10. &33. 5050. -0 
0 42. 15. 1.61 -0 2.0 OIMP.13F 6010. 6110. 683. lll10 • -IJ , 

C080 8RI"'0 (2 112 l.ta .511 \.50 (28-01', (56-~I" C2Q-01', (28-01" (28-0a" 
.1t5/t12 It NONt Lt"lSTON[ BRINO 81 HOH[ .511 1'1. • 5610 •• 6110 •• 131 •• 51'0 •• -0· 
1.11/2.0 6l4. 0 8UNO Dl 919. 0 32'. 11.0 5HO. 61160. 133. 5""0. -ft 

12. 0 1881. 21. 5.8 1$. "IN 56'10. 6680. 131. 5910. -0 
0 46. 82. 2.05 -0 2.0 DI"P.13F 5'180. 6600. 131. 5no. -0 

C~II 0 8UNO CZ 112 l.lD .l'& l.OO (211-0." (56-01" (211-01" (28-01" (28-01" 
41 HI 182 II NONl lllt[STONE ORIND Bl NONE .3'16 I'll. • 18'10 •• f111S0 •• 1189. • IU30 •• -0-

1O.Uhl 988. 0 8';'INO ill 1205. 0 3'12. 11.0 1820. 8'90. 915. 11110. -0 

® 19. 0 12911- l8. 3.9 15. "III 1800. 8560. 958. 8280. -0 
0 lI. 56. 1.0r -0 2.0 OIMP.UF 1900. 9200. 1133. 8000. -0 

C08 0 HltlllO (2 112 3.10 .3~1 3.00 (28-01', (56-01" (2Q-OI" (28-0a" (28-01" 
41a/1l2 II NONE lll'tlHON[ HIlAND 81 NONt. .l'51 1.1. • 1910. - 8£.30 •• 1103 •• 1'1410. - -0· 

lilel"I.6 982. 0 8RANt 01 95_. 0 3.5. 1S.2 16 roo Il'no. ""2. 11610. -0 
18. 0 15l1. 22. ".0 1"i. "1111 8"10. 8260. 16f. 113"0. -0 

0 n. &1. 1.60 -0 2.0 OI"P .1lF 1S50. IlrGO. 1100. AlOO. -0 



CE"'EIIT FLUSH COARSE 16' FINE IGG 10"1. TUllE "ITfA I'IISC ••••••••••••••• '[~T R[SUlTS ••••••••••••••• 

"II 1.0. BRINO BklND Sill FINENESS T 'PE w/C SLU"P 
l'lIa DIn: flPE CLISS I'Illi:RUL SOUI'CE BRIND "/8 UNIT "T 6 • 12 6 • 12 6.6X18 , • B , . .. 
Cf/CIFI LYS/CU'O LBS/CU'D SOURC~ L8S/CUfO 00S[(Ol/100' L8/CU'0 I'll. TI'IP C'LINDEI' C'LINOEII 80:1" C,UNOER C,LIIIDrIl 

PCT _OLVI'Il PCT ~OLUHE LH:;/CUfD PCT VOLU"'E (2NO T'P[, GIL/S.CK "'_ Tl"'E (ST[~lI (ST~[lI ( ST~ElI (CII'DBI)' ( srrru 
PCT REPLlnD P: VDL.DRU" CItFIC LS/LB' (2ND DOSE' PCT "IR CURING (PSI' (PSI' (PSI' (PS 1 , (lOS I' 

COB 0 BRAND c.z 1/2 J.1O .J19 J.15 (2B-OI" (56-01 " (28-0IY , 128-01" (28-01" 
"£0/82 11 NONE LIME STOllE BI'AND 81 NON£ • l19 145. • 6"20 • • 16'0 •• 112. • 1240 •• -0' 

H.G/2.1 96l. a B"AND 01 111. 0 l65. 15.2 6&RO. 8030. "2. 1000. -0 
18. 0 16b5. 1 R. '.J 15. 'UN 1020. 10 10. 1". noD. -0 

0 '0. 12. 2.14 -0 2.0 OII'lP.llF 1010. n lO. 8'2. ll20. -0 

AOR 0 sAINO AI 1/2 l.1O .lA5 l.OO 128-ru" (56-01" (2A-OI" ( 28-01" (28-01" 
3/111112 1 "ONE lIMlSTON[ BRIND Bl N'JN£ .385 l'R. • lR50. • 8020 •• 'HI. • A120 •• -0· 
1I.~/1.0 81'. 0 IIqANO 01 IJ31. 0 l13. 11.0 l'BO. 14AO. 81~. 8000. -0 

15. 0 131f .. ll. '.3 15. IIIIN 1150. 1""0. "08. A360. -II 
0 ". &0. 1.03 -0 2.0 OII'lP.llF 80n. 85"0. "50. 8000. -II 

108 0 BRINO 11 1/2 loiO .'00 3.00 1211-0U' (56-01" (28-01" (211-01" 128-0A" 
3/11182 1 NONE LII'IlSTONE BRAND 81 NONE .'00 1'8. • ll60 •• 13"0 •• 1181. • 1l10 •• -II. 
1105/2.1 80'. 0 BRAND Dl 813. 0 l22. 11.0 1460. 1460. 811. 12'0. -0 

15. a 1803. 20. 4.5 15. "1'1 1230. 12"0. "08. 1200. -0 
0 ". 18. 2.01 -0 2.0 OA"P.llF ll"O. 14l0. "11. l'AO. -0 

CeR 0 IIRIIIO C2 112 l.1O .386 1.50 (28-01" ('56-01 " (2~-01" (28-01 " 128-CI" 
4115/82 11 NaNE II MUi T:J NE BRAND 81 NON£ .l1l6 l' 1. • 68"0. • "'0 •• 841. • 6"10. • -0. 

10.(/1.0 95'. 0 BkAND 01 1213. 0 36". 1'.0 6860. 16"0. 1158. 6"20. -0 

0 18. ° 12". 2A. 4.4 15. "IN 6140. 11110. 815. 1120. -0 
0 lO. 5'. 1.03 -0 2.0 OII'lP .1lF 1010. 5500. 808. 68AO. -0 

CEB 0 BRIND C2 1/2 l.1O ., 12 l.15 ( 28-01" (56-1)1" (28-01" (2A-01" (28-01" 
5/11182 11 MNE LIMESTONE 8RANO B1 NON£ .'''2 148. • 6010. • 6'10 •• 1103. • 6500 •• -0. 
'.~/l.0 6'1. 0 BPIND E1 1449. 0 l15. lA.8 5"20. 6510. 1100. 6530. -II 

12. D 1501. ". 5.5 15. 'UN 6050. 6120. ADO. 6'''1'. -0 
0 ". 51. 1.0' -0 2.0 OII'lP.llF 62'0. 6110. 1108. 6'''". -0 

C!B 0 BRINO C 2 1/2 l.1O ."11 l.OO (28-01" ( 56-'ll" (211-0U' (211-0A" (28-01" 
5/11182 11 NONE LIMESTONE BUNO 81 NON£ .'18 I'll. • 5160 •• 6160 •• 1"1. • 6~r.0 •• -0. 
'.0/1.5 "'. 0 BUNO ~1 1166. 0 301. 18.8 48110. 6"30. 825. 6600. -0 

12. 0 1813. 21. 5.' 15. I'IIN 6410. 68110. 161. 6600. -0 
0 41. 69. 1.55 -0 2.0 DII'Ip.73F 5"20. 6' 10. 1100. 6'''0. -0 

Ct8 0 BRaND C2 1/2 3.10 .528 l.25 (28-01 " (56-01" (211-01" 128-01" 128-0A" 
5/l'J/82 11 NONE LI" :9TON~ BAIND 81 11011£ .528 1'9. • 511l0. • 6910 •• 8". • 5',0. • -0· 
'.G/2.0 b26. 0 S~AND II "8'. 0 3l1. 11." 5"'0. 6610. 850. 6110. -0 

12. 0 1'l~4. 23. 6.0 15. I'IIN 51150. 1020. 850. 5610. -II 
0 '4. 15. 1.'1" -0 2.0 OII'lP.llF 5HO. 1110. "'2. 6000. -0 

C! B 0 BRlhD C2 1/2 l.1O .392 3.50 ( 28-01" (56-01" (211-11" (211-01" (211-01" 
5/19/112 11 NONE LIl'les TON!: BRAND B1 N'lllE • 3"2 l' " • · 13~0 •• 11520 •• "00. · 16110. · -0. 
8.,,/1.0 802. J B- AND ~1 1415. 0 Jl" • 11." 13&0. 8'20. A61. 1""". -n 

15. 0 H04. l3. 4.4 1,). I'IIN 16.,0. 11400. "330 ",qc. -0 N 
VI a 31. 54. .'1'1 -0 2.0 DAIII". 1 3F 101O. 11440. "00. 11611 • -II W 



CEI'IEIIT fLUSH COU i( ... , FINl .COG .0"11 II TUR~ ... TER "'I<;C ••••••••••••••• T[ST RESULTS ••••••••••••••• r-,) 

U1 
~ 

'Ha I.Il. BR.~O BI- .".0 SIlE FINENESS TTPE ~/C SLU"'P 
I'IU, OAT:: TYPE CL.SS M.TERIAL SaURCE 8R.,.0 .. , A U".IT liT (, II 12 6 II 12 6116J1lI1 , II II , . II 
CF/C.FA LdS/CU'O LIIS/CUTD SOURC;: l8S/CUTO OOSt(OllIGO' L8/CU'0 "'IK TI'IP C'LINDER C'LINOFR Ar.", CTLINOER C'LI"D£R 

PCT .0LuMf PCT ~OLul'lE LHS/CUTO PCT VOLU"E (2~D T'PE' ... l/SACK "'x TI"E (Sf!:~ LJ (Sf<:ru (Sf!:ELI (CAROllO' ( SHEll 
PCT REPLAC(O P:VOL,ORU" CA/FACLB/LB' (2ND DOSE' PCT .IR CURIN .. (PS I' (PS I J (P<;IJ (PS I , (PS I' 

CII8 0 BRAND C2 1/2 3.10 .l'H l.50 (28-D.U (56-D." (2~-0." (211-0." (28-0.U 
5/.:U 182 II NONE LIME STONE 8R.NO 81 NONE • l91 151. • 15(,0 • · IISI O •• 9"6. • 11160 •• -II • 
8.~/l.5 d05. 0 B .... NO II 1121. 0 l20. 1'.9 1200. 11190. 815. 1620. -0 

15. 0 1691. 2b. '.5 15. ",IN "SO. 8520. 92';. 11120. -0 
0 l8. 65. 1.';1 -0 2.0 OA",P,llF 11l0. 8';10. 911. 111l0. -II 

Cl B 0 BIU"O C2 1/2 3.10 .'00 '.00 128-0." (56-D. " (28-0. " (211-0." (211-0." 
5/.0/82 1l NONE 1I I'll S TO .. ;: BRAND Bl NONE • '00 151. • '110 •• lib 10 •• 922 • • 111110 •• -0· 
11.:.12.0 80l. G IIP.".O [1 9]'. 0 ]22. 111.11 1510. II'J~O • 9]]. 111]0. -0 

15. ° 1861. 22. '.5 15. ",IN '920. ,"'0. 961. 110"0. -0 
~ ,2. 12. 2.01 -0 2.0 O."'P,llF 1112~. 8280. 861. 11]0. -0 

CI,8 a 8RANO Col 112 l.10 .l'l l.15 C2I1-!lAT' (56-D." (28-0." (211-0." (211-~." 
5/~5/82 11 NONE LIMESTONE BRAND 81 NONE .l'l 1'9. • 8'20 •• 9220 •• 915. • IIl'O •• -0. 

IG.LII.O 9'8. a 8,ANO EI 1]28. 0 l25. ,".11 115'0. 9200. e"5. 11210. -0 
18. ° Il4]. ll. l.9 15. "'IN 112"0. 9550. 992. 119'0. -0 

0 lO. 51. 1.01 -0 2.0 0."'P,1lF 8"0. 8910. 9511. 111110. -0 

C~ B 0 BR.NO C2 1/2 l.IO .l50 '.25 C2I1-0AT, (56-D." (211-0." 1211-0." (211-0AT , 
5/;:"112 11 NONE LIMESTONE 8R.ND Bl N'NF .]50 150. • 81]0. • 9010 •• 9119. • 0 • -0· 
lD.~/l.6 959. G 8 •• NO <:1 1005. a l]b. l'J.l 1900. 91]0. 9'2. a -0 

0 18. ° lEal9. 2l. l.9 15. I'IIN 6]60. 11010. 9511. 0 -0 
0 37. bl. 1.bl -0 2.0 O.I'I",llF 6]00. 11190. 1061. 0 -0 

Ci,B 0 BRAND C2 1/2 l.la .l22 l.IlO C28-DAT , (56-0.T' (211-0." C2I1-0.U (211-0IY, 
5/<!6/112 11 NONE Lll'IlSTON£ BRAlm Bl N.,NE • l22 152 • • "']0. • 9560 •• IOl9 •• 11600 •• -'I. 
10.~ 12.0 9E.O. 0 BrUNO £1 1196. 0 lO". 19.1 8590. 9600. 1017. ""50. -0 

0 111. a 11I2l. 21. l.6 15. MIN 116]0. 9'"0. 1050. ""0. -0 
a 41. 10. 2.Dl -0 2.0 O.I'IP ,1lF 11060. 9600. 1050. 11500. -II 

cr8 0 BIIANO C2 1/2 l.10 .l61 5.25 ( 211-0.n (56-D. " ( 2!t-OAT' (211-0.U (211-0." 
5/ .. 6/82 II !\lONE Ll"'LSTONE BRAND III NONE • l61 150. • 8220. • 9000 •• 1017. • IIl60 •• -0. 

1O.C/1.5 'Il9. ° B"A!\IO II 10'8. 0 ll9. 79.1 8080. 9~'0 • l'J25. 8l60. -0 

0 18. a 1602. 2'. '.1 15. I'IIN 82'0. 8860. 992. a -II 
0 l6. 61. 1.5l -0 2.0 O.MP,llF 8]50. 9110. 10l]. 0 -0 

C~8 0 ilII.NO C2 112 l.10 .l51 5.50 ( 211-0A" (56-0. " 128-0." (211-0." (211-0." 
5"5/112 11 "ONE L1MESTuNE BRAt;O III NONE .l51 150. • 11110 •• 9D80 •• 9'0. • 111'0 •• -0· 

lD.C 11.5 'nl. 0 B<,.NO £1 1059. 0 lli. 111.8 1510. 9000. 1010. 1260. -0 

0 18. ° 1609. 25. '.0 15. "lIN 800;0. 9090. 9511. 11100. -0 
0 lE.. bl. 1.52 -0 2.0 O.MP,71F 7110D. 91'0. IIll. 11160. -0 

Ctc a II~.NO C] 112 2.12 .'25 l.OO 128-0. " (56-D." (28-0." (211-0. YJ C2I1-0IY, 
5'~1I82 AI ""O,,E Lll'IlS TO"E Bk.IIO Cl NONE • '25 152 • • fl]O. • "60 •• 1'9'. • -0 • -0. 
'.(/1.0 bb7. 0 IIR.,m t1 1512. 0 2114. 11.0 '200. 1010. 9011. -0 -0 

11. D I~]l. ],. '.11 15. "IN 68110. 16DO. "~II. -0 -0 
a l4. 59. 1.01 -0 2.0 D.",p,nF 1320. 1110. 911. -0 -0 



C£:"ENT FLUSH COARS[ A .. IO F HI[ AfiG All! I HUIIE IIUEII "ISC ••••••••••••••• T~ST ~[SUlTS ••••••••••••••• 

lUX 1.0. BR A"O BRAND SI1E F INEN[SS T ,pro. w/C SLU"'P 
"IX OU[ TYPE CLASS "An.R \AL SOURCE HRANO IIIB U"I\T liT 6 1 12 6 1 12 616118 " 1 II " 1 .. CF/CAFA LBS/CU'O LItSICUlO SOURCE LItS/CU'O UOS£:(011100' LR/CU'O "1. T"'P C'LINOEII C'LINOER BE 11" C'LINOER C'LINOER 

PCT VOLU" .. PCT VOlU"'E LElS/CUlO PCT VOL"''''E (2ND TYP(, GIL/SACK ~. TIM( ( S'~(U (H!:[U CST(EU (CAROBO' ( ST<:EU 
PCT REPLACED P: VOL, ORUII CA/FULH/LIH (2ND OOS(' peT AlR CURING (PSI' (PSI' (PSI' (PSI' (PS" 

CO C 0 8I1AhO C] 112 2.12 ."'6 l.25 ( 2,.-OA" (56-0A" (28-0A', (2,.-OA" (28-"'" , 
5/ .. 8/82 II hONE L1"ESTONE BRAND Cl NON[ ."6 I~2. • 1210. • 8I'J0 •• 'J28. • -0 • -0· 
r.C/l.S 662. 0 8~ANU ,1 120 o. 0 2 'H •• 111.8 11"0. 1'J'J'! • 'Jil. -0 -0 

12. 0 1821. 21. 5.0 15. ",IN 1210. 8180. 'J5A. -n -0 
0 "I. 10. 1.52 -0 2.0 OA"'P ,1lF 1220. 8210. 'J08. -0 -0 

CtC 0 BRAND Cl 112 2.12 ."61 l.OO ( 2A-OA" ( 56-0A" (2"-OA" 12,.-OA" (28-01" 
S/a/1.l2 II NONE L1"ES TONE BRINO Cl NON[ ."61 152. • 6'JI0. • lHO •• 8116. • -0 • -0. 
1.t/2.0 bS8. 0 BP ",,0 II 'J'J". 0 50". J'J.l 6" '0. 61'J0. ""2. -0 -0 

la. 0 2012. 2~. 5.2 15. "I~ 11"0. ll60. 'Jl1. -0 -0 
0 "5. 11. 2.02 -0 2.0 OA"'P .1lF 6'J1O. 11110. 'JOO. -a -a 

ClC 0 BIIINO C 1 112 2.72 .5A6 l.50 ( 28-01" (56-01" (28-01" 1211-01" 128-01, , 
5/l1l8.l II NONE LIMESTONE BRINO Cl NON[ • l86 152. • 8260. • A"6a •• 915. • 8130 •• -a· 
8.~/l.a 189. 0 SPAtiO El HH. 0 lO". l'.'J 8"0. A220. 98l. 8"20. -a 

15. 0 1'58. l2. ".l 15. "IN 16'0. A'50. 911. A'J'Ja. -a 
0 ll. 56. 1.02 -a 2.0 01"P,11F 8'00. 9100. 1025. ,.''JO. -0 

C~C 0 BRlltO C 1 112 2.12 .166 1.25 (28-0A" (56-01" (28-01" 128-0'" , (28-01, , 
5/11l8.l II NONE 1I Itl S TO"~ 8RANO Cl NONE • 166 15" • • 8010 •• 9160 •• 922. • 8080. • -a. 
8.S/1.:i 1'J5. a B'ANO £1 1156. 0 2'JI. ".'J lA50. 'J210. 9"2. 8510. -a 

15. 0 116&. 26. ".1 IS. "IN 1980. n 'a. 1115. 8100. -a 
0 "D. 61. 1.51 -a 2.0 OA"",1lF 8210. 'Jl20. 950. 16"0. -0 

CIC 0 SAiltO C 1 112 2.12 .1'" 1.00 ( 28-01" 158-01" (2A-OA" (28-01" (28-0'" , 
61 1182 II NONE LUll .. STONE 8RINO Cl NONE .l1" 151. • 8260 •• 8610 •• 9A". • 82'J0 •• -a· 
8.~/2.0 191. 0 S~INO (l 959. 0 291. 11.0 8150. 8"90. 'J'J2. lAIO. -0 

15. 0 I'i52. 22. ".2 15. ",IN 82'J0. 'Jlao. 961. 81'J0. -a 
a 44. 15. 2.0" -0 2.0 OA"P.1lF 8110. 8010. 'J'J2. 82110. -0 

CiC ~ ItRINO Cl 112 2.12 .125 1.25 1211-0A" (58-0A" (28-01" (211-0A" (28-01" 
61 1/112 \ I NONE L11t[STONE BRINO Cl "ONE .125 152. • 8810. • 'J""O' • 100Pl. • 111110 •• -0· 

IO.l/l.0 'J12. 1/ 81ANO El 1116. 0 101. 11.'J 82l0. 'J600. 'J15. 811AO. -I) 

18. 0 I]'H. 11. 1.1 15. '"'' 8'J50. 96'J0. 1061. 8110. -a 
0 11. 53. 1.02 -0 2.0 OA"P,1lF 9" 50. 'J020. 'J81. 'JI1O • -0 

CIC 0 BAiltO Cl 112 2.12 .l2A 1.00 (28-0A" (51-01" (28-0A" (211-01" (28-01" 
61 2182 II NONE LIMESTON~ IIAANO Cl NONE • 128 152. • 8810. • 9110 •• 989 • • 9'HO •• -0· 

lD.t/l.S 928. 0 II'A,..O £1 10'J8. 0 l05. 1'.9 'JlIO. 9690. 105A. 9220. -a 
1'. 0 1616. 25. 1.1 15. "IN 8060. 9530. 1025. 9110. -a 

0 18. 6". 1.51 -a 2.0 OA"P ,13F 9210. 118'J0. 8111. 9660. -a 

CEC 0 BIIANO C 1 112 2.12 .11,. 1.25 (211-0'" , (51-01" (2A-OA" (28-01, , (28-0'" , 
61 21112 II NONl L I "rOo S 'ON~ 8RANO Cl NONE .11A 15" • 85110. · 9"10 •• 1056. • 'JHO. · -a. 

lO.r/2.0 91l. 0 8~A~O II '120. Q 2'J' • ".'J 8'20. 9150. 1'!50. 1510. -0 
N 18. 0 llUl. 21. 1.6 15. "'IN A610. 9<,00. 992. "'JI0. -0 VI 

0 "2. 12. 2.0" -0 2.0 O."P, OF 8120. 92110. 106'. 'J"50. -0 VI 



C(IIIE'" FUISH COARSE 166 FINE IGG 10"1 UU"~ .. IHR I'IISC ............... TEST RESULTS ••••••••••••••• N 
VI 

"III I.Il. BIUND B~I"'O Sll~ FINENESS T TPE .. /C SLUI'IP C'I 

I'll I( Ollt: TfPE CLISS "'TLRIIL SOURcr BRUIO .. ,II UN IT .. T 6 J( 12 6 I( 12 61(6X18 4 X 8 4 X II 
CF ICln LBS/Cu,U LII .. ,fCUT U SOUMCE LIIS/tUTO 00SEIOl/100' LR/CUfO ~IX TMP CTLI~OER CTLINDER 8'"1" C'LIND(R C'LINOER 

PC T VOLUHE PC T VOLUME lllS/C UTO PCT IIOLU"( 12"'0 TYPE' GIL ISICK Mil TIME ISTE[L' IC;T'C[L' ISTEEU ICI POBO' ISTr[LI 
PCT RtPLlClO P:VOL,O~U" CAl FI I LIIILH' 12N:> 005::' pCT A III CUAIMi IPS 1I I PS I , I PSII IPS It IPSII 

ECO IIR.",D £ 1 112 2.72 .392 3.25 128-01" I !;I!I-')a" 128-01" 128-01', 128-01" 
f.l 3/82 III ~O'4l LIHtSTONE BKANO C1 N IN( .192 14R. • A200. · 11670 •• 1039. • 71'10. • -0. 

10.£ 11.0 89':1. 0 II~I"'O [1 1121. 0 352. RO.6 8R20. 8HO. 1011. 11120. -fl 
11. 0 1350. 30. 4.4 1';. "IN 16"0. 8590. 1058. 7500. -0 

0 30. 52. 1.02 -0 2.0 OA"P,73F 813D. 9120. 1042. 772~ • -r 

n C (, 8UNO £1 112 2.72 .381 3.25 128-01" 158-01" 128-01" 1211-01" 12 !I-OI" 

" 3182 III NOn L1"t s TON~ HIND C1 NON( • 3'11 148. · I HO. • 8110 •• 944 •• 7110 •• -0· 
111.[ 11." ",.. a 1I1l1"'O E 1 1040. a 356. liD .6 8050. 8190. 9330 7750. -0 

18. 0 15"4. 24. 4.3 15. "IN 7230. R5'10. 95R. 8050. -0 
0 .16. 51. 1. ~] -0 2.0 OI"P,13F 7940. 8150. 942. 1340. -0 

HC 0 BRINO E1 1/2 2.72 .424 3.25 128-')1" 156-01" I 2"-01T' (28-01" (211-01" 
"16/"2 III NON( 1I HL S TtlNE BkANO C1 NONE .424 148. • 8020. • 8550 •• 897. • 7720 •• -0. 
8.5/1.5 112. 0 BRINO [2 1127. 0 321. 110.6 7830. 8540. 1158. 77"0. -0 

15. 0 1713. 26. 4.8 15. "IN 8400. 8'140. 942. 74110. -I' 
0 39. r.7. 1.52 -0 2.0 01 HI> ,1310 7820. 82110. 892. 7900. -0 

OlC 0 BRiNO 01 1/2 2.72 .151 4.25 128-01" 156-01" 128-01" (28-01" (211-01T , 

""/82 I NONt: 1I"r5TON~ BRiNO C1 NONE • 351 ,,9. · 7"RO • · 8"60 •• 900. • 81110 •• -0. 
10.0/1.5 911. 0 BRANO £2 10115. 0 320. 80.6 80';1). 8150. 8113. 1'1020. -0 

17. 0 1659. 25. 4.0 15. I'IIN 7150. 9010. 911. 821'10. -0 
a 37. 65. 1.51 -0 2.0 OII'l",13F 8130. 9010. 900. 11250. -0 

O! C 0 IIII'NO 01 112 2.72 .405 3.50 128-0A" 156-0A" 128-0A" 1211-01 " (28-0n, 
11141112 I NO!!( LlI'I.lSTJN~ ""1110 Cl NONE .405 148. • 8040. • 8290 •• 8119. • 7"30 •• -0· 
8.S/1.S 71'. II BRAND (2 11.34. 0 314. 80.6 7820. 80110. 9330 7"70. -0 

15. 0 1131. 26. 4.6 15. "IN 8260. 8240. 875. 7"40. -I) 

0 39. &11. 1.53 -0 2.0 OAI'IP,73F 8030. 8560. A58. 787". -0 

C~ D 0 8RANO C 3 1/2 2.111 .446 3.25 (28-1)1" (56-OAT , (211-01" 128-01" (28-01" 

'" 71112 II NONt: 1I Ht S TON[ IIRINO 01 NONE .446 149. • 6910. · 7420 •• 11211. • 6620. • -0· 
J.C/1.0 673. 0 II~ 1"'0 [2 1476. 0 300. n.o 6830. 7110. 1133. 6130. -0 

13. 0 151'. ". 5.0 15. "I" 68110. 7590. 833. 6460. -0 
0 34. 59. 1.03 -0 2.0 OAI'IP,13F 7090. 6950. 817. 7260. -0 

ClO " 8QlNO C 3 112 2.111 .444 3.50 (211-0AY , (56-01" 12~-01" 128-01" C28-0IY' 
61 1It12 II NON£ L 111(5TON[ 8RANO 01 NOlliE • 444 151. • 6910 •• 7560 • • 1141. • 6650 •• -0. 
J.t/l.; 672. 0 8°ANO 02 11HO. 0 2911. 71.9 7160. 7460. 1158. 7000. -0 

13. 0 1819. 27. 5.0 15. HI N 6510. 80AO. 833. 611 O. -0 
0 41. II. 1.54 -0 2.0 OII'lP,71F 7070. 7140. 1131. 6"40. -0 

Ci.O 0 BIII"O C3 112 2.111 .462 3.25 (28-01 " CS6-01" 12!1-01" 1211-01 " (28- 01" 
61 8/112 II NONl llI'CESTON[ 8RANO 01 NONE .462 151. • !,440 •• 7J20 •• 1103. • 62"0. · -0· 
J.D/2.1 668. 0 8RAND [2 912. 0 30 OJ. 77.9 6410. 7360. 11011. 6750. -0 

13. 0 2005. 22. 5.2 15. "I" 6540. 7360. 767. 5510. -~ 
0 45. lt1. 2.06 -0 2.0 OI"P,13F 6300. 72';0. 1133. 6620. -0 



CU'£NT FLUSH COIRSt I", FI~!: IGG 10''11 I( TUR!: "ITER MISC ••••••••••••••• TEST RESULTS ••••••••••••••• 

MIl( 1.1.1. BRIND BIIINO SIiE fIN[N[SS UPI: ""C SLUMP 
MIl( OIlE TlPE CLISS ",lnR IlL SOUPCl IIR ... O Will U"IU "'T 6 II 12 6 • 12 U6U8 4 • 8 4 • 8 
CF/CI-I L BS/CU'U LII:;/CUYI) SOURC LIIS/CUYO OOSE(OlllDO' L8/CU'0 HIli TMP CYLI~O(R C'LI~O~R 8!:1" C'LINO[R C'LINDER 

I'CT wOLUMt.. PCT VOlUI1[ LIiS/CU'O PCT VOLUME (2ND T'P(I GAL/SICK "K TIME (SnrLI (STr::EU ( ST££U (UIIOR!!' ( STEElI 
PCT R(PUCEO P: VOL, olRU., Cl/fl(lll/lRI (2ND Of]S[ I PCT AIR CURING (P'il I (PSII PSI. (PS t I (PO; t I 

C'_ 0 0 8RINO C l 1/2 2.111 .396 5.00 (211-!!U I (56-01" U~-Ol" (18-01" (28-0AY I 
61 8/82 II NONE lIK(STONt 8RA".0 01 "'ONf: • l96 1411 • • 6910. • 8'90 •• 1155. • 1510 •• -0· 
8.5/1.0 81l. 0 8"1"1) (2 IlRb. 0 32l. 71.9 6930. 1510. 950. 1930. -~ 

15. 0 142'i. ll. 4.5 15. 'HN 1110. 8150. 183. 1540. -0 
0 32. H .. 1.03 -0 2.0 OU'P,13F 6260. 8030. 1133. 1230. -0 

[t 0 a 8RINO C 3 112 2.Rl .318 3.25 (28-0U' (56-01" UII-OI" U8-01" (U-CU' 
61 8/d2 11 NONE LIKE S TON!: BRI .. O 01 N!JN!: .318 151. • 1920 •• 9020 •• 1191. • lA'O. • -0· 
11.5/1.5 1119. C 8HNO ~2 1111. 0 310. 11.9 11210. 9160. 911'. 1'1150. -0 

15. 0 17l0. 25. 4.3 15. MIN 1890. 81>10 • 8113. 8440. -0 
0 39. 61'. 1.55 -0 2.0 OIMP,13F 1'6bO. 9300. 119? 1210. -0 

CEO 0 BRI;~O C3 112 2.111 .394 3.00 C 28-01" (56-0U' ( 28-0U' U8-0U' U8-0U' 
loll 0/82 II NONE LII'IE S TON!: BRINO 01 NONE • 394 151. • 1'1110 •• 8490 •• 913 • • 11'00 •• -fl. 
8.!l/2.1 1'88. 0 8,,1140 [2 936. a llO. 1'1'.9 1'HO. 8360. 0 1320. -0 

IS. a 193 ... 21. 4.4 15. MtN 6930. 8910. 892. 8100. -0 
0 44. 75. 2.01' -0 2.0 OI"'P ,1'.JF 1'250. 8210. 93]. 1'61'0. -0 

Ct 0 0 BRINO C] 112 2.81 .352 3.1'5 ( 28-01" (56-01" (28-0U' (211-01" (28-!!U' 
6110/82 11 NON!: UKE S TON!: BRl~O 01 NONE • ].,2 1,)0 • • 1111'0. • 9560 •• 966. • 8040 •• -0· 

10.0/1.0 n]. 0 8QI"fD ;:2 U]8. 0 ]24. 1'11.8 861'0. 9690. 9'i1l. 86(1). -I.' 
11'. 0 Illli. 30. 4.0 15. MIN 1550. 9')110. 9113. 11040. -0 

0 lI. 54. 1.03 -0 2.0 OIMP .1'lF 8290. 94 10. 9511. 1'430. -0 

ClO 0 BRAND C3 112 2.81 .351 ].25 C28-01" (56-01" UII-OI" U8-0U. ( 28-!!1" 
6110/82 II HUNt LI KU TON!: BIIINO 01 NONE • 3,)1 1,)2. • 821'0. • 9060 •• 91'2 • • 1'I1l0 •• -0· 

IO.L/l.5 9:U. ~ IIUNO ~2 1069. 0 323. 1''1.8 8840. 11810. 1011'. "040. -0 
1 l. 0 165l. C!4. 4.0 15. MtN 1'890. 9620. 91>1'. 1'''20. -0 

0 31'. 64. 1.55 -0 2.0 01 MP .1'lF 11080. 81'5~ • 933. 11'20. -I) 

t_ 0 0 BRINO C3 112 2.81 .3')1 3.00 (28-0U' (56-01" (211-01" UII-OI" ( 28-"1" 
6114/112 11 NONE lIMESTON!: BRINO 01 NONC .351 152. • 1'9AO. • 9400 •• 920. • 6930 •• -D. 

10.0/2.1 'i20. 0 IIHrW E2 RR1'. 0 323. 1'11.8 8190. 9510. 911'. 1'310. -0 
11'. 0 1843. 20. 4.0 1,). MIN 1500. 9200. 950. 6600. -~ 

C 41. 72. 2.08 -0 2.0 OIMP,13F 8240. 9500. 892. 6880. -0 

ElO 0 IIRINO £1 112 2.81 .420 3.,)0 C28-0U' (56-01" (211-01 " U8-0AY' C28-01" 
6114/82 III NONE UMl STONE IIRU.O 01 NONE .420 141'. • 1020. • 8420 •• 906. • 6800. • -0· 

10.0/1 ... 1181'. 0 8"A,.0 !:2 1~26. 0 313. "0.6 66110. 83110. 861'. 1310. -0 
11'. 0 1 598. 2J. 4.1' 15. MIN 6840. 85110. 942. 6160. -0 

0 36. 62. 1.56 -0 2.0 OIMP ,13F 1'510. 8110. 9011. 6]40. -0 

[f00 8Rlt40 El liZ 2.111 .436 ].25 (2"-)1" (56-')UI (2"-I)U' UII-OAYI (2"-OlY' 
6115/t12 Itl "ONl Upt .. SfON!: oRI'1l) 01 N<JNt • 43" 14A. • 690O. • 8150 •• illS. • 1490. • -0· 
8.5/1.5 11'3. 0 8'INO ::2 11 04. 0 331. !lC.6 6160. 1'960. A1'5. 1'4"". -0 N IS. 0 11'08. 25. 4.9 15. "1'1 6160. 1960. 1161. 1'6'0. -0 l.n 

0 38. 66. 1.5S -0 2.0 O."p,nF 11 BO. 11')40. 11'13. 1'340. -0 -...J 



«flEIlT Ft. U.SH COARSE lfiG FI"'( AGG IO'UJIITUR;: !IIl(R "1St ••••••••••••••• T~ST R~SUL~S ••••••••••••••• N 
VI 

"IX 1.0. BRno 8 .. A .. 0 Sll~ F IN£.IOlLSS TrPE .IC SLU,.p C» 

"'II OUE TYPE. CLASS KUiR IlL SOURCE. II IU ,",0 W/H UNl r WT 6 l( 12 6 l( 12 6116"11 • II II • II II 
CF/CAFA LtlS/CUTO LI:l;;,/turu SOURCE LlIlO/curD D~S(Ol/IDO. Lll/curD "1111 T"P CTLINO£~ CTLI"O[II B!:a" CTLINDER CTlINOER 

pC r wIILuHE. PCT vOLUMt LI:IS/tulD Pet woLU"( (2ND trPl. GAL/saCK Hili tIME (STEEL. UT!:EU ('H!:(LI (CAIIOHD. ( SU'[l» 
PCT RlPLACLO P:VOL,ORUW CAifACLI:I/L8. UNO DOSE I PC TIl R t UR I NG (PSO (Psn tPSl' (PSI I tPSlI 

0,0 0 IfRA"D 0 1 112 2.81 .:H3 3.50 (211-on. (56-DATI «2 It-I)AT I (211-DAT' (28-01" 
6/1S/82 I ION[ LlHLSTONt: SPANU 01 NONE .3"') 1"''- • 7" lO. • 8'HO ... 10'-.· 71120 •• -II. 
U;.~/t.S "2". a S-ANO [2 1076. G 311. 7'J.7 131',0. 1960. 1083. 79lO. -0 

11. 0 Ibu4. 4!". 3.'1 15. HIM 7360. 85"1. '133. 7980. -0 

° J7. 65. 1.55 -0 2.0 D'MP,73F 751O. 9020. 1025. 1560. -0 

OiO 0 I:IR'ND IU 112 2.111 •• 02 3.25 ( 28-0aTl (56-I).T. (28-0.T. (28-tlAU (28-0ATI 
61 16/t12 I NONE LUIESTONE 8RANO 01 NONE • 402 149. • 1250. • 7960 •• 911. • JCIlO •• -0. 
tI.~/l.b 188. 0 8~ANO E2 1115. 0 3U .. 1'1.11 68'0. 111 JO. .,,,2. 71 90. -0 

15. 0 17"0. 25. •• 5 15. I'IIN 7JOO. 8170. 1183. 6800. -0 
0 39. 68. 1.56 -0 2.0 O'''P,13F 7600. 7570. 908. f100. -0 

eFe 0 811'1110 C3 112 2.57 .'30 3.00 (211-0'T, (56-0'T' «28-0U. U8-0an U8-0.n 
6/16/82 11 NON[ GRIVEL 8RAND 112 NONE • UO 1'8. • 6960. • 7830 •• 153 • • 70,0 •• -0. 
, .1"1.0 6S5. CI 8RAND Fl 1"'7. 0 282. n." 7200.. 7690. 758. 723O. -II 

12. 0 151' • l". '.9 1'';' I'IIN 6'1'i0. n30. 725. 6860. -0 

° 35. 58. 1.03 -0 2.CI oaMP,llF 1220. 80ll0. n5. 702O. -0 

Cft, 0 BR.ND C3 112 2.57 ."56 3.00 U8-0U' (56-DaTI (28-0'Y' UII-OU. «211-0AT • 
6'17182 11 NONE GRAVEL BR.NO B2 NON£ ."56 149. • 1170 •• 77S0. • 781. • S520. • -0. 
'.C/l.5 649. 0 IIltaND F1 1166. ° 296. 11.9 lQfO. 8030. 8:53. 5'30. -Q 

12. 0 1195. 27. 5.1 15. MIN 1320. "'60. 692. 52"0. -0 
0 "1. 68. 1.5" -0 2.0 O'KP,13F fl30. 57S0. III 7. 51!60. -II 

CFB ° BRAIIO el 1/2 2.57 •• ,0 '.25 «28-IJAU (56-0U. (28-0an (211-0ay. (28-0". 
6111102 II NONt: G'" v!: L BRAND 82 NONE .'70 1'9. • .... QO. • 7.30 •• 16". • 5230 •• -0· 
1.1i/2.0 6'''. 0 8~'NO Ft 965. ° 303. 71l.8 .... 170. 7510. 808. 557O. -0 

12. ° 1'181. 22. 5.3 15. M[N 6.70. n.o. 150. 531110. -0 

° "6. '5. 2.05 -0 2.0 OA"p,13F 6370. '" 30. 75O. '1"0. -" 
Cf II 0 81<'100 C3 1/2 2.51 .370 3.50 U8-0.TI «56-0'TI (28-l)an «28-OAU U8-0U, 

6/18/112 II NO III GRaVEL ~I\aNO 112 NOHE .310 l' 9. • 1630. • 1'1750 •• 812 •• 71'1"0 •• -0. 
Ih~I1.0 192. l 8'AND F1 l" J2. 0 2930 1'J.7 1660. 8"20. It58. 181\0. -II 

IS. 0 1"17. l]. ".2 15. "Iff 7800. 8950. 817. 8280. -0 
0 33. 5'. .99 -0 2.0 oa"p .13F 7'''0. 8890. 9.2. 13S0. -0 

efB 0 BUhD C3 112 2.51 .373 '.25 (28-f)A TI 156-0aTl (211-0aTl (28-0AT' (28-0aY, 
6118/82 11 HONt. GIIIW[L BRAND 112 NONE • 373 1 ':>0. • 7710 •• 8820 •• 1189 • • 6.00 •• -0-
8'~'1.5 792. 0 8'a"lD Fl un. ° 295. 17.9 71110. 11720. 900. 6370. -0 

15. 0 1101. 2",. ".2 15. I'IIN 7850. 8820. 883. 5960. -0 
0 39. b5. 1."9 -0 2.0 OAl'IP,13F 150O. 8930. 11"3. 6860. -0 

CfB 0 IiIlAhO C3 1/2 2.51 .J80 3.50 UII-OATI (56-DaTI «21t-Dan (28-0'Y' (211-0'T) 
11 8/82 11 NONE GHAVI.L tlRANO 82 NON[ • l80 l'i t • • 1720. 0 8560 •• A18 •• 75.0 •• -0-
8.~'2.0 ,,,0. 0 BllaNO Fl 932. 0 300. 79.7 1500. 11510. A33. 1'21'0. -0 

15. 0 1902. 22. '.3 15. I'll" 7"20. 1'1"0. 8113. 7670. -0 
0 .,. 72. 2.o" -0 2.0 OA"'P,13F 1 /JO. 8""0. 911. 6611/). -0 



CE"EH' FL TASH COIIISE AG& F 111£ AGG ADIII II TURC IIATlR IIISC ••••••••••••••• TEST RESULTS ••••••••••••••• 

"111 1.0. BRAHD BkAND SIll FI,.U'C;r, T 'PE II/C SLUMP 
"111 DATo. TYPE CLASS IIA 1l1l~ IAL SOURCE BRAND lilt! UNIT liT 6 II 12 6 II 12 U611l11 " • II " II 8 
Cf/CAfA LBS/CUTD LB~/CU'U SOURe:: lBS/CU'O OI)S(( Olll 00. LB/CUYO ~I. T~P C'LINOE' cnINOE!' BEAll CYLIIIOER C'LI~O£~ 

PC T VOLUI'IE PCT VOLU~[ lIlS/CU'O PC T VOLU~E (2ND fYPl' GAl/SACK 'Ill T[~E (STEfLl (ST~EL' (STEELI (CAIIOBO' ( ST~rLl 
PCT REPLACED P:VOl.ORUII CA/FAllll/llI. (2ND ODS,. PC T A [R CUR I NG (PSII ( PSII ( PSII (PS I. (PSlJ 

CfR 0 IIRAr;o Cj 112 2.S7 .371 S.SO (28-0A" (56-DATI ( 2'1-0A" (28-0A" (28-0A" 
11 Bf"l II NONl GFUVll BRAND 82 NONE • 371 lSI. • 7110. • 8710 •• 931. • 611S0 • • -0. 

10.C/1.0 908. 0 IIRAND F 1 U08. 0 33'. 111.8 flO 60. 11720. 9"2. 7OS0. -~ 
l' • 0 13j" • JOe ".2 15. MIN 10;00. 8610. 933. 6('SO. -~ 

0 31. 51. 1.02 -0 2.0 DAIIP. nF 7'SO. MID. 91 ,. ('11"0. -0 

Cf8 0 BRAND C3 1/2 2.5' • 323 ".25 ( 28-i)&" (57-~A" (28-0AY • (28-0A" (28-0A" 
"12/112 II NONE GIUV£l IIRANO 82 NONE • 323 1411. • 8490 •• 811S0 •• 9SII. • IIS70 •• -0 • 

10.(/1.5 929. 0 BRAND F 1 1076. 0 300. 78.8 8540. 8410. 900. 11980. -0 
18. 0 164". 25. 3.6 15. "IN 81')0. 8'''0. 1017. 11400. -0 

0 38. !'o3. 1.53 -0 2.0 OA"".nF 87"0. 93"0. 9S8. 11320. -0 

Cfa f) BRAND C3 112 2.57 .320 3.75 ( 28-0A" (57-0A" (2'1-0n. (28-0A" 'l11-0n. 
" 1211S2 II NONE GRAwEl BRAND 02 N,)NE • 320 ISO. • 86S0. • 90 30 •• 995. • 11270 •• -C· 

10.;/2.0 930 • 0 BRAND Fl 897. 0 297. 79.7 81l40. 9020. 1000. 8090. -0 
18. 0 18jO. 21. 3.6 15. "IN 83110. 9390. 992. 11400. -0 

0 42. 70. 2.0" -0 2.0 DA~P. nF 87"0. 8i 70. 992. 8310. -0 

tFaO B AUlD II 112 2.S7 .390 3.00 (28-0A" (S6-0A" ( 211-0A" (28-0A" (211-0IY' 
fit S 182 III NONE G"A VEL BRAND 82 NONE .3'J0 146. • 8110. • 8520 •• 858. • 7190. - -a-

10.GIl.S 899. 0 BPAND F1 1036. 0 lSI. 81.5 8380. 8150. 900. TlIO. -0 
17. 0 1518. 24. "." IS. "IN 7]90. 8670. IIS8. 7210. -0 

0 36. 60. 1.52 -0 2.0 DAIIP.nF 8560. 87"0. 817. 7260. -0 

H80 BRAHD t1 112 2.57 .""2 4.00 (28-0A" (56-0A" (28-0A TI (28-0A" ( 28-01" 
711 Sf'J2 III NONE GRAVEL BRAND 82 NOHE .442 146. • 7190. - 792". _ 867. - 6770. - -0-
8.:'/1.5 770. 0 BRAND Fl 10"'. 0 341. 81.S 7060. 82 ZO. 867. 6810. -0 

IS. 0 1&5'.1 • 2S. 5.0 15. IIIN 7020. 80lO • 858. 7000. -0 
0 38. '3. 1.S3 -0 2.0 Du,p.nF 7480. 7500. 87S. 6S10. -0 

Ofll 0 BRAHO 01 112 2.57 .3"7 4.00 (28-0AY' (S6-0A" (2'1-01" 'l11-0A" (28-01" 
" 13/1S2 I NON~ 10"1 wEl BRINO 82 NDNE • 367 1"6. - 7"30 • - 7590. - 1000. - 7130 •• -0-

1D.L/1.S 912. 0 BRAND Fl 1043. ° 33S. 1I1.S 7300. 7S00. 10'10. 67110. -0 
17. 0 1602. 24. ".1 1'1. 'H" 7290. 778O. 1017. 7670. -0 

0 37. '1. 1.54 -0 2.0 OAIIP.73F 7710. 7500. 933. 69"0. -0 

Of B 0 ORAND 01 III 2.51 .402 3.00 (28-01 " (56-0A" (28-0A" (28-01" (211-DI" 
1113/112 I hONE IiRhll BRAND 82 NONE • 402 14 7. - 73f10 •• 7760 •• 1183. • 7460. - -0-
8.!l/1.5 186. 0 BkANU F1 11 02. 0 :516. 78.11 7990. 7:590. 950. 1400. -0 

IS. 0 lidS. 2S. 4.5 1'5. "IN 7""0. 7S 70. 90'1. 7670. -0 
0 39. 65. 1.5" -0 2.0 JA~P.71F 6 roo. 8110. 792. T]10. -0 

crc a UliANO C4 112 2.72 SUPERPLsrC:ZR .33S 4.S0 (28-0A" (56-DATI (2'9-0An (~II-OI n ( ~8-01" 
8/13182 II ~ONE llKESTONf ORAPIO Cl II~I~O Al • 3]5 153. - '15l0. · 9640 •• 930. - 934O. ~ -0 -
7.C/1.0 &Sl. 0 IIPANU [2 1606. 15.0 218. 1'.9 9]40. 9140. 91130 9'4(' • -0 

0 12. 0 11.20. 31.. ]." 1'5. "IN 9500. S4S0. 1175. 9440. -0 N 
I..Il 

0 lb. 1.1. 1.01 -0 2.0 fJA"P.13F 9 14O. 1 0 11O. 9]]. 4JZ" O. -0 \0 



CE"EIt' f .. JASti COARSE AliiS FINE: AGG AD'H J(TURE IIA'EA • USC ••••••••••••••• frSf "~SULTS ••••••••••••••• N 
0'\ 

"Ia 1.1l. BkANO 81- ANil Sill flNtNtSS T'P( ./C SLIJ"P 0 

Mia OIT~ TfP( CLASS "AlLA III SOURCE: I:IRIND lilt! UNIT .IT 6 I( 12 6 I( 12 6.6111.8 4 • II 4 II 8 
Cf/CUA LI:IS/CU'U LBS/CUfO SOURCo LIIS/tu'O DOS(Ol/IOO) La/tu'O "IX T"P C'LINDER CYLINDER 8'"1" C'UlfDEIt CYLHlI)[It 

PC, ,OluHl PCl ~OL"Ml LEl,'(CUYO ptr 1fOlUIilE (2ND TYP(. &IL/SIC~ "X TI"E (Srrru (STtrL. ( 5tE:!:lI (CIRDBO. ( sr"lSl' 
PCT RlPUClO P:VOl.O~UW CA/FACLtl/LB. (21'10 DOSE. PC' A III CUR 1 fiG CPS I. (PSI. (1)511 1 PS I. IPSI) 

Cl C A BRAND [l 1/2 2.12 SUP(RPlSTClR .409 2.88 129-0An 156-0A" 129-01., C29-0lU U9-01U 
81 9/IJ2 It NONE LIKlS TON~ BRAND Cl 'iRINO II • 40 'J 155. • 821(1. • 9090. - 8:U •• 124C. - -0-
1.,/1.5 631. 0 "kANO £2 l25l. 15.0 2511. 81).6 8]60. 9040. II'SII. 126C. -0 

12. 0 18118. 21'\. 4.6 15. "IN 111]0. 9010. 1111. 61150. -0 
0 42. 1]. 1.51 -0 2.0 Oll"P.71F 8]]0. 9160. 1118. 1210. -0 

C! C A fjlUlNO [4 112 2.12 SUPEItPLsrClR .316 12.00 128-ou. (56-DAn (211-I)U. (28-01 YI (21!-0IU 
11/121IJ2 II NONE LII'IEsrONE BUNO Cl BIUNO 11 • 31& 155. • 8110 • - 9020. - 906. - 1910. - -0 -
1.J/lo0 639. a 8.".0 £2 1058. 15.0 241. 11.0 8910. rqoo. '25. 16f~. -0 

12. 0 2122. 2_. 4.2 15. I'IIN 11650. 145110. '01. 11100. -0 
0 48. !I]. 2.01 -0 2.0 OAI'IP.llF 85110. 9.60. 81n. 84.0. -0 

C( C A 8RANO C3 1/2 2.12 SUPtAPLSTClR .300 ].15 ( 29-01U (56-01" (29-0". (2'-0IU (29-0IU 
II' 9182 11 NOHE It "[S TOH~ !lUND Cl SIIANO Al .]00 155. - 8910. - 9410 •• 959. • 8150. - -0. 
8.~/l.0 199. 0 tlRlliO [2 1!>21. 10.] 240. 11.9 11820. 9250. to]II. 11860. -0 

15. 0 ISH. 34. ] .. ••• I'IIN 961;0 • 9510. 983. 1290. -0 
0 ] .. 59. 1.00 -0 2.0 0"",p,1JF 11260. 9640. 1151. 11]10. -0 

cr C A 8RANO Cl 1/2 2. '2 SUPERPlSTCllI .]05 ].25 U8-0AU (56-0A,. (28-0". (28-0"" (211-0" , 
III 5/82 11 NONt LINt S TI)N~ SRiNO Cl BRAND "I .305 155. - Y6'0. - 10220 •• 1069. - 9110. - -0· 
8.5/1.5 1.,. _ a 8"INO [2 12211. 10.1 24 ). 18.1! 9'550. 1111 'f0 • 1042. 9550. -0 

15. a U16. 28. 3.4 IS. I'IIN 10560. 10190. 11H. 119to. -0 
0 41. H. 1.411 -0 2.0 OAI'IP.l]F 118LO. 102'0. 10]]. 9060. -0 

CtC " BIUNO C] 112 2.12 SUPtRPLSTClR .305 3.25 ( 211-0Af) (56-01 f) (21l-0IU (211-01" (28-0A'. 
11110/82 11 NONE lINtSTON£: 8111NO Cl 8UNO Al .305 154. • 8920. • 9610. - 1010. - 11020. - -0-
11.:'/2.0 '''1. 0 B~INO [2 1012. 8.9 24). 18.8 HIlO. 9640. 1092. 8120. -0 

15. 0 20l0. 23. ].4 15. "IN 9]10. 'U20. 910. 831t1. -0 
a 46. 19. 2.01 -0 2.0 OAI'IP.llF 9f100. 10260 • 1028. 151l0. -0 

crc A B~'''O C] 112 2.12 SUPtRPlSTClR .298 5.25 (211-01,. (56-0lTl (2S-0IU (28-oIU (28-0IU 
8110/82 11 NONE II Nt S T:)"~ BRI"'O Cl BRINO Al .298 15]. - 9020. e '990. - 1128. - A100. _ -0-

U.L/l.0 \141. 0 IIRANO ;:2 1401. 8.] 2111. 11.7 8140. l00lO. 1102. 11010. -0 
18. a 1412. 32. 3.' 15. MIN 10010. 10110. '83. 9020. -0 

0 32. 55. 1000 -0 2.0 01"'P.1lF 8ll0. '780. 1300. 1260. -0 

(,C I aRAHO C' 112 2.12 SUPERPlSrClR .29' 1.00 U8-0lU 156-01') (28-01" (28-0A'. (28-0A'. 
8/12/82 II HOlliE l[ NES TON!: BUNO Cl BRINO 11 .299 lSI. .. 8360. - 92'50. - '92. - 1480. - -0-
H.~/l.:i 9·H. 0 BalNO (2 1121. 6.0 2111. 19.1 8210. 95tO. 1011. 82,,0. -0 

18. a 1&9]. 26. ].4 1'S. "IN 6]10. 11'80. 945. l'160. -0 
0 ]8. &6. 1.50 -0 2.0 01"P.1lF 8510. 7550. 101]. 1000. -0 

CtC A "RIlIoo C l 112 2.12 5UPERPLsrClR • 281 5.00 (28-0A, • (56-01, • 1 28-01Y , (28-01" (211-01'. 
8/Ll/82 11 NDNE LI NtS TnN::: BUNO Cl BAANO Al .2111 15]. • 8910. - 94"0. - 1042. - A2]0. - -0-

10.G/2.0 946. 0 81<AND 1.2 94]. 1.1 211. 18.8 8110. '110. 10111. 'H2O. -0 
Hie 0 1899. 21. 3.2 15. I'IIN 'ItO. 9050. 1050. A410. -0 

0 43. 14. 2.01 -0 2.0 O""'P.1lF 9040. 9110. 1051. 1510. -0 



CE"ENT FLUS,. COARSt 1&& FINE I&G 'D'U IITURf IIAT[R 'USC ............... T~ST RESJLTS ••••••••••••••• 

"III 1.0. 8R'NO IIP'ND SllE FINENESS TYPE II/C SLUMP 
"III DUE TYP[ CUSS "UERUL SOURer: AR'NO .. ,II U~IT liT 6 II 12 6 II 12 U611l11 4 • II 4 • II 
Cf/ClFA LIIS/CUYO Uh/C"Y U :)OUkCl LBS/CUYO 00S((Oll100' LR/CUYO "IX T"P CYLIN~[R CYLIN~ER It'::,,, CYLINDER CYLINDER 

PC T VOLUP1C Pc T VOLUME LHS/C UfO PCT \lOLU"E (2rlO TYPE. G'L/SACK "II TI"E (STEEL' (STF::EL' (STEEL' (CIP080' (ST'::EL • 
PCT R[PLICEO P:\lOL,ORU .. CIIFAlLIl/LR. (2NO OOS~' PCT IIR CURING (PSI' (PS II c:>su (PSI' (PS II 

e'c , 8R'''D Cl 1/2 2.12 SUPERPLSTClR .lOl 12.00 (28-0' " (S6-0'" (2"-0'" U8-0'" (28-0'" 
8141HZ II ,.ONE L.Kr :.rONE IIR'NO Cl BR'ND AI .303 152. • 9690. • 10590 •• 1004. • R240 •• -D. 

1O.O/l.S 'ill8. 0 BgAN" E2 1121. 15.0 2R5. 19.1 9£010. 9~qO • 10S0. 8150. -0 
111. ° 1692. 25. 1.4 15. "IN 9"50. 10R60. 958. 1290. -0 

0 l8. 66. 1.51 -0 2.0 OA"P ,7lF 9550. 10HO. II 869O. -I) 

CIC I ARANO Cl 112 2.12 SUPERPLSTClR .321 4.00 (-O-OIY • (S6-0IY • (-0-0'" (-0-01" (-O-OIY. 
., .11112 II NONE LI IU.S TON!: 8RANO Cl [If UNO '1 • l21 155. • -0 • 6490 •• -ll • -0 • -0. 
7.t/l.0 6S0. II 8R'~0 ; 2 Ilt22. 25.0 212. 19.7 -0 6610. -ll -I) -0 

0 12. ° 1619. ll. l.l IS. "IN -0 6HO. -0 -0 -0 
0 lit. Itl. 1000 -0 2.0 D'''P,13F -0 6540. -0 -0 -0 

C~C , IIRINO Cl 1/2 2.72 SUPERPLSTClR .lAO 12.0ll C211-0IY • (S6-01" (28-0'" (28-0'Y' (211-0'Y' 
./ll/A2 II NONE L1Kt STlIN~ HUIO Cl BR'NO '1 .1RlI 149. • S810. • 6l00 •• 672. • 1130 •• -D. 
7.0/1.0 6l'. D lI'1ANO ~2 1511l. 2l.9 242. ".0 5660. 6120. 69l. 69l0. -I) 

® 11. 0 15';10. It.. 4.l IS. "IN S'SO. 649l1. 64l. 5'90. -0 
0 J6. 1t2. 1.lIO -0 2.lI O'''P,71F 6210. 6280. 680. "20. -0 

C,C B BUffO C4 1/2 2.'2 SUPERPLSTClR .408 5.25 ( 211-0'" (56-0'Y' (2R-0'Y' C211-0'" ( 211-01" 
811 7IR2 II NONE L1KES"NE 8RANO Cl BR'NO 81 .408 151. • ll20 •• '140 •• 1122. • 6lRO •• -0. 
7.r 11.0 641. 0 IlRANO (2 152l. 8.2 2£02. " .9 '220. 69S0. 1100. '5'90. -0 

® 12. 0 1596. lS. 4.6 IS. "IN 1600. 69S0. R50. 6510. -'I 
0 l6. 62. 1.lIS -0 2.lI D'''P,13F 'll0. '5.10. 811. 6,",0. -0 

C'_C B IIR'IIIO C4 112 2.'2 SUPE RPLSrclR .l76 4.50 (28-0'" (56-0'Y' (2~-0'Y' (211-01 " ( 211-0'" 
81! 7/82 II NONl UKlSTONt IIR'NO Cl 8R1r.0 81 • .176 152. • 7610. • 7780 •• 819. • 69RO. • -0 • 
7.t/l.6 647. D BqAND E2 12.10 • A.8 2"". 80.6 80 lll. 8'10. 8S8. 12"0. -0 

12. ° l'iJS. 211. ".2 15 •• UN '52l1. 'S50. Rll. 6460. -n 
II 4l. 75. 1.57 -0 2.lI O'''P ,13F 7290. ""0. 825. '2"0. -ll 

ClC 8 HR'NO C 4 112 2.F2 SUPERPLSTClR .148 12.00 (28-1)' " (56-0'" (28-0'" (2"-0' " UII-O" • 
8,18/82 II N!)HE Ll"(;HONE 8111NO Cl 8R'NO 81 • l"8 156 • • 9210. • 9S10 •• 92". • A"20. • -0. 
7.l/2.0 6"'. ° 8PAND E2 1062. 15.0 22'5. ".9 89'0. 9210. 91 ,. 92'-0. -0 

12. g 21:'1. 2". l.9 15. "IN <'580. 7570. 96'. AlI0. -0 
0 "8. 84. 2.0l -0 2.0 O'''P,'lF 9440. .,ROll. 'JOO. 1690. -0 

CfC B 8R'NO C4 1/2 2.'2 SUP[RPLSTClR .H6 5.2'5 (28-0' " (56-0'Y' (2,,-0'Y' (211-0'Y' (211-0'Y' 
8/111/82 II NONE LlKESTONE 8R'NO Cl tllI'NO 81 .l16 151. • "40. • 85'0 •• 925. • '940. • -,Ie 
8.5/1.0 795. ° tlR'NO [2 1501. b.O 2'51. '8.8 7850. 11280. 92'5. 1510. -ll 

® 15. 0 151'. J4. l.6 15. "I" 8010. 8610. 911. 1640. -I! 

° l4. ~9. 1. C 1 -0 2.0 DI~P,13F 7l'0. 8RI0. 9ll. 8660. -0 

CIC 8 BIl''''D C" 1/2 2. r2 SUPr.RPLSTClR .ll8 4.'5 ( 211-0'" (56-DIY • (2R-O" • (2R-OIY • (28-11" • 
R/I9/"'2- II NONE L1"ESTONE BRAND Cl [J~'~D III • llll 154. • 8320 • • 8R60 •• 9l0. · 1620. • -0· 
8.~'1.~ 789. 0 IlHANO [2 1 L '9. r." 26r. ".9 8'00. 8Q"0. 952. 12"0. -0 N 

(0 15. 0 Id06. 2'. l.1I IS. "I" IIlRO. 8980. ·no. 197~ • -0 0' 

° 'I. rD. 1.~l -ll 2.0 OA~p,'lr '8'l0. R150. !l6R. '610. -0 I-' 



CUIU" FlUSIf COUSl A", F INt: AGG AOIIIIITUII E IIATI:II "ISC ••••••••••••••• T(Sf R£SUlTS ••••••••••••••• I\.:> 
0"> 

IlUi t.J. 811..,10 8 3 1NO SIl( FINt~£SS "PC fi/C SlUf'lP I\.:> 

"Ill DAte Upl ClISS IIA HR t'l SOURcr RIUNO tl/H U'Hl ~T 6 II 12 6 II 12 611611111 4 II II 4 II III 
CF leAFA lBS/CUYO lllSICUYU SOURCE: l8S/CUYO OOS(OlIIOO. lB/CUYO "Ill 'liP C'll~O£R C'lINO~R ~"A" CYlIN~ER C'l[MIlER 

pCf 1I0lU"',- pCT VOlUMl l851CI;,0 PCT 111lUI'( (2ND TyprJ GAllSACK II. t[lIt: ( STEFL. (STrEL' (ST(!::U (CIPOBO' (S'C"El' 
Pc f tH.l'lA(;t:O P: vC.l, OltU", CA/FAC l8/lB, «2 NO OO$l' per AIR CURINIJ IPS [, (PSI' (PSI' CPS It (PSI. 

C'C B 6RI',o C4 1/2 2.12 Sl/pERp lSTClR .'34 4.25 (211-0AY, (56-DiY. (211-01" (28-01U 1:!8-01" 
II/t9/d2 II NONl It''(STONE: BRUm CI URI NO 81 • l3. 155. • 8610 •• 9130 •• 950. • 7490 •• -0 • 
1I.~·/2.0 1'10. [) BitlNO £2 "'1£ .. 1.6 26 ... 11.9 1'101'10. 119110. 9.,. 76.0. -" 
0 15. 0 2001. 22. .5.8 15. IIIIN 8190. 8280. 9112. 7.60. -0 

a 4S. 78. 2.0. -0 2.0 OA"'P,73' 8950. 'lIZ10. 922. 1310. -0 

CtC 8 BRANO C4 112 2.12 SI!"EIIPlSfClR .HO 5.00 «28-01" (56-01Y' (2~-0.n «28-0IY' 128-0." 
./.<O/!!2 II NO Nt l"'Il S TONE: BRAND Cl BRA .... O Bl • 1l0 150. • 8710. • 8110 •• lOll •• 7110. • -(I. 

10.0/1.0 93'. a 8"ltllO [2 1.5'10. 6.0 2'f0. 78.8 8110. 8910. lOB. 75lO. -0 
18. 0 1'01. ll. 1.5 15. IIIIH 8820. 8120. 1000. 82AD. -0 

0 32. 55. 1.01 -0 2.0 011'11' .1lF 8120. 8670 • 1000. 1310. -0 

CtC 8 BR .,.0 C4 1/2 2.12 SII"tAplstClR .H5 6.25 (28-0IY, (56-0A" (28-01" (28-0IY' (28-0.'" 
1II/;.:G/82 [[ NOI.t llllLSHINt 8RANO Cl !lRlND Bl • 315 153. • 8500 •• 90'10 •• 922. • 7640 • • -0. 
n.t/t.l 93'1. 0 9UNO ~2 11 09. 6.0 29 •• 11108 8220. 91'10. 900. 10'10. -0 

CD 10. a ,,.03. 25. 3.5 15. "'IN 0'50. 8'JlO. "92. 8000. -0 
0 l8. b5. 1.52 -0 2.0 OUIP.", 88'0. 1850. 875. 71150. -II 

C'C 8 8011,.0 C'I 112 2 •• 5 SUPt~PlSTClR .'110 4.00 C 28-01" (56-'ll" 128-0." (28-0n, (21t-01'" 
9/1'1/!12 11 NON!:. l I NI:. S TONt BRAND C2 8PINO 81 .l80 150. • 15AO •• 8830 •• 839. • 801C •• -!,. 
1.~/l.1) 6&0. G 8t .rlO (3 15'10. 12.1 251. 11.9 1660. 8770. 833. 79,n. -0 

0 12. 0 ISb3. lb. '1.3 15. 11111 111120. 9120. A67. 8'20. -0 
Q l5. 62. .'19 -0 2.0 01Mp,13F 6950. 8590. 1117. 7960. -I) 

etC B !I~INO C'I 112 2.'5 $UpERplstClR .283 •• '50 (28-0IU (56-01" (28-01Y' (28-0IY' (28-0." 
9/<.1/82 U NONt llMlSTOHt 8P.llfO C2 8RANO 81 • 283 15' • • 9580 •• 9910 •• 1056. • 9630 •• -D· 
e. :./1.0 80". 0 B~ Ir,O :: l 15l6. 1',' 229. 18.8 9.30. 10060. 1025. 10060. -0 

® 1:'. 0 15.2. l5. 3.2 IS. "IN 9800. 'lI!t"0. 1012. 9.90. -0 
a l!l. 61. 1.00 -0 2.0 OI"'P .1lF 9510. 10220. 1071. 93'l'!. -0 

CfC II 8111",0 t'l 112 2 •• '5 SUP[RPlSfClR .'00 4.15 U8-0I" 156-01" (2!1-01" (211-0.'" (28-01Y' 
91 ~21d2 II ,.ON( lIMt:> fON( 8Ur.0 C2 6RlNO 81 • JOO 15J. • 9070 ... 9680 •• 997. • '1020 •• -I) • 

e.!,/1.5 803. 0 1111 .... .0 !:3 1223. 11.0 2"1. 18.8 8930. 93.0. 1025. 1460. -0 

(0 15. 0 1821. 21. 3.4 15. "'INI 90.0. 9810. 1025. 8180. -0 
0 41. ll. 1.'9 -0 2.0 0."'P.73F 9250. 9!'30. 942. 8.20. -0 

CIC 8 61!lt.0 C. 112 2."5 SUPERplSfClR .298 '5000 «211-01" (56-DIY' (2'-0." (28-01Y, (211-0.Y' 
912)11&2 11 NlON£ LllfltSfDNt BRAND C2 B~IND Bl .298 1!l6. • 9'Z0 •• 1031'10 •• 1005. • 119.:1 •• -0 .. 
8. ~/2.0 803. 0 8RA~U El 10011. 13.3 240. 78.8 9250. 10360. 1008. 11390. -0 

0 IS. 0 20.5. 23. 3.4 15. "'IN 9200. 10270. 950. 8"30. -0 
0 46. 81. 2.0l -0 2.0 OA"'P.13F 9810. 10520. 1058. 9.90. -0 

CEC 8 !lUND t'l lIZ 2.,,5 SUPERplStClR .291 '5.7'5 1211-0AY , (56-DIY' (28-0.Y' (28-01" , 128-0AY' 
9123182 II NONt LIMES rON!: 8RA"'0 C2 8RANO Bl. .z'H 1'5 •• • 11860 •• 11150 •• 10115. • 8660 •• -0· 

1O.l/1.; ",.9. 0 ARAIIO El 112'. 9.1'. 211. 19.7 82 ~O. 8930. 10111. 8ne. -0 

6) la. 0 1109. .2 '50 5.3 15. MIN 90'J0. 81160. 1058. 113'10. -0 
0 l8. 611. 1.~2 -0 2.0 IJAIIp,nf 9200. 9010. 11011. IIA60. -0 



CEHr .. , FLU .. H COARSE AIOG F I!,jE AGG AOHlxTURE "Uf" HISC ••••••••••••••• ,~s, RESULTS ••••••••••••••• 

III III 1.0. BRAI.IO IIR4NO SILO: F Il.Ill.I(SS T TPE II/C SlU"P 
ilia OAE TYPE CLh$ HAT[klAl l>OURCl BR A>jO .. /8 UNIT liT 6 II 12 6 II 12 61161118 4 

II " 
4 II II 

CF/CAFA lBS/CIJTO lll~/CU' 0 SOURCl lllS/CUTO OOS[(~lI100. lB/CUTO ~III THP CTlINOER CTlINOER 'lEAH CTlI~OER CTlIHO(R 
PCT VOlIJHl PCT VOLU"E L~S/CUYD PCT VOlUHr (2NO TYPo. GALl SACK ". TlHE ( STHU ( srro:u ( STEEU (CARORO. CST"r:U 

PCT RU'LAtlO P:VOl,ORU" CAlFAClB/llI. (2ND OO::O[ • PC T AI R CUR I NG (PSI. (PSI. ( ,,<;It (PSI. (P<; It 

C~C B ItRANO C4 1/2 2.45 SUPERPlSTClR .289 '5.00 (211-0AU (56-0AU (28-0AU (211-0AU (211-0" • 
9/ .. 1182 11 NONE lI"l :iTONE BRAND C2 BRA"IO 81 • 289 155. • 8180 •• 9150 •• 1011. • 816C. • -0 • 

10 .i.I2.o ~49. 3 8"A>j0 ~l 950. 8.6 214. 1/l.8 9090. 81120. 1061. 81l0. -0 
1.1. a 18<j2. 21. l.l 15. "lit 8150. 93CO. 915. 8280. -0 

0 4l. 15. 1.99 -0 2.0 OA"P,llF 8490. 9l40. 10011. 11010. -0 

CfR II BRA"'o C4 112 2.51 ~UPE"PlSTClR .lll 4.25 (28-0A yt (56-I)A Tt (28-0AU (28-01 U (211-0U. 
8/ .. 4/112 II !,jONE GRAVEL BRAND "2 BRA'IO 81 .Jl3 149. • 8290 •• 8410 •• 11'59. • 160 n • • -0· 
1.J/l.0 652. a 11';&1.10 r 1 1510. 15.0 211. 18.8 11210. 8150. 11511. 1500. -') 

12. 0 1':>89. l6. l.1 15. "I" 8290. 114'l0. 862. 1290. -0 
0 ll. 60. 1.01 -0 2.0 OAIIIP,llF 8l80. 85110. 1158. 8010. -I) 

Cf8 B BNA"O C4 1/2 2.51 SUPERPlSTClR .ll4 5.25 ( 28-0AU (56-DIU ( 28-I)AU (28-0AT. (28-,AT. 
8/~4182 11 NONE GRAVEL BRAND 112 BRAND Bl • l34 151. • 11910 •• 90110 •• 841 • • 1460. • -0· 
1.C/l.5 652. 0 BRAND F 1 1254. 1!\ .0 211. 18.8 9090. 9481). 8330 164!'. -0 

12. 0 1906. 2'1. l.l 15. "IN 8840. 90'l0. 11'12. U30. -0 
U 44. ll. 1.~2 -0 2.0 OA"P,13F 1510. 8610. 861. 1610. -0 

CFR B BI\ANO C4 112 2.51 SUPERPlSTClR .351 4.00 (211-0AU (56-0AU (28-0AU (211-0AU C 2II-OU. 
11125/>12 II flONE GRAVEL 8RAII0 82 BRAND Bl • 351 152. • 8920 •• 9450 •• 921 • • 11020 •• -0· 
1.G/2.0 &45. 0 B< AfiO F1 1041. 1,).0 226. 1'l.1 9120. 11950. 11'111. 1'l60. -0 

12. a lO'l8. 2'1. l.9 15. "'lit 11"0. 9690. 923. 11"'10. -0 
0 411. 80. 2.00 -0 2.0 OAHP,1lF 8860. 9110. 99l. 1660. -0 

CFII 8 BRAr.O C4 1/2 2.51 SUPERPlsrClR • 2.,0 5.50 (28-lAU (56-OAT. (2'-OAT • (28-0AU U8-0AT. 
1110:5/82 II NONE GRAVEL 8RANO 112 BRAND Bl .290 ISle • 11660. • 9230 •• 1004. • AO'lO •• -0· 
8. ':>/1.:1 /i02. 0 B~ANO Fl 1498. 10.6 2l3. lA.8 11810. 9530. lOll. 11260. -0 

15. 0 1499. J5. l.l 15. "IN 8410. 8''10. 982. 1'l'l0. -0 
0 l4. 51. 1.00 -0 2.0 OAHr ,1lF 8100. 9200. 1011. 19l0. -0 

CfB a BRAND t4 1/2 2.51 SUPERPlSTClR .lOO 4.25 (28-0AY • (56-0A U (2'1-0AU C28-0AY. (28-0n. 
8/a/82 II NONE GRA wEl BII&"O 82 BR A"O 81 .lOO 151. • 8l10 •• 9160 •• 1061. • 1110 •• -0· 
8.~"1.':> 801. 0 BIIANO F1 11?2. 9.0 240. 18.8 1920. 9050. 1025. 1290. -0 

15. a 11118. 28. l.4 1,). Hilt 8360. 9580. 1092. 11.,0. -0 
0 41. 68. 1.50 -0 2.0 OA"P ,1lF 118'10. 8840. 1061. lOla. -0 

tf8 II BRAND t4 112 2.51 SUPERPlSTClR .lOl 5.50 (28-0AT • (56-0A Tt (28-0AU (28-0U. C28-0n. 
IIfU,/1I2 II NO Nt GAIA VEL !JRlND 82 BRAND B1 .lO 1 152. • 8310 •• 9200 •• 974. • 1000. • -0· 
8.~/2.0 198. C 8RANO Fl '186. 10.1 245. 19.1 82(,0. 9120. 91'5. 6560. -0 

15. 0 1981. 23. l.5 15. HIN 8560. 11'80. 10311. 1450. -0 
0 46. 15. 2.01 -0 2.0 OA"P,13F 82'10. 9900. 'l08. 1000. -0 

CFa B BRAfiO C 4 112 2.51 SUPERPlSTClR .29} 5.00 (2R-OaT. (56-OAT. (28-,AT. (28-0An (28-0n. 
8/~1I82 11 !,jUNE: ';RAwtL SICAom 112 !I~Atw III .29J l'iO. • A'l3" •• 9120 •• 10'50. • Al1!' •• -0· 

10.,/1.0 9'15. 0 S'ANO rl 13K3. 1.4 211. 80.6 115'J0. II 120. 1080. A350. -0 
N 18. 0 ll84. 12. 3.J 15. "I~ 'l120. 'l310. 1011. 1120. -0 0-

0 l2. jl. 1.00 -0 2.0 OA"I',13r 9010. 9A 1n. 1051. A'I30. -0 l.o.l 



CEl'll'" FLUSH COARSE .. 101i FIIIIE AIio' A 0111 I IITUR~ 1141 T!: R 'USC ••••••••••••••• ,~S, RrS~L'S ••••••••••••••• N 
0\ 

.. (l1( 1.0. BRUD BPANO SlLE FlNENt:SS "PI: IIle SLUMP ~ 

III k onE TrPE CLASS 'UT(RUL SOURCE 8RANO "/B UNit .. t 6 II 12 6 II 12 611.61118 4 • 8 , . 8 
CF/CAn UIS/C" YO LB.i/CUJ[) SOURCE LaS/curo 005[(0£/l00t L8/CUYO "IIC '"P CYLI~OER CYLINDER IV: A'" CYLIIIIO[R CYLINDER 

PC T VOLUI'1t: PCT VOLUI'1E LOS/C 1,,0 peT VOL\JJOt 12NO TYPE. GAL/SACK M~ TI"r (STEEL' (STEEL. (ST!:ru (CAROBO. CSTrru 
PCT R~PLll(tD P:VOL.ORUII CAIFAlLI:l/L6. 12NO ooStt PC T II R C VR I NG (PSII (PSH «"SI. (PSU CPSU 

CF" 8 BRAND C4 1/2 2.51 SupeRPlSfClR .102 5.50 (28-0AU (56-DAY. (28-0AY. (2A-0'Y' (28-0A" 
11/ .. 1182 11 ,"0 Nt.. GR'VEL BRA~I) 82 8RA'IO Bl .l02 151. • '1010. • "420 •• 101". • 76&0 •• -I)-

!Q.D/l.;; "'0. I) 8~ANO Fl 1100. 6.0 28'. 110.6 8"10. ")'10. 1046. "2'0. -'I 
IS. 0 lliSl. 25. 1.4 15. I'IIN 'J1RO. "'40. 101 :s. 71(,0. -0 

0 )8. &1. 1.50 -0 2.0 0IMP.7lF '10 .. 0. "430 • 1057. 75'10. -0 

Cf8 8 8RANO C5 112 2.fl5 SUP[RPLSfClR .299 5.n (28-0n. (56-0A'. (2A-OA'. (28-0U' (28-0"" 
10/ .. 5/82 II NONE GIUV(l BkANO Bl BII""'O Bl • 2'19 1~)1. • 8l"0. • 8'130 •• 91". • 1450. • -0. 
lO.t 12.0 'Hl. I) BP A,.. 0 F2 921. 6.'1 282. -0 8110. fll'O. "75. 75AO. -0 

18. a tel!). 21. 1.4 15. Mllf 8260. 8820. 85A. 7,,00. -!' 
I) "2. 10. 1.99 -0 2.0 D""p.nF 86]0. 8930. "8l. 7360. -I) 

CL8 8 !:III AND C4 112 2.57 SUP[RPLSTClR .140 7.00 (28-0'" (56-DlY' (28-0AY, «28-0AU (28-0" , 
9128/82 11 NONt LIMEstONe BRANO 82 BRAND Al .1,,0 1'8. • 11220. • 8140 •• '1'56. • 1660 •• -0· 
1.1:;11.0 1>4'. 0 B'aNO !:l 1&0'. 15.0 220. ,'.9 flllD. BRAO. 850. 7670. -0 

12. 0 l!io88. ll. 1.8 15. "'Ilf 8100. 8150. A50. 7670. -0 
0 l6. 61. .99 -0 2.0 OAMP.71F 8240. 8580. 867. 1'640. -0 

Ct B B BRA"O C4 1/2 2.51 SUPERPlsrCIR .)4' 4.15 (28-0An (56-'lA" «28-0An (28-0A" (28-0Aft 
9129/82 11 "ONE L(ltlS'ON~ 8RANO B2 BR ANO Bl • 1'" 156. • 8170 •• 9520 •• 926. • "4'0 •• -0. 
r.C/l.5 641. II 8~ANO El 1271. 15.0 2 Z'5J. 7l.9 8_20. 8980. 922. 82l0. -0 

12. 0 1919. 29. l." 15. "'Iff 8900. 9600. 91'!Io B130. -0 
0 _l. 16. 1.51 -0 2.0 OAMP.7lF 8980. 9910. 880. 11370. -0 

ti88 BRAIIIO C" 112 2.51 SuPERPlsrCIR .l''\I 5.00 (28-0AY • (60-0AY' (28-0'Y. (28-0AY' (28-0AY' 
91l0/lll II NONE lll'lEHOHf: BRAND lI2 ARANO Bl .149 154. • 8670. • 9460 •• 91'. - A'510 •• -0-
1.r/2.0 (,45. 0 B~A HI) ~l 1012. 15.0 225. 78.8 11740. 7'160. 9')0. A210. -, 

12. 0 2121. 25. ,,. 9 15. I'IIN 8670. "570. 931. 8f120. -0 
0 'II. 84. 1.98 -0 2.0 DAMP,71F 8610. 9 )50. 8,)8. 8510. -0 

Cl8 B 8RAND C4 1/2 2 .. 57 SUPtltPLSTCIR .284 '.15 (28-0An ( r.o-on. (2'I-OA .. (211-0A n «28-0". 
9/lll/a2 11 NlNE lIl'1[$TON( 8RAND 112 BUNO Bl .284 152. • 9'50. - 995n. - 1061. • 8460. • -0· 
8.:'/1.0 1104. 0 BUND El 1521. 12.1 228. 111.8 "580. 9710. 1108. 81'1(1. -0 

15. 0 15H. 35. 1.2 15. "'IN 9760. 10'20. 1008. 1'1420. -0 
0 1'. bOo .99 -0 2.0 DAI'IP ,llF 9020. 913D • 1067. In60. -0 

Ct B II BRAND C 4 1/2 2.51 SUP[RPlSrClR .)Ol 4.75 «28-DI U f5&.DAyt (2~-OAY. (28-0AY, (2a-CA" 
lOi 4/82 11 1Io0N£ l1"'t..SlON( 8RANO fl2 BRAND Bl • lOl 151 • • 8720 •• 9_60 •• 968. • '''20 •• -0· 
8.!>/l.~ 801. 0 BRAND t:l 11 91. 10.2 24). 79.7 88'0. 9&90. 968. 76r.G • -0 

15. 0 16'21. 2A. 1.4 15. M[N 8490. 8970 • 942. 8130. -0 
0 "I. 12. 1.53 -0 2.0 OAI'IP ,1lF 88'0. 9110. 991. l"J6o. -0 

Ct8 B BRAND CII 112 2.51 SUP[RPLSTClR .27) 4.75 128-0A" (56-on. U~-on. (211-0IY' (28-0AY' 
lGl 5/82 11 "'ONe l1l'1':'STONC HRANO B2 HRANO IH .27] 15&. • 91'150. • 10100 •• 1128. • touo. • -0· 
a.!>/2.0 801. 0 IIHA~O II III 32. 14.8 220. 711.8 911 '0. '11'10. 1 tn. 9Al!! • ·0 

0 15. 0 20'1. 24. 1.1 15. fIIIlN 101 ';0. 10'60. illl. 10210. -0 
0 46. 111. 1."" ·0 2.0 OAl'·p.nF 9"i 30. 10')20. 1 t 11. 10250. -0 



CEI~(l1T FLU;oH COARSE A5G Fl"E AG6 AO"IITUItE "AHR "ISC ••••••••••••••• TEST RtSULTS ••••••••••••••• 

"U 1.0. BRANt BRAND SIlE F INElIESS T 'P( II/C SLU"P 
1'111 OUl rYPl CLa:;,; "ATEM IAL !iOlJRCE BRAND "/8 UN IT lIT 6 I 12 6 II 12 61161U 4 I 8 4 I II 
Cf ICAFA LBS/CU'iJ LIIS/CU'O SOURC~ L8S/CU'0 01Sr'~l/100' LB/CU'O 1'111 T"P C'LINOER C'LINOER BEAI'I C'LINOER C'LIND£~ 

t'CT VOLUME PCl VOLU"( LIlS/CUfO PCl VOLUME (2ND TYPE. GAL/SACK I'IK 'II'IE ( STHLJ (STEELJ ( STEELJ (CIR080' ( STr.ELJ 
PCT RlPLACEO P:VOL.IlRUIl CA/FAlL8/LIl. (2ND DOSE. PC T A I R CUR I NG (PSI' (PSI' (PSII (PSI' (PS II 

e(R B HilAND e4 1/2 2.51 SUPERPLSTClR .2"5 1.00 ( 28-01" (56-01" 128-0n. 1211-01" (28-0A" 
101 ,.'112 11 NONE ll"ESlONE 8RINO 82 BRINO 81 .295 141. • 8310 •• 9210 •• 918. • 1620 •• -0· 
10.:;/1.0 ~43. 0 8°ANU ~3 1402. 11.'1 2111. 80 .6 8190. 9230 • 10011. 6.,60. -0 

18. 0 ll~6. 32. 3.3 15. I'll!\! 1830. 9010. 911. 1'5.,0. -0 
0 31. 55. 1.00 -0 2.0 O"~P .1lF 8910. 9500. 950. 8ll0. -0 

C'-B 8 B.UNO C5 1/2 2.51 SUPEltPLSlC1R .290 4.00 128-01" (56-01" 1211-0A" 128-01" 128-01" 
101 "tt2 11 .... ONE ll"ESTON[ 8RANO 112 8RI NO 81 .290 152. • 8920 •• 9210 •• 934. • 1190. • -0· 
lQ.~/1.5 '145. 0 B"ANO ~3 112&. 1.1 214. A~ .6 909". 8'110. 861. 1""0. -0 

18. 0 1&81. 2&. 3.3 15 •• IN 9200. 9230 • 992. lAOO. -0 
a 38. &1. 1.50 -0 2.0 OI"P.llF 8410. 9180. 942. 1590. -0 

C:8 8 8RINO C 5 112 2.51 SUPERPLSTC1R .2"2 4.25 128-01" (56-"1" 128-0n. (28-01" 128-0AY • 
101 "8i/. 11 NONE ll"[SlONE BRINO 82 8RANO 81 .292 152. • 8810 •• 9290 •• 910. • 11210 •• -0· 
1O.~/2.0 ':144. a 8QlNO ::3 919. B.O 215. 80.6 9040. 81120. 1011. 1240. -II 

18. 0 IH16. 22. l.l 15. "IN 8140. 9550. 992. 81160. -0 
a 42. 14. 2.00 -0 2.0 OA"P .1lF BA40. 9510. 900. 11530. -~ 

C88 8 8RAtoO C5 ll4 2.85 SUPEltPLSlC11I .l49 4.00 (28-0n. 156-01 " C211-0A" (28-01 " 128-0A" 
tonl/d2 11 NON[ LI"lSTONE 8RANO 8l 8RANO HI • l4~ 152. • 8350 •• 9160 •• 900. • 11490 •• -0· 
1.~/l.0 &53. 0 H-INO H2 1581. 15.0 2211. -0 11110. 9660. 850. 83'10. -0 

12. 0 151t0. 3'. 3.9 15. "IN 8240. 8580. 911. 11510. -0 
0 l&. &1. 1.00 -0 2.0 OI"P.llF 90 23. 9250. .,33. 85'10. -0 

CBB B 8RANO C5 314 2.51 SuPERPLSTClR .296 4.00 128-0n. (56-01" 128-01" 1211-01" ( 28-0AU 
10 112 182 11 NOlfE LU(STDN:: 3RANO B2 BRA NO 81 .296 15l. • 8590 •• 9000 •• 980 •• A610. • -0· 
1.G/l.5 6&l. a 8~ Il'IO H2 1303. 15.0 196. 11.0 8540. 91)50. 1008. 11320. -0 

12. 0 1·U8. lO. l.l 15. "IN 8410. 8380. 1008. 8'160. -0 
a 4 •• 15. 1.49 -0 2.0 OI"P.llF 8150. 9510. 925. 11120. -0 

CBB 8 BRAt.O C5 ll4 2.5' SuP~RPLSTC lR .lll 6.25 ( 28-01" (56-DIU 1211-01" (28-01" (28-01Y • 
U/11/82 11 NONE ll"lSTON:: 8RINO 112 8RANO Bl • lll 15&. • 8960. • 81110 •• 9.,3. • 8660 •• -0· 
'.L/2.0 661. 0 8- IHO 82 10511 • 15.1 219. 18.8 88'10. .,350. 892. 8210. -0 

ll. 0 21H. 24. l.l 15. "IN 11930. 6420. 1025. 81120. -0 
0 '8. B2. 2.01 -0 2.0 OI"P.llF 90'50. 8180. 1063. 8'140. -0 

CII8 B BRAND C5 ll4 2.85 SUPERPLSTC1R .lOO 6.00 128-01" 156-01" 128-01" (28-01" (211-0A" 
U/l9182 11 NOlfE LI"t:STON!; BRAND III HRA NO 81 • lOO 1510 • 8290 •• 9460 •• 986 • • 11130. - -0-
8.!./l.0 801. 0 81111110 B2 1500. 9.6 242. lA.8 8450. 9320. 961. 81110. -'! 

15. a 14'18. l5. 3.4 15. "IN 8030. 96'10. 1011. 1910. -0 
0 l •• 58. 1.00 -0 2.0 O'"P.llF 8400. "310. 915. 11290. -0 

C88 8 8RINO C5 3/4 2.85 SUPEIIPLSTC1R .291 5.25 1211-01" (56-01" (28-Dn. (211-01" (28-0A" 
1011'''''..! 11 NOIf( ll"[SlDN~ 8RI,.0 Bl 'tRINO Rl .291 lSl. • "650. • 95"0 •• 91R. • 11010. • -0 _ 

8.::'/1 ... 809. 0 II- arlO 112 120l. '1.1 24C. lf1.8 '1190. 91110. 1053. 8R20. -0 N 

® I:'. a 11104. 211. l.3 15. "III 116n. 9'i1l1). 9n. 6"40. -0 (J"\ 

a '1. 10. 1.50 -0 2.0 IlA"p,llF B540. 9390. .,50. 8440. -0 VI 



c, .. rlll FI.~" ·'h COARSE A6G FIN[ A56 AO"1 HURE .. A TEll "ISC ••••••••••••••• TrST RESU~TS ••••••••••••••• N 
0\ 

.. Ill I.il. ""A"tO ""AND SIlE F l11["I[SS TYPE .. /C SlU .... 0\ 

''11 II DATE TYPE CLASS ""[lIlAl SDURCl BRAND .. /B UNIT .. T & II 12 (, II 12 &11&111'1 4 II II 4 II II 
Cf leAFA lliS/CUYLI lB .. /CuYO l>Il\.lIlC[ lll:;/CUYO 00SE(01/1001 lll/CUYO MI. TMP CYlI"tO[R CYLINDER BfA .. CYLlIIO!:R C'~IIIOC" 

PC T VOlU'!l PC T VOlU"[ lllS/CUYO PCT VOLU"E (2ND TYPEI GAL/SACK ... TI"[ ( ST[ElI (STE[~I (sTEElI (CJAOBO' ( STr::Ell 
PCT R[Pl_ClD P: ~Ol, uo(u. CAHA( l"/llI' (2ND OOSU PCT AIR CURIJ/6 (PS 11 (PSI' (I>SII (PS II (PSII 

CI'II B BIIAND C5 3" 2.57 S.UPE:RPlSTC1II .309 4.25 ( 2B-!)A" (5&-0'" ( 2'1-0'" (211-0'Y' (211-0'Y' 
10/14/8.1 11 NONE: l (I'll STONE RRAI'lO 82 BRAND 81 .30 9 152. • 81"0. • 80;90 •• 922. • 19&0 •• -0. 
8.~/l.O 80 7. 0 B~ANO 112 'J90. R.l 250. 77 .9 80AO. 11910. 933. 11420. -n 

15. 0 1999. 23. 3.'i 15. "IN 8350. 8700. 883. 1810. -~ 
0 45. 71. 2.02 -0 2.0 OA"P,71f 8130. 8150. 9'i0. 7640. -0 

C'IB II BIIANO C~ 3" 2.115 SUP[IIPlSTClII .lO 7 4.00 ( 28-0A" (56-DAY' (28-0'T' (211-0Ay, (211-0'Y' 
10/.1/A2 IJ hONE llM[S TONE BRAUD 83 BRAI'lO 81 .30 7 152. • 8510 •• 8B40 •• 992. • 11150 •• -D. 
10.l/1.0 <;45. 0 BPA"'O III IJ79. 6.& 291. -0 8610. 9~40 • 1017 • 11940. -I) 

18. a ll7B. 32. 3.5 15. "IN 8670. 119l0. "ll. 8570. -0 
0 ll. 53. 1.00 -0 2.0 OA"P,13F 8440. 11560. '75. 11150. -0 

CB8 B BRAND C5 l/4 2.51 SUPERPlSTC1II .llO 1.25 (28-0A" ( 56-0A" U8-01f' (211-0'Y' (211-0'Y' 
10/14/82 11 h(lNC ll .. E:HONE 8MAhO 82 BIIANO 81 .310 149. • 1460. • 8130 •• 1189. • 11'0 •• -D· 
lD.C/l.S '141. 0 8"A"'D III 1094. 6.1 294. 11.9 1130. 1980. "25. 1100. -0 

18. a lr.&o. 25. 3.5 15. Mill 1370. 1113D • '25. 1420. -0 
a ll. 64. 1.52 -0 2.0 DA .. P, JlF 1270. 82"0. 817. 1050. -0 

CIIB B BRA"'O C5 314 2.51 SUPEIIPlSTClR .100 4.25 (28-0A" (56-0'" U8-0'" (28-0AY' (28-0AY' 
10/13/112 11 NONl U"[STON!; BRAND H2 IIIIANO 81 • 300 153. • 8220. • 8960 •• 9'0. • 11210 •• -D • 
1O.r/2.0 '152. 0 8UNO 82 914. 6.0 286. 7A.8 8290. 81160. 1037. 8070. -0 

111. 0 18&1. 21. 3.4 15. "IN 817.0. '210. 9112. 82&0. -0 
a • 2. 72. 2.0. -0 2.0 OA .. P ,JlF 8260. 81120 • '50. 84110. -0 

tBB II 8"'''0 C5 3/4 2.51 SIIP[RPlSTClR .339 5.15 (28-0A" (56-0'" U'9-')A" (28-0'" (211-0'" 
10/.11/82 11 NOlIl ll"ESTf)N~ BRAND 82 BRAND 81 • .5.59 150. • 1810 •• 8';70 •• 95' • • 75"0. • -0. 
1I.~'1.; 798. a II~IND 112 1160. 9.2 271. 17.9 1670. 87.0. '67. 6"0. -0 

® 15. a 17" • 21. .5.11 15. "IN 8110. 114.0. '42. "60. -0 
C 40. r.'J. 1.5.5 -0 2.0 DAMP,71F 18'0. 8540. '67. 11100. -0 

[F[ 8 BRAIVO C5 112 2 •• 5 SUP[RP~STCllI .4l7 4. DO (211-01" (10-01" ( 28-01" (28-0'Y' (211-0'Y' 
10/~"!l2 11 N,)NE Gill VEL 8RI"'0 C2 8RINO In .4.57 151. • 1290. • IJ '00 •• 1011. • 1.550. • 8010.· 
7.C/l.S 6211. a B~INO F2 1234. 15.0 27 •• -0 7040. 8'50. 1511. 7&&0. 8210. 

12. 0 ll1l2. 28. 4.9 15. "IN 1340. 8010. 661. 1440. 11020. 

° 42. 10. 1.48 -0 2.0 Ol"P,71F 1500. 11540. 100. 6'40. " ~O. 

tFe B BIIAhO C5 1/2 2.45 SUP[RPlSTClR .2111 5.50 02-01" (10-01" 02-0'" (.52-0IY' (12-JIY' 
lDHII/82 11 NONE GRIVEl 8RIND C2 BRIND Bl .281 15 •• • '900 •• 10240 •• 1048. • '770 •• 1011"0 •• 
8.5/1.5 801. 0 BQIND F2 1226. 16.1 221. -0 9660. 10270. 1083. 91110. 10"017. 

15. a IBIS. .18. .5.2 15. I"IN 100.50. 9810. 1042. '910. 10roO. 
0 42. 69. 1.48 -0 2.0 DI"P,llf 10010. 10650. 1020. 10230. IlOilO. 

etC 8 ~RlNO CS 1/2 2.45 SUPEIIPlSTClR .2112 &.25 (32-0A" (70-0lY' (32-0'Y' (12-D'Y' (12-0'Y' 
10h8/11l 11 "'ON[ GRIVt:L BRIND C2 BRI"tD 81 .282 152. • 11530 •• 8.90 •• 920. • "070. • '''90.· 
10.l/1.:; ~SO. 0 8RANO F2 l1l •• 11.9 26A. -0 8510. 'DOD. "6l. 91.50. '''10. 

111. a 16111. 25. .5.2 15. "III A 7'10. 79.0. 955. '110. 10.',0. 
a .59. !o4. 1 •• A -0 2.0 DAMP,71F A2AO • 80;20. '142. IIA50. ~"'10. 



crNEIiT FLUSH COARSE IGII FUE A66 ADNUTUR!: WITER Nnc ••••••••••••••• T~ST RESULTS ••••••••••••••• 

M1II t.il. BRIND BIIIAI\111 SllE F IIiENESS TYPE Wit SLUMP 
otU OUr:: TYPE CUSS MUlRUL SOURCE BRAND WIt! UNIT WT 6 I 12 6 II 12 611611U " II II " II II 
tF/tlF A LIIS/tu'Hl LII .. "'CvYD SCURCE LBl>/Cl.YD DOSt(~11100. LII/CUYD MI~ TMP C'LINDER C'LIII1DER IIrl" C'LI1\10ER CYLINDER 

PCT VOLUME PCT 1I0LUI'4E LtlS/C lIYO PC f lIoLU"E (2,..0 TYP~' GAL/SACK "~ TI"E (STEEl' (S TEEL' (STEtL' (CIROBO' (sTEEL' 
Pet RlPLACEO P:VOL.OI!,UII CAIFA C LB/LIU UNO DOS( • PCT AIR CURING (PSI. (PSIl (PStJ (PSU (PU' 

mCB BRAND 01 1/2 2."5 SUP£RPLSTClR .321 ".15 (28-0U' (63-01" (28-01" (211-01" (28-0AY' 
III 1/82 I NONE LUlL STONE BRAND C2 BRAND Bl • 321 152. • 8110. • '1110. - '155 • • 1860. - '1820 •• 
1t.~/l.=:; 186. D IJRAND £3 1201. 14.1 251. -0 8120. 8"90. '196. '''50. '15'!:0. 

15. 0 1816. 21. 1.1 I'So MtN 8360. 9"10. 916. 8500. '1110. 

° U. 12. 1.50 -0 2.0 DIMP,"F 8520. 9""0. 'Ill. 16"0. 101'10. 

DlC 9 BRAND 01 112 2."5 SUPERPlSTCZR .3"1 '5.50 U8-0U, (U-Oln ( 28-01U (2R-OI" (28-01', 
111 1/"2 1 NONE LIMESTONE BIUNO C2 BR INO til • 3" 1'19. - "~H,O • • 92"0 •• 9'6. • 11210 •• -0· 
b.~/l.0 182. C 8RAI\10 £.3 1'191. 1'1.9 261. -0 8&50. "600. 911R. "000. -0 

15. 0 1501. 3" • 1.8 15. MIN 85'10. "200. 968. lR50. -0 
a ,,,. 60. 1.01 -0 2.0 01M",11F 8'1'10. 90'10. '112. lR10. -0 

CI BIO IIRINO C5 BRII\10 II 1/2 2."5 .'130 3.00 (28-0U' (51-DIU 128-01" U8-01" UII-OIU 
11' 8/82 II CLISS C Ll"ESTON~ dRIND 81 NONE • 3'1'1 152 • • 89Z0. - 9620 •• 819. • 8320 •• '1110 •• 
1.~/2.0 65'1. lbl. BRINO El '161. 0 2Al. -0 8820. 10030. 86'1. 8220. 9810. 

la. ". 1"1111. 22. ".8 15. "IN 81'10. 9'l00. A61. RHO. 93"0. 
20. 43. 16. 1.'19 -0 2.0 OI"",13F '1210. 9020. '101. 1"60. 1 00 10. 

C,810 8RII'I0 C5 8RINJ II 112 2.A5 .:511 3.00 C2I1-0AU (56-01" (28-01,. (28-DAU (211-0'" 
111 '1/1l2 II CLASS C lIMlSTO~~ 81UNO In NONE .291 152. - '1160 •• 10130 •• 100'1. • "210 •• 10110.-
lI.c/2.0 161. I'H. II~ANO U. 921. ° 2A,). -0 '1320. 1031'10. 1036. "110. tOcno. 

1". ". 1812. 21. 4.2 15. MIN 11860. "610. lOll. 9:5'10. 103~0. 

20. 41. 11. 1.'18 -0 2.0 O''''',13F 9lO0. 10350. 958. "190. 10R'I". 

CrlIIO 8RANO C5 8RINO II 112 2.85 .351 3.00 U8-01n (56-Din (21'1-01" (28-01 " UR-OAU 
1111 a 1112 II CL.SS C LIMESTONE 8Rltl0 83 NONE .2116 152. - '1"50 •• 10620. - 9'16. • 9280 •• 10910.-
Ih~/2.;J AIO. 202. ligAND E1 891. 0 28'1. -0 '11"0. 10540. 10"2. 8'1'10. IlZ 70. 

15. 'I. 11'16. 21. 4.0 1~. MtN 9250. 10100. 1001. 89'10. 10900. 
20. '10. H. 2.00 -0 2.0 DAMP."F 9310. 10610. '138. '1'110. 101"0. 

C18.0 8RAI\10 C5 8RINO II 112 2.85 .341 ".00 (28-9U' (56-DAY' (211-01" (28-01" (28-01" 
11/11/82 II CLASS C LIMESTONE tlRANO 83 NOtlE .213 1St. - '1360 •• '1950 •• 1011. - 96'10. - 10891).-
10.t/2.0 '158. 2J". 8U,..0 ~3 811. 0 327. -0 '16 roo 10110. 1028. '1'160. 10",511. 

18. 5. 1625. 1'1. 3.8 15. MIN 9:520. '1"00. '111. 9390. 10'110. 
20. 31. 65. 2.00 -0 2.0 OAMP,IJF 9090. 9890. 10 35. 9580. 108'50. 

C~8AB 8HAt,0 C5 BRAND II 1/2 2.85 SUPtRPLSTClR .3'1" 6.00 (28-0U' (64-0n, (28-01" C28-01" (211-01" 
11/15/82 II CLISS C LIMESTONE 8RANO 93 BRAND til .216 ISS. • 9'110. - 10050 •• IOU. - 10230 •• 11220.-
1.~/2.0 653. lbJ. BUNO El 1010. 15.2 225. n.o 9610. 990O. 105A. 10 3"0. IIHO. 

12. ". ~021. 23. 3.9 15. MIN '1610. 10 4 20. 1016. 9910. IllC,) • 
20. "5. 80. 2.01) ·0 2.0 0IMP.l1F '1010. '1830. 1055. 10350. 11010. 

C'IUII 8RII'I0 C5 8R.H) A1 112 2.115 l)u~ERPLSTClR .121 5.00 (28-0AYJ (l;3-0AY , (2"-0IU (2A-OI" ( 2R-OI" 
1111 &/112 11 CL.SS C LIMESTONE: BRINO 93 I.I"A 1\10 fll • 251 154 • • 'JIIOO. • 10160 •• 1105. • '18RO •• 100;.,0 •• 
~.l/2.0 15'1. 1 t\ij. IhANU (3 '161. 11.3 242. fl.O 'J690. 10 l50. 105A. 10220. 10"01). 

N 
14. ". 1'115. 22. 3.6 15. M [N '19'0. 10& 1'10. 1113. 915C. 101 rD. 0\ 

2O. 43. 16. 1.')9 -0 2.0 OAIilP ,13F '17"0. '1"60. 10"15. 102AO. 10101). " 



C["'ENT FLYASH COAR:>£ jlGG F ''l[ AGIO A[)"'.TUR£ lotATER ""'iC ••••••••••••••• ttST RESUltS ••••••••••••••• N 
0'1 

II! 'M I. D. ORAND 8' AND stll F l'llN[SS TYP[ IIIC SLUMP 00 

"1M DATE TYPE CLASS MallER 111.. SOURCE: 8RANO wla UI",T liT 6 • 12 6 • IZ U6U., • I( II • II II 
CF /;;UA LBS/CUYD I..OS/CUfD SOURC~ lBS/CUYD DOSf(OlllOO' la/CUYD "'II( TMP CTI..[NO£~ CYI..I~O[R iI!:A"I C'l..t~OER CYl..t~o£~ 

PCT ~OlU"'l I'CT .OlUME ltl.;lC UfO PCT VOI..U"I'" (2~0 TYPE' G'l/S'C~ MK TI"[ (ST[~I..' (STEH' IST['::U (CUOBO' CSf~[U 
PCT RLPlACEO P:VOl.ORLloi CAIFA (LI:I/UU (2ND DDS ... PC T AlR CURl NG IPSI' (PSU ( psu (Pst J (PSU 

C:SAO 8RAND C5 BRAND II 1/2 2.85 SuP[RPLStClR .lt6 5.00 128-0An (62-0A" 129-01Y, 129-0A" UII-OA' , 
1111 '!II 112 II CLASS C 1..1 MlS TONE BRI .. O 8l BRAND S1 • 2"" 155 • • 9660. • 10l00. _ 1009. - ", •• 0. - 10']0.-
8.5/2.0 808. 2U2. I:\QANO [" '1l9. 11.t 256. 1'5.0 9110. 8190. 1061. 89]11. 10710. 

0 15. ". 18 fl. 22. ).6 15. ""~ 9&00. 1 0450. 998. 9"10. UI"90. 
.!o. 41. 1). 2.00 -0 2.0 O ...... flF 85'10. 10 ISO. 9111. 9911n. 10010. 

t.fI'a tlRANO C5 BRAI4u At 1/2 2.B5 SUP[RPLSTClR .l25 ".50 U8-0AT' (6)-0." (29-01" U8-01U (28-DAT , 
11/111/1112 11 Cl.ASS C l.[M(ST:lN~ 1111&110 83 tllI.NO III .2&1 l'51. - '1910 • • 10210. - 1122. - '!IOfO. - 10120.-
lC.C/2.0 '1"6. 23(,. S;, .'lO E. a"2. 12.0 lOll. f5.0 'I" '0. 102.,0. 1130. 'H2O. 102'>11. 

IS. :>. lbli2. 1 '1. 3.1 tS. M 1111 10380. 10 J 110. 107~. 11930. 7390. 
c:o. 31. 66. 2.00 -0 2.0 OA"'P.1JF 9'110. '1'JIO. 1160. 9150. 1(1:'1-0. 

Cts,e UR'NO CS BRAND U 1/2 2.115 SUPERPI..STCIR .:Ho 4.15 ( 28-0A" 163-010" «2'1-0A" (211-0A,. (28-01" 
11/11/82 tl CLA"S C LIMESTONE BUNO Bl Blu,IoIO Bl • 248 ISS. • '890. - 10'550 •• 1119. - 10600 • - 11'·0.-

1I.'!./2.0 910. 202. OPAI4O E. .,lll. 1"." 2510 '2.0 10260. 10130. 1120. 10880. ll'> 20. 

0 15. 4- 18a2. 22. 3.5 15. "'IN 9620. 1011 O? 11611. 10190. lBOO. 
lO. '2. n. 2.01 -0 2.0 OI"'P.13F 91!l0. 10730. 10 10. 101"0. 11110. 

C: 8AO BRAND C~ BRUD U 1/2 2.1'15 ."8f 3.00 ( 28-0AT. (~f-Oloft (U-OAft (28-DA,' 128-~A" 
1l/~2182 11 CLASS C L1"(STDN~ BRAND Bl NONE .3"1 152. • 'laO. - 1001',0. - 868. - -0 *' 9S00.· 
5.9f2.0 !:I 62 • 2"1. 8PINO t" '116. 0 2 H. f!:l.!! 9200. 102"0. 1163. -0 9610. 

11. :.. 1~56. 21. ~.S 15 •• UN 9210. 10220. "9f. -0 9110. 
10. '3. 16. 2.00 -0 2.0 OA"'P.13F 951)0. 9f30. II.,. -0 9110. 

C' BAa BRAND C5 BIUNi) Al 112 2. illS .... 3.00 ( 42-OIn (56-~A" ('2-0A" "2-01" '''2-01'' 
11/0<3f82 l.l CLASS C LIMESTONE BUNO Bl 1I0llE .308 150. - 9950. *' 10070. *' '!I'5f •• -0 - 10"lO.-,.t f2.0 6S1. 281. saloNO E' '11.,. a 28'1. 16.0 9&10. 9990. 981. -0 tll'lIl. 

0 12. b. 1853. 2t. 5.0 IS. MIN 10'''0. 10490. 903. -0 lll"O. 
lO. '1. 12. 2.02 -0 2.0 DI"'P .13F 98l0. 91 lO. 980. -0 '9'0. 

CflUG BRAND C5 BRANI) "1 1/2 2.115 ."0" l.aO (l5-0'" (58-0A" (lOS-?A" Il5-D"" (]5-0A" 
llfJO/82 U CLISS C 1..1I4[STDIIIE IIRIND III NON[ • 28] 151. - 9'50. *' 9""0. - 110l. - -0 • 101~0 •• 
1I.~/2.0 80l. l44. BRUIO ::. 826. 0 325. f6.0 9640. 9'fO. U2 •• -0 1010;0. 

15. 8. 16b8. 1 'I. '.6 15. 1'11'1 9500. 9180. 1056. -0 11"(,0. 
30. l7.' 65. 2.02 -0 2.0 O,,,,P. flF 9210. 9280. 1129. -0 10510. 

C'.BAO BRAND C5 811 'NO II 112 2.85 .)68 l.OO 05-0"" 1511-0An OS-OAT' (]S-D'" (35-0'" 
11/30/tl2 11 CUSS C LI"'lSTON[ BR'NO 8l NONE • 251 150 • - 9' 10. - 9.00. - liS'. - -0 - 10860.-
10.1'/ 2.1) '1.9. "Of. O"ANO t." f.5. 0 ],,9. f5.0 119"0. 9"60. 1118. -0 10'20. 

18. 'I. 1"'1:1. 1 f. '.1 15. MIN 9'110. 'HIOO. 1161. -0 10890. 
lO. ll. l8. 2.01 -0 2.0 0''''P.13F 9900. 119S0. 11111. -0 112"0. 

ClO"fI EI~"Ni) C::' IIRilNO At 112 2.115 SUP[RPI..STCIR .1118 5.50 135-0") (S'-OA') 135-tUn Il~-DA" (35-0A" 
121 1/112 U CLAS.S C ll"[S.T()III~ ORAND 8) BR'NO fll .Z'2 15~. .11~10. - 110l0 •• 98". - -0 • III ]0.-
5. '1/2.0 :'56. 2l'1. UPIND l" lOll. 1 1.5 216. f5.0 11190. 112&0. 963. -0 10f'l0. 

0 10. 5. 20~8 • 2'. 'I.' 15. ""'I 110fO. 110 00. 91;9. -0 115:10. 
3t. 'U,. tlO. 1. '1'1 -0 2.0 O''''P,fl'' 105(,0. 1 0 R"O. 1 ,:no -0 lifo". 



Cl"'ENT FLUSH COAltSt AGG "I Nt Alili AJ"'I HURE .,ATEA "'ISC ••••••••••••••• TrST R[SUlTS ••••••••••••••• 

''Ill 1.1) • BRAND BRAND SIlE F IN[NESS TYPE ."C SLU"'P 
"'II OAT': TYPE CLAS; "'ATER IAL SOURCE BRAND ."R UNIT .,T 6 • 12 r. • 12 6.6.18 4 • 8 4 • A 
CF/:UA LdS/CIJYD LB"/CuYD ~ouk C[ LBS/CUYD DOSr.(~ll100' LB/CIJ'O "'IK T"'P CYLI~otR CYLINDtR ;ttA" C'LINDtA CYLtNOtA 

peT VOLUMl PCT VOLUMl LlIS/curD PCT VOLU"t (2ND TYPl' GAL/SACK MK TIM~ (STEEl' (ST~tU (STHU (CA"ORO' (STrtu 
PCT RlPLA(LD P:VOL,ORUW CA/FAlLH/LB' (2ND DOSt' PCT AIR CURING (PS" (Pst, (P'iU (PS [' (PSO 

C' BAR IIRANO C5 BRAND A1 1/2 2.A5 SUPtAPLSTClR .361 5.25 (35-0A" (56·0A" ( 35-0A" (35-0A" (15-0A" 
121 2/82 II CLAS;' C 1I Mt ::iTOhE BRAND 83 BRAND B1 • 251 154. .10090 •• 10030 •• .,97. • -0 • 1071D •• 
7.~/2.0 6bO. 2112. BRAND [4 'Ib3. 12.6 242. 74.0 10400. 9990. 1170. -0 101 '0. 

12. b. 192'10 22. 4.1 15. MIN 9890. 10200. 1071. -0 10920. 
3D. 43. 75. 2.00 -0 2.0 DAMP ,13F 9990. 9890. 1051. -0 109~". 

c: RAB IIRANO C5 IIRAN) A1 1/2 2. AS suPtAPLsrClR .361 5.00 ( 15-0A" (56-0A" (35-0" , (35-0A" (35-JA" 
121 21112 II CLASS C L1M[S TONE BRAND B3 BRAND 111 • 253 151. • 9560. • 10560 •• 11]0. • -0 • 104 ZO •• 
tI.~/2.11 803. J44. II~ AND E4 1162. 10.9 2'J0. 76.0 'J870. 103'0. 1197. -0 11110. 

1 :.. 8. 1722. 20. 4.1 15. M[N 9710. 10790. 1083. -0 10011). 
JO. 38. r. 7. 2.00 -0 2.0 ou,p, 73F 9370. 9500. llll. -!! 10'1":1. 

C'BAB RMAr,D CS IIRAr.1l Al 1/2 2.A5 SUPERPLSTClR .351 4.00 ( 35-0'" (60-0A" (35-0A" (35-0A" (15-0A" 
121 3/112 I[ CLASS C LIMESTONE IIRAIID B3 BRAND Bl .250 150. • 9120. • 9660 •• 10711. • -0 • 10510 •• 
lU.&/2.0 '141. 40b. !JUNO !:4 761. 6.0 338. 14.0 9570. 9500. 1'161. -!I 10170. 

18. 9. 1515. lH. 4.0 15. "'[N 9040. 9440. 1093. -0 10,>'0. 
30. 34. 59. 1.99 -0 2.0 OA",p,73F 8 740. 1 0010. 1081. -0 10611~. 

C, BAD IIRAND C5 BRANIl AI 1/2 2.RS .358 3.25 (28-0'" (57-0A" ( 28-0A" (28-0A" (28-0A" 
121 6/"..! I[ CLA:iS C LI .. ESTONE BRAND B3 NONE • 286 151. • "360. • 9!160 •• 1048 • • -0 • 10100 •• 
10.r/2.S 924. 2J1. B~ANIl [4 110. 0 330. 74.0 930;0. 9500. ll05. -0 99'10. 

17. 5. 1711l. 16. 4.0 15. "'[N 9730. 91190. 1032. -0 10120. ,0. 39. 70. 2.51 -0 2.0 OU'P,71F 9000. 9600. 1008. -0 10 ,Po. 

C[ BA8 BRAND C5 BR ANO Al 1/2 2.R5 SUPtRPLSTClR .313 4.00 (28-0A" (56-0A" (2A-!)A" (28-0A" (28-0A" 
1 .. 1 7I1t2 11 CLAS~ C lIMESTONt 8RAND 83 BRAND Bl .251 154. • 9310. • 9540 •• 1095. • -0 • 106foO •• 
10.(/2.5 941. 2J:;. IIIIAND t4 735. 9.6 295. 74.0 9550. 9710. ll02. -0 111 ~3. 

18. 5. 18ll • 17. 3.5 15. "'[N 8770. 9300. 1167. -0 9'170. 
20. 41. 71. 2.49 -0 2.0 DA",P,13F 9660. 9600. 1017. -0 1l0:l~. 

CIBAa BRAND C5 BRAND A2 112 2.85 .365 3.00 Cl5-DA" (59-DA" (35-0A" (35-0'" (35-0A" 
12l1~/!l2 II CLAS~ C LI"'lSTON~ SRAND 83 NON£ .292 152. • 9160. • 9940 •• 898. • -0 • 9340.· 
H.L/3.0 919. 230. 8 g ANO [4 615. 0 335. 11.0 9070. 10220. 878. -0 111150. 

17. 5. 186'1. 14. 4.1 15. "'[N 9600. 9830. 933. -0 96 11 0. 
~O. 41. 73. 3.04 -0 2.0 DA~D, 73F 81120. 9780. 8A3. -0 9490. 

C! 8A8 8RAhO C5 BRANIl A2 112 2.85 SUDtRPLSTClR .311 4.50 (35-DA " (59-DA" (35-DA" C35-0A" (35-[:A" 
12115/112 I[ C LAS;, C LIMES TO'IE BRA,.o B3 BUNIl 81 .253 154. • 8970. • 9060 •• 1104. • -0 • 107 ]0 •• 
10.C/3.0 938. <?JS. B"AND !: 4 635. 9.1 297. 11.5 8840. 8910. 1090. -0 10570. 

111. ~. 1930. 15. 3.6 15. "IN 9020. 9050. 1174. -0 1090~. 
20. 43. 75. 3.04 -0 2.0 DA"'P, 7 3F 9050. 921)0. 1047. -0 10'10. 

C' aAO liRA NO C:' BR AND A2 1/2 2.115 .312 ].00 ( 34-DA" (~7·DA" ( 34·DA" (34-0A" (34-0A" 
1U17l112 11 CLASS I: LI MES TOhE liRA .. !) B3 Nr}Nt .261 147. • 9300. • 10Z40 •• 10'14. • -0 • 10-00.· 
H.L/2.'; 956. 'dO. HPAhll ~4 6.n. 0 356. 71.0 9100. 9100. 106". -~ 96AD. 

18. 9. 15112. 1 r,. 4.2 15. MIN 'Jll1'l. 10430 • 1029. -r 1 06 ~". N 

JOe 3~. r,2. 2.~1 -0 2.0 D'''P,7JF 94tO. 10180. 1155. -c 1011 0i0. (J'\ 

\0 



C["ENt fLUSH COARSE AGIO f tNE AIOG AD" I X TUA~ .. AtER "ISC ••••••••••••••• T~S' 1£~UlTS ••••••••••••••• N 
-..J 

"III 1.0. IlAA .. D Il~ANO SUE f t'l£NrSS TYPE w/C SLU,.p 0 

MIA OAh nPL CLASS "' HAIAL SOUP.Cf 811ANO .. /8 UNU III (, X 12 (, X 12 " ... 18 'I • 8 'I . " CflCAFA LIlS/CUYO ltl.i/CUYU :'OORCI:. LilS/CUYO OOS[(Ol/1001 LB/CUYO "tX l"P CYLINDER C'~tNO~R BE Alii C'LINDEA CY~tNO£A 
t'C T VOL,,"l PCT vOlUHl LI.I:./CUTU PCl ~"'lU"r. (2ND T,prJ G'l/SACK "K TIME Utt"LJ (ST<::HJ CSf::rLJ (CUORO, (5Tn II 

PCT Rt.PlAC[O P: VOl.ORUW CA/FA( LH/LIH (2ND OOS[I PCT AlA CUAItfG (PSI) CPSI I (Pst, (PSI' (P'SI' 

Cfeu 8il'''0 C(' 8R'",0 '2 112 2."5 .318 3.00 (28-0''1 (56-0'" «211-0'" U8-0n, (211-0'" 
Illll/til II CLASS C lOR AV£L 8RANO 83 NON£ .302 150. - 81120 •• 9130. - 1032. - -0 - 11111"10.-
8.~';.'.J 190. I'H. O"A,~O f2 l!r(,. 0 298. 11.0 8T'10. 9'10. 'I'll. -0 101"'. 

15. 'I. IT6'1. 20. '1.3 15. "[N 8610. '1940. 1074. -0 1 00 ~O. 
20. 41. &1. 2.0;: -0 2.0 O,,,p.llF 9000. '1830. l() 12. -0 102'50. 

CFeAe 8~'NO C(, l)R'l'fO A2 112 2."5 SuP[I!PLSTClR .322 4.00 (28-JAn ('6-DAY' (28-0'" (28-0A" (28-0'T' 
lIa/81 II CLASS C (;IlAVEL IlRANU 8l 8RAffO 81 • 251 1;3. - 9040 • - 9130. - 1100. - -c - 91170.-
t .. ,·/2.0 1'l4. 1':18. OhANO F 2 921. 9.6 2;5. 10.0 90011. 98l0. 10 n. -0 9510. 

15. ". 102'1. 21. 3.6 15. "'I" 9480. 9"60. 1110. -0 10110. 
10. '2. 70. 1.'18 -0 2.0 D'IW. nF 8650. '1890. 1117. -0 9980. 

t .. BAO 8RAI\I0 C6 S,U'IO A2 314 2.115 .J15 3.15 C211-!)A" «56-0'" (2'1-0'" (28-0'" (28-0&U 
1/19/81 II CLASS C LIM£STON( 8RANU 113 NONE .JOO 151. • 9'160. - 9'150. - 1044 •• -0 - 10410 •• 
!I.~/2.0 '84. 1 ':lb. 0" AND 112 8'15. 0 29". 10.0 9(71). 9270. 11011. -0 10540. 

15. 'I. IBCl. 21. 4.2 15. "lIN 9530. 9640. 1'l11. -0 104<;11. 
;,eO. '1. 69. 2.01 -0 2.0 DU'P .nf 9180. '1430. 952. -I) 101120. 

CliBAS IIUNO CI> 8RAND '2 "4 2.115 SUPEAPLSTClR .127 7.50 e28-0'" (56-0'" (2'1-DAT' (28-0A" (211-0" • 
Inl/81 11 CLASS C LlItl S TON~ !lR'NO 81 BRUII) 81 .261 154. - 9600. - 9770. - 1169. - -0 - 1090..,.-
8.~/2.0 188. 1':1(, • 8~ANO 02 924. 11.2 251. 71.0 9510. ''1110. 1201. -0 10('~D. 

15. 'I. 11:1&5. 21. 3.1 15. MI .. 9600. 9!UO. 1088. -0 109"0. 
20. 42. 12. 2.02 -0 2.0 O,",'P.llF 9690. 91l0. 1211. -0 111 CO. 

C "A" tlRAIIoD C6 8RAlli) A2 112 2.85 5UPERPLSTClR .424 7.50 «211-0ATI (56-0A" (28-DAT' «28-0U' (211-0'" 
1126/",J l[ CLASS .:: LIIt(STaN!'; BRAND B3 IlRANO B1 .2'18 152. .10110. - 10'140. - 911. • -0 • 10910.-
1 •• /2.0 1>52. 21h BH,NO !:''II 9 34. 1301 271. n.o '10211. 10630- 888. -0 109'50. 

12. 6. 1869. 22. 4.11 15. "I" 101 70. 11000. '175. -0 11400. 
10. 41. lJ. 2.00 -0 2.0 DAMP .11F 8520. ll1eD. 8811. -0 105lO. 

t: 8 !.1 Oq,,,O C6 112 2.85 SUII'tRPLSTClR .H2 8.00 (28-0n, (56-0U' 128-0AT, ( 211-0". C 211-'='" 
1 1 .. (' I fIl 11 NuNl LtMtSrONt 8RAtlO 83 6R'NO 81 .112 155. • '1000. - '1170 •• 1015. - -a • t03110.-

10.c 12.0 ':134. (I IIP'NO 1:4 'J 16. 10.4 291. 12.0 11890. 9230. 996. -0 10210. 
HI. !l 1814. 22. 1.S IS. I'IN 8560. '1320. 1038. -0 10100. 

0 42. 13. 2.00 -0 2.0 DAMP .11F 9550. 8970. 1012. -0 10 no. 

C8A tJ 8RAff!) C6 "4 2.85 SUPE RP LST ClR .J21 4.00 (28-!)'" «55-0An «28-0A" (28-0A" (211-eaT' 
l/a/tll 11 NONt LlIt .. S tONE IIR""O 83 BRANO 82 .l21 152. - 8820. - 9210 •• 895. • -0 • 982".-
lI.!:>11.5 1\11. 0 0""'10 ~2 11110. 9.7 ~5_. 7300 8610. 91811. "20. -0 '1f.UI. 

(J/4" Fine) 15. 0 1807. 27. 1.6 15. "IN 8680. 9510. 871'1. -0 '1960. 
U 41. 10. 1.53 -0 2.0 OA"P.l1F 9110. 8'H0. 11118. -0 '1850. 

Clift I) HR'NO Cb .,,.. 2.85 SUP(RPLSTClA .l09 4.25 ( Z8-'"'' (S'5-')'n ( 2'1-0A" (28-)A" (2'8-0" , 
10a/8l II 1l0ift L I Hl S tON!: 8UNO 03 !JIUffO 82 • 10'l IS4 • • 8&lO. . "'I TO. - 956. · -0 - 9!!'l0.-
ft.:.t/1.5 1'15. 0 dUI\IU "2 11111. '1.7 2'1(,. 1300 8'1!l0. 11]60. 1000. -0 lOOn. 

0/4" Medium) 15. 0 Hill. 27. 1.5 15. "'I" 89TO. 93 '0. 901. -0 '98':0. 
0 41. 70. 1.51 -0 2'.0 OA"''' .13F 8~20 • 95;0. 960. -~ '11'11). 



C(IIICIIT FLUSH COUSE A6& F'"[ AGG AO"'lITUII!E "AHR "'ISC ••••••••••••••• TEST RESULTS ••••••••••••••• 

"III 1.0. BRA"D II IlA lill Sill F I~E~f:SS fTPE ",/c SlU"'P 
"Ill OUt: HPl ClASS IUfERIAl SOURCE 8RAill0 "'" UIIII1" "T , X 12 6 X 12 616118 4 I( " , X II 
cr ICAf A lRS/CUTU lHS/CUTi) SOURCE lHS/CUTO 00S[COl/100t lB/CUTO "IX T"P CTllIIOfR C'll"Or.R e",,, C'LINOEII! C'LtNDEII! 

.,CT ~OlIJMl PCT ~OllJMl LH:,ICu,O PCI \I0LU"!: (21110 T,pet GAL/SACK "X TIME (sn::~u (sn:E:U (StEEU (C.".OIlOI (STrELt 
pCT Rt:PLA eli) 1': IIOL. ORU" C"FAeLH/LHI (21110 OOS~I PC r AlR CURI'fG (PSlt cpst, '''SU C!'SIt (p'>t, 

CbB 1:1 RRI~I) Cb 314 2.0'5 SUPERPLSTC lR .305 5. '50 C28-0'U C60-0AT' 121\-0'.,., (211-0'" (28-01" 
l/a/1l3 II ~ON[ LlH~SIONE 8R'1II0 83 BRAND 82 .305 1'53. • 90(,0. - 9810 •• 900. • -0 • 91160.· 
8 .... , 1., 197. J B"A~O H2 11 'JII. ".1 243. 13.0 A 190. 9f1lO. 903. -0 "11 o. 
()/4" Coarse) IS. 0 1820. 27. 3.' 15. Hilt 9200. 9900. 843. -0 911 ,~_ 

0 41. 70. 1.53 -0 2.0 O,,,p.73F 9180. '160. 9'5'5. -0 1 oa 10. 

{ C 6 8"'''0 l..! 112 2.4'5 SUpf I!PLSTC lR .311 5.15 128-0'" (!ioO-!U U ( 28-0AT' (28-01" (211-0'T. 
1/<'9/"'3 lit I • .JN[ UM(!)rO"t: 8R'1II0 C2 HIUIIIO 82 • 311 150. • 9410 • - 92'50 •• 996. • -0 • 10200.· 
II.~/I.O 1 'Il. ~ 8~'~1U l4 l'b6. 1'5.0 290. 15.0 9000. 8RRO. 1044. -0 10090. 

15. 0 14'f6. 33. 4.2 1'5. MIN 9620. 9600. 903. -0 102'10. 
0 33. S8. 1.02 -0 2.0 0',"1',131' 9180. 9210. 1042. -0 10210. 

tIC It HI' ,leO 1:2 112 2.'5 ltuPERpLSTClR .315 4.00 (211-()A TI (58-0A TI (2"-DU' 1211-DU. (211-CIT' 
l/n/ttl Itl "'ultl: lI"lsrOIllE: 8R'1II0 C2 BUilD 82 .375 153. • 8930 •• 9860 •• 1004. • -0 • 10~10.-
tI.':I/l.'; 119. !' aQA"o ~4 116S. lS.t! 292. 16,.0 8540. 996e. 1003. -0 100'0. 

15. ;) 17'f6. 26. 4.2 1'5. 1'11111 8891). 10190. 100;2. -0 10-20. 
0 40. 10. 1.54 -0 2.0 D"!P.13F 9350. 9430. '58. -0 10-'10. 

C'IIBH HR'NO C& BII AIilO 81 112 2.115 ~UP£IIPlS'ClR .3'10 5.00 ( 211-0'" C 58-0A" 128-0IT' (28-0A" (211-0A" 
1/~I/IlJ II CLASS e Ll"CSTONI!: BR'IIIO 83 Sill NO 82 • 266 15~. -10290 •• 11320 •• 921 • • -0 - 113U •• 
S.'>/2.0 548. 2.15. B""Ni) ;::4 1033. 18.1 20A. 12.5 9940. 111130. 951. -0 1 U'f)_ 

10. b. 2014. 24. 4.3 15. HI" 10190. 11210. 860. -0 114eO. 
30. '6. 81. 2.01 -0 2.0 0,,,p,13F 1 0130. 10'30. 941. -0 11000. 

C' 880 8R',,0 C& BII'IIIO ttl 112 2.1'1'5 .3"3 3.25 ( 28-0'" (56-~'" (2~-0'" (28-0'" (211-0'" 
21 2/11$ J[ CLASS C Ll"lSfONE: 8UIII0 B3 110111£ • ll4 ISO. • 9520 •• 9840 •• 852. • -0 • 10420 •• 
... 3/2.0 189. 1~8. 8~Af10 E' 894. tI llO. 71.5 9800. 9640. 811. -0 101<10 • 

IS. ':I. lltll. 21. 4.4 15. '"[N 9200. 9760. 885. -~ 10460. 
LO'. 3l. fa,. 1.'''' -0 2.0 0,"p.13F ''510. 10120. A55. -0 10620. 

CO 880 BRUO C6 911''''U III 1/2 2.A5 .466 3.R8 128-01T' (56-0'" (28-0'" (28-0'" (21'1-0". 
21 2183 11 CL'~S l LlItl SrO":: 8UNO 83 1110"£ • 326 lSI • • '030 •• 10010 •• 198. • -t! • 10I'JO.-
I.L/Z.D 6'53. 2110. B"'NO E' 908. 0 304. 11.0 'H2O. 10010. 811. -0 105110. 

12. 7. 180h 21. 5.2 15. "III 81SD. 10 3110. 151. -0 9110. 
30. 40. U. 1.9' -0 2.1t 0,,,p,13F 9020. 9810. 825. -e 102110. 

CHI Q tJRA .. O C6 112 2.85 .366 3.00 (28-0U. (59-0". (28-0'" (28-0'" (211-0A'. 
21 I lltll II NONE: II "t sro"~ 8"'"0 83 NONE .36<; 1'52. • 8910 •• 9460 •• -II • -0 • -0. 
1~.t/2.1 921. D lIP 'III 0 loll 861). 0 331. 69.0 8'10. 9430. -0 -0 -0 

® 11. 0 18341. 2e. 4.1 15. "III -0 '8l0. -0 -0 -0 
0 H. 72. 2.12 -0 2.0 OI"p.131' -0 9120. -0 -0 -0 

lOOITIJr.AL OUA FRO'1 "11( AtlOVl: 111 ~1(12 CO"pR STreL 10 • 4210.- 4260. 4090. 4-t;O. 
~ . bK 12 COMPI! STErl '0 · 14.0.- 1220. 7-30. 16&0. I'..) 

....... 3. bK12 ~~L'T !)lrEl ~AD • 831.· 1161. 848. f18. I-' 



ttl'l':IIIT FL YlSH 

IIllI. 1.11. 811 ... 0 IJR A'ID 
'!IlI. OAT":: T,P: tLASS 
CF/caFa LRS/CUTO LIISfCU'O 

1"'; T I/OLU~£ PC t VOLU'li: 
pCT RlPLAC[O 

C~8 8 BRlhO C& 
2112l1lJ 11 !\jONE 
1I.~/2.0 '85. a 

0 15. 0 
0 

loorTIONaL OlTI FROM MIX all~I/[: 

C'81O HRI'IO Cto BRAND a2 
:<I1'I/d3 11 ClasS C 
7.r/2.0 1>53. <:80. 

0 12. b. 
so. 

10~lT10Nal OITI FROM MIX A80Wl: 

t' 8a8 8RI"0 C6 8RA .. 0 A2 
2115/013 11 CLASS C 
5. '1/2.0 553. lJ1. 

(T) 10. ~. 

30. 

lOOITI~NAL OlTa FRON MIX IROVl: 

C~8 0 BRINO Cb 
2116/013 U N!')NE. 

10.~'2.J 'HO. C 

® 111. 0 
0 

aUOtTIJ"'IL DIU fROM MIlI160wt: 

COAR3[ AGIi FINE AGG A~MI HUR£: VAf(R I'IISC ••••••••••••••• ,~S, R~SUL'S •••••••••••••• 

JIl!: F INtNfsS TTPI: .,/e SLU)1P 
MATU!UL SOuRCE: 8A A ItO "/8 Vl'llT liT 6 II 12 (, X 12 616111 R .. II q .1" 
SOURC~ L!l.:i/CUTO OOS((~111001 L9/CUTO MIX TMP CYLINDER CYLINDER ,)!:AM CYLIt,lOER CYltltjOE 

LftS/C UYO PC r !lOLUMt (2~0 TYp~) GAL/SACK !IX TI~~ (STErL) C5 T~':L. (Sf~£lt (CIII'l90) (STHL 
P:1I0L,URUW ca/fACUI/L8' (2ND OOS£) PCT AIR CUR IlliG CPS I. CPSI. (Psn (PSI) (PSU 

1/2 2.85 SUpEIIPlsrCIR • 315 3.50 (28-0AT) «5R~OI yt US-OAY • C211-0In ( 211-0" 
Li:Ml STOlt!: 81!lt~0 83 8RAIioO 82 .315 156. .10610 •• l11l0 •• -0 • -0 • -0 • 
lIPANO C4 1011. 14., 24' • 11.0 10.20. 11420. -0 -0 -0 

20411. 23. 3.5 15. ~IN 11110. 11420. -0 -~ -0 
.5. 80. 2.02 -0 2.0 01MP,13F 102 'JO. 10560. -0 -0 -0 

U 6112 COMPR STtEl 10 • 6300.· 635O. 6120. 6 •• 0. 
2'1 6U2 CQMPK SHI:L '0 • 81160.- 8820. 11650. 'H2O. 
3M bK12 SPLIT STE[L 280 • 801.· 675. 81 ,. 'H2. 

112 2.85 •• 62 2.15 C28-0AY , (56-DIU el8-DIu (28-oU. (211-0n, 
lI"fSUIII~ HRAltO B3 NONE .323 152. • '630 •• 101~0. • -0 • -0 • -0· 
HUIiO <:'1 'H6. D 301. 10.5 9280. 10220. -0 -0 -0 

11121. 21. 5.2 15. MIN 9".0. 105'0. -0 -0 -0 
40. 11. 1.9'J -0 2.0 OAMp,71F "10. '1.0. -II -0 -II 

1»1 6x12 COMPR STEn 10 - '1120.- ,3980. '1010. 4300. 
211 &X12 COMPA STfEl 70 • 7'150.· 7'160. 1960. lQ20. 
H 6KI2'SFLlt sTtrL 280 • 19'J •• 811'. 146. 1&2. 

1/2 2.85 SUP( II PlSfCZR .3'" •• 00 «28-01T , (51-DAY' C28-0lU (28-01" (2II-OU, 
LINES TON£ BRINO 83 8RANO 82 .271 156. *116.0 •• 11340 •• -0 • -0 • -0. 
B.-AND ('I 10.0. 23.0 21'_ 1'2.5 11690. 12010. -0 -0 -0 
20.2. 24. 4.5 15. "IN 11620. 108"0. -0 -0 -0 

'IS. 80. 1.96 -0 2.0 OaMP,13F 11600. 11180. -II -0 -0 

111 6.12 COMPR STEEL 10 • 5,00 •• 485O. 5'10. 58'J0. 
211 6.12 COMPR STEEL 10 • '520 •• '530. 9620. Q'l10. 
31, 61112 SI-LIT l>THL 280 • 8 •••• 761. 993. 178. 

112 2.85 .,34' 2.15 ( 28-0n. e-o-oIY' 128-01" e28-0a,. (211-0"1 
1IlkSTONE BRaND IU NONE • 34'1 150. • 88'J0 •• -0 • -3 • 116.0 •• 9810.· 
SUIilU E' '01. 0 324. 72.0 8'510. -0 -I) 8190. 9'60. 

1925. 21. 3.'1 15. MIN 8930. -0 -0 8720. 9!100. 
"0. n. 2.:13 -0 2.0 oa,,".'3F 8840. -0 -0 9020. 991'10. 

1 .. ~.12 COMPR Pl~TC 2AO • 11230.· ''160. "2110. 8".0. 
~II bXIZ COMPR CRORO 290 · 8"'J1).- ""0. (1'510. "510. 
III 6112 SPLIt ~RORD 2110 • 7lll •• 154. 101. 7f,U. 

NI ...... 
NI 



CENtNT FLUSH C()USl u.;; F lNi: AGIO AO"IXTUIIE "'TER "ISC ••••••••••••••• T~ST RESULTS •••••••••••••• 

"IR I • .J • BAANO IIII_NO SIIE F IHEtoIE SS TYPE W/C SLUMP 
"III DATE TYPE ClAS:. NATEklAL :'..,URCl BRAND ~/B UNI T d 6 X 12 6 X 12 UU11l 4 X II 4 X II 
(.F/CAFA lllS/CUTO lIlS/CUTO SOURCE LII5/CUYO D05EI~llI00t LR/CUYO HIX T"P CYLINorq CYLINOEA II!: A" CYlIIIOER CYlIIIOf 

PCT VOLU"' .. PCT VOlUNE lijSIC UTO PC T VOLU"!: 12'10 T TPr t IiAl/SACK ,." TI~E I ST[EU IST'::EU I ST!:EU ICAROBOt CSTr:n 
PCT A[PlAlLO P: VOL. ORUW C"FACLA/Lllt (2110 DOS!: t PCT AlR CUAING (PS It (PSlt (PSIt IPS It (PS It 

C,B B tlRANO Cb 1/2 2.11 SUPERPLSTCIR .290 l.75 ( 28-01U (-O-OIY t 128-0IY t 128-01U 1211-0Iy 
21 18/t1l II NaPIE l I H'. S TDNE: !lRI'IO B4 B'U'IO B2 • 290 157. • 9')00. • -!! • -3 • 10540. • 111'i0 • 
8.~';'t.J 790. 0 II"INO [4 104J. 1&.' 229. 71.0 92'10. -0 -0 lC2~0. 111-0. 

® 15. I) 204&. 2-. J.J 15. "IN 9J20. -0 -0 10900. 1051l0. 
0 45. RO. 1.9& -0 2.0 OI"P.7JF 9900. -0 -0 10490. 11110. 

IO.JIT10NIL OITI FAOH "IX IBOVl: ttl 6X12 CONPR PLSTC 280 ·107l0.· 10500. 11020. 10660. 
a 6JC12 CONPR CROBO 280 • 97l0 •• 9230. 9900. 10060. 
3M 61112 S~L1T CMOBO 2AO • 818 •• 7811. 822. 84l. 

cr 810 BRI",O (;6 BRI/Wi1 12 1/2 2.85 .435 3.00 U8-DAYt (-a-OAYt (28-0IYt (28-0IU (28-0IY t 
21 17/t1J 11 CLISS C lINESTONE: BRAND B3 N(,NE .J05 151. • 9560. • -0 • -0 • 10240. • 104110.· 
'.e/2.0 6&2. <:113. BDIND !:4 91'1. 0 2811. 71.5 9140. -0 -0 10280. 10HO. 

0 12. 6. 1844. 21. 4.9 15. HIN 9480. -0 -0 9840. 11060. 
lo. 41. 72. 2.01 -0 2.0 OINP.llF 100,,0. -0 -0 10600. 10030. 

IO.J'TI0NIL OITI FRDH Nix IBOVE: It! 6X12 CONPR PLSTC 280 • 8910 •• '1010. 8950. 8110. 
2. U12 CDHPR CADDO 2110 • 90'10.· 9070. 6700. 9110. 
It! &X12 SPLIT CROBO 280 151 •• rOl. 149. 1115. 

C~"AB BRINO Cfa BRAND 12 1/2 2. " SUPERPLSTCIR .411 1.50 ( 28-01U (-O-OIU 12S-0IU (28-0IU (28-0IU 
21H/II3 11 C llSS C lI"lSTONE: BRltoIO 84 BRltoIO B2 .288 156. ·10210 •• -0 • -0 • 10330. • 1101110.· 
5.~/2.0 556. 21'1. BAINO E4 100'1. 18.0 229. 10 .0 9830. -0 -0 10 190. 10420. 

G) 10. 5. 2039. 2J. 4.6 15. fIlN 9890. -0 -0 10600. III ~O. 
lD. 45. 19. 2.02 -0 2.0 01NP.13F 10910. -0 -0 10 19c). 11110. 

100lTI )NAL DATA FRO" NIX I!lOVE: .. 61112 CONPR PLSTC 2"~ • 10960 •• 11260. 10490. 11140 • 
2. &x12 CO"~R CRDOO 280 ·100&0.· 10 J60. 10260. 9550. 
J. 6X 12 SPlI T CAOIIO 250 • 68'.· 592. 699. 169. 

C,8 0 IIRI'-O C& 112 2.71 .346 2.15 (21-0IU (-O-OIYt ( 21-01U 121-0IU (21-0IU 
2125/81 II NONE ll"ESTIJNr BRAND B4 NONE • J46 -0 • 1930 •• -0 • -0 • -0 - -0-

II1.e/2.0 '143. 0 8~ IND E4 902. 0 l26. 106.0 1600. -0 -0 -0 -0 

0 lt1. 0 1804. 21. 3.9 60. HIN 1940. -0 -0 -0 -'I 

0 40. '0. 2.00 0 2.0 OI"P.llF 8240. -0 -0 -0 -0 

CEft II BRlroO C& 112 2.7' SUPERPLSTClR .2AO 4.00 ( 28-01U (-O-OIY t (2A-OIYt (28-0IU (21!-0IU 
3/10 183 II NIlNE LI"[STONE 8RINO B4 BA'toIO B2 .280 -0 -10400. - -0 • -0 • -c - -0· 
8.':/2.0 '98. D B. "';0 : 4 10 34. 15.2 22l. 104.0 9620. -0 -n -0 -0 

N 

CD 15. 0 20&5. 24. 3.1 60. PIIIN 10420. -0 -0 -0 -0 ...... 
U 4&. 81. 2.00 -0 2.0 OIPlP., JF 111 110. -0 -!' -C) -0 W 



COlE lilT FLUSH COAR;;[ AGG FINE AGG AO"IIITURE IIAT!:R 'IISC ••••••••••••••• T~ST RESULTS •••••••••••••• N 
-..J 

10111 1.0. URAND 8 Q ANO SllE F I ... E NESS TYPE II/C SLU~P 
~ 

"ill OATC TYPE CLASS "UlRUL SDURCl BRAND WIll UNIT liT r. II 12 6 II 12 6110;1118 4 II 8 4 II II 
CF ICAfA L BS/CI;'O L8;,(CII'0 :; 01;1\ C:: LB:./CU'O OoStCOlII00' LB/CU'O "III T"P C'LINOER C'LIN~ER B!:'" C'L1NOEII C'L1"'OE' 

PC T VOLU"e: PCT VOI..U"'E LIIS/C"'O PC T VOLUP'E (2 ... 0 T'PE' GAL/SACK "'K TI"E CSTEELI CSTEF:L' CSTEEL' CCIROBO' CSTEELI 
PCT PEPLAC£.D P:VOL,ORUII CAIFA (LII/Lln C2NO DOS!:' PC T A III CUR I NG (PSi' CPS II C '"511 CPS II CPSII 

C!8 B IIRU,O C6 112 2.77 SUPERPLSTClR .282 4.50 C 28-0'" c-o-o." C211-0'" C211-0'" C28-0n 
3110/83 11 NONE LlH:'H"NE BRAND 84 BRAND 82 .2R2 -0 ·11470 •• -0 • -0 • -0 • -0. 
8.~/2.0 '''7. 0 URANO E4 1033. 18.0 225. '1.0 11440. -0 -0 -0 -0 

® 15. a ;<0&4. 24. 3.2 '0. "'IN 11350. -0 -0 -0 -0 
0 46. 80. 2.00 -0 2.0 O."P,73F 11(.20. -0 -0 -0 -0 

c· IIAO BRAND C6 BRANIl 112 1/2 2. " .489 3.00 C 211-0A" C-O-O'" (28-0'" C 28-0'" C28-0'" 
31 2183 II CLAS", C LlItESTONE BRAND I" 1\I0NE .343 -0 • 84'0. • -0 • -0 • -0 • -0. 
1.0/2.0 646. ~ 16. IIRA-r.o l4 '101. 0 316. 108.0 8650. -0 -0 -0 -0 

0 12. b. 11103. 21. 5.5 60. "IN 8410. -0 -0 -0 -0 
30. 40. 10. 2.00 -0 2.0 OA"P,HF 8360. -0 -0 -0 -0 

Cl8.0 BRAIIO C6 BR .NO A2 1/2 2.71 .51' 3.00 C 28-0." c-a-OA" (28-0'" C28-0'" C28-0A" 
31 2/113 11 CLAloS C L lItn TON!: 8kANO B4 NONE .363 -0 • 8080. • -0 • -0 • -a • -0· 
1.C/2.0 638. 273. 811.1110 C4 0'1. 0 331. 108.0 75'0. -a -0 -0 -0 

0 12. 6. 17112. ;<1. 5.8 90. "IN 79RO. -0 -0 -(I -0 
30. 39. 69. 2.00 -0 2.0 OA"P ,73F 86RO. -0 -a -0 -II 

C~ 8'B BAAIIO C6 8RAND A2 1/2 2.71 SUPCRPLSTClR .357 4.00 «28-0'" (-a-on' «28-0n, «28-0' " (28-0'" 
31 9'lIl II CLASS C L litES TON!: "UNO '" 8RAIII0 112 .24" -0 ·11210 •• -0 • -IJ • -0 • _". 
5.9/2.0 565. 243. 8AAJiO l4 1036. 25.4 201. 104.0 10700. -0 -0 -0 -0 

(2) 11. 5. 2072. 24. 4.0 60. "IN 11440. -a -II -0 -0 
30. t'. 81. 2.011 -0 2.0 OA"'P,73F 1 "'0. -0 -0 -0 -0 

C~8A8 BAANO Cb 8RANO .2 112 2.77 SUPERPLSTClR .360 4.00 «28-0'" (-a-oIlY' C28-0llY , (28-0llY , (28-0AT , 
31 9/8l II CLASS C L1"ESTON!: IIIlINO 'I' RR.NO 8:! .252 -0 ·11410 •• -0 • -0 • -0 • -0· 
5.'/2.0 5'4. 242. 8' AND It 1035. 30.7 203. 102.0 11710. -0 -0 -0 -0 

0 11. 5. 206'. 2-. 4.1 90. "IN 10700. -0 -0 -0 -0 
30. 46. 'H. 2.00 -0 2.0 0'''P,13F 1111'10. -0 -0 -0 -0 

C[8 C BRAND Cb 1/2 2.11 ROUCR/RTROER .364 2.15 C 28-0llY' C-O-OAT' «28-0'" C28-0n, C211-0A" 
3/15/83 II NONE L1"ts TON~ :tAANO 84 BRAND Cl .364 -0 • '470. • -0 • -0 • -(I • -0· 
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