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ABSTRACT

This study evaluated the Chace Air Indicator (CAI) using sixteen
concrete mix variables and has provided results conforming with the
findings of previous research. The CAI indicated higher values than
the pressure method at lTow air contents and lower values at high air
contents. However, mortar-corrected CAI readings, using the proper
Chace factor, gave values typically 15 percent higher than the pres-
sure method over all ranges of air contents. A set of curve correc-
tion equations with confidence intervals indicating the reliability
of results was suggested to adjust for deviations with results based
on the average of one, two or three readings per test sample.

It is concluded that the performance of the CAI improves with
increased number of readings per test sample and proper training of
operators.,

It is recommended that the CAI be used with care in testing
concretes with high range water reducer at high air contents because
of the variation of readings with time.






SUMMARY

The Chace Air Indicator (CAI) has been widely used as an
indicator of the air content of portland cement concrete. The
objectives of this study were to determine the ability of the
CAI to measure the amount of entrained air with sufficient
accuracy for job control purposes, the identification of limits
for the use of the CAI and the determination of calibration re-
quirements for the CAI. This report describes the laboratory
phase of the study which included many variables such as tempera-
ture, slump, air content, cement type, aagqreaate type, and tvpe
of admixtures. The variability between operators and between in-
struments was also investigated.

It was found that the CAI indicated higher values of air than
the pressure meter at low air contents and lower values at high con-
tents. Correction curves were developed for the variables investigated.
The correction has a 95 percent confidence interval of 3.2 percent air
content for one CAI reading; for three readings the interval is reduced
to 1.8 percent. The coefficient of variations for operations and
instruments were less than five percent. Recommendations are made for
improved usaae of the CAI, including an accurate determination of the
Chace factor, consistent operation of the CAI, and the use of a correc-

tion curve developed from the laboratory tests.






IMPLEMENTATION

This study had the primary objective of determining if the Chace
Air Indicator can be used with sufficient accuracy for job control
purposes. The laboratory study, reported herein, indicates that with
proper care good accuracy can be achieved. The field measurement phase
will provide the final answer to the question. The results of this
study will be of significant benefit to the Department, especially if
it is found that the CAI can be used for job control purposes.

ix
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CHAPTER 1

INTRODUCTION

1.1 Scope
This investigation is concerned with the evaluation of the Chace

Air Indicator (CAI) and its validity in determining the amount of
entrained air in structural concrete. The existing procedure for
using the CAI specifies that it be correlated daily with the pressure
method for job control purposes (5). Experience of some field per-
sonnel with the CAI had led them to question the necessity for daily
correlation and to favor the removal of such a requirement to save
manpower and testing time. However, before modifications can be
adopted, additional information is needed to prove whether or not the
performance for the CAI can adequately measure air content of the mix
within the tolerances of the required standards.

1.2 Background

The CAI has been in use for about 25 years. Studies conducted
by the Virainia Council of Highway Investigation and Research (2)
and the Virginia Highway and Transportation Research Council (3)
involving the AE-55 Indicator yielded the following conclusions and
recommndations:

{1) The CAI can be used to provide a reasonably accurate indica-
tion of the air content of fresh concrete, provided results are based
on the average of a minimum of two readings.

(2) Under field conditions, the CAI requires about one-fourth
to one-third the time required by a pressure meter. The fragility
of the instrument is offset by its low cost and ease of handling.



(3) The CAI should be used on concretes that lend themselves
to the extraction of representative samples. Unscreened samples were
found to yield better results.

(4) Each CAI should be inscribed with a Chace factor, which is
defined as the volume of one graduation on the stem expressed as a
percentage of the votume of the bowl. This factor is the basis of
the mortar and curve corrections applied to the stem reading to take
care of the fact that CAI reads low at high air contents.

1.3 Research Objectives

The objectives of this study were as follows:

(1) Determine if the CAI can measure the amount of entrained
air with sufficient accuracy for job control purposes.

(2) 1Identify the limits or tolerances for the use of the CAI
for either job control or as an indicator as it is presently used.

(3) Determine the calibration requirements for the CAI and
the frequency of correlation with the pressure meter,

The study established guidelines for effective and reliable
use of the CAI under several design and environmental variables,
such as:

(1) Range of slump

(2) Range of air content

(3) Range of temperature

(4) Type of aggreaates

(5) Type of cement

(6) Type of admixture

The results also provided information on the variability between
test units and between operators and were used to determine correc-
tion curves for all variables.



CHAPTER 2

PREVIOUS RESEARCH

2.1 The Virginia Council of Highway Investigation and Research Study
This study (2) involved results of a statewide experiment to

compare the CAI to conventional pressure methods. A total of 835

comparative field tests with various materials and operators were

conducted. It was emphasized that the method was not intended to
replace existing laboratory methods of air measurement but rather
to be an aid in field control.

To take into account the fact that only mortar is used in the
AE-55 Indicator test, instead of concrete, as used in the pressure
method, a mortar correction based on the mix mortar content was
adopted. A curve correction was also developed to correct for
extreme deviations since it was found that the CAI read high at low
air contents and Tow at high air contents.

It appeared also that uncorrected data gave a better measure of
air content than data for which correction was attempted. This does
not imply that such corrections were unnecessary, since their effect
was beneficial in medium air ranges, but it suggests that additional
testing should be performed and modifications should be applied to
concrete with high or low values of air content.

Major conclusions from the study were:

(1) The AE-55 Indicator is a reasonably accurate and moderately
precise device for field measurement of air content in concrete.

(2) Multiple readings are advisable for improved performance.



(3) Unscreened samples are suitable: it was found that 70
percent of the readings fall within one-half percentage point and
95 percent within one percentage point of air as determined by the
pressure method.

2.2 The Virginia Highway and Transportation Research Council Study

The results of this study (3) concluded that poor agreement
existed between the pressure method and the CAI. The pressure method
gave values typically 30 percent higher than the CAI at high air con-
tents. The error was due to the fact that the existing recommended
mortar correction did not take into account the Chace factor of the CAI.
The new recommended mortar correction was adopted by AASHTO (6). This
correction can be represented in the form of the following equation:

mortar content (ft3/yd3) x Chace factor

mortar correction factor =
27(ft3/yd3)

The recommendations of the study specified that

(1) Each CAI should be inscribed with its Chace factor.

(2) CAI results should be based on stem readings that have been
corrected using a Chace conversion nomograph (Fig. 2.1)

(3) CAI readings should be taken as the average of a minimum
of two samples.

(4) Concrete investigated should be suitable for retrieving
representative samples.

As a result of the Virginia study, the AASHTO Standard Method
of Test for Air Content of Freshly Mixed Concrete by the Chace Indicator
(T199-82) (5) was modified to include the recommended corrections.
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Actual Air Content, Percen

Chace Factor
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Chace-Factor-Based Mortar Correction

Fig. 2.1 Chace Conversion Nomograph (3).
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2.3 The Materials and Tests Division at

the Texas Highway Department Study

This study (1) found that the strength and temperature of
alcohol used in the CAI test had a significant effect on results.
It was recommended that

(1) Only 70 percent isopropyl alcohol diluted with water
should be used.

(2) Temperature differentials should be avoided.

(3) The tests should be performed with care and as rapidly as

possible.



CHAPTER 3
EXPERIMENTAL STUDY

3.1 Test Program

The test program included the mixing of two to three batches
of concrete per day, alona with the scheduled CAI and pressure meter
tests. The batching operation was performed at two-hour intervals
and the necessary materials were prepared and weighed in several
buckets. The mixing operation took from two to three minutes after
the last quantity of water and air entraining agent was added, and
the fresh concrete was then poured in a wheelbarrow, ready for testing.
At first a slump test was performed and a strength cylinder was filled.
Then the testing proceeded with one operator using the three pressure
meters and the other using the three CAIs, except for the first ten
batches, where each of the three CAIs was used twice by each of
the operators and each pressure meter was used only once by either

operator.

3.2 Standard Design

A standard batch desian was developed with specific character-
istics. The variable under consideration was the item in subsequent
mix desians that differed from the standard mix design. The test
investigated the effect of the variable on the performance of the CAI

relative to the pressure meter.
The Standard Design Characteristics (SDC) were
(1) type I portland cement,
(2) siliceous coarse (gravel) and fine (sand) aggregates,
(3) medium sTump (3 to 5 in.),



(4) medium air content (6+1 percent),

(5) room temperature (75°F), and

(6) no admixture.

The only case where two properties varied at the same time was
when a high range water reducer was involved. The immediate result
of such an admixture was the increase of the slump range to high
slump (5 to 8 in). Also, the effect of admixtures was tested for
high (10+1 percent) and low (3+1 percent) air contents, and the
effect of temperature was tested for high air contents with high
slump.

3.3 List of Test Variables
Every variable was tested in five batches of 2 cubic feet

each. The variables under investigation were
(1) Tow slump: used standard desian characteristics (SDC)
but with low slump,
(2) medium slump: used SDC,
(3) high slump used SCE with high slump,
(4) 1low air content: used SCD with low air content,
(5) high air content: used SCD with high air content,
(6) 1low temperature: used SCD with Tow temperature, high air
content, and high slump,
(7) hiah temperature: used SDC with high temperature, high
air content, and high slump,
(8) cement type II (CII): wused standard design character-
istics (SDC) but with type II cement,
(9) cement type III (CIII): had the same batch properties as
with cement type II but with cement type III,
(10) water reducer at low air (WRLA): used SDC with the addi-
tion of a water reducing admixture at low air content,
(11) water reducer at high air (WRHA): had the same batch
properties as with WRLA except that air design was in the high air
range,



(12) high range water reducer at low air (HRWRLA): used SDC
with the addition of a super plasticizer at low air content,

(13) high range water reducer at high air (HRWRHA): had the
same batch properties as the HRWRLA except at high air content,

(14) siliceous coarse aggregate with limestone fine blends
(SCLF): used SDC with limestone fines instead of sand,

(15) 1limestone coarse aggregate with siliceous fines (LCSF):
used SDC with a crushed limestone coarse aggregate instead of gravel,

(16) 1limestone coarse aggregate with limestone fine blends (LCLF):
used SDC with both coarse and fine limestone aggregates instead of
gravel and sand.

Table Al illustrates the interaction between the variables and
summarizes in a simple manner the properties of the concrete designed
for each variable. Appendix A contains all data sheets for each of
these variables.

Al11 of the cement used in these tests was purchased from the same
mill 1ot to minimize variability in its chemical composition. All
other materials were similarly secured from single lots.

3.4 Data Sheet Information
The following information was recorded for each batch:

(1) ambient temperature and humidity,

(2) properties and quantities of mix materials,

(3) design and measured air content and slump,

(4) 28-day design compressure strength and actual strength.
Strength tests were performed on three cylinders out of five batches
for every variable. Mix design and strength requirements conformed
to specifications by the State Department of Highways and Public
Transportation (SDHPT)(7) for class C concrete.

(5) 9 CAI readings and 3 pressure meter readings. In each case, 3
CAIs and 3 pressure meters were used.
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(6) the names of operators who performed the test., For the first
10 batches, operators alternated in performing repeated tests on the
CAI and the pressure meter to help determine instrument and operator
variabilities.

Additional information on materials properties is provided in
Appendix B.



CHAPTER 4
TEST APPARATUS AND PROCEDURE
4.1 CAI Apparatus

The ACI apparatus is composed of five items (Figs. 4.1 and 4.2):
(1) an indicator consisting of two pieces, a glass tube and a

rubber stopper. The glass tube is about 3-in. long and 1 in. in
diameter with a stem 3-in. long and 1/4 in. in diameter. The stem
of the glass tube is scribed with eleven marks, each pair indicating
a volume of 0.08 ml. A reference mark is also scribed on the large
portion of the tube. The rubber stopper is mounted with a brass cup
on its smaller end to fit the larager end of the glass tube. The brass
cup has a 3/4-in. inside diameter, is 1/2-in. in depth and, has a volume
of 1/2 ml. When the stopper and cup are inserted into the glass tube,
the total volume is about 27 ml,

(2) a medicine dropper having a tip small enough to enter the
graduated stem of the indicator,

(3) a quantity of 70 percent isopropyl alcohol,

(4) a thin, stiff metal wire or a No. 1 Gem paper clip to act
as a rodding device to the mortar in the cup, and

(5) a spatula or a narrow blade knife to pick up the mortar.

4.2 Test Procedure

The procedure is presented as outlined in SDHPT Test Method
Tex416-A (5) and it comprises the following steps:

(1) fil11 the brass cup with cement mortar from the concrete to

be tested, excluding particles of sand which would be retained on a
number 10 sieve. A narrow knife blade is most suitable to pick up

11
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Fig. 4.1

CAI Apparatus: Indicator, Spatula,

Alcohol Bottle, Stiff Wire
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Fig. 4.2 CAI Apparatus in the Field Kit
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the mortar. Rod the mortar in the cup using a thin stiff wire and
strike of f the mortar flush with the top of the cup. Clean the
sides of the cup and stopper of mortar.

(2) Close the smaller end of the indicator with a finger and
fill the tube with alcohol to the reference line. Insert the stopper
into the tube, invert the indicator, and bring the level of the
alcohol to the upper mark on the stem by pushing the stopper in
farther or by adding alcohol with the medicine dropper. Be certain
that no air bubbles are in the stem of the indicator.

(3) Close the opening in the stem with a finger and gently roll
the indicator from a vertical to a horizontal position while tapping
the side of the indicator with a finger of the other hand. Care
shall be taken not to change the setting of the stopper. Continue
the rollina and tapping until all of the mortar is dispersed in the
alcohol and no more bubbles of air appear.

(4) With the indicator held in a vertical position, remove the
finger from the end of the stem and read the level of the alcohol in
the stem to the nearest half graduation.

4.3 Recommended Modifications

Some modifications to the existing procedure are recommended to
improve the performance of the CAI. Such adjustments were found to
be effective as the laboratory phase progressed and operators became
more familiar with the CAI. The suggested modifications were:

(1) Start with clean and dry indicator, stopper and cup.

(2) Rod the mortar uniformly about 20 times (Fig (4.2'). If
large sand particles are detected during rodding, they should be
removed.

(3) After rodding the mortar, gently tap the sides of the cup
with the handle of the spatula to eliminate irregularities and fill
possible air pockets with mortar (Fig. 4.3).

(4) When striking the mortar flush with the cup, apply a aentle
saw motion with the blade of the spatula on the top of the cup to
insure a smooth, level surface.



Fig. 4.2'

Rodding the Mortar with a Thin Stiff Wire

15



16

Fig. 4.3 Tapping Action on the Sides of the Cup
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(5) Clean the sides of the bowl with tissue and not with the
finger (Fig. 4.4).

(6) Before filling the tube with alcohol, invert the indicator,
close the smaller end of the indicator with the forefinger, and hold
the stem between the thumb and the middle finger (Fig. 4.5). Holding
the tube in this manner reduces the chance of the tube's slipping
between the fingers.

(7) After inserting the stopper into the tube and inverting the
indicator, push the stopper farther into the tube irrespective of the
level of alcohol inside the stem (Fig. 4.6). This will prevent the
possible movement of the stopper during the test and prevent premature
change in alcohol level from the original zero setting.

(8) Put the indicator on a level surface and bring the level of
the alcohol to the upper mark of the stem either by adding more alcohol
with the medicine dropper or by removing the excess alcohol with
twisted paper towel corner (Fig. 4.7). The level of the alcohol is
adequate if the bottom of the meniscus coincides with the upper mark
of the stem.

(9) Before rolling the indicator, wet the forefinger that will
close the opening of the stem with water (Fig. 4.8). This will pro-
vide better alcohol-tight contact surface between the finger and the
glass tube, thus reducing possible alcohol loss during the test.

(10) The indicator should be held with both hands. The forefinger
and thumb of one hand are used to close the open end of the stem, while
the same fingers of the other hand are used to hold the tube from the
large end over the portion covering the brass cup.

(11) Before starting the rolling and tapping motion, shake the CAI
in a gentle lateral vibratory motion to drop the lump of mortar into
the alcohol. This action will insure the complete emptying of the cup
(Fig. 4.9).

(12) While rollina the indicator from the vertical to the horizontal
position, continue the lateral shaking. To determine that all the mortar
is dispersed, stop the rolling and hold the indicator vertically without
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Fig. 4.4 Cleaning the Sides of the Cup
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Fig. 4.5 Holding the Tube
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Fig. 4.6

Inserting the Stopper into the Tube



Fig. 4.7 Removing the Excess Alcohol
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Fig. 4.8 Wetting the Forefinger



Fig. 2.9 Emptying

the Cup
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removing the forefinger from the stem opening, wait for the alcohol

to drop down and for the large air bubbles to go up, and take an
approximate reading. Repeat the rolling and shaking several times

and take a new approximate reading; if the two readings are similar
then all the mortar is dispersed, if not, repeat the rolling, shaking,
and reading until two consecutive readings are identical.

(13) Before taking the final reading, put the indicator on a
level surface, and wait for the alcohol to drop down and for the large
air bubbles to rise. Remove the forefinger closing the stem and take
the reading to the nearest half graduation. The level of the alcohol
is represented by the bottom of the meniscus (Fig. 4.10).

A complete recommended procedure is given in Appendix G.

4,4 Suggested Field Apparatus

The objective of this study is to simplify the task for the
field personnel without jeopardizing the quality of testing. By
providing additional equipment that is easy to use and carry, perfor-
mance can be improved. In addition to the standard equipment (Fia.

4.2), it is advisable for the inspector to carry a plastic bottle
(Fig. 4.11) to rinse the CAI and wet his finger.

In case the Chace factor needs to be determined in the field,
the apparatus sufficient to perform the operation can be composed of
70 percent isopropyl alcohol used as liquid to measure the volumes
of the stem and cup, a pipette graduated to 0.01 ml to measure the
volume of the stem and a pipette graduated to 0.1 ml to measure the
volume of the cup.

The volume can be read directly from the change in alcohol
level in the pipette upon filling the respective elements.

4.5 Tapping/Tapping and Shaking
Additional laboratory testina was performed to determine the

difference, if any, between readings from the CAI when tapped, or
tapped and shaken during the emptying of the cup of mortar and
rolling, Eight batches were tested and their data sheets are included



Fig. 4.10 Taking the Reading
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Fig. 4.11 A Plastic Water Bottle and

an Alcohol Medicine Dropper



in Appendix H. Only one CAI was used with each batch.

(cv, percent) for each batch are shown in Table 4.1,

Table 4.1 Shaking and Tapping

Six CAI
readings were taken, three with taping and three with tapping and
shaking. The average (X) and the percent coefficient of variation

27

CAI Air Content (percent)

Low Medium High
I _
Tapping| x* 3.8 4.3 ] 3.7/ 6.0]| 58] 5.8|8.5]29.0
and
Shaking
Method | cv** | 7.5 [ 6.7 | 7.9 | 8.3 | 4.9 | 4.9 | 5.9 | 5.6
xX* 3.7 |1 4.2 1 3.7 )5.0)]5.5]|5.5(|7.81|8.0
Tapping
Method
cv¥* | 7.9 16.97.9| 00] 0.0)0.0] 3.7 | 6.2
* Mean

** coefficient of variation

The testing time for the tapping method was between two and three

minutes longer than the tappinag and shaking method.
readings are higher for the tapping and shaking method, which indicates

that the mortar is more dispersed than with the tapping method.

The average

the coefficient of variation are within the acceptable range, 10%.

A1l







CHAPTER 5
DATA ANALYSIS

5.1 Scope

In this chapter, the methods of data analysis are outlined.
Analytical and graphical results of the data analysis are presented
in Chapter 6. The statistical analysis began with organizing the data
into three classes confoming to the type of analysis considered.
The classes of analysis were

(1) a regression analysis of the mortar-corrected readings for
all instruments,

(2) an analysis of instrument variability, and

(3) an analysis of operator variability.

5.2 Pre-Analysis Calculations
5.2.1 Actual Mortar Content (MC)
The actual mortar content for each batch of concrete was found.

When the designed air content and the actual air content are the same
the actual mortar content is aiven by
MC = 27 - (Absolute volume of coarse aggregate in one cu yd
of concrete, expressed in cu ft) (5.1)
If the actual air content is not the same as the design air
content, the total volume of the concrete changes. The equation for
the actual mortar content is derived in Appendix F and is given by

MC = 27 - (27!(CAFE(UN)(1 - p) (5.2)
62.4)(G - P
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where MC = actual mortar content in the concrete in cu ft/cu yd
and is defined as the total volume of the concrete
(27 cu ft) minus the absulute volume of the coarse
aggregates, expressed in cu ft,
CAF = coarse aggregate factor,
UW = saturated surface dry unit weight of the coarse

agareqgate in use, expressed in 1b/cu ft,

G = saturated surface dry specific gravity of the
coarse aqaregates in use,

P = desianed air content, expressed as a decimal fraction,

p = actual air content as represented by the average of the
pressure meter readings, expressed as a decimal fraction.

5.2.2 Mortar Correction Factor
The Mortar Correction Factor (MCF) is the number by which the
reading or average of readings of the CAI should be multiplied to

obtain the theoretically correct air content in the concrete. The
MCF is given by

MCF = (CF)(MC) (5.3)
s
where CF = Chace Factor of the CAIl used,
MC = actual mortar content in the concrete, defined by

equation 5.2 and expressed in cu ft/cu yd.
Equation 5.3 is represented by the lower part of the Chace Conversion
Nomoaraph (Fig. 2.1).

5.2.3 \Uncorrected and Mortar Corrected Readings
The mortar corrected reading or average of readings (Xmc) is

aiven by
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Xmc = (MCF(Xu)
where
Xu = uncorrected reading or average of readings as read
from the CAI.
For every batch of concrete three readings were taken with each
of the three CAIs and three sets of calculations were made whereby
(1) Xu represents the first uncorrected reading for each CAI,
(2) Xu represents the average of the first two uncorrected
readinas for each CAI, and
(3) Xu represents the average of the three uncorrected readinas
for each CAI,
and the corresponding Xmc was found.

5.3 Instrument Variability
Both types of instuments, the CAI and the pressure meter, were

tested for variability.

5.3.1 CAI Variability

CAI variability accounts for differences between instruments.
A random sample of six batches was selected. Averages of readings
performed by the same operator on several instruments were collected.
The coefficient of variation (cv) between instruments was calculated

as follows:
cv=s where X is the mean of means and s = 7% where
X
o is the standard deviation of average CAI readings and n is the
number of readings in a single sample (1, 2, or 3). An average cv
for the six batches was adopted as being the coefficient of variation
between Chace Air Indicators.

5.3.2 Pressure Meter Variability
Two kinds of pressure meter variability were computed: the
variability between instruments and the variability within the same
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instrument (for multiple readings). The same approach outlined in
the previous section was used on a sample of six batches.

5.4 Operator Variability

Operator variability accounts for the difference in performance
between operators. Readinas performed on the same instrument by
different operators were collected and an analysis similar to that
used to determine instrumental variability was made. This variability
index also defines the variability of each CAI.

Note that the confidence interval is expressed as a percent of
air while instrument and operator variabilities are expressed as a
percent of relative error with respect to the average reading.

5.5 Regression Analysis
To perform the linear regression analysis all the data obtained

from the laboratory phase were needed, used except that the data
obtained from the variable "High Range Water Reducer at High Air
Content" (HRWRHA) were excluded since the readings on both the PMs
and the CAIs were decreasing with time, and the comparision of these
readings was not possible.

5.5.1 Purpose

Linear regression allows the analysis of the relationship of one
variable to another. The objective is to perform a least-squares
linear reqression which is desianed to minimize the sum of the squares
of the deviations of the actual data points from the straight lines of
best fit. The data points used are represented by two coordinates. The
ahscissa is the mortar-corrected CAI reading or average of readinas and
the ordinate is the average of the PM readings.

The desired result is a linear equation that best fits the data
points and could be used to project the actual air content through the
knowledge of a mortar corrected CAl reading.
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5.5.2 Technique
Each batch had a number of averaaes of mortar-corrected CAI
readinags and one average of PM readings. Each set of two numbers, the
first being a mortar-corrected CAI reading or average of readings (Xmc)
and the second being the averaae PM reading (PMR) for the same batch,
represented one data point. Excluding the variable HRWRHA the total
number of data points was 248,
The regression analysis was performed separately for three sets
of data points (Xmc, PMR) where
(1) Xmc represents the first mortar corrected CAI reading,
(2) Xmc represents the mortar corrected average of the first
two CAI readings, and
(3) Xmc represents the mortar corrected average of the three
CAI readings.
The same technique was used for each of these three sets of data
points.

5.5.2.1 First Equation
The linear regressionr was applied to the set of 248 points
(Xmc, PMR) and the linear equation that best fits these points is

expressed by:
Y1 = (al)Xmc + bl (5.5)

where al and bl are constants and represent the slope and

intercept of the straight line respectively.

Because the data are seldom perfectly linear, it was necessary
to measure how well the line fitted to the data actually does approxi-
mate the data. This measure is called the correlation coefficient (R).
The value of R ranges from -1 to +1. High positive and high negative
values of R reflects that there is some linkage between the two variables
it is correlating and that the value of one can be used to estimate the
value of the other.
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5.5.2.2 New Set of Points

To determine the accuracy of equation 5.5 in representing the set
of points (Xmc, PMR), a new set of points (Xmc, Y1) was found, where
Y1 was the ordinate of the new point and calculated from equation 5.5.

5.5.2.3 Difference

Each value of Xmc had a corresponding value for PMR and Y1.
Their difference (PMR - Y1) represented the accuracy of equation 5.5,
and constituted the number that should be added to Y1 to obtain the
original ordinate PMR. Using each value of Y1 it was necessary to find
its corresponding value (d) equivalent to (PMR - Y1) that would represent
the PMR after being added to Y1. To determine the d values, a linear
regression was performed on the set of points represented by (Y1,
(PMR - Y1)). The linear equation that best fitted these points was
expressed by

d = (a2)Y1 + b2 (5.6)

where a2 and b2 are constants and represent the slope and
intercept of the straight line, resnectively.

5.5.2.4 The New Equation
Theoretically, adding d to Y1 should give the PMR, but, since the
data were not perfectly linear, it was necessary to determine the

accuracy of (Y1 + d) in representing the PMR. A linear regression was
performed on the set of points (Y1 + d, PMR) where d was found from
equation 5.6, The linear equation that best fits these points was
aiven by

Y = (A)(Y1 +d) +B (5.7)
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where A and B are constants and represent the slope and intercept

of the straight line, respectively.

If all the (Y1 + d) values were equal to the PMR values, A and B
would be exactly 1.00 and 0.00 respectively and the corresponding cor-
relation coefficient R would be exactly 1.00.

5.5.2.5 The Final Equation
Replacing d by its expression in equation 5.6 and Y1 by its

expression in equation 5.5, equation 5.7 becomes
Y = [(A)(1 + a2)(al)] (Xmc) + [(A)(1 + a2)(b1) + (A) (b2) + B] (5.8)

Expressina equation 5.8 in simpler form,

Y = (S)(Xmc) + I (5.9)
where
S = (A)(1 + a2)(al) (5.10)
and
I + (A)(1 + a2)(b1) + Ab2 + B (5.11)

5.5.2.6 Confidence Interval
The 95 percent confidence interval is sought. It is denoted by

2k, where k is expressed as follows:

k = (1.97)(sigma) (5.12)
n

where sigma = standard deviation derived from all (PMR - Y1) values,

n = number of readings represented by Xmc, and

k is expressed as percent air content.
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Having obtained Xu from direct reading from the CAI, Xmc from
eouation 5.4, and Y from equation 5.8, there is a 95 percent prob-
ability that the value of actual air content is between the values
(Y - k) and (Y + k).

The use of equation 5.12 assumes a normal distribution of the
(PMR - Y1) values around their mean. This mean was assumed to be
zero. The actual value of this mean was found to have a value very
close to zero. The correlation coefficient for the set of points
[(Y1, (PMR-Y1)] used to derive equation 5.6 was found to have a
value which was very close to zero. This reflects the fact that Y1
and {PMR - Y1) were not correlated and that the points were dis-
tributed normally around their mean value.

The technique described in 5.5.2 required three rearession
analyses. The function of each is summarized below. The first
rearession analysis found the best fit straight line for the points
(Xmc, PMR). The second regression analysis found the correlation
coefficient for the set of points [(Y1, (PMR - Y1)], their best fit,
and the mean and standard deviation of the (PMR - Y1) values. The d
values obtained from eauation 5.5, which is the result of the second
regression analysis, were equal to 0.0 for all the 248 points. As a
result, no additional correction was needed for the first rearession
analysis. The third rearession analysis found how accurate the first
regression analysis was, by determining the best fit straiaght line
for the points [{(Y1 + d), PMR}]. The first rearession analysis was
determined to be aood since the third rearession analysis obtained
a best fit straight line that approximates very closely the line of
equality. From all these analyses, it is seen that the first regres-
sion was accurate enough, but to obtain the confidence interval and
to see how close the best fit approximates the line of equality, the
second and third regression analyses were required. All that equation
5.7 provides is a aeneral expression to adjust the first regression
analysis in case non-zero values for d are obtained. Applying it to
the data on hand changes al and bl into S and I respectively. The
slight change in values is due to the zero values for d.



CHAPTER 6

RESULTS OF ANALYSES

This chapter presents the araphical and analytical results of

the data analysis. Preliminary analysis indicated that it was

desirable to combine all data to get a more comprehensive correction

curve. Attempts at individual correction curves for each variable

were not successful because the number of roints in each case was

small and the result was a set of 16 equations, since 16 variables

were investigated in the two studies. Instead, a single curve was

adopted to include all points from all variables. However, the data

of concrete with the high range water reducer at high air content

were excluded from the regression

analysis because it presented an

additional variability, not accounted for in the test program. This

variability was a decreasing trend of the air readings with time on

both the CAI and the pressure meter.

6.1 Regression Analysis

6.1.1 Results Using Single CAl Readings

The value of the constants in equations 5.5, 5.6, 5.7, and 5.9,

the correspondina correlation coefficients, and the values of the

confidence interval are given below.

Taking only the first reading of the three available with each

CAI and performing the regression
gave the following results:

analysis as described in Section 5.5

In equation 5.5: al = 0.836
b1 = 0.14
R = 0.946

37
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In equation 5.6: a2 = 0.00240
b2 = -0,0232
R = 0.0070

The near zero value of R shows that there is not any relavant
pattern in the relation between Y1 and (PMR - Y1) and hence the
assumption of normal distribution of the values of (PMR - Y1) around
their mean is reasonable.

The mean value for (PMR - Y1) was found to be egual to -0.0081,
the related sigma equal to 0.825, and the corresponding n equal to 1.
Replacing sigma and n by their values in equation 5.12 yields

k = 1.6 percent and 2k = 3.2 percent.

In eguation 5.7:

A= 1.00
B = -0.0232
R = 0.946

Replacing these values in Equations 5.10 and 5.11 yields
S= 0.840 and I = 0,068
and the final eguation becomes

Y = (0.840)Xmc + 0.068 (6.1)

with the 95 percent confidence interval eaqual to 3.2 percent
air content.

The points (Xmc, PMR) and their corresnonding best fit straight
line, eauation 5.5 are illustrated by Fig. 6.1, where the 45 degree
dashed line represents the line of equality.

It is seen that the mortar corrected readings give higher values
of air content than the actual values represented by the PMR, hence
the need to adjust these readings through the use of Equation 6.1.
The A and B coefficients reflect how close the best fit of the points
is to the 45 degree line of equality.
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6.1.2 Results Using Average of First Two CAI Readings
Taking the average of the first two readings out of the three
available with each CAl and performing the regression analysis as

described in Section 5.5 qives the following results.
In equation 5.5: al = 0.845

, b1 = 0.0528
R = 0.949
In equation 5.6: a2 = -0.00703
b2 = 0.0436
R = -0.0197

The mean value for (PMR - Y1) was found to be equal to -0.0040,
the related sigma equal to 0.859, and the corresponding n equal to 2.
Replacing sigma and n by their values in equation 5.12 yields

k = 1.2 percent and 2k = 2.4 percent.

In equation 5.7: A= 1.00
B = -0.0364
R = 0.948

Replacina these values in equations 5.0 and 5.11 yields
$=0.843 and I = 0.060
and the final equation becomes

Y = (0.843)Xmc + 0.060 (6.2)

with the 95 percent confidence interval equation to 2.4 percent
air content.

The points (Xmc, PMR) and their corresponding best fit straight
line, equation 5.5, are -illustrated by Fig. 6.2. Here also the mortar
corrected readings qive higher values of air content than the actual
values represented by the PMR., Hence the need to adjust these read-
ings through the use of eguation 6.2. The same final remark in 6.1
applies here.
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6.1.3 Results Using Average of Three CAI Readings

Taking the average of the three readings with each CAI and per-
forming the regression analysis as described in Section 5.5 gives the
following results.

In equation 5.5: al = 0.850
b1 = 0.00599
R = 0.951

In equation 5.6: a2 = -0.00315
b2 = 0.0255
R = -0.0097

The mean value for (PMR - Y1) was found to be equal to 0.0056,
the related siagma equal to 0.78, and the corresponding n equal to 3.
Replacing siama and n by their values in equation 5.12 yields

k = 0.9 percent and 2k = 1.8 percent.

In equation 5.7:

A = 0,995
B =0.0325
R = 0.951

Replacing these values in equation 5.10 and 5.11 yields
S$=0.844 and I = 0.064
and the final equation becomes

Y = (0.844)Xmc + 0.064 (6.3)

with the 95 percent confidence interval equal to 1.8 percent
air content.

The points (Xmc, PMR) and their corresponding best fit straight
line, equation 5.5 are illustrated by Fia. 6.3. Here again the mortar
corrected readinas aive higher values of air content than the actual
values represented by the PMR, hence the need to adjust these read-
ings through the use of equation 6.3. The same final remark in 6.1
applies here also.
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Table E.1 represents a sample of the rearession analysis calcula-
tions performed on the average of three CAI readings for variable HS.

The process of using equation 5.9 to correct the Xmc is called
curve correction,

Fig. E1 illustrates how mortar corrected CAI readings used in
Section 6.3 compare with the corresponding PMR for all 16 variables.
The Towest, highest, and average value for Xmc and PMR are also
shown. These fiaures show that for all seven variables the average
Xmc is higher than the corresponding PMR.

6.1.4 Comparison with Previous Results
Sprinkel (3) found a relationship relating Y to Xmc. That rela-
tionship is identical to equation 5.9 and is given by

Y = (1.164)Xmc - 0.308 (6.4)

with the 95 percent confidence interval equal to 3.8 percent air
content,

Using this equation a new set of points {Xmc, Y) was found and
the best fit straiaht line was determined for the points (Y, PMR).

This straight line is similar to eauation 5.7.

Fig. 6.4 illustrated eqguation 5.7 as determined in the present
study and as determined through the use of equation 6.4 for the read-
inas used in 6,1. The corresponding confidence intervals are also
shown in this figure. Similarly, Fias. 6.5 and 6.6 illustrate eauation
5.7 for the readings used in 6.2 and 6.3 respectively.

6.2 Instrument Variability
6.2.1 CAI Variability
The CAI variability is expressed as a percent error between instru-

ments used by a single operator. Instrument variability was 2.3 percent
for operator 1 and 3.6 percent for operator 2.
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6.2.2 Pressure Meter Variability

The variability between pressure meters was 4.1 percent as
opposed to a variability within each instrument of 4.3 percent for
pressure meter 1, 4.2 percent for pressure meter 2 and 4.8 percent
for pressure meter 3.

6.3 Operator Variability

Operator variability can be expressed as a percent error in
readina using one instrument only. Operator variability was 1.2
percent for CAI 2, 4.1 percent for CAI 3 and 3.8 percent for CAI 4.

6.4 Summary of Instrument and Operator Variability

It can be observed that operator and instrument variabilities
are neqligible. The similar variability for the CAI and the pressure
meter does not imply that the CAI is as variable as the pressure meter.

The low values of the averages of the coefficient of variation
for the CAIs and the operator variability using them might suggest that
the CAI has the same variability as the PM. However, there are two
reasons for the magnitude of these averages. First, the readinas on
the CAI were taken to the nearest half araduation, whereas the PM
readings were taken to the nearest 0.1 percent air content. Second,
with the PM, sinale readings were used, whereas, with the CAI, the
averages of three readings were used, which introduces a +nh factor
in the calculation of the standard deviation for the CAI readings.
A11 the values of coefficients of variation are not statistically
significant.



CHAPTER 7

SUMMARY AND CONCLUSIONS

7.1 Summary
The objectives of the study were:

(1)

Determine if the Chace Air Indicator (CAI) is sufficiently

accurate for job control purposes.

(2)

(3)
This
followina

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

Identify 1imits or tolerances for the projected use.
Determine the calibration and correlation requirements.
study included tests to determine the effect of the
variables:

Low slump

Medium slump (which was the standard batch)

High slump

Low air content

Hiah air content

Low temperature

Hiah temperature

Cement type 11

Cement type III

Water reducer at low air content

Water reducer at high air content

High ranae water reducer at low air content

High range water reducer at high air content
Siliceous coarse with limestone fine aagregates
Limestone coarse with siliceous fine aggregates
Limestone coarse with Timestone fine aggregates

49
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Seventy-eight batches were tested for air entrainment. On each
batch, three readings from each of the three CAIs and one reading from
each of the three pressure meters (PM) used were taken. Two operators
performed the tests interchangeably. A total number of 1020 readings
were taken.

Readings from all batches were used in finding a correlation
between the results obtained from the CAI tests and those obtained from
the PM tests. Two types of corrections were reaquired for the CAI read-
inas: first, a mortar correction, which takes into account the Chace
Factor of the CAI used and the mortar content of the concrete tested, and
second, a curve correction which takes -into account the high value of
the mortar corrected reading as compared to the PM reading. Three sep-
arate regression analyses were performed on the data to obtain the curve
correction. In the first one, only the first reading from each CAI
from each batch was used. In the second, the average of the three
readinas on each CAI was used. The three results were very close to
each other and could be combined in just one final result.

The mortar correction used was the same ~s that developed in a
previous study (3), whereas the curve correction is different from the
one developed in this same study (3) and adopted by AASHTO (6).

7.2 Conclusions .

(1) Each CAI should be inscribed with a Chace Factor, which is
defined as the volume of one graduation on the stem as a percentage
of the volume of the cup (3).

(2) A clear improvement of operator performance with repeated
measurements was observed. The rapid learning curve suggested that
a short period of training would significantly improve repeatability
of results.

(3) Operator and instrument variabilities were negligible.

(4) The CAI indicated hiagher values than the pressure meter at
low air contents and lower values at high air contents, which confirmed
results of previous studies (2 and 3).
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(5) Two types of correction should be applied to the CAI
reading: first, the mortar correction of the reading, which takes
into account the Chace Factor and the mortar content of the concrete,
and second, the curve correction of the mortar corrected reading, which
takes into account the high value of the mortar corrected reading as
compared to the pressure meter reading.

(6) The mortar correction is applied to the uncorrected CAI
reading or averaae of readings through the use of equation 7.1:

(CF)(MC
Xmc = (Xu) (7.1)
where
Xmc = mortar corrected readina,
Xu = uncorrected CAI reading or average of readings,
CF = Chace Factor of the CAI used,
MC = mortar content in the concrete, expressed in cu ft/cu yd.

(7) Mortar-corrected CAI readinas were higher than pressure
meter readings over all ranaes of air content.

(8) A curve correction of the form y = 0.842 Xmc + 0.064 was
obtained, where y is the actual air content and Xmc is the mortar-
corrected CAI readina.

(9) The correction to be applied was identical if one or more
readings per sample were performed on the same batch. The difference
was in the confidence interval, indicating the reliability of results:
the 95 percent confidence interval decreased from 3.2 percent to 1.8
percent as the number of readinas increased from 1 to 3.

(10) Suagested modifications to the existing procedure can
improve the accuracy and precision of results. These are presented
in detail in Section 4.3.

(11) The CAI could be used to provide a reasonablv accurate
measurement of the air content of fresh concrete. The procedure could
consist of one reading, or the average of two or three readings.
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(12) Comparison of results with previously established correc-
tions indicates a notable improvement. The confidence intervals were
reduced and the best fit line of data became almost identical to the
line of equality between the pressure meter and the CAI.

(13) 1t was observed that addition of high range water reducer
at high air content resulted in decreasina 2ir content with time as
measured by both the CAI and the pressure meter. Air contents measured
with either device rannot be considered accurate under these circum-
stances.

7.3 Recommendations
Laboratory results in this study should be combined with results
of a field study to determine correlation requirements between the CAI

and the pressure meter.

During the laboratory phase, testina was performed under very
controlled conditions. Before any implementation of results, testing
in the field should be performed. The field phase will illustrate
the applicability of the conclusions of this laboratory phase for the
use of the CAI for construction control.

Future studies might include more testing for concretes with high
range reducer at high air content,



APPENDIX A

MATRIX OF VARIABLES AND TEST DATA SHEETS






Table A.1. Matrix of Variables
Design Constants
SLUMP AIR CONTENT AGGREGATES
Low |Med. |High| Low | Med. | High SC/SF
& Low X X
—
d
Y7 | Med. X X
High X X
2 | Low % ! X
u .
= i
S Med. X ; X
o . :
= | High X X
" o 50 F X X X
@ -
Lad Lad
2 | ~ 100F X X X
ke
= e | 1T X X X
£l ¢
2| 8 |1 X X X
LC/LH X X
(73]
W LC/SH X X
[~
L2
= | SC/LH X X
3
2 i
SC/SH X X
X X X
0
?2: X X X
o
= X X X
<«
X X X
where:
LC = limestone coarse
LF = limestone fine
SC = silicious coarse
SF = silicious fine
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|Q{\_TR:3] 23 ) 83

VARIABLE TESTED; LOW SLUMP \BATCH No: LS 1
l@_(_BIENT TEMPERATURE: RELATIVE HUMIDITY:
! Specific |Absorption |[Free Unit Grade Type Weight Factor
{ ___lGravity ICapacity Moisture |Weipht
I cal 2.62 | 0.5% +0.1% 95 3 Silicious | 148.5|  0.78

FA ! 2.59 0.87 +2.5% ¢ 1 Silicious 73.0
CEMENT Brand Type Weight Factor
‘ ALAMO I 42 1bs. 6 |
JATER Design weight Net Weight (after correction) w/c
B2
20.1 1bs, 18.1 1bs. 0.48

ADMIXTURE TYPE Quantity o Brand ;
Air Entrainer 20.0g SEPTAIR

Iips’ater Reducer_ (type A)

‘High Range Water Reducer !
| e
: CONCRETE Measured value Design value
11 n
1Slump 3 1-3" (low)
i -
|Strength (28-day) (28-~day) |
'Bateh_volume 2.0 cubic feet .
| -
‘Nesign Alr Content 6 + 172 (Mixing time = 2.0 minutes)
) ; —
| MEASURED
c
| AIR conrent  CAT cl 2 c3 Ch
| .
! orl AMR TABBARAH
l !
! 4.5 5.0 4.5 |
CHASE
AIR opr2 4.0 4.5 4.5 MAZEN JABRL
INBICATOR 4.5 4.5 4.5
or3
PM Pl P2 r3
PRESS-1R op — N
y Y - e h
METER 1 5.0% 4.9% 4.97 Amr Tabbara
op
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|

DATE: 3/ 23/ 83 _ |VARIABLE TESTED; LOW SLUMP |BATCIL NO: LS 2
iAMBIENT TEMPERATURE: 71°F RELATIVE HUMIDITY: 53%
Specific [Absorption |Free Unit Grade Type Weight Factor
____|Gravity Capacity Moisture |Weipght L
ca| 2462 0.5% +0.17% 95 3 Silicious 148.5 0.78
eal 2059 0.8% ¥2.5%7 1 Silicious 73.0
CEMENT t Brand - J.--.__'[YP.‘L._.__ 1._Welight Factor
e ALAMY 1 .. 42.0 b _
e —— — e ——
JATER t Design weight Net Weight (after correction) w/c
19.0 1bs. 17.5 0.45
ADMIXTURYE, TYPE Quantity Brand

|
|
!

Air Entrainer

30.0g

SEPTAIR

|
i
|

Water Reducer (type A)

'H1igh Range Wa

ter Reducer

]
|
|
{
i
|
1

I
|

|
|
!
t
0

CONCRETE Measurcd value Design value
S1ump. 2.1/4" 1-3"
Strenath (28-day) 5620 psi (28-day) > 3600 psi !
Batch volume . 2.0 cubic feet
!Qgﬁng_Ajr Content 6 + 1% (Mixing time = 3.0 minutes)
TUMEASURED | Lo h U T
.t _covteny] A Aol IR NN D S
T 1
R e 4.0 4.0 |
oy | 45 | A4S 4.5  |AMR LABEARAMH
B 5.0 4.0 4.0
CHASFE
AIR or2 o MAZEN JABRI
INDICATOR
or3 | ~
PM Pl P2 P3
PRESS-UR
or
METER —
OP 2 4.8% 4,5% 4.77% Mazen Jabri

—_——— =
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’DATE:3 /[ 23/

9

83 VARIABLE TESTED: LOW SLUMP IBATCIL NO: LS 3 ___l

IA.KBIENT TEMPERATURE : 77°F RELATIVE HUMIDITY: 537 1
ISpecific Absorption |Free Unit Grade | Type “"”Weight Factor
Gravity Capacity Moisture |Weight

caAl 2.62 0.5% +Q. 1% 95 3 Siliclous | 148.5 0.78
FA| 2.59 0.8% +2.5% ° Silicious 76.0
CEMENT Brand Type Weight Factor

ALAMO 1 42 lbs. 6
UATEKR | Design weight Net Weight (after correction) w/ce

18.9 16,8 0.45

| ADMIXTURE TYPE Quantity 1 Brand
Alr Entrainer 30.0g SEPTAIR
'Water Reducer (tvpe A)
%Righ Range Water Reducer
E CONCRETE Measured value Design value
lS1ump 1 3/4" 1-3" (low)
?Strena!h (28-day) — (%-dayi* S—
'Bateh volume 2.0 cubic feet -
{
'Desipgn Air Content Medium ( e
| MEASURED I O
‘ ___A_]_R___(,’,DNTEN‘U CAT Cl c2 C3 Ch
| . e
i 0Pl ] W AMR TABRARAH
i
' e e
l 3.5 3.5 3.0
1 CHASE —
| AR oP2 4.0 3.5 3.5 | MAZEN JABRI
| mpICATOR 3.5 3.0 3.0 |
| 5.5
! or3 4.5 LEROY
'l e - s
i 3.5
i PM Pl D-9 P2 r3 D-9
' PRESS-UR o s H
: METES 1 4.3_ 1 ] 4,0 4.4 Amr Tabbaral
i op 2 4.3 4.4 Leroy
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Ipate: 37 257 83 |VARTABLE TESTED: LOW SLUMP |BATCH No: LS 4 L
f
|AMBIENT TEMPERATURE: 16°F RELATIVE HUMIDITY: 56%
i__m rSpec ific |[Absorption |[Free tnit Crade Type Weight Factor
I _l(_‘,ravity Capacity Moisture |Weight ) )
cAl 2.62 0.5% 0.8% 95 3 |silicious 149.5 | 0.78
Fal 2.59 0.8% 3.0% | 1 [Silicious /6.5
| = - — ——
i . .
| CEMENT Brand Type Weight Factor
| ALAMO 1 42.0 6
JATER Design weight Net Weight (after correction) w/c
Mg .-
| 19.8 1bs. 16.5 0.47
ADMIXTURE TYPE Quantity _ Brand i
IAlr Entrainer 40.0 g SEPTAIR

i
‘Water Reducer (type A)

High Range Water Reducer

‘ ———

' CONCRETE Measured value | Design value _

§ " _an “

'S Lump, 1 1/4 . 1-3 (Ef)w slump)

| 28 ~d¢

iStrenmh (28-day) 6050 psi. (28-day) 23600 psi.

?B_atch volume 2'_0__3“1)1(" ff_k:t N

'Desipn Alr Content 6 + 17 (Mixing time = 3.0 minutes)

' MEASURED I U

‘ o > o

| atp conteny _ CAI cl c2 c3 ch

! 5.0 5.0 5.0

i ' -

i

E op1 o 5.0 5.0 5.0 AMR TABBARA!I

|

! 5.0 5.0 5.0

H e Y S L {
CHASE
AIR op2 MAZEN JABRI
INDICATOR :

or3 _ L

| B |

. —— I ‘

i e _— e -

| PM pl P2 P3

| PRESS-UR -

i OP

| METER N

|

i or2 4,87% 5.07% 4.7% Mazen Jabri ‘
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DATE: 3 725 7 83

VARTABLE TESTED:

LoW SLuMP

hs;\'rcn No; LS 5

Iz_\_:-mmn TEMPERATURE ; 16° F RELATIVE HUMIDLTY: 567% |
T 'Specific Absorption [Free Unit Crade Type weightm“ Factor
| Gravity |Capacity Moisture |Weight
cal 2.62 0.5% 0.8% 95 3 Silicious 149.5 0.78
FAl 2.39 0.8% 3.0% 1 | Silicious 76.5
CEMENT Brand 1___ Type Welght Factour R
ALAMO 1 42.0 1bs. 6
JATER . Design weight Net Weight (after correction) w/e
i
20.5 1bs. 17.0 1lbs. 0.49
ADMIXTURE TYPE Quantity Brand
Air Entrainer 50.0g SEPTATR

Hich Range Water Reducer

|
|

)
H
}
i
.

Water Reducer (type A)

DUSIDUES SR

CONCRETE Measured value Design value ‘
EE_l_\_unp 1L1/4" 1-3"
i d 28-d
Strength (28-day) 5320 _psi (28-day) 4000 psi
?Batc_h._,volmne 2.0 cubie feet
ng&i&n‘ Afr_Content 6 + 1% (Mixing time = 3 fninutes)
CTMeasuReED | AL | T T .
_ ATR CONTENT] CAL Cl L c2 Cc3 L C4 L
orl AMR TABBARAH
5.0 5.0 5.0
CHASE
ATR or2 5.0 5.0 5.0 MAZEN JABRI
INDICATOR 5.5 5.0 5.0
op3 SN
PM Pl P2 P3
PRESS-UR oP
METER 1 6.5% 6.0% 6.2% Amr Tabbarah
op

e e e e eee— 7 | R 5 O . 113, S S ——y o
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} DATE:3 / 2./ _ 83

VARIABLE TESTED:

MEDLUM_ SLUMP

‘ AMBIENT TEMPERATURE:

477

—|BATCH NO: M5 1

-

e

T

i

i}

74°F RELATIVE 1JUMIDITY : |
Specific |Absorption |[Free Unit Grade Type “wﬁdei.ght | Factor
Gravity |Capacity Moisture |Weight |_ R S R
c 2.62 0.5% -0.3% 95 3 Silicious 136.5 v.72
_F; 2.59 0.8% +3. 9% . 1 Silicious | 85.5|
N Brand Type . Weight 1 Tactor -
CEMENT ALAMO T 42 1bs. J 6
UATER Design weight Net Weight (after correction) wfe
" 20.0 1bs. 17.5 1bs. 0.48
ADMIXTURE TYPE Quantity _ Brand __ |
Air Entrainer 20.0 8 SEPTAIR
Water Reducer (type A) _ _
i
‘High Range Water Reducer L S
e Ea — ey
CONCRETE Measured _value Desipgn value
'|51£m, 4 1/4" _3=5" (medium)
8-d 28-d
EStrengt_h (28-day) __Ef“ay) —— ——
TBatch volume 2.0 cubic feet . e
'Design Air Content 07 + 14 (Mixing time =2 miuutoes) o
MFASURED o
o . \ y
AIR _CONTENT] CAL c €2 c3 —_ __AL__f_ S
3.5 2.5 3.5
! 4
opl 4.0 4.0 4. 0 IAMIC LABBARAN l
[ Rttty e - |
! 3.0 3.5 3.0
. i e . . e e e e mn
3.0 3.0 3.0
CHASE -~ “— |
ATR or2 3.5 4.0 3.0 MAZEX JABRI
INDICATOR 4.0 3.5 4.0
3.5 |
20 |
0or3 R S N
4.5
PM rl P2 P3
PRESS-UR - - . o e it
. OoP1 5.5% 5.8%
METER _ o | _Amr_Tabbarah
op 2 6.5% Mazen Jabri

——————m e = - o =
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lDATE:3 / 9/ 83 VARTABLE TESTED: MEDIUM _SLUMP {BATCH NO: MS 2
[ o ke . ‘
AMSTENT TEMPERATURE: 74° ¥ RETATIVE HUMIDITY: 47% |
Specific |Absorption |[Free Unit Crade 'Ifyl;”o“ Weight 1™ Tractor
____loravity [Capacity  |Moisture [Weipht — L ~
CA| 2.62 0.57 +0.1% 95 3 _Silicious 137.0 0.72
| FAl 2.59 0.8% +3.1% ’ | Silicious 85.0
\cmnm Brand Type Weight _ | Factor
' | ALAMQ 1 42 1bs. | 6 i
l‘"ATER Design weight Net Weight (after correction) w/c
;" 20.0 1bs. 17.4 1bs. 0.48
!:\Dt‘!IXTURE TYPE Quantity 1 Brand
i.fgr Entrainer 20.0g o SEPTAIR
ikater Reducer (type A)
I
iHigh Range Water Reducer o ;
CONCRETE Measured value - Design value
fSluzm': 5" 3-5" (medium)
e fhub ———
Strength (28-day) —_— « (28 .i:iy.) e e e e ]
Bateh volume :} s28 vubie foot
i{)esign Air Content l 6% + 1% (Mixing time = 2 minutg-s‘) t'
| ‘*;i;‘:';SURED [ [ U
: e ) : b (9%
' A1k conreN  °M ¢l c2 L D N
! 4.5 3.0 3.5 p
i
N e o et et _— e < v o e - —— ;
i 3.5 3.5 4. :
} ovi 3.0 3.5 1.0 AMR TABBAKAN f
; IS AU NN N 1
i 4.0 4.0 4.5 ‘
4.0 2.0 3.0
ClASE ____.,-,.;_6__ e _&O-W .-..ﬁ-gum, R, |
ATR op? ) ) N MAZEN JABRI |
INDICATOR 4.0 3.0 4.0
5.0 o
S NSNS S
3.5 DAVID MACADAM
OP 3 - — - S —— -y ——
4.0
S IS S R e
PM Pl P2 r3
!,Ri:ss‘_.UR - m— R R RRCEE 2 S meE e i m m xc om  e eg
op o .
METER 1 S P e 3297 |fer Tabbaral
oPy 5.9% 5.8% Mazen Jabri .

|
|
{
§
!
|
|
s
|
|
I
|
1
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‘DQTE:Z /.15 [/ 83

VARIABLE TESTED:

MEDIUM STUMP

IAMBIENT TEMPERATURE :

74° F

IﬁHLATIVE HUMIDITY:

58%

,*--]B../.\'.l‘_ﬁl,l_, NO: M8 3 1

S S———

|

_lGravity

Absorption
Capacity

free

Moisture

Unit
Weipht

2
CA 2.62

0.5%

-0,2%

95

Crade

'J.';pe

3 } Silicious | 136.5 | 0.72

i Specific
|
1
i

1 I, Silicious | 85.0

FA | 2.59 0.8% +3.67 .
| . Type Welg
| CEMENT Braud | ype | Weight
P ALAMO T

Welght

A2 dbs, |

Factor

o tactor

¢

]

Design weight

Net Wedght (after correction)

‘NATER

20.0 1bs.

17.4 1bs.

Water Reducer (ty

pe A)

- i
ADMIXTURE TYPE Quantity ___Brand |
Air Entrainer 20.0g e BEPTAIR

fligh Range Water Reducer

CONCRETE

Measured value

l‘ll

3_5"

Design value

5
Strength

{28-day)

4950 psi

Batch volume

2.0 cubic feet

IQC‘S ign Air Content

MEASURED

i
[ _AIR _CONTENT

(28-day) » 4600 psi

B T S—

CHASE
ATR
INDICATOR

e 3 e i s

PRESS-UR
METER

6% + 1% (Mixigﬁ_gime = 3 wminutes)
CAL Cl c2 c3 ch

e i .. S —y
A DU 2 SN V. CL N N T :
orl |40 4.0 3.0 AMR TABBARAH S
:
4.0 4,0 4.0 i
— SR AU DTS T A e
35 |40 | a0 §
0P2 4.0 3.0 1.5 MAZEN JAURI i
i
3.5 4,0 4.0 ;
- ) T |
oP3 . ~ o ?
i
i
_ e e !
T P,

PM Pl P2 P3
- S U SRR

1 L2 5,07 Amr Tabbarah
QP2 5.2%

Mazen Jabri
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!DATE:3/ b/ 83

VARTAB

LE_TESTED:; MEDIUM SLUMP

AMBIENT TEMPERATURE:

73*

__BATCH NQ: MS 4

]

F

[RELATIVE HUMIDITY: __ 58%

Specific

Gravity

Absorption
Capacity

Crade

Type

Unit
Weipht

Free
Moisture

2.62
£A

0.5%

95 Silicious

U.0% 3

Brand

Type

CEMENT

ALAMO

i 42.0 1bs,

Design weight

WATER

20.1 1lbs.

16.8 1bs.

t

| ADMIXTURE TYPE

Quantity Bran

Alr Entrainer

Wc-i_.fv,ht

J__Weight

Net Weight (after correction)

d

20.0g SEPTAIK

Ve
1

Water Reducer (type A)

137.0

pal 2.59 0.8% 3.97 1 | siticious | 85.5

_Factor_

Factor

0.72

wfe

0.48

e e ]

:ngh>3gnge Water Reducer

CONCRETE

Measured value

Slump

- Q.

z.ll

|
|

‘strength

(28-day)

4990 psi t("zs ~day)

I
‘Batch_volume

2,0 cubic feet

:ugggml_Air Content

67 + 1%  (Mixing time = 2 minutes)

|~ MEASURED

I___AIR CONTENT

CAl

CHASE

AIR

INDICATOR

orl

e e e

Cl c2 C3 Ch

4.0 4.0

3.5 3.0

3.5 3.5

e

3.5

3.5

+

Design value

St R
_7 3600 psi

6

T

S

oP3

3.0

PRESS-UR
METER

PM

R |

0P

Oop

Pl 12 i P
5.0%
5.0% 5.0%

4.0 4.0 3.0
3.0

DAVID MACADAM

Amr Tabbarah

Mazen Jabri
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[ 6/

83

VARTABLE TESTED:

\AﬂBIENT TEMPERATURE :

!
1
|
i

3°r

.
|

CEMENT

Specific
Gravity

Absorption
Capacity

Free

Moisture

Unit Crddo

Weipht |

CA 2.62

0.5%

0.0%

95 3

FA 2.59

0.8%

+3.9%

1

Brand

ALAMO

L type
1

[FOUPAOUNG— SUUG—

_._.Design weight
20.1 1bs.

_Net MWeight (after

16.8 1bs.

MFDIUN SILMP

Type

Sil:ciouu

nghhr

correct iond

_IBATCH

[ngﬁq.f.\;l:m noMrprry: o 98%

Weight

Silicious |-

65

No: MS 5

S

!
|

Factor L

- !
8) 5 i

137 0

Lractor

e,
ADMINTURE TYPE Quantity | _ _ Braod I
\lr Entrainer 20.0g ; _EIP}A}B et e e v__~-”;
Water Reducer (type A) I |
jﬂggﬂ Ranpe Water Reducer | ,,_ﬂ,th_v,_*h_" e e “.__"_mj
_ _CONCRETE Meas modvﬂue,__NJ_MNMﬂ,Pmﬂmhw&w;mmm“"-”

‘{i 41

(28-day)

iStrenpth

Bateh volume

Design Alr Gontent |

|

ASURED

pp
MY

_ AIR CONTENT]

CAY

Cl

CHASE
AIR
IRDICATOR

o d;y) .W.”_*_,ww‘ww,_m__*,:
U Lubi{ YLL{ |
bh f l/ (Hixinp timv = } m:nuteu; (
c2 c3 4
5.0 4.5 4.5

U ——————

PRESS-UR
METER

MAZEN JABRT

4,0 4.5 4.5
4.5
T T T T T e e R EVIN SMITH

op3 | 2.9

4.0

— — SRS SO RN A

PM Pl P2 P3
0P 1 4. QA 5.0% Anr Tabbarah

5.3%

Mazen Jabri
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i DATE: 3/ 2u/ 83

VARIABLE TESTED: 1i{¢l_SLUMP

‘.@)ﬂn ENT TEMPERATURE:

75

e e

_.__L.‘_/S.l'_(.l.' (NO: HMS L . ,._l

Tur-:m*rzvm HUMIDITY:

H2%

Specific
Gravity

Absorption
Capacity

Free
Moidsture

initc

Weight

Crade

Type Weigit 1 Factor

1
H

——

LAl 2.62

0.5%

~0,2%

95

.Silicious | 136,5 |

!
|
t
|
!
]

0.72

13.5

L

. G s - v 3t s
FA _2‘53 0.8% F2.5% 1 SlllLLOu;m‘
CEMENT Lrand ype | Melghe

45.5

1bs,

. JFactor
6.5

Design weight

Net Weipht (after correction)

23,0 1bs.

21.5 1bs.,

v

'
b

rADMIXTURE TYPE Quantity Brund
Atr Entrainer 20.0 q SEPTAIR
Water Reducer (tvpe A)
;Hiqh Range Water Reducer .

CONCRETE Measured value 1 Design value ——
Slumn __ 6 172" o _
'Strensch (28-day) 4900 psi f28-—da)’);3r,()0 pai B
:Batchwvolume 2.0 cubic feet = e e e e e e
'Design Alr Content L.6% + 1% (Mixing time = 2 minntes)

" MEASURED
__AIR_CONTENT

CAI

Cl

c3

C4

CHASE
AlIR
INDICATOR

op2

i
i
:
'
1
t
*
3
i
]
;
i
|
f
H

IR Y A —

Pl

PRESS-UR
METER

- 5.0 5,9 5.0
orl 5.0 5.0 5.5

SO S ST
2 3

o
s~
3

5.1%

AMI TABDARSIL !

MAZEN JABRI

N

Mazen Jabri \
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l|‘\'H

>}i _L 8!

[ I , 75° ¢
AMBIENT TEMPERATURE:

__IVARTABLF, TEST

__|BATCH WOs_

S 2

HI«,H SLUMD

B e e

52%

. ]BI[AT[VF NMUMIDITY ;.

Epﬁcific Free
Crdvx ty

2.62

Absorption
{Capacity __
0.5%

-0.2%

HHoistur

wgight

Factor

TUnit Grade 'fype-'
e_[Welght

ah

Silicious

136.5

2 G 72 T

J

e

! 2. 39 0.8% +2.5% , 1 Silicious 73.5
FAL 2 Lo -l — — -

!
|
|
N

- , —— I _—
;( SMENT b Brand o Type | Weipht ~factor
LGEMEN | ALAMO 1 J 45.5 lbs. 6.5 !
- —_— - — S . e
L ATER Design weight Net Weight (afrter correction) _wle )
| [ 23.0 1bs. 21,5 1bs. 0.51
|ADMIXTURE TYPE | Quantity oo Brand
! 2 SEPTATR

Air Entrainer 0.0 9 M }
'”\tLr Reducer (type A) o "“"L
‘High Range Water Reducer L__-._ - |

_ CONCRETE

Strenzth 08"1“)') 4920 psi (~3“' ‘y) > 3600 psi

fgltch volume _

Do sipn Afr _Content.

Measured value

___Design value
S-BH

8"

gu)umm feot

% + 1% (M1x1n§

"2 minutes)

time

b Tpaswsep | o L L .
' ) 9 C c2 ¢ C4

Alp coersyr CAL L et e
; i
! U I - - _— N
: 1l |
f i orr | AMR TABBARAM !
) | ! i l
' S A e Bl B
! 5. 0 %0 5.5

CHASY

AlR or2

5.0 MAZEN JABRI

INDICATOR

! 0r3

o

e s e

PM

PRESS-UR
METER

or,

'

or

Amr Tabbarah ]
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'QATE: 3y 28 7 83

VARIABLE TESTED:

HIGH SLUMP

\ﬁf\_’!}!l._?&:_]_*i_?-_ |

]

I AMBTENT TEMPERATURE:

75°F

RELATIVE HUMIDITY:

527

TSpecific

Absorption |[Free Unit Grade IWUighL Factor
. !C_ravity Capacity Moisture _|Weight al .
CA| 2.62 0.5% -0.2% 95 Silicious | 136.5 0.72
FA| 2.99 0.82% +2,5% 1 Silicfous | 73.5 J |
Brand Type Weight Factor ]
CEMENT [
! ALAMO 1 45.5 b.5
“IATER Design weight Net Weipht (aftuer correctioun) e
23.0 21.5 0.51
ADMIXTURE TYPE Quantity —_._Brand
Air Entrainer 20.0g SEPTATR

‘Water Reducer (type A)

i
'High Range Water Reducer

E CONCRETE Measured value _ Design value
|
tSlump_ 71.3/a" SO SO 7= -
s (28-day) (28 -day) i
;Strength — R -W_;'
: 2 i ,
‘.'B_:lt_c,h volume — E‘_‘.l.)_.lﬁ__gf‘_'l.- e e e e e e i
‘Design Alr Content 6% .'.’_1 (Mixing time = 2 "'bl‘lit_‘i‘? e
I MFASURED R P
| _AIR_CONTEN CAL ¢l ¢ © e
L AIR € — - S
! :
: 5.5 | 5.5 5.5 f
' i
! orl [ 5.5 5.5 6.0 AME CLABBARAN |
, e T T T
E 5.5 5.5 5.9 ‘
i
!
[ CHasE e
| AIR op? MAZEN JABRI
l INDICATOR
! U N -
; - —
| oP3 | e

!
| |
;_ J—— — e e A Anm - m—"ae s e e = P - e oo '.---—-~»~... . e e e e - — - - —— -
i PM pl P2 13
I PRESS-UR S e
; op
! METER o _ ORI W.,.._.,_A,.___.__-._\
! OP2 6.0% | 6.0% 6.0% Mazen Jabri i
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|
IDATE:3 / 30 / 83 _[VARIABLE TESTED: MIGH SLUMP _ [maTci No: HS 4 |
t'f'!’?5,].ENTW'EEM?.BMY_@E1 15°F RELATIVE HUMIDITY: 63% 1
i““]'Specific Absorption |[Free Unit Crade Type Weight Factor “
v ___lGravity |Capacity Moisture |Weight | i
VoAl z.62 0.5% 0.2% 95 3 | silicious [137 1bs, 0.72
Ppal 259 | o.8n | _z.4z ‘ 1| siliclous | 73.5 1Hs.
CEMERT Brand __ Type | Weight Factor |
ALAMY 1 45,5 1bs.| 6.5 o
“IATER —..Design weipht Net Weight (after correction) w/c .
23.0 1bs. 21.0 1bs, _ 0.51
i;gfgdi:{TURE TYPE Quant ity Rrand L
|:}.ir Entrainer 20.Ug SEPTAIR :
\Hater Reducer (type A) ;
'!Ligh kange Water Reducer
! CONCRETE Measured value L Nesign value .
' " '
|Slunp - [ 28 N
' 2 28-d: »
strength (28-day) (28-day) -
EBatchﬂvolume ¢ cubic feet ‘3
%Des,inn Adir Content 67 + 1 (Mixing time = 2 minutes) o L 1
T MEASURED | [ |
.,.:m.,_c:cz:\f;rms_'% oAt “ 1.2 <ol
':
! L oml AMR TASLARAIH
i i
| |
i —— - e A S - o
5.0 5.0 5.0
CHASE .
AIR or2 5.9 5.0 5.0 MAZEN JABRI
INDICATOR 5.5 5.0 5.0
|
or3
i
] .
PM Pl P2 P3
PRESS-UR
WETER °F 5.7% 5.5% 5.7% Amr Tabbarah
op
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|
JAMBIENT TEMPERATURE:

s
!

. cal 2
FA

{CEMENT
|

+

PROJECT 3-9-83-363

D

ATE: 3/ 307 83

[\’ARIABLE TESTED; HIGH SLIMP

75°

F

To
Speeific

Absorption
Capacity

Froe
Molsture

it
Weipht

Grade

RELATIVE HUMIDITY :

—— -

Ty p(‘.—

—_bravity

.62

0.5%

0.27%

63%

._..l!?_/\_'!',‘éll_.'.‘.‘é LS

elylt |

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

Factor

95 3 _ Sil ilt_().l_l:

2

.99

0.8%

2.4%

1 s Silicious 773,

|

Brand

Type _Meight

] 45.5

137.0

0.7:2

5

Lo Factor

6.5

o —

JATEE Design weiglt Net Weight (after correction) | w/ce
23,0 1bs. 21.0 1bs, 0.51

!AD.‘H XTURE TYPE Quantity } Brand
!élr Entrainer 20.0g ___SEPTAIR

lwater Reducer (tvpe A)

‘Nigh Range Water Reducer L- L
. _CONCRETE | Measured value —I Desipn value .

‘batch volume

!
[

S

trength

ATR CONTENT]

7 1/a"

5_8"

(25-day) 4920 psi

!

2.0 cubic feet

Design Alr Content

6z 1%

2

&

(Mixing time = minutes)

MUASUKED |

CHASE
AIR
INDICATOR

(28-day) 13600 psi

o P a
A TABBARA!

MAZEN JABKI

PRESS-UR
METER

CAI c1 c2 c3 ch
5.0 5.0 5.0
oo oS0 os0 b s
5.0 5.0 5.0
e SRR N R SO
or2 R o
or3
RS SR U N S
PM Pl 12 v3
op
OP 5.5% ‘ 5.5% 5.67

Mazon I:

oo

m__“m__n__.ﬁ__‘



l DATE: 3/ 9 [ 83 I.\L&B_I_ABH‘? TUSTED: 1OY ALR CONTENT

PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

[BATCH No; LA 1

71

|A_>g;_n-:::'r TEMPERATURE: _ 74° F

4__M_.___[R.}-;Ii!_\:'l.‘IVl-'. HUMIDITY: 474

!

i‘—__ F%pecific Absorpt ion [Free Unit  |Grade Type o ‘W-é—zght Factor |
t __iGravity |Capacity Moisture |Weight o
i _c_,,\_t__‘2~.‘62 0.5% %1% | 95 3 | Silicious | 137.0 0.72
| pal 2.59 0.8% +3.1% | 1| _sillcious §5.0 ;
e brand e | vetsne | _ractor |
ICEMENT — == g e -
b, .\ Ao L A2bs. |6
S — - . — —
JATER | Desipn weight Net Weight (after correction) ~ wic 1
20.0 1bs. 17.5 1bs. _ . 0.48 |
il_‘\.!.).’ﬂ.-‘lﬁ'ﬁﬁ_ TaPE Quantity - Brand . __ :'
'Air Entrainer L 20.0g | seeTarr i
water Reducer (type A)__) e
!I!icLh Range Water Reducer . L__ !
. — B !
! CONCRETE Measured value - Design value i
!Sj_u;w;p . ] 3 3/4" i . “—_Mzz-éi'_w(mcdium) |
éS_tr_c_nmh (28-day) — adey) -
'Batch_volume | 2.0 cubic feet —_— _ e
Eb;;fzign Ar C_Qr_mtent‘j— 3.0% + 1% (Mixing time) ,
B L O O IO N N B
; ‘ 4.0 5.5 3.5 :
! ‘ opr | 4.0 | 4.0 -_“,L;["S ) |AMR TABBARAY :
§ R Y N YC S N Y SO S
e | A T T O i
ATR op2 | 3.0 3.5 3.0 _ | MAZEN JABRL |
INDICATOR 3.0 4,0 3.5
| |
! (0):8] o ] L
——— —gem -l
PM Pl P2 P3
PRESS-UR op
METER 1 4,37 4,47 Amr Tabbarah
OP 2 4,77 Mazen Jabri '
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

T h |

IDATE:S / 5 /83 VARYABLE TESTED: LOW ATR CONTENT BAML_NQ;_};A_E ____i
%0 5 i

|smient toperatRe: T4 F RELATIVE NWUMIDITY: 2% |

‘rSpec i1fic |Absorption |Free Unit lgrade Type We ight Factor

._\Oravity |Capacity Moisture [Weight e i

CAl 2,62 0.5% =0.2% 95 3 Silicious __136.5 0.72

FA| 2.59 0.8% +3.6% 1 [ Silicious 85,0 | _
CEMENT Brand . Type o Weleht . Factor _
| ALAMO I 4 42 1bs. | _ 6 _
JIATER | Design weight Net Weipht (after correctlon) ) w/e
i 20.1 1bs. 17.4 1bs, 0.48
ADMIXTURE TYPE Quantity Hrand
Air Entrainer 20.0g | SEPTAIR
Water Reducer (type A) i
;gl igh Ranpe Water Reducer L_
; . e I e e 2 = re
: CONCRETE Measured value o . Desipgn value .
?g_} ump . 3" . [ . ._.--.;?:.5:..,- e e+ et e e
'serength (28-day) 5590 psi [(28-day) 3600 psi
‘Batch volume 2.0 cubic feet . e e e et e
!Design Adr Content 35% + 1% (Mixing ~ time = 2 minutes)

MUASURED ‘ . B

| ALK _CONTENT CAT Cl c2 -_,,_L_;;_- B .Mm._('.‘.. L )
i 4.0 4,0 ER
: orl 3.5 3.5 3 AMR TALBARAIL !
i T 1
: 4.0 3.5 3.5 {
! <--.._,_,-,_._r
i ! 1.5 3.0 3.5 |
L Chask , e i e
{ ATR o2 3.5 3.5 3.0 | MAZEN JABRL
l NDICATOR 3.0 3.5 3.5
, SRR R
l 3.5
| or3 I 3.0 DAVID MACADAX |
si 3.0 | 1
i P Pl p2 P3
! PRESS-UR op e i S debin bt e
i METER 1 4.2 &mr Tabbarah
' OP 2 4.3 4.3 Mazen Jabri l




PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

L DATE : 3/ 21 , 83 IVARIABLE TESTE

Ds LOW AIR CONTENT

(IBATCI NO:

-

{AMBTENT TEMPERATURE:

74°

F

——IS])GCiflC

Ahsorption
Capacity

Free
Moistu

Unit

re |Welght _

0.5%

10,17

932 ..

1
!
]
[
i
|
I

0.8%

+3.2

4

RELATIVE HUMIDITY:

-
1

;I‘ddt_

73

LA 3

40%

Iy])e

~Siliclous_ _ |

5

Brand

{CEMENT

ALAMO

I

Type .

Silicious | 92.

Meighe 1
42.0 1bs.

|Utlght‘

137.0. ] _0

_Factor

Factor

6

Design weight

Net Weight (after correction)

l
I
"IATER
I

20.9 lbs,

17.9 1bs.

Mo

0.50

!&DMIXTURE TYPE

_Quantity

Air FEntrainer

10.0r

Mater Reducer (tvpe A)

‘High Range Water Reducer

. Brand

~SEPTAIR

|

L

i CONCRETE

Meas

ured value

4"

(28-day

)

(28-day)

3+ 17

(Mixjing time = 2 minates)

MIAST'RED

|
i
' AIR_CONTENT
|

CHASE
AIR

CAl

c2

3.5

orl

3.0

3.0

up2

3.0 |

C

3

Desipgn value

C4

=5 " (Medium)

AMR

MAZEN

TABBARAIL

JABRI

N |

INDICATOR 3.5 - ~~3. 0 3_: 0 N
or3 | I e e
PM Pl P2 P3
PRESS-UR p - S "~~~—--“‘-—~-l
© METER 1 4.57 4.0% Amr 11bbardh
OP 2 4.3% Mazen Jabri
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PROJECT 3-9-

83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

}UATR:3 / 21/ 83

lgg&lENT TEMPERATURE :

74°F

PR

VARTABLE TESTED: __ LOW_AIR CONTENT

Specific
Gravity

Absorption
Capacity

Free

Moisture

Unit
Welght

Gradé]

type

cal 2.62 0.57

+0.1%

95

3

Siliclous

-Lzs.m;t_:u No: LA4

TREI;ALF_I,.YE_ HuMIDITY: 407

Weight

Factor

[2.59 U.8%

+3.27%

i

Silicious

132.0

92.5

u.72

|CEMENT

Brand

l Type

Weight

Factor

: ) ALANO

i

-

6

Design weight

Net Weight {(after correction) l,

w/c

i'.lATER r

20.9 1bs.

17.9 1bs.

|

0.5

iADMIXTURE TYPE

Quantity

Brand

Air Entrainer

6.0g

SEPTAIR

I
JWater Reducer (type A)

1

;Hiohwxange Water Reducer S
CONCRETE Measured value - Desipn value
Sluzp_ S 312" ,Mw.WMEZET,_,kM#,ML“_,“LM___,M»_
‘ 8-daj s 28 -ds S .
istrencth (28-day)s910 psi (8-day) o300 pst
tBa{ch volume 2.0 cubic fcesn.,h_m“_,w-w_“WAmu,,,, e e e e
EDc%iyn Afr Content 3+ 172 (Mixfog time + 2.5 mlnutes)
MEASURED ] T o
2l c 3 Cl
a1k _covtexy___ AT - “ o SR LA S e
‘ 3.0 1.0 3.4
ort | 3.5 3.0 2.5 AR 1ALRALAIL

3.0

CHASE
AIR
INDICATOR

op2

3.0

3.0

3.0

.0

3.5 2.5
S O
2.5 2.5

or3

MAZEN JADBRL

Pl

PRESS-UR

3.3%

I METER

- § I
e e eI
| 4 3
3.0% 2.7%

amr Tabbarah

Mazeu Jabri

bor e e e

l



PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

75

|

!I)M‘l{: 37 21 / B3 VARYABLE TESTED: LOW ALR CONTERT JBATCH No: LA S 1
lmmx;:ﬂ? TEMPERATURE: _74° F RELATIVE HUMIDT?TY:. 4oy

- Y\Specific Absorption |Free Unit Grade| Type TWC‘)g[;L Tactor
—..lCravity iCapacity {Moisture Height . N L

cal 2.62 0.5% +0.1% 95 3 | Silicious | 137.0 0.72

ral 2.59 0.8% +3.2% 1 Silicious 2 92.5 _
CEMENT Brand ] Type 1l Weight Factor

. ALAMO I 42.0 s 6
ATER Design weight Net Weipght (after correction) w/c

20.9 1bs. 17.9 1bs, .50

lADMIXTURE TYPE Quantity Brand

Alr Entrainer 6.0g SepTAlR oo

l&'azcr Reducer (type A)

§ e e e
! CONCRETE Measured value | o besipn value ——
\ "
;Slump 2172 e e et e £+ o e e e e © an #-,.M...,i
. d 28 ~
‘Strength (28-day) R ( b Jy_), o et e et e e i
;Batclz volume - e e e e e e 1+ e e e e
i})ggi;m Alr Content 3+ 1 (Mixing time = 3 minut%:_)vm__“_m )
‘ MEASURED T T YU T
o ThAS TR ¢ 4
| Atx covtent]_ O O B W;' B
: ,
| 1.0 3.0 3.0 | |
RN NS g RO G A «
: orl 3.0 3.0 3.0 !A.‘-m tABRARAL
, SRS FUUUIbic. S SR S R SR
! !
': 3.0 3.0 3.0 | ;’
|
! 3.0 2.5 2.5
‘ CHASE [ [ (R T
ALK op2 30 I L MAZEN JABKI
NDICATOR 3.0 2.5 3.0 *
', — o
or3 i
| S - SN SREURR .-
|
: USSR SISO R - e
t PM 31 P2 P3
' PRESS-UR R B B
i orl 2.82 Amr Tabbarah l
| METER S SO RS
i op 2 2.9% 2.9% Mazen Jabri |
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PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

1
|paTE: 47 1 / 83 |VARIABLE TESTED:

HIGH ATR

_hn@rcu No: HA 1 L

£Q§ﬂIENT TEMPERATURE: 73°F RELATIVE HUMIDITY: 627 g
M*“TSpecific Absorption |Free Unit Grade Type Welght | Factor |
Gravity _[Capacity Moisture |Weight ]
cal 2.62 0.5% -0,35% 95 3 |Sliliclous 136.5 0.72 !
Al 2.59 0.8% +3,6% 1 [Silicious 72.0 I
CEMENT Brand Type Welght {u_ Factor i
ALAMO I 42.0 N S
— _

“IATER Design weight Net Weipht {after corrcction) _wle o
20.5 18,5 0.49 |

ADMIXTIIRE TYPE Quantity Brand -~

70,0 SEPTAIR

Alr Entrainer

'Water Reducer (type A)

;High Range Water Reducer

|
I
|
— l
!
!
|
l

]
' CONCRETE Measured value N Design value i
:Slump - - 3 3/4" 1 ,9*5" - _hk:
9 - i
[in_em(!_h (28-day) (28 day)’ e
Batch volume 2,0 cublc feect ;
.D_eéqig&_A_iL Content 102 _": 1 (Mixing time = 5 mi'n-) _—‘;
T apasureD |
s s ddoe O (q "
: CAIR _CONTENT “AIMP c1 a2 N“NC3 Eﬁ_ U
i i
} e v e ;
f orl AMR  TABBALAN !
— !
!
: - — - T o |
8.0 8.0 8.0
CHASE T
AIR oP2 8.0 8.5 8.0 MAZEN JABRL
INDICATOR 8.0 8.0 8.5
or3 A ,
|
A - . T AT e W il el i 8 Yt . i kel i e e QRO o A 15 _'
PM Pl P2 Pl
PRESS~UR op
METER 1 11,5% 11,07 11.4% Amr Tabbarah
oP f




PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

77

ip;m;: 4/ & / 83 |VARTABLE TESTED: _ HIGH ALR IBATCH No: WA 2 |
-] . _"-—._---V N
|wmient tevpERATURE:  T5°F RELATLVE WupgpITy: ’%*
Specific |Absorption |Free Unit  |Grade| Type  |Weight | Factor |
Gravity |Capacity Moisture |Weight L _! _{
CA 2,62 0.5% -0,2% 95 3 Silicious 136.5 0.72 i
e | 2459 0.8% +2,8% 1 t Silicious | 71.5 | o
- RN R _ I
CEMENT Brand Type Welght .. Factor
ALAMO 1 42,0 | 6 '
ATER Design weight Net Weipght (after correction) I w/c
(ATE S [N 7 4
20,0 18.5 L 0.48
ADMIXTURE TYPE Quantity lrand
Air Eatrainer 50.0 g SEPTAIR
iWater Reducer (type A)
Hipgh Ranpge Water Reducer — S
e e,
CONCRETE Mcasured value Design value
Slump 4" 3=3"_ -
) 7 ~d:
Strengch (28-day) 4310 psi (8-d3y) 3600 pst |
gBatch volume 2,0 cubje feet - ) S ;
(Desim Air Content 107 + 1 (Mixing time = 2.0 min,) '
' MEASURED R l
bs 1 N7
| _a1R_conrent] CA ¢l €2 e A I’ S
‘ o 8.0 8.0 | 7.5 | |
- j ]
oP1 | 8.0 | 5 To5 AR LABRAKAN '
| l
8.0 8.0 w____f‘3._0__- S i
CHASE Tttt
AIR op2 MAZEN JABRI
INDICATOR ;
S O
|
oP3 ) l
:’
r—.._‘ —— - - ———— - —— _:
\ PM Pl P2 P3 |
| PRESS-UR SR R
or i
METER R R ’
1 np 2] 0 0 eemee- 9.8% 9.8% Tk-lazen Jabri




78

PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

| i
ipatE: 4 7 4/ 83 lyartaBLE TESTED; 'IGH AIR BATCH No: HA 4 |
1 o - L/
lavp1EnT TEMPERATURE: 75°F lRELATTVE musgprTY:  78%
o ,{Specific Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture |Height
CA 2.62 0.5% -0.2% 45 3 Silicious 136.5 0.72
ea| 259 | 0.87 2.8 « |1 | silictous | 71.5
CEMENT Brand Type Weight Factor __
ALAMO I 42,0 1bs. 6
JATER | Design weight Net Weipght (after correction) w/e
|. ke pey
! . 20.0 1bs, 18.5 1bs., 0.48
IADMIXTURE _TYPE Quantity Rrand
Air _Entrainer 45.0 ¢ SEPTAIR
Water Reducer (type A)
High Range Water Reducer i
| ] O
L CONCRETE Measured value Design value ;
|slump N 4 3[4" 35" e
| B -da- \
|strength (28-day) (28-da:) B ]
il_l_ tch volume 1. _ 2 cubic feet. e e 'i
!__gg_ig,n__)\ir_(l_onteut 107 + 1 (?!1)_{_11131_ time = 2,0 minutes) _ o
MEASURED | T T
AR cowteny  CAL | ¢ | @ e b o
7.0 7.5 7.0 |
- |
& SO | 7.0 7.0 AMR TABRARAH
| 7.5 7.0 7.5 |
I : rvmrm e m = o | n e e ————— —— ——— s e m— f ®m A——— . = ——————— ———— P N—p—— W —— P -
|
CHASE B Bl Ko -
ATR or2 _ | MAZEN JABRI
|
INDICATOR i
or3 I
PM PL P2 P3
PRESS-UR —
oP
METER _
or 9.0 9.1 9.5 Mazen Jabri



PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

79

lnars: 4y 4/ 83 |vARIABLE TESTED: HIGH AIR BATCH No; HA 3
R TEMPERATURE : 715°F RELATIVE HUMIDITY: 78%
Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture [Weight
cAl 2.62 0.5% «0.2% 95 3 Silicious [136.5 0.72
FAl 2.59 0.87% +2,8% . 1 | Silicilous 71.5
CEMENT Brand _Type Weight Factor
ALAMO I 42,0 1bs. 6
JATER ____Design weight Net Weight (after correction) , wie
20.0 1bs. 18.5 1bs. 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 46.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
| CONCRETE Measured value Design value
Slump 4" . 351
Strenath (28-day) (28-day)
lBatch volume 2.cuble feet
'Design Air Content 10% + 1 (Mixing time = 2.0 minutes)

| MEASURED .
AIR conTENT _ CAI C1 c2 c3 c4
i oP1 AMR TABBARAH
CHASE 1.0 7.0 7.0
AIR or2 7.0 7.5 7.5 | MAZEN JABRI
INDICATOR 7.0 7.0 7.0
oP3
PM Pl P2 P3
PRESS-UR
MFTER OP ) 9.0% 9.2% 9.6% Amr Tabbarah
i oP




80

PROJECT 3~-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

ipATE: 5/ 19/ 83  |VARIABLE TESTED:LOW TEMPERATURE BATCH No: LT 1
AMBTENT TEMPERATURE; 34°F RELATIVE HUMIDITY; 81%
Specific |Absorption [Free Unit  [Grade Type Weight Factor
Gravity [Capacity Moisture Weight
cal 2.62 0.5% 0.0% 95 Silicious 137.0 0.72
FA| 2.59 0.8% 0.66% 1 |Silicious 83.0
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1bs. 6
ATER Design weight Net Weight (after correction) w/c
N 20.0 1bs. 19.5 1bs. 0.48
| ADMIXTURE_TYPE Quantity Brand
Air Entrainer 28,0 g SEPTAIR

Water Reducer (type A)

High Ranpe Water Reducer

! CONCRETE Measured value Design value
;', lump 5 l}‘é" 58"
Strength (28-day) 3660 psi (28-day) 43600 psi
Batch volume 2,0 cubie feet
'Design Alr Content 10.0% + 1 (Mixing time = 3 min.)
MEASURED ]
ATR conTENT AL Cs €2 c3 cé
or1 AMR TABBARAN
c 8.0 8.0 8.0
CHACE
AIR opP2 8.0 8.0 8.0 MAZEN JABRI
INDICATOR 8.0 8.0 8.5 °
0oP3
PM Pl P2 P3
PRESS~UR
METER 0P 11.07 11.0% 10.5% Amr Tabbarah




PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

81

‘DATE: 5, 19, 83  |yARIABLE TESTED: LOW TEMPERATURE BATCH NO; LT 2
| BIENT TEMPERATURE; 5%'F RELATIVE HUMIDITY;  81%
Specific |Absorption ([Free Unit  |Grade Type Weight Factor
Cravity |Capacity Moisture |Weight
CcA 2.62 0.5% 0.0% 95 3 Silicious 137.0 0.72
EA 2.59 0.8% 0.61% 1 Silicious 83.0
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1bs, 6
JATER | Design weight | Net Weight (after correction) w/c
20,0 lbs, 19.5 1bs, 0.48
ADMIXTURE TYPE Quantity Brand
Alr Entrainer 28.0 g SEPTAIR
'Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
Slump S 1/2" 5-8"
Strength (28-day) 3770 pai (28-day) 23400 pet
Batch volume 2.0 cubic feet
Desi on 10,0% + 1 (Mixing time = 3 pin,)
MEASURED s v |
ATR CONTEN CAl C C2 Cc3 C4
8.0 8.5 8.5
opP1 8.5 8.0 8.5 AMR TABBARAH
8.0 8.5 8.5
CHACE
INDICATOR
or3
PM Pl P2 P3
PRESS-UR
op
METER
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

‘DATE: 5/ 19 / 83 |VARIABLE TESTED: _ LOW TEMPERATURE lﬁATCH NO; LT 3 __|
IAMBIENT TEMPERATURE: 54°F RELATIVE HUMIDITY:  81% l
T Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture [Weight
cal 2.62 0.5% 0.0% 95 3 Silicious 137.0 0.72
FA| 2.59 0.8% 0.667% 1 Silicious 83.0
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs 6
i
[WAT”R Design weight Net Weight (after correction) w/c
- 20.0 1bs. 19.5 lbs. 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 28 g SEPTAIR
Water Reducer (type A)
iHigh,Range Water Reducer
‘ CONCKETE Measured value Degign value
Slump 4 3/4" 5-8"
-d
Strength (28-day) (28-day)
Batch volume 2,0 cubic_feet
Design Air Content 107 + 17 (Mixing time = 3.0 min.)
MEASURED ]
c 4
AIR CO.\ITEN'IJ CAl a 2 c3 ¢
orl AMR TABBARA!I
7.0 7.5 7.5
CHASE
0P3
PM Pl P2 P3
PRESS~UR
oP1 9.6% 9.6% 9.1% Amr Tabbarah
METER
(0):4




PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

83

‘DATE: 5/ 20/ 83 |VARIABLE TESTED: LOW TEMPERATURE BATCH NOo: LT 4
|AW»@5_RATURE: 53°F RELATIVE HUMIDITY: 81%
Specific |Absorption |[Free Unit Grade Type Welght Factor
Gravity |Capacity Moisture [Wedight
CA| 2.62 0.5% -0.14% | 95 Silicious 136.5 0.72
BA 2.59 0,82 +2.862 Silicious 84.5
CEMENT Brand Type Weight Factor
ALAMD I 42.0 1bs., 6
uATER | Design weight Net Weight (after correction) w/c
20.0 1bs. 17.9 1bs, 0.48
!AD&IXTURE TYPE Quantity Brand
lasc Entrainer 28.0 g SEPTAIR
%Wacer Reducer_ (type A)
iHigh Range Water Reducer
§
| CONCRETE Measured value Design value
fSlump 4 3/4" 5-8"
! -
|Strength (28-day) (28 -day)
IBatch _volume 2.0 cublc feet
pesien Alr Content 10.0% + 1 (Mixing time = 3 min.)
| -
| MEASURED
| _AIR cotent]  CAT Cs c2 c3 cé
ﬁ 9.0 9.0
8.5 .0 9.0
OP1 ’ AMR TABBARAMH
8.5 9.0 9.0
CHACE
INDICATOR
oP3
PM Pl P2 Pl
PRESS~UR
op
METER
- 10.0% 10.0% 9.5% Mazen Jabri
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'OATE: S5 / 20 / _ 831 |VARIABLE TESTED:

1.OW_TEMPERATLRE BATCH NO: 1T s
!AMBIENT TEMPERATURE: _ 23 F RELATIVE HUMIDITY: 81% I
AAAAA Specific‘ Absorption |Free Unit Grade Type wé;gﬂzh-__}actor o
__ _lGravity |[Capacity Moisture |Weight
LA 2.62 0.5% -0.14% 95 3. Silicious | 136.5 | 0,72 .
EA 2.59 0.8% +2.86% 1 Silicious 84.5
I Brand Type Weight Factor
CEMENT -
—— ALAMO I 42.0 1hs, _6h_
N .
E:\TER Design weight Net Weight (after correction) w/c
I 20.0 1bs. 17.9 1bs. 0.48
{ADMT XTURE_TYPE Quantity Brand
%Air Entrainer 28.0 g SEPTAIR
i
‘Water Reducer (type A) .

fﬂigh Range Water Reducer

- “' B |
L___ CONCRETE Measured value Design value N
iblump 7 3/4" 5-8"
-d
'Strensth (28-day) (28 -day) |
iBatch volume 2.0 cubic feet i
.—_ - - o ]
zpesign Adr Content 10’4 +1 Z (Mixing time = 3 « 0 min. ) . ;
| MEASURED cl 2 c3 c4
|._AIR_CONTEN CAI '
|
l
| .
| oP1 AMR [ABRARAi i
! 8.0 8.5 8.5
CHASE
ATR or2 8.5 9.0 9.0 MAZEN JABRI |
INDICATOR 8.5 8.5 8.5
0P3 N )
PM pl P2 r3
PRESS-UR on
METER 11.0% 11.0% 10.7% Aur Tabbarah
oP
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‘uxru: 5 21y 83 |yarrABLE TESTED:  HICH TEMPERATURE BATCH No; HT 1 l
=
|AMVIENT TEMPERATURE: 102°F RELATIVE HUMIDITY: 90% |
|—‘“-Spcc1fic Absorption (Free Unit Grade Type Weight Factor
IGravity Capacity Moisture [Weight
Lal 2.6 | 0.5z 0.5% 95 3| Silicious_ -1 1372.5 | @72
Al 2.59 0.8% 3.46% 1 Silicious 66,0
Brand Type Weight lactor
CEMENT
ALAMO I 42.0 1bs. 6

JATEK Design weight Net Weight (after correction) _ w/e

et 22.1 1lbs. 19.3 1bs. 0.53
!ADMIXTURE TYPE Quantity Brand
jAir Entrainer 70,0 ¢ SEPTAIR

}Water Reducer_(type A)

!High Range Water Reducer

1
| CDNCRETE Measurcd value Design value _
Slump 4" 5-8"
' d 2 _d .
il_‘l—‘:_“. volume 2.0 cubic feet - L
'Design Alr Content 10%2 + 1% _(Mixing time = 3.0 min.)
| MLASURED ) )
_ATR CONTENT cal cC s c2 c3 Ch
|
l 9.0 9.0 9.0
' OP1l 8.5 9.0 9.0 AMR TABDARAl
|
i 8.5 9.0 8.5
E
| Ciasy
. AR op2 | MazEN sang
) INDICATOR
|
| OP3
[
! — -
| PM Pl P2 P3
PRESS-UR -
I oP
|  METER -
| op 2 10.17% 10.0% 9.6% Mazen .Tahri
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’m‘r{-‘,; 54 217 83 |VARIABLE TESTED; HIGH TEMPERATURE(100°F)BATCH No: HT 2
|pmient TeMPERATURE; 102°F RELATIVE HUMIDITY; 90%
Specific |Absorption |Free Unit  [Grade Type Weight Factor
Gravity |Capacity  iMoisture ‘Weight
ca| 2.62 0.5% 0.5% 95 Silicious 137.5 0.72
FA 2.59 0.8% 3.46% Silicious 66.0
CEMENT B;ggd Type Weight Factor
ALAMO 1 42 .0 1hs, 6
“IATER X Design weight Net Weight (after correction) w/e
22,1 1bs, 19,3 1bs, 0,53
ADMIXTURE TYPE Quantity Brand
Alr Entrainer 70.0 g SEPTAIR

Water Reducer (type A)

High Range Water Reducer

CONCRETE Measured value Design value
Slump 4 3/4" S-'S“
Strength (28-day) 3980 psi (28-day) 33600 pst
Batch volume
lggsigg Air Content
MEASURED ]
AR conTEng AT s €2 3 cé
OP1 AMR TABBARAM
7.5 9.0 8.0
CHACE
AIR 0P2 7,5 8,5 8,0 | MAZEN JABRI
INDICATOR 7.5 8.5 8.0°
oP3
PM Pl P2 P3
PRESS-UR o
METER 1 10.01 9.5% 8.5% Amr Tabbarah
)3
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. - (160°F)
!D.»\TE: 5/21 / 83 VARIABLE TESTED: HIGH TEMPERATURE BATCH NO: HT 3 __|
IA_M}}IENT TEMPERATURE: 102°F IRF.LATIVE HUMIDITY: 90% I
T Specific |Absorption |[Free Unit Grade Type Weight Factor
___|Gravity Capacity Moisture |Weight
CcAj 2.62 0.5% 0.177 95 3 Silicious 137.0 0.72
| FA| 2.59 0.8% 2.31%2 1 Silicious 65,5
CEMENT Brand Type Weight Factor _
— ALAMO I 42.0 1bs. 6 .
GATER Design weight Net Weight (after correction) w/c
Vi I¥RLY
22.1 1bs. 20.4 1bs. 0.53
! ADMIXTURE_TYPE Quantity Brand
EA_LL._E_r,ltrainer 70.0 g SEPTAIR |
iwapep Reducer (type A)
:uigh Range Water Reducer
!
f CONCRETE Measured value Design value
" "
ESlump 4 5-8 ]
iStrength (28-day) (28 y)
!
'Batch volume 2.0 cubic feet
'Design Air Content 10% + 1% (Mixing time = 3.0 min.) )
- - -
MEASURED . .
!_“AIR CONTENT] CAL €5 c2 c3 _ff"__, _
i 8.0 8.5 8.0
5 0Pl 7.5 9.0 8.0 AMR TABBARAN
7.5 8.5 8.0
CHASE
AIR 0P2 MAZEN JABRI
INDICATOR
OP3
PM Pl P2 P3
PRESS-UR
oP
METER
op 2 9.5% 8.87 8.872 Mazen Jabri
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!DATE: 5/ 22/ 83 [VARTABLE TESTED:HIGH TEMPERATURE(IU0°F) |BATCH NO: HT 4
IAHBIENT TEMPERATURE; 102°F RELATIVE HUMIDITY: 90%
Specific jAbsorption |Free Unit Grade Type Weight Factor
Gravity _|Capacity Moisture |Weight
CAl 2.62 0.5% 0.17% 95 3 Silicious 137.0 0.72
FAl 2.59 0.8% 2,31% 1 Silicious 65.5
CEMENT B;ggg Type Weight Factor
ALAMO I 42,0 1bs, 6
JATER Desipgn welght Net Weight (after correction) w/e o
22.1 1bs. 20.4 1bs, 0.53
1
ADMIXTURE TYPE Quantity Brand
Alr Entrainer 5.0 SEPTAIR

Water Reducer (type A)

High Range Water Reducer
CONCRETE Measured value Design value
Slump 54 5.8
Strength (28-day) (28-day)
lBatch volume 2.0 cubic feet
Design Air Content 102 + 1 (Mixing time = 3 min.)
MEASURED 5
AIR CONTENT CAI C c2 Cc3 C4
oP1 AMR ‘| ABBARAN
c 8.0 9.0 8.5
CHACSE
AIR 0P2 8.0 8.5 8.5 MAZEN JABRI
INDICATOR 8.5 9.0 9.0
OP3
PM Pl P2 P3
PRESS-UR op
METER 1 11.6% 11,5% 10,72 r_Tabbarah . |
op
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VARIABLE TESTED; HIGH TEMPERATURE(100°F) ]_BATCH No; HT 5

lDATE: 5, 22, 83
,AMBIENT TEMPERATURE: _ 102°F RELATIVE HUMIDITY;  90% l
Specific [Absorption |Free Unit Grade Type Weight Factor
Gravity [Capacity |Moisture Weight
CA 2,62 0,5%2 _ 0,172 95 3 Silicious 132,01 0,72
FA| 2.59 0.8% 2,312 1l L silicious | 65.5
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1lbs. 6
JATER | Design weight Net Weight (after correction) A w/c
22.1 1bs. 20.4 1lbs. 0.53
ADMIXTURE TYPE Quantity Brand
Air Entrainer 70.0 g SEPTAIR
lWater Reducer (type A)
High Range Water Reducer ]
CONCRETE Measured value Design value
Slump 5 1/2" 5-8"
Strength (28-day) (28-day)
Batch volume 2 .0 cubic feet
Desipn Air Content 10,02 + 1 (Mixipg time = 3 min.)
MEASURED ]
5
AIR CONTENT CAI Cc c2 c3 c4
11.0 11.0 11.0
op1 10,0 11.0 11.0  [AMR TABBARAI
10.0 11.0 11.0
CHACE
AIR 0P2 MAZEN JABRI
INDICATOR
or3
PM pl P2 P3
PRESS-UR
oP
METER
oP 2 4.0% 12.5% 11.5% Mazen Jabri
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\DATE:5 / 11/ 83

VARIABLE TESTED: CEMENT TYPE Il BATCH NO: CII 1
Q
|AMBIENT TEMPERATURE ; 16°F RELATIVE HUMIDITY: 60%
Specific [Absorption [Free Unit Grade Type Weight Factor
Gravity Capacity Moisture |Weight 1bs.
CA 2.62 0.5% 0.65% 95 3 Silicious 138.0 0.72
A 2.59 0.8% 3.1% 1 Silicious 85
CEMENT Brand Type Weight Factor
CENTEX 11 42.0 1bs. 6
UATER r Design weight Net Weight (after correctiom) w/c
20.0 1lbs. (20.p) 16.5 117.9) 1bs. 0.48 (0.49
ADMIXTURE TYPE Quantity Brand
Air Entrainer 23.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
[13 1]
Slump 41/4 3-5'
s —d: .
Strenzth (28-day) 4670 psi (8-day) 3600 psi
Batch volume 2.0 cuwbic feet
iDesign Air Content 6% + 1% (Mixing time = 4.0 min.)
MEASURED . N
ATR CONTENT CAl c5 c2 Cc3 C4
4.5 5.0 5.0
0Pl 4.5 5.5 5.0 AMR TABBARAH
4.5 5.0 5.0
CHACE
AIR oP2 MAZEN JABRI
1
INDICATOR
OP3
PM Pl P2 P3
PRESS-UR
op
METEK
oP 2 5.3% 5.2% 5.4% Mazen Jabri
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lpate: 57 117 83

VARTABLE TESTED: CEMENT TYPE II BATCH NO: CII 2
[+)
|AMBIENT TEMPERATURE : 76°F kELATIVE HUMIDITY: 603
ln—— Specific 'Absorption Free Unit Crade Type Weight Factor
Gravity |Capacity Moisture |Weight
CA 2.62 0.5% 0.65% 95 Silicious 138 0.72
FA 2.59 0.8% 3.1% Silicious 85
CEMENT Brand Type Weight Factor
. CENTEX II 42 lbs. 6
JATER Design weight Net Weight (after correction) w/c
‘ 20.0 lbs. (20.5 16.5 lbs. (17.0) 0.48 (0.49)
i ("‘
tADMIXTURE TYPE Quantity Brand
Air Entrainer 23.0 g SEPTAIR
Water Reducer (type A)
liizh Range Water Reducer
CONCRETE Measured value Design value
iSlump 314" 3-5"
Strength (28-day) 4560 psi (28-day) 7 3600 psi
Batch volume 2.0 cubic feet
{Desien Air Content 6% + 1% (Mixing time = 3.0 min.)
MEASURED |
AIR CONTENT CAl Cl c2 C3 C4
oPl AMR TABBARAH
C 5.0 4.5 5.0
CHASE
AIR op2 4.5 5.0 5.0 MAZEN JABRI
INDICATOR 5.0 5.0 5.0
opP3
. " PM Pl P2 P3
PRESS-UR
oP 3 5.9% Amr Tabbarah
METER L 6.0% 5.8%
(0) 4




92

PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

| )
‘pari:5 2 2/ 83 |VARIABLE TESTED; CEMENT TYPE II |BATCH NO; _ CII 3
AMBIENT TEMPERATURE: 78°F RELATIVE HUMIDITY: 53%
T Specific_ Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture [Weight
cal 2.62 0.5% -0.05% 95 Silicious 137 0.72
“FA. 2.59 0.8% +2.2% Silicious 84
| Brand Type Weight Factor
CEMENT CERNTEX IT 42.0 1lbs.
CATER Design weight Net Weight (after correction) w/c
! 20.0 lbs. 18.3 1bs. 0.48
ADMIXTURE TYFE Quantity Brand
Air Entrainer 23.09g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
} CONCRETE Measured value Design value
iSlunp 3 1/2" 3-5"
. 28 -dc
gg_t;_g_pngth (28-day) 4210 psi (28-day) - a¢00 psi.
%Bacch volume 2,0 cubic feet
!Design Air Content 6% + 1% (Mixing time = 3.0 min,)
MEASURED
AIR CONTENT CAI Cl c2 C3 C4
oP1 AMR TABBARAH
5.0 5.0 5.0
CHASE
INDICATOR 5.0 5.0 5.0
OP3
PM Pl P2 P3
PRESS-UR
23] 6.1% 6.1% 5.9% Amr Tabbarah
METER
op
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‘DA]‘E:S / 6 /) 83 |VARIABLE TESTED: CEMENT TYPE II |BATCH NO: CII 4
I@@IENT TEMPERATURE 75°F RELATIVE HUMIDITY: 51%
_——JSpecific Absorption (Free Unit Crade Type Weight Factor
Gravity Capacity Moisture |Weight
cal 2.62 0.5% -.37% 95 3 Silicious 136.5 0.72
FAl 2.59 0.87 +1,25% 1 | Silicious 83.5
CRMENT Brand Type Weight 4. _Factor
CENTEX II 42 lbs. 6
JATER Design weight Net Weight (after correction) w/c
e
20 1bs, 19.5 lbs, 0.48
ADMIXTURE TYPE Quantity Brand
Air Fntrainer 23.0.g SEPTAIR
Water Reducer (type A)
}ﬂ;qh Range Water Reducer
i CONCRETE Measured value Design value
I’Slu.np sn 35"
| -d
IStrength (28-day) (28-day)
'Bateh volume 2.0 cubic feet
iDesign Afr Content 6% + 1 (Mixing time = 3,0 min.)
| MEASURED - ~ | L
5 .
! _ AIR_CUNTENT] CAL ¢ €2 (,“3 Ca _
l 5.0 5.5 5,5
E oprl 5.0 5,5 5.5 AMR TABBARAH
5,0 5,5 6.0
Cll:\%E
AIR 0P2 MAZEN JABRI
INDICATOR
oP3
PM Pl P2 P3
PRLESS-UR -
i oP
| METER
i OP 2 6.3% 6.1% 6.1% Mazen Jabri
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i . N T . -
oAt 07 16 7 83 JyARIABLE TESTED: CEMENT TYPE TT atcH No;  CITS
AMSTENT TEMPERATURE: 18°F RELATIVE HUMIDITY: 517
Specific |Absorption |[Frec Unit Grade Type Weight Factor
___lGravity Capacity Moisture |Weight
cA 2.62 0.5% -0.37% 95.0 3 Silicious 136.5 0.72
_FA! 2,59 0.8% L+1.25% ] S{licious 83.5
Type Weight Fact
CEMENT T Brand Typ ] Meig Factor
i . CENTEX 11 42.0 _1hs [
GATER | Design weight Net Weight (after correction) w/c
walial
20.0 1bs 19,05 1bs, 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 23.0 g SEPTAIR
'Warer Reducer (type A)
\Hiqh Range Water Reducer
l ___CONCRETE Measured value 4 Design value
}Slump 2" 3-5"
2 28 ~da
lStrength (28-day) ¢ ay)
'Batch_volume 2.0 cublc feet
'Design Alr Content 6% + 1% (Mixing time = 4.5 min.)
MEASURED . h
C c3 C4
AR couTENT _ CAT Cs 2
orl AMR TABBARAH
c 4,5 4,5 4.0
CHASE
AIR op2 4.0 4.5 4.5 | MAZEN JABRI
INDICATOR 4.5 4,5 4.5
OP3
PM Pl P2 P3
PRESS-UR oP
METER 1 5.0% 5.0% 4.5% Amr Tabbarah
[
| oP
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

CEMENT TYPE III

|BATCH No; C TIT 3

Ipate: 37 237 83  |VARIABLE TESTED:

o [/
| spIENT TEMPERATURE:  76°F |ReLaTrve noMIprTY: 36%
i—”— Specific. Absorption |(Free Unit Crade Type Weight Factor
. _IGravity Capacity Moisture |Weight ] 1bs.
CA 2.62 0.5% -0.10% 95 3 Silicious 136.5 0.72
FA| 2.59 0.8% +3.50% 1l silicious . |__83.0 .
T iglh Fac
CEMENT Brand ype Weight Factor
I ALAMO I1X 42.0 1bs 6 .
JATER Design weight Net Weight (after correction) w/c
3 73
L 20.9 1bs. 18.2 1bs, 0.50
ADMIXTURE TYPE Quantity Brand
Air Entrainer 35.0 g SEPTAIR

IWater Reducer (type A)

l
iHigh Range Water Reducer

CONCRETE Measured value Desipgn value
|Slump 31/4" 3-5"
EStrength (7:42y) 3940 psi L‘Zﬁday) = 3600 psi
!Batch volume 2.0 cubic feet
| 62 + 1 7 (Mixing time = 3.0 min.)
iDesign Alr Content —
I MEASURED ]
| _AIR CONTENT cax ¢ s €2 c3 Cé
f 5.0 6.0 5.5
]
i orl 5.0 6.0 5.5 AMR TABBARAM
1 5.0 6.0 5.5
! CHACE
i AIR op2 MAZEN JABRI
INDICATOR
or3 |
PM Pl P2 P3
| PRESS-UR
i op
| METER
i
i oP 2 6.87% 6.47% 6.1% Mazen Jabri
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E

C IIT & ___l

‘DATH:S [ 23 / 83 VARIABLE TESTED: _CEMENT TYPE ITI BATCH NO:
| AM5TENT TEMPERATURE; 76°F RELATIVE HUMIDITY: 56% |
!___ Specific [Absorption (Free Unit Grade Type Weight Factor
i___Gravitv Capacity Moisture [Weight
' CAl 2,62 0.5% ~0.10% 95 3 | Silicious 136.5 0.72
1.Fx 2.59 0.8% +3,50% 1 Silicious 83.0
iCEMENT Brand Type Weight Factor
i ALAMO 111 42,0 1bs, 6
iW\TFR Design weight Net Weight (after correction) w/c
Wi -
| L 209 ¢ 18.2 1bs. 0.50
’ADMIXTURE TYPE Quantity Brand
Air Entraincr 35.0 g SEPTAIR
Water Reducer (type A)
|
{High Range Water Reducer j
? CONCRETE Measured value Design value
iS lump = 3" i 3-5"
lgtrength (#-day) 3610 psi (&-day) 73600 psi
!Q__ ch volume 2.0 cubic feet
‘Design Alr Content 6% + 17 (Mixing time = 3,0 min.)
MEASURED i
C
1R conteny _ CA s c2 3 ca
5.0 6.0 6.0
0PL 5.5 6.0 5.5 AMR TABBARAH
5.0 6.0 5.5
C
|r CHA$E
) ATR op2 A MAZEN JABRI
INDICATOR
or3
PM Pl P2 P3
PRESS-UR -
op
! METER ____J
{ op 2 6.3% 6.1% 6.0% Mazen Jabri
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1

|nat: 5/ 23 / 83 VARIABLE TESTED: _ CRwENT TYPE IIT BATCH NO: ¢ 117 2
: °
IAMBIENT TEMPFRATURE; _ 'O°F RELATIVE HUMIDITY: 567 l
' __-Specific Absorption (Free Unit Grade Type Weight | Factor
__ _|Cravity |Capacity Moisture |Weight _
€A 2,62 0,52 -0.10% 99 3 Bilicious. 1.136.5. 0,722
Ba 2.59 0,.8% +3,50% 1 PBilicious 83.0
W
CEMENT Brand Type eight Factor
ALAMO T | 42.0 1bs. 6 -

CATER Design weight Net_Weight (after correction) e wle -
vi PR AN

20.9 1bs. 18,2 1bs, 0,30
ADMIXTURE TYPE Quantity Brand
Air Entrainer 35.0 g SEPTAIR

Water Reducer (type A)

High Range Water Reducer

! CONCRETE Measured value Design value
!Slumn 2 1/2° 3-5 " _ L
|strengeh (28-day) 4370 psi (28-day) - 3600 pst ‘
iBatch volume 2.0 cubic feet n
'Design Alr Content 6% + 1% (Mixing time = 3.0 min.) '
MEASURED [ T
AIR conTENT|  CAT Cs c2 3 ca |
l
! |
; or1 AMR TABBARA! i
f !
|
4.0 5.0 5.0
CHASE
AIR 0P2 4.0 4.5 4,5 MAZEN JABRI
INDICATOR 4,0 5.0 4.5
opP3
PM Pl P2 P3
PRESS-UR p
METER 1 6,0% 3.5% 5.4% Amr Tabbarah
OP
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|
fpaTk:S / 23 / 83

) VARIABLE TESTED: CEMENT TYPE TII [BATCHL NO: C III 4
760 L
AMBIENT TEMPERATURE: F RELATIVE HUMIDITY: 562 I
Specific |Absorption |Free Unit Grade Type Weight Factor
_ _lGravity Capacity Moisture |Weight
CA] 2.62 0.5% -0,10% 95 3 Silicious 136.5 0.72
FA| 2.59 0.8% +3.50% 1 Silicious 83.0
N B d T cigh
CEMENT ran ype Weight Factor
ALAMO I1T 42.0 1bs 6
{VATER Design weight Net Weight (after correction) w/c
l_‘ 20.5 lbs. 18.2 1bs. 0.50
lADMIXTURE TYPE Quantity Rrand
Air Entrainer 35.0 g SEPTAIR
Water Reducer (type A)
|
iHigh Range Water Reducer
CONCRETE Measured value Design value
" ]
Slump 41/4 35"
Strength (28-day) (28 -day)
{Batch volume 2.0 cubic feet
| 9 =
iDesign_ Alr Content 6% + 1% (Mixing time = 3.0 min. )
MEASURED ]
AIR CONTENT CAI Cls c2 C3 C4
oP1 AMR ‘IABBARAH
6.0 6.5 6.0
CHASE
AIR oP2 5.5 6.0 6.0 | MAZEN JABRI
INDICATOR 5.5 6.0 6.0
oP3
PM Pl P2 P3
PRESS-UR
op
METER 1 8.2% 71.8% 7.8% Amr Tahbarah
opP
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!m'rls:S / 24/ 83 |VARIABLE TESTED: _ CEMENT TYPE II1 BATCH NOo: C III §
i 75°F 59%
| AMBIENT TEMPERATURE: IRELATIVE HUMIDITY: ]
T Specific |Absorption |Free Unit Grade Type Weight Factor
___|Gravity |Capacity Moisture |Weight .
cal 2.62 0.8% -0.367% 95 Silicious 136.5 0.72
FAl 2.59 0.5% +2.957% Silicious 82.5
CEMENT Brand Type Weight Factor
ALAMO 111 42,0 1bs, 6
JATER Design weight Net Weight (after correction) w/c
o 20.9 1bs. 19.0 1bs. 0.5
ADMIXTURE TYPE Quantity Brand
Air Entrainer 35.08 SEPTAIR
Water Reducer (type A)
gigh.Rangg Water Reducer
CONCRETE Measured value Design value
4" 3_5"
Slump
: 28-d
Strength (28-day) (28 -day)
!gg;ch volume 2,0 cubic feet
Design Alr Content 6% + 1% (Mixing time = 3.0 min. )
MFEASURED
AIR CONTEN CAl c5 c2 c3 C4
5.0 6.0 5.5
orl 5.0 6.0 5.5 AMR TABBARAIL
5.0 6,0 5.5
CHASE
AIR op2 MAZEN JABRIL
INDICATOR
OP3 |
)
PM Pl P2 P3
PRESS-UR ——-
oP
METER e e = -
OP 2 5.8% 5.9% 6.0% Mazen Jabri
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]DATE:é /5 [ 83

VARIABLE TESTED:

WATER RERUCER(A)ow afBATCH NO: yri |

IAMBIENT TEMPERATURE;

RELATIVE HUMIDITY:

|

Specific |Absorption |[Free Unit Grade Type Weight Factor
Gravity |Capacity _ [Moisture |Weight
A 2,62 0.5% -0,27% 95 Silicious 136.5 0.72
FA 2,59 0.8% 1,3% 1 Silicious 93.0
CEMENT Brand Type Weight Factor
ALAMO 1 42,0 1bs, 6
JATER | Design weight Net Weight {(after correction) wic
20.0 1bs. 19.0 1lbs, 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 6.0g SEPTAIR
Water Raducer (type A) 65 ml POZZOLITH 322N
High Range Water Reducer
CONCRETE Measured value Design value
Slump 2 1/4" 3-5"
Strength (28-day) (28-day)
Batch volume 2,0 cubic feet
Design Air Content 37 + 1 (Mixing time = minutes)
MEASURED i
AIR CONTENT CAl Ccl c2 Cc3 Ch
or1l AMR TABBARAH
¢ . .
cuAfE 3.0 3.0 3.0
AIR 0pP2 3.0 3.0 3.0 | MAZEN JABRI
INDICATOR 3.0 3.0 3.0
1
OP3
?,
PM Pl P2 P3
PRESS-UR
oP
METER 1 2.8 2.1 3.0 L Amr_Tabbarah_ |
op
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|pate; 57 4 4 83 |VARIABLE TESTED: WR LOW AIR BATCH NO: WR LA 2
léggLENT TEMPERATURE: _ '7°F RELATIVE HUMIDITY: 562 |
o Specific- Absorption |Free Unit Grade Type Weight Factor
___|Gravity _ |Capacity Moisture |Weight
CA[ 2.6 0.5% =0.47% 3 Silicious | 136 | 0,72
‘FX 2.59 0.8% +1.4% 1 Silicious 93
CEMENT Brand Type Weight Factor
ALAMO I 42,0 6
ATER Design weight Net Weight (after correction) w/c
e 20.0 1bs.(19.0) 19.5 (18.5) 0.48
| ADMIXTURE TYPE Quantity Brand
iAir Entrainer
ater Reducer (type A) 2.0 Fl.oz. POZZOLITH 322N
!
'High Range Water Reducer .

|
| CONCRETE Measured value Design value
%éLgmn 2 1/2" 3-5"
,’_S.t_r.ﬁ_ngth (28‘day) 6810 psi (28—day)13600 psi
iBatch volume 2.0 cubic feet
E
'Design Air Content 3% + 1% (Mixing time = 5.0 min.)
MEASURED 7
__AIR_CONTEN' CAI Cl c2 C3 C4
! _
: 0OP1 AMR '|ABBARAH
|
!
C 3.0 3.0 3.0
CHA$E
AIR or2 3.0 3.5 3.0 MAZEN JABRI
INDICATOR 3.5 3.0 2.5
0P3
PM Pl P2 P3
PRESS-UR op
METER 1 3.5% 3.2% 3.4% Amr Tabbarah
op
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

,DATE:S / % 7 83 |VARTABLE TESTED: WR LOW AIR BATCH No;  WR 3
I.AMBIENT TEMPERATURE; /7 °F RELATIVE HUMIDITY: 56%
Specific |Absorption |Free Unit Grade Type Welght Factor
Gravity |Capacity Moisture |Weight
CA 2,59 0.5% ~0.47% 95 Silicious 136.0 S 0.72
FA 2.62 0.82 1.4% Silicious 93
Type Weight Fact
CEMENT Brand yp eig actor
ALAMO I 42.0 1bg 6
JATER | Design weight Net Weight (after correction) w/c
20.0 lbg, 19.5 1bg, 0.48
ADMIXTURE TYPE Quantity Brand
Alr Entrainer
Water Reducer (type A) 2.0 f1, oz. POZZOLITH 322N
High Range Water Reducer
| CONCRETE Measured value Design value
Slump 2 1/2"
28 -day)
Strength (28-day) ( y
Batch volume 2.0 cubic feet
Design Air Content 3% + 1Z (Mixing time = 3.5 minutes)
MEASURED c2 c3 ch
ATR CONTENT] CAI Cl
3.0 3.5 3.0
oP1 3.0 3.0 3.0 |AMR TABBARAH
3.0 3.5 3.0
C
CHASE
INDICATOR
oP3
PM Pl P2 P3
RESS-UR
P op
METER
. op2|  3.0¢ - 2.9% ] 3.0% Mazen Jabri




PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

103

\DATE: 5/ 8 /83 VARIABLE TESTED: WR LOW AIR BATCH NO: WR LA &

) e 44

|AMBIENT TEMPERATURE ; 15°F RELATIVE HUMIDITY: * l

Specific |Absorption |Free Unit Grade Type Weight Factor

___|Gravity [Capacity Moisture |Weight

€A 2.62 0.5% ~0.5% 95 3 Silicious 136 0.72
FA| 2.59 0.8% +1.4% 1 Silicious 93

CEMENT Brand Type Weight Factor

ALAMO I 42 1bs. 6

JATER Design weight Net Weight (after correction) w/c

vit %

L 20.0 1bs. 19.5 1bs. 0.48
ADMIXTURE TYPE Quantity Brand

Air Entrainer

Water Reducer (type A) 2,0 Fl.oz. POZZOLITH 322N

High Range Water Reducer

CONCRETE Measured value Design value
Slump 2 3/4"
Strength (28-day) 6540 psi (28-day) 73600 psi
Batch volume 2.0 cubic feet
Design Air Content 32 + 12 (Mixing time = 2.5 min.)
MEASURED 7
AIR CONTENT CAl c>5 Cc2 C3 C4
OP1 AMR TABBARAH
2.5 2.5 3.0
CHA%h
AIR 0P2 2.5 3.0 2.5 | MAZEN JABRI
INDICATOR 3.0 3.0 3.0
orP3
PM Pl P2 P3
PRESS-UR
METER OPL 2.9% 2.8% 2.8% Amr Tabbarah
(0)
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

b ~ I
lvate: 5/ 8 / 83  |VARIABLE TESTED:WATER REDUCER LOW AIR NO: WR LA 5
l&MBIENT TEMPERATURE; _ /9°F RELATIVE HUMIDITY: 447
T Specific |Absorption (Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture |Weight _1bs,
cal| 2.62 0.5% -0.5% 95 3 Silicious 136 0.72
Fa | 259 0.87% +1.4% 1 Silicious 93
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1bs 6
“IATER I Design weight Net Weight (after correction) . w/c
20.0 1lbs. 19.5 1bs. 0.48
ADMIXTURE TYPE __Quantity Brand
Air Entrainer
Water Reducer (type A) 2 Fl.oz POZZOIITH 322N
High Range Water Reducer

CONCRETE Measured value Design value
Slump 3" 3-5"
d 28-d
Strength (28-day) 6580 psi (28-day) 73600 psi
Batch volume 2.0 cubic feet
Design Air Content 3% + 1% (Mixing time = 2.5 min.)
MEASURED ]
AIR CONTENT CAI Cc 5 c2 C3 C4
3.0 3.0 3.0
oprl 2.5 3.0 3.0  |AMR TABBARAH
3.0 3.0 3.0
CHACE
AIR oP2 MAZEN JABRI
INDICATOR
0P3
PM Pl P2 P3
PRESS-UR
oP
METER
or 2 2.9% 2.9% 2.9% Mazen Jabri
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lDATE: 5/ 8 783

VARIAB

LE TESTED: W R HIGH AIR

BATCH NO: WR HAL '

I
IAMBIENT TEMPERATURE: 75° F

RELATIVE HUMIDITY:

447

Specific [Absorption |[Free Unit  [Grade Type Weight Factor
Gravity |[Capacity Moisture |Weight
cal 2.62 0.5% -0.5% 95 3 Silicious 136 0.722
FAl 2.59 0.8% +1,4% ’ 1 Siliciouys 10.
_Type Weight Fact
CEMENT Brand Yp eig Factor
ALAMO I 42 1bs, 6
YATER Design weight Net Weight (after correction) . w/c
’ 20.0 1bs.(19.2) 19.8 (19) 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 37.5 g SEPTAIR
Water Reducer (type A) 2 fl. oz. POZZOLITH 322N
High Range Water Reducer
CONCRETE Measured value Design value
Slump 6" medium slump
28 -d
Strength (28-day) ( ay)
Batch volume 2.0 cubic feet
Design Air Content 1.02 # 1 (Mixing time = 3.0 min.)
MEASURED
C4
AIR CONTENT AT c1(s) c2 €3
OP1 AMR TABBARAH
8.0 9.0
CHACE 8.0
AIR 0P2 8.0 9.0 8.0 | MAZEN JaBRI
INDICATOR 8.0 8.0 8.0
OP3
PM Pl P2 P3
PRESS-UR oF
METER 1 11.1% 11.1% 11,2% Amr _Tabbarah
|
opP |
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83

VARIABLE TESTED:

WR HIGH AIR

BATCH No: WR HA 2

‘DATE:S ;107

‘AMBIENT TEMPERATURE :

76°F RELATIVE HUMIDITY: __4L87%
“‘_'épecific .Absorption Free Unit Grade Type Weight Factor
___|Gravity |Capacity Moisture |Weight
CA 2.62 0.5% -0.3% 95 3 Silicious 136.5 0.72
“ra | 2-59 0.8% 0.05% 1 | silicious 69.5
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1bs, 6 —
GATER Design weight Net Weight (after correction) ‘ w/c _
20.0 lbs. (18.5) 20.5 1bs. (19.0) :]0148 (0.44)
ADMIXTURE TYPE Quantity Brand
Air Entrainer 37 ¢ SEPTAIR
Water Reducer (type A) 2 Fl.oz. POZZOLITH 322N
High Range Water Reducer
CONCRETE Measured value Design value
Slump 3 1/4" 3-5"
Strength (28-day) 4860 psi (28 -day) 73600 psi
Batch volume 2.0 cubic feet
Design Air Content 10%2 + 1 % (Mixing time = 4.0 min.)
MEASURED
AIR CONTENT CAI cS c2 Cc3 C4
7.0 7.5 7.0
orPl 6.0 7.0 7.5 AMR TABBARAH
6.0 7.0 7.0
CHACE
INDICATOR
oP3
PM Pl P2 P3
PRESS~UR
1034
METER
oP 2 8.27% 8.2% 8.5 Mazen Jabri
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|DATE:5 / 10/ 83 |VARIABLE TESTED: WR HIGH AIR |BATCH NO: WR HA 3
| ° 487
AMBTENT TEMPERATURE: RELATIVE HUMIDITY:
_-—!ggécific Absorption |[Free Unit Grade Type Weight Factor
___(Gravity Capacity Moisture _|Weight
CA 2.62 0.57% -0.3% 95 3 Silicious 136.5 0.72
| FAL _ 2.59 0.8% +0.05% 1 | Silicious 69.5
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1bs. 6
iﬂxTFR Design weight Net Weight (after correction) , w/c
o 20 1bs.(18.5) 20.5 1bs. (19.0) 0.48 (0.44)
'ADMIXTURE TYPE Quantity Brand
Air Entrainer 40.0 g SEPTAIR
Water Reducer (type A) 2 Fl.oz. POZZOLITH 322N

‘High Range Water Reducer

{_ CONCRETE Measured value Design value
!Slump 3_3/4" 3=3"
!Strength (28-day) 4070 psi (28-day) 53600 psi
%AB_@.C.C_h.A_‘:'Q.l_U.me 2 cuhic feet
| . » T
‘Design Air_Content 10% + 1% (Mixing time = 3.0 min.)
I MEASURED . T
i ATR contEnT  CAI C s c2 c3 ch
! .
: oP1 AMR TABBARAH
|
i
}
7.5 8.0 7.5

CHACE

AIR or2 7.0 8.0 7.5 MAZEN JABRI

INDICATOR 7.0 7.5 7.5

0P3
PRESS-UR m Pl p2 P3
0

ETER 5 9.6% 9.7% 10.2% Amr Tabbarah
]
! oP
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’DA’I‘E: 5, 10, 83  |ysp1ABLE TESTED:; WATER REDUCER HIGH AIR |garch no: WR HA 4
|AMBIENT TEMPERATURE: 716°F RELATIVE HUMIDITY: 487
Specific |Absorption |Free Unit Grade Type Weight Factor
___lcravity Capacity Moisture |Weight 1bs.
CA 2.62 0.5% -0.3% 95 3 Silicious 136.5 0.72
'EA 2.59 0.8% +0.05% 1 Silicious 69.5
. Brand Type Weight Factor
CEMENT ALAMO 1 42.0 1bs. 6
JATER Design weight Net Weight (after correction) ) w/e
" 20 1bs.(18.5) 20,5 1bs. (19.0) 0.48 (0.44)
ADMIXTURE TYPE Quantity Brand
Air Entrainer 40.0 g SEPTAIR
2 Fl. .
Water Reducer (type A) oz POZZOLITH 322N
High Range Water Reducer
)
CONCRETE Measured value Design value
Slump 4" 3-5"
Strength (28-day) 4470 psi (28 -day) 23600 psi
Batch volume 2.0 cubic feet
Design Air Content 10% i 1% (Mixing time = 3.0 min.)
 MEASURED ]
TR conteny M s c2 €3 cé
7.0 8.0 8.0
oPl 6.5 8.0 8.0 AMR TABBARAH
6.5 8.0 8.0
CHACE
INDICATOR
opP3
PM Pl P2 P3
PRESS-UR
oP
! METER
oP2 9.1% 9.0% 9.47% Mazen Jabri




PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

109

!DATE: 5, 10

83

VARIABLE TESTED: WATER REDUCER HIGH AIR

BATCH No; WRHR 5

|AMBIENT TEMPERATURE::

RELATIVE HUMIDITY:

48%

18°F
Specific |[Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture |Weight
CA 2.62 0.5% -0.3% g5 3 Silicicus 136 0.72
FA|_ 2.59 0.8% 1 lsilicious
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs o)
JATER Design weight Net Weight (after correction) _w/c
wi
20.0 1bs (18,5) 20,5 1bs, (19,0) 0.48 (0,44)
ADMIXTURE TYPE Quantity Brand
Air Entrainer 40,0g SEPTAIR
Water Reducer (type A) 2 Fl.oz. POZZOLITH 322N

High Range Wa

ter Reducer

CONCRETE Measured value Design value
Slump
Strength (28-day) (28 -day)
Batch volume 2.0 cubic feet _
Design Air Content 10 + 17 (Mixing time = 3.0 min.)
MEASURED [ ]
AIR CONTENT CAl C5 c2 C3 C4
OP1 AMR TABBARAH
C 6.5 8.0 7.0
CHABE
AIR 0P2 7.5 8.0 7.0 MAZEN JABRI
INDICATOR 6.5 7.5 7.0
oP3
PM Pl P2 P3
PRESS-UR op
METER 1 10.5% 10.4% 10.0% Amr Tabbarah
0)4




110

PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

| suprEnT TEMPERATURE; 7O°F RELATIVE HUMIDITY: 56%
Specific |Absorption |Free Unit |Grade Type Weight Factor
Gravity Capacity Moisture |Weight 1bhs
CA 2.62 0.5% ~0.,5% 95 3 Silicious 136 1bqg. 0.72
FA| 2.59 0,.8% 1.6% 1 lSilicious | 97 1bsd
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs. 6
JATER ] Design weight Net Qeight {after correction) _wic
18.8 1bs.(17.8 18.0 1bs, (17.0 1bs.) 0.45 (0.42)
ADMIXTURE TYPE Quantity Rrand
Alr Entrainer SEPTAIR
Water Reducer {(type A)
High Range Water Reducer 6.5 fl, oz. (185 ml) PO220LITH 400N
CONCRETE Measured value Design value
Slump 61/2 5-8" (high)
Strength (28-day) 7130 psi (28 -day) >3600 psi.
Design Air Content 32+ 1  (Mixing time = 4.0 min)
MEASURED . i
Cc3 C4
AIR CONTENT CAI Cl c2
3.0 3.0 3.0
0Pl 3.0 3.0 2.5 AMR TABBARAH
3.0 3.0 3.0
CHACE
AIR oP2 MAZEN JABRI
INDICATOR
0P3
PM Pl P2 P3
PRESS-UR
op
METER
L 0P 2 3.02 2.5z 3.5% Mazen Jabri
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lDATE;" / 8 /83 |VARTABLE TESTED: HIGH RANGE WR (low air)BATCH NO; HRWR 2
1AMBIENT EMPERATURE; 70° F RELATIVE HUMIDITY; 56%
Specific |Absorption Free Unit Grade Type Weight Factor
Gravity Capacity Moigture [Weight _
cal 2.62 0.5% -0,57 95 3 Silicious 136 1bg. 0.72
A 2.59 0.8% 1,6% 1 Silicious 97 1bs.
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs, 6
JATER ] Desipgn weight Net Weight (after correction) w/c
18.8 1bs. (17.8) 18.0 1bs. (17.0) 0.45 (0.42)

ADMIXTURE TYPE

Quantity

Brand

Alr Entrainer

Water Reducer (type A)

High Range Water Reducer

6.5 fl.oz.(185

1)

POZZOLITH 400N

Design value

CONCRETE Measured value
Slump 4 l/[b" 5_8"
Strength (28-day) 7550 psi (28-day) 2 3600 psi
Batch volume 2.0 cubic feet
Design Ailr Content 3.02 + 1 (Mixing time = 3,0 min.)
MEASURED . i
AIR CONTENT CAI Cl c2 C3 Ch
0oPl1 AMR TABBARAH
3.0 3.0 3.0
CHALE
AIR 0P2 3.0 3.0 3.0 MAZEN JABRI
INDICATOR 3.0 3.0 3.0
0P3
PM Pl P2 P3
PRESS~UR o —
METER 1 3.6% 3.8% 3.47 Amr Tabbarah |
|
..o e i
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|DATE:4 [ 8 [/ 83

VARIABLE TESTED: HIGH RANGE WR (low air)

BATCH NO: HRWR 3

\AMBIENT TEMPERATURE :

70°F RELATIVE HUMIDITY: 56%
Spcecific |Absorption (Free Unit Grade Type Weight Factor
Gravity Capacity Moisture [Weight
CA 2.62 U.5% -0.5% 95 Silicious 136 1bg. 0.72
FA| 2.59 0.8% +1.6% : 1 Silicious 971bs[.
CEMENT Brand Type Weight Factor
ALAMO I 42.0 lbs. 6
JATER Design weight Net Weight (after correctiomn) w/c
18.8 1bs (18.3) 18.0 lbs. (17.5) 0.45 (0.43)
ADMIXTURE TYPE Quantity Brand
Air Entrainer
Water Reducer (type A)
High Range Water Reducer 6.5 Floz(185 ml) POZZ 400N
CONCRETE Measured value Design value
Slump 31/2”
Strength (28-day) (28-day)
Batch volume 2 cubic feet
Design Ait Content 370 + 1 (Mixing time" 5 minutes)
MEASURED
AIR CONTEN CAT Cl c2 Cc3 c4
3.0 3.0 3.0
OP1 3.0 3.0 3.0 AMR TABBARAH
3.0 3.0 3.0
CHA(E
AIR OoP2 MAZEN JABRI
INDICATOR
orP3
PM Pl P2 P3
PRESS-UR
opP
METER
OB 3.3% 3.1% 3.2% Mazen Jabri
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|
|paTE:4 / 8 [/ 83

VARIABLE TESTED: HIGH RANGE WR (low air)

BATCH NO: HRUWR 4

IAMBIENT TEMPERATURE :

70° RELATIVE HUMIDITY: 56% i
Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture Weight
cAl 2.62 0.5% -0.5% 95 Silicious 135 1b4. 0.72
FA| 2.59 0.8% +1. 6% ° silicious 97 104.
CEMENT Brand Type Weight Factor
ALAMO I 42.0 lbs. 6
JATER Design weight Net Weight (after correction) wic
18.8 lbs.(18.3) 18.0 1bs, (17.5) 0.45 (0.43)
ADMIXTURE TYPE Quantity Brand
Alr Entrainer
Water Reducer (type A)
High Range Water Reducer 6.5 F1 oz (185 ml) | POZZ 400N
CONCRETE Measured value Design value
Slump 5 1/27 5-8"
Strength (28-day) (28-day)
Batch volume 2 cubic feet
Design Air Content 32 +1 (Mixing time = 4 minutes)
MEASURED ]
ATR CONTENT CAL cl c2 c3 C4
OPl AMR TABBARAH
3.0 3.0 3.0
CHA (E
AIR oP2 3.5 3.5 3.5 MAZEN JABRI
INDICATOR 3.0 3.5 3.0
OP3
PM Pl P2 P3
PRESS-UR
VETER 0Py 4.0% 3.9% 3.9% Amr Tabbarah
op
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';UATH:*’* /.29 /

BATCH NO: HRWR 5 __l

83 |VARIABLE TESTED:  HRWR LOW AIR
o
|omrent tvpEraTRE:  SOF RELATIVE HUMIDITY: 1% !
T Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture |Weight o
CA 2.62 0.5% -0.4% 95 Silicious 136.0 . 0.712 -
rFal 2,59 0.8% 1.3% Silicious 93.0
CEMENT Brand Type Weight Factor
ALAMO 1 42.0 1bs, 6
JATER Degign weight Net Weight (after correction) w/c
20.0 1bs.(18.h) 19.5 1bs, (18.0) 0.48(0.44
ADMIXTURE TYPE Quantity Brand
Air Entrainer
Water Reducer (type A)
High Range Water Reducer 6.5 Floz. POZZOLITH 400N
CONCRETE Measured value Design value
Slump 7 5-8"
Strength (28-day) 6370 psi (28-day) > 3600 pst
!Batch volume 2.0 cubic feat
|besizn Alr Content 3 + 1% (Mixing time = 2.5 min.)
MEASURED i
ATR CONTENT CAL Ccl c2 C3 c4
3.0 3.0 3.0
oPl 1.0 1.0 .0 |AMR TABBARAI
3.0 3.0 3.0
CHACE
INDICATOR
OP3
PM Pl p2 P3
PRESS-UR
op
METER
OP o L/
2 3.0% 3.0% 3.0% Mazen Jabri
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|DATE:“ 7 29 ; 83 |yARTABLE TESTED: HIGH AIR HRWR BATCH NQ; HRWRH 1
'AMBIENT TEMPERATURE ; 80° F RELATIVE HUMIDITY: 51%
Specific |[Absorption (Free Unit Grade Type Weight Factor
Gravity [Capacity Moisture |Weight
CA 2.59 0.5% -0.47% 95 3 Silicious 136.0 0.72
ea | 262 0.8% 1.3% 1 Silicious 70.0
CEMENT Brand Type Weight Factor
ALAMO I 420 3
“IATER Design weight Net Weight (after correction) w/c
h 20.0 1bs. (18.5) 19.5 (18.0) 0.48 (0.44)
ADMIXTURE TYPE Quantity Brand
Air Entrainer 30.0¢g SEPTAIR
‘Water Reducer_ (type A)
High Range Water Reducer 6.5 f1. oz. POZZOLITH 400N
CONCRETE Measured value Design value
_S_l_um 10"
28 -d
Strength (28-day) (28-day)
Batch volume 2.0 cubic feet
Design Air Content 10% + 1 (Mixing time = 2.0 min.)
MEASURED .
AIR CONTENT CAI Cl c2 C3 C4
OP1 AMR TABBARAH
5.5 5.5 5.0
CHACE
AIR OP2 5.0 5.0 5.5 MAZEN JABRI
INDICATOR 6.0 6.0 5.0
OP3
PM Pl P2 P3
PRESS-UR
oP
METER 1 11.7% 11.1% 11.8% A Tabhbarah
OoP
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|DATE: 4/ 29/ 83 |VARTIABLE TESTED: HRWR HIGH AIR BATCH NO:HRWRH 2
| AMBIENT TEMPERATURE: 80°F RELATIVE HUMIDITY:  51%
Specific |[Absorption (Free Unit Grade Type Weight Factor
Gravity |Capacity Moigsture |Weight
CA 2,62 0.5% -0.4% 95 3 Silicious 136.0 0.72
Al 2459 0.8% 1.3% 1 | silicious 70.0
Brand Type Weight Factor
CEMENT
ALAMO I 42,0 1bs, 6
WATER | Design weight Net Weight (after correction) 4 w/c
20.0 1bs, 19.5 1bs 048
ADMIXTURE TYPE Quantity Brand
Air Entrainer 25.0g SEPTAIR
Water Reducer (type A)
High Range Water Reducer 6.5 fl. oz, POZZOLITH 400N
CONCRETE Measured value Design value
Slump 8 3/4"
28 -d
Strength (28-day) ( ay)
Batch volume 2,0 cubic feet
Design Air Content 10% + 1 (Mixing time = min,)
MEASURED ]
c2 C3 C4
ATR CONTENT _ °M cl
8.0 7.0 7.0
oP1 8.0 6.5 6.0 AMR TABBARAH
8.0 6.0 6.5
CHACE
INDICATOR
orP3
PM Pl P2 P3
PRESS-UR
op
METER
op2 10.0% 10.0% 9.9% Mazen Jabri
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

lDATE:S {2 7/ 83

VARTABLE TESTED: HRWR HIGH AIR BATCH NO: HRWRH 3
}AMBIENT TEMPERATURE ; RELATIVE HUMIDITY:
Specific |Absorption |Free Unit Grade Type Weight Factor
____lGravity |Capacity Moisture [Weight
CA|l 2,62 0,5% -0,35% 95 3 Silicious 136.0 0.72
Fi 2.59 0.8% 1.2% 1 Silicious 70.0
Brand Type Weight Factor
lCEHENT ALATO I 42.0 1bs. 6
JATER Design weight Net Weight (after correction) w/e
e 20.0 1bs.(16.8) 19.7 1bs. (16.5) 0.48
ADMIYTURE TYPE Quantity Brand
Alr Entrainer 30.0 g SEPTAIR
Water Reducer (type A)
'High Range Water Reducer 6.5 Fl. oz, POZZOLITH 400N

N

CONCRETE Measured value Design value
Slump 71/2" 5-8%
5710 i ” 1600 1
Strength (28-day) ps (28-day) 7 ps

Batch volume

2.0 cubic feet

‘Desipgn Alr Content

102 + 1% (Mixing time = 3.0 min.)

v

MEASURED
AIR CONTENT  CAI C1 c2 c3 A
or1 AMR TABBARAH
8.5 8.0 8.0
CHACE
AIR 0P2 8.0 8.0 7.5 MAZEN JABRI
INDICATOR 8.5 8.0 7.5
oP3
PM Pl P2 P3
PRESS-UR po
METER 1 9.6% 8.87% 9.0% Amr Tabbarah
oP
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'DATE:S /2 /83 VARIABLE TESTED: _ HRWR HIGH AIR BATCH NO:  HRWR 4
\AMBIENT TEMPERATURE: RELATIVE HUMIDITY:
Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture [Weight
CA 2.62 0.5% -0.35% 95 3 [Silicious 136.0 0.72
Al 2.59 0.8% 1.2% 1 _[silicious 70.0
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs, 6
CATER Design weight Net Weight (after correction) w/c
' 20.0 (16.8) 19.7 (16.5) 0.48
ADMIVTURE TYPE Quantity Brand
Air Entrainer
Water Reducer (type A)
High Range Water Reducer 6.5 Fl. oz. POZZOLITH . 400N
CONCRETE Measured value Design value
Slump 8 1/4" 5..8"
28-d
Strength (28-day) 5730 psi (28-day) 73600 psi
Batch volume 2 cubic feet
Ipesign Air Content, 102 + 12 (Mixing time = 3.0 min.)
MEASURED ]
AIR CONTENf CAI cl c2 Cc3 C4
10.0 8.0 7.0
0Pl 10.0 8.0 6.0 AMR TABBARAH
9.5 6.0 6.0
CHACE
AIR [0) /4 MAZEN JABRI
INDICATOR
OP3
PM Pl P2 P3
PRESS-UR
(0)3
METER
opP 2 11.5% 8.9% 9.0% Mazen Jabri
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‘DATE: 50 4/ 83

VARIABLE TESTED:

HRWR HIGH AIR

BATCH NO: HRWRH 5

|AMBIENT TEMPERATURE : 77°F RELATIVE HUMIDITY: 56%
Specific |(Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture |Weight 1lbs,
.CA| 2.62 0.5% -0.4% 95 3 Silicious 136 0.72
FA 2.59 0.8% +1.4%. 1 Silicious 70
CEMENT Brand Type Weight Factor
ALAMO 1 42.0 lbs. 6
JATER Design weight Net Weight (after correction) w/c
- 20.0 1bs. (16.5) 19.5 1bs. (16.0) 1bs, 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 37 g SEPTAIR
Water Reducer_ (type A)
High Range Water Reducer 6.5 Fl.oz. POZZOLITH 400N
CONCRETE Measured value Design value
" "
Slump 8 1/4 5-8
Strength (28-day) 6985 psi (28-day) 7 3600 psi
2.0 cubic feet
Batch volume
Design Air Content 102 + 1%  (Mixing time = 3.0 mip,)
MEASURED T
AIR CONTENT CAI cl c2 C3 C4
9.0 7.0 5.5
OP1 9.0 8.5 5.5 AMR TABBARAH
7.5 7.0 5.5
CHACE
AIR 0OP2 MAZEN JABRI
INDICATOR
OP3
PM Pl P2 P3
PRESS-UR
oP
METER
OP » o o n ros A ~s _
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nare:5 7 24 / 83 |VARTABLE TESTED:  AGGREGATE S1.  |matcs no: S, 1
| A TENT TEMPERATURE: 5°F RELATIVE HUMIDITY: 29%
|—__“Spec1fic Absorption |[Free Unit Grade Type Weight Factor
___|Gravity |Capacity Moisture [Weight
I 2.62 0.5% -0.36% 95 3 |Silicious 136.5| 0.72
FA 2.55 3.8% -3.53% [Limestone blerld 81.0
CEMENT Brand Type Weight Factor
ALAMO I 42,0 1bs. 6
JATER Design weight Net Weight (after correction) w/c
' 18.8 1bs. 22.3 lbs. 0.45
ADMIXTURE TYPE Quantity Brand
Air Entrainer 20.0 g SEPTAIR
Water Reducer (type A)
Hieh Range Water Reducer
CONCRETE Measured value Design value
!Slump 4 3/4:" 3_gn
2 28 -d
Strength (28-day) (28-day)

2.0 cubic feet

!
‘Batch volume

!Design Air Content

6% + 13 (Mixing time = 3.0 min,)

MEASURED
AIR CONTENT CAI cl c2 c3 C4
0oP1 AMR TABBARAH
5.0 6.0 6.0
CHACE
AIR oP2 5.0 6.0 5.5 MAZEN JABRI
INDICATOR 5.0 6.0 5.5
! 0OP3
PM Pl P2 P3
PRESS-UR
OP1 7.6% 7.6% 7.6% Anmr Tabbarah
METER
OP
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|baTE: 5724 / 83 lyARTABLE TESTED: AGGREGATE S,1c BATCH No: S 1. 2
IAMBIENT TEMPERATURE : 15°F RELATIVE HUMIDITY: 5%
Specific |Absorption |[Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture [Weight
ca| 2.62 0.5% -0.367% 95 Silicious 136.5 ©0.72
FAl 255 3.8% -3.53% l imestone blenf 81.0
Brand Type Weight Factor
CEMENT
ALAMO 42,0 1bs, 6
JATER Design weight Net Weight (after correction) w/c
18.8 1lbs. 22.3 1bs. 0.45
ADMIXTURE TYPE Quantity Brand
Air Entrainer 15.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Degign value
SlumD all 3,.5"
Strength (28-day) 4920 psi. (28-day) 3600 pst
Batch yolume 2 cubic feet
Design Air Content 62 + 1% - (Mixing time = 3.0 min,)
MEASURED ‘
ATR CONTEN CAL Cid c2 c3 Ch
4.0 5.0 4.5
4.0 5.0 5.0
CHACE
AIR 0P2 MAZEN JABRI
INDICATOR
OP3
PM Pl P2 P3
PRESS~UR
op
METER
op 2 4.87% 4.67% . 4.7% Mazen Jabri
. - oy AP
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lnm-:: 5/25 7 83 |VARIABLE TESTED:; AGGREGATE S 1. BATCH No; S 1. 3
IAMBIENT TEMPERATURE; _ 74°F |RELATIVE HumIDITY; 62%
Specific |Absorption |Pree Unit Grade Type Weight Factor
Gravity [Capacity Moisture |Weight lbs.
CA 2.62 0.5% -0.41% 95 3 Silicious 136.0 0.72
FA 2.55 3.817% -3.53% 1 limestone bl. 81.0
Brand Type Weight Factor
CEMENT ALAMO I 42.0 1bs. 6
JATER Design weight Net Weight (after correction) w/c
18.8 1bs. 22.3 lbs. 0.45
ADMIXTURE TYPE Quantity Brand
Air Entrainer 18.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
Slump 3" 3-5"
|Strength (28-day) 4990 psi (28-day)73600 psi
Batch volume 2 cubic feet
Design Air Content 6% + 1% (Mixing time = 3.0 min.)
MEASURED -5
AIR CONTENT] CAL c c2 C3 c4
OP1l AMR TABBARAH
4.0 4.5 4.0
CHACE
AIR OP2 4.0 4.5 4.0 | MAZEN JABRI
INDICATOR 4.0 4,5 4.0
0P3
PM Pl P2 P3
PRESS-UR
oP
METER 1 5.0% 5.1% 5,1% Amr_Tabbarah
opP
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BATCH No; S.1. 4

\DATE: 5/ 25/ 83 |VARIABLE TESTED; AGGREGATE S 1.
|
|AMBIENT TEMPERATURE: 74°F RELATIVE HUMIDITY: 62%
Specific [Absorption |[Free Unit Grade Type Weight Factor
Gravity [Capacity Moisture |Weight
CA 2.62 0.5% ~0.41% 95 3 Silicious 136.0 0.72
FA 2.55 3.81% -3.53% 1 limestone blenf 81.0
Brand Type Weight Factor
CEMENT
ALAMO I 42.0 1bs 6
JJATER Design weight Net Weight (after correction) w/c
18,8 1bs, 22.3 lbs, 0,45
ADM_XTURE TYPE Quantity Brand
Air Entrainer 20.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
! CONCRETE 'Measured value Design value
'}Slump 4 1/2 3-5"
Strength (28-day) 3980 pe1 (28-day) 53600 psi
‘Batch volume 2 cubic feet
IDesien Alr Content 6% + 1% (Mixing time = 3.0 min.)
| MEASURED '
ATR CONTENT CAI C5 c2 C3 Cc4
6.0 6.0 7.0
or1 6.0 6.0 6.5 |AMR TABBARAH
5.5 6.5 6.5
CHALE
AIR (0} MAZEN JABRI
INDICATOR
OP3
PM Pl P2 P3
PRESS-UR
oP
METER
ap 7.6% 7.5% 7.5% Mazen Jabri




124

PROJECT 3~9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|nxrr::5 /.25 /] 83

VARTABLE TESTED:

AGCREGATE L sf 1 BATCH NO: L.sf 1

IAMBIKNT TEMPERATURE : 74°F RELATIVE HUMIDITY: 62%
mﬂm‘Specific ‘Absorption Free Unit Crade Type Weight Factor
Gravity |Capacity Moisture [Weight
CAl 2.55 2.95% =2.78% 92 2 Lipestope 1 129.0 0.72
FA 2.59 0.8% 2.24% 1 Silicicus 88.0
Brand Type Weight Factor
CEMENT ALAMD 1 42,0 lbs.{ 6
ATER Desiegn weight Net Welght (after correction) w/e
19.8 1bs, 21.6 lbs, 0.47
ADMIXTURE TYPE Quantity Brand
Air Entrainer 20.0 g SEPTAIR
Water Reducer {type A)
Hieh Ruange Water Reducer
CONCRETE Measured value Design value
Slump 4 l/ " 3"5"
~-d
Strength (28-day) (28-day)
[Batch volume 2.0 cubic feet
gnesizn Alr Content 6% + 1% (Mixing time = 3.0 min.)
~ MEASURED
AIR CONTENT CAI Cl c2 c3 C4
orl AMR TABBARAH
5.0 5.5 5.0
CHACE ’
INDICATOR 5.0 6.0 5.0
t
0OP3
PM Pl P2 P3
PRESS-UR oP.
METER 1 8.3% 8.2% 8.3% Ar Tabbarah
op
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DATE: 5/ 25/ 83

VARIABLE TESTED:

AGGREGATE L s_

BATCH No: L s 2

AMBIENT TEMPERATURE: 74°F RELATIVE HUMIDITY: 627%
Specific [Absorption |Free Unit  |Grade Type Weight Factor
Gravity |Capacity [Moisture |Weight 1bs.
CA 2.55 2.95 % -2.78% 92 2 limestone bl.| 129.0 0.72
FA 2.59 0.8% +2.24% 1 Silicious 88.0»
Brand Type Weight Factor
C
EMENT ALAMO 3 42,0 lbs. 6
JATER Design weight Net Weight (after correction) w/c
' 19.8 1bs. 21.6 1bs. 0.47
ADMIXTURE TYPE Quantity Brand
Air Entrainer 15.0 g SEPTAIR
\Water Reducer (type A)
High Range Water Reducer .
| CONCRETE Méasured value Design value
slump 4 3/4" 3-5"
Strength (28-day) 4970 pei (28-day) 3600 psi
Batch volume 2 cubic feet
Design Air Content 6% + 1% (Mixing time = 3.0 min.)
MEASURED
AIR conTENT  CAl c5 c2 c3 c4
5.0 6.0 6.0
Oorl 5.0 5.5 5.5 AMR TABBARAH
5.0 6.0 5.5
CHACE
AIR or2 .MAZEN JABRI
INDICATOR
OP3
PM Pl P2 P3
PRESS-UR
op
METER
0P 3 7.6% 7.6% 7.8% Mazen Jabri
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|path: 57 26/ 83 |VARIABLE TESTED: AGGREGATE L s, BATCH No: L 8. 3
|AMB1ENT TEMPERATURE: _ /6°F RELATIVE HUMIDITY:  52%
Specific [Absorption |Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture [Weight
CA| ~2.585 2.95% =-2.78 % 92 2 limestone bl.! 129.0 Q.72
AEA‘ 2.59 0.8% 2.83% ’ 1 Silicious 86.5
CEMENT Brand Type Weight Factor
ALAMO T 42.0 1bs, [}
ATER Design weight Net Weight (after correction) . w/c
20.1 1bhs, 21.4 1bs, 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 12, 0O¢ __SEPTAIR
Water Reducer (type A)
High Range Water Reducer
l CONCRETE Méasured value Design value
Slump kK 3-5"
Strength (28-day) 5200 psi (28-day) 73600 psi
fBatch volume 2 cubic feet ’
'Design Air Content 6Z + 1% (Mixing time = 3.0 min.)
MEASURED
AIR CONTEN CAl Cl c2 C3 C4
orl AMR TABBARAH
4,0 4.0 4,0
CHACE
AIR 0OP2 3.5 4,0 4.0 _ MAZEN JABRI
INDICATOR 4.0 4.0 4.0
OP3
PM Pl P2 P3
PRESS-UR P
METER 1 5.5% 5.6 | cm—meame- r Tabbarah
op
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\pATE: 5/ 26/ 83 |VARTABLE TESTED:  AGGREGATE L s, BATCH No: LS, 4
AMBIENT TEMPERATURE: _76°F RELATIVE HUMIDITY: 522
| iSpecific |Absorption [Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture |Weight
cal 2.55 2.95% -2.78% 92 2 |limestone bl.| 129.0 | 0.72
Al 259 0.8% 2.83% 1 Silicious 86.5
|~ SMENT Brand Type Weight Factor
' ALAMO I 42.0 6
JATER Design weight Net Weight (after correction) w/c
l 20.6 1bs, 21.9 1bs. 0.49
ADMIXTURE TYPE Quantity Brand
Alr Entrainer 12.0g SEPTAIR
\Water Reducer (type A)
%High Range Water Reducer
! CONCRETE Measured value Design value
_|Slump 3 1/4"- 3_5"
[Streagth (28-day) 5700 psi (28-day) 53600 psi
EBatch volume 2 cubic feet
Design Air Content 6% + 17 (Mixing time = 3,0 min.)
I MEASURED
|
| AT conTENT  CAI cs c2 c3 C4
4.0 5.0 4,0
4.0 5.0 4.0
|  CHACE
AIR orP2 MAZEN JABRL
INDICATOR
oP3
PM Pl P2 P3
PRESS-UR
0)4
METER
op 2 5.2% 5.2% 5.17 Mazen Jabri
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1DATE:5 | 26y

83 |VARIABLE TESTED: AGGREGATE L sf |BATCH No: L. sf 5
|AMBIENT TEMPERATURE : 76°F RELATIVE HUMIDITY: 52%
Specific |Absorption |Free Unit Grade Type Weight Factor

__ _|Gravity |Capacity Moisture [Weight

cal 2.55 2.953 -2.78% | 92 Limestone 129.0 | 0.72

FA 2.59 0.8% 2.83% Silicious 86.5
CEMINT Brand Type Weight Factor

ALAMO I 42.0 1bs. 6

JATER | Design weight Net Weipght (after correction) w/e
’ 20.6 1bs. 21.9 1bs. 0.49
ADMIXTURE TYPE Quantity Brand
Air Entrainer 13.0 g SEPTAIR

Water Reducer (type A)

High Range Water Reducer

CONCRETE Measured value Design value
4 n 3_5 n
Slump
28 -d
Strength (28-day) (28-day)

2.0 cubic feet

IDesign Air Content

‘Batch volume

6% + 1 (Mixing time = 3,0 min,)

MEASURED J
AIR CONTEN CAI c1 c2 c3 c4
OPl AMR TABBARAH
4.0 5.0 4.5
CHACE
AIR OoP2 4.0 5.0 4.5 i MAZEN JABRI
4.0 5.0 3.5
INDICATOR
oP3
PM Pl P2 P3
PRESS-UR
METER Fy 6.5% 6.5% 6.4% Arr Tabbarah
oP
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|DATE: 7 26783

VARIABLE TESTED:

AGGREGATE L 1

BATCH No; L 1.1

| AMBIENT TEMPERATURE: 76°F |RELATIVE HuMIpITY:  52%
Specific |Absorption |Free Unit  |Grade Type Welight Factor
Gravity |Capacity Moisture |Weight lbs.
ca| 2.55 2.95% -2.78% 92 2 limestone bl.| 129.0 0.72
FA- 2.55 3.817% -3.53% limestone bl. 91.0
Brand _Type Weight Factor
CEMENT ALAMO 1 42,0 1bs. 6
JATER Design weight Net Weight (after correction) w/e
: 17.5 1bs. 24,6 lbs. 0.42
ADMIXTURE TYPE Quantity Brand
Air Entrainer 15.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
Slump 3 3/4" 3_51!
Strength (28-day) 5109 psi (28-day) 73600 psi
Batch volume 2 cubic feet
Design Air Content 6% + 1% (Mixing time = 4.5 min.)
MEASURED c
AIR CONTENT _ CAI 3 c2 3 ca
4.5 5.0 4.5
opl 4.5 4,5 4.5 AMR TABBARAH
4.5 5.0 4.5
CHACE
AIR oP2 MAZEN JABRI
INDICATOR
0P3
PM Pl P2 P3
PRESS-UR
oP
METER
op
2 6.1% 6.1% 5.9% ~Maaen ~Jabr irswpmm——
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|.o.m:: 5/ 27/ 83 |VARIABLE TESTED: AGGREGATE L 1. BATCH No: L. 1. 2
‘AABIENT TEMPERATURE: __75°F ]&ELATIVE HUMIDITY: 55%
Specific .Absorption Free Unit Grade Type Weight Factor
Gravity [Capacity Moisture |Weight
cal| 2.35 2.95% ~2,78% 92 2 limestone bl.| 129.0 0.72
gal 2.55 3.81% -3.53% limestone bl.| 91.0
T A 5 N S
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs. 6
GATER Design weight Net Weight (after correction) w/c
{ 18.5 1bs, 25.6 lbs. 0.44
ADMIXTURE TYPE Quantity Brand
Air Entrainer 15.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Meagured value Design value
Slump 3 3/4" 3-5"
Strength (28-day) (28-day)
Batch volume 2 cubic feet
IDesign Air Content 6% + 17 (Mixing time = 4,0 min.)
MEASURED
AIR CONTENT A &5 c2 c3 cé
orl AMR TABBARAH
3.5 5.0 4.5
CHACE
AIR orz | 277 405 4-0 | MAZEN JABRI
INDICATOR 3.5 4.5 4.0
0oP3
PM Pl P2 P3
PRESS-IR op 4 Tabbarah
. 2% Amr Tabbara
METER 1 6.3% 6.2% 6
(0) 4
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|oATE: 5727 / 83 |VARIABLE TESTED: _AGGREGATE L1 BATCH NO: 1.1 _ 3
-]

Iggalsnr TEMPERATURE : 15°F RELATIVE HUMIDITY: 35% ]
Specific |Absorption [Free Unit Grade Type Weight Factor
Gravity [Capacity Moisture |[Weight

CA 2.55 2.95% -2.78% 92 2 limestone bl.| 129.0 0.72
FA|_ 2.55 3.81% -3.53% [ 1imestone bl,| 91.0
CEMENT Brand Type Weight Factor
ALAMO I 42.0 7}
ATER Design weight Net Weight (after correction) w/e
18,5 1bs, 25,6 lbs, 0,44

ADMIXTURE TYPE Quantity Brand

IAir Entrainer 15.0 ¢ SEPTAIR

Water Reducer (type A)

IHigh Range Water Reducer

CONCRETE Measured value Design value
Ylump 4" 3-5"
Strength (Z&day) 4470 psi (28-day) <7 3600 psi
Batch volume 2 cubic feet
Desien Air Content 6% + 1% (Mixing time = 3.0 min.)
MEASURED "
AIR CONTENT _ CAI c5 €2 C3 c4
4.5 4.5 4,5
oP1 4.0 5.0 4.5 |AMR TABBARAH
4.5 5.0 4.5
cHACE
AIR 0P2 MAZEN JABRI
INDICATOR
0P3
PM Pl P2 P3
PRESS~UR
op
METER
opP 9 “
2 6.5% 6.5% 6.47 - —me-s
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VARIABLE TESTED:

BATCH No; L 1_4

lDATE: 5/ 27 7 83

ACCREGATE L _1_ 4
A 9

w4

|AMBIENT TEMPERATURE: 75°F RELATIVE HUMIDITY: 55%
Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture [Weight
ca| 2.3 2.95% -2.787% 92 2 | Limestone 129.0 | 0.72
CFA 2.55 3.817% -3.53% Limestone 91.0
CEMENT Brand Type Weight Factor
ALAMO I 42,0 lbs. 6
JATER Design weight Net Weight (after correction) w/c
T 18.5 1bs. 25.6 1bs. 0.44
ADMIXTURE TYPE Quantity Brand
Air Fntrainer 15.0 g SEPTAIR
‘Eiﬁﬁf Reducer (type A)
lﬂiqh Range Water Reducer
CONCRETE Measured value Design value
Slump 3" 3-5"
-d
Strength (28-day) (28 -day)
EBatch volume 2.0 cubic feet
iDesign Air Content 6% + 17 (Mixing time = 3.0 min.)
MEASURED ]
AIR CONTENT CAI Cl c2 C3 C4
orPl AMR TABBARAH
4.5 4.0
ClIACE
AIR oP2 4,0 3.5 MAZEN JABRI
INDLCATOR 4.0 3.5
orP3
PM Pl P2 P3
PRESS-UR op
METER 1 6.3% 6.4% 6.2% Amr Tabbarah
op
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I“NEK: 7/28/83 RARTABLE TESTED: Low Air BATCIL NO;__]
|AMBIENT TEMPERATURE: [RELATIVE HUMIDITY:
Specific |Absorption [Free Unit Grade Type Weight Factor
Cravity |Capacity Moisture |Weight
cal 2.62 0.5% -0.5% 95 3 Silicious 136.0 0.72
FA| 2.59 0.8% -0.8% 1 | _Silicious 91.0
CEMENT Brand Type Weight Factor
Alamo I 42.0 1bs 6
JATER Design weight Net Weight (after correction) w/c
20.1 1bs 21.5 1bs 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 6g SEPTAIR

Water Reducer (type A)

High Range Water Reducer

CONCRETE Measured value Design value
Slump 4" 3-5"
Strength (28-day) (28 -day)
Batch volume 2 cu ft
Design Air Content 3% £+ 1 (Mixing time = 3 min)
MEASURED .
AIR CONTENT CAI Chs c2 Cc3 C4
o o 3.5
= = r-,__ [—
BeT
omw 4.0 AMR TABBARAH
=3 '
4.0
o 4.0
CHACE E o
AIR & :
’.—
INDICATOR 3.5
PM Pl Pl Pl
PRESS-UR op
METER 4.3% 4.1% 3.8%
OP
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|n.\'n~;: 7/28/83 ];ARIABI.F. TESTED: Low Air BATCIL NO; 2
lAMBIENT TEMPERATURE: RELATIVE HUMIDITY:
Specific [(Absorption [Free Unit Grade Type Weight Factor
Gravity [Capacity Moisture [Weight
cal 2.62 0.5% ~-0.5% 95 3 _Silicious 136.0 0.72
FAL 2.39 0.8% -0.8% 1.l Silicious 91.0
CEMENT Brand _ Type Weight Factor
Alamo I 42.0 1bs 6
JATER ] Design weight Net Weight (after correction) w/c
20.1 1bs 2].5M1bs 0.48
| :
ADMIXTURE TYPE Quantity Brand
Alr Entrainer fg_ . SEPTAIR
Water Reducer (type A)
High Range Water Reducer

CONCRETE Measured value Degign value
Slump 4 1/2" 3-5"
Strength (28-day) (28-day)
Batch volume 2 cu ft
Design Air Content 32 £ 1 (Mixing time = 3 min)
MEASURED . :
AIR CONTENT  CAT C5 €2 c3 c4
oy f =] 4.5
S__cC | —
- T o=
acx
R 4.0 |AMR TABBARAR
< [t "
- &
4.5
o 4.5
CHACE E
o 4.0
AIR o
INDICATOR 4.0
PM P2 P2 P2
PRESS-UR op
METER 4.4 4.1 4,0
op
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—— ————————— > 0 T 7 o 1 5 -

l[)“\'(‘,li: 7/28/83 . VARTABLE TESTED: | ow Air BATCIL NO;_ 3
|AMBIENT TEMPERATURE : RELATIVE HUMIDITY:
Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity |Capacity Moisture |Weight
£A 2.62 0.5% 95 3 Silicious 136.0 0.72
FAl 2.59 0.8% 1.-L_Silicious 9].0
CEMENT Brand Type Welght Factor
. Alamo 1 42.0 1bs 6
JATER Design weight Net Weight {(after correction) w/e
20.1 1bs 21.5 1bs 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 69 SEPTAIR

Water Reducer {type A)

High Range Water Reducer

CONCRETE Measured_value Design value
Slump 5" 3-5"
Strength (2&-day) (28-day)

Batch volume 2 cu ft
Design Air Content 3% £+ 1 (Mixing time = 3 min)
__§§§A§g§¥gur CAT cs c2 ¢3 cl
‘ 3.5
- —
4.0 AMR TABBARAH
3.5
4.0
CHACE
AIR 3.5
INDICATOR 3.5
PRESS-UR o B3 i P3
METER oF 3.7% 3.7% 3.4%
op
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

‘;ARTABLH TESTED:  Medium Air

| ae: 7/30/83 RATCIL NO;__]
lAMBIENT TEMPERATURE :_ [&ELATIVE HUMIDITY: *“]_
Specific |Absorption |Free Unit Crade Type Weight Factor
Gravity |Capacity Moisture |Weight
cal 2.62 0.5% -0.5% 95 3 Silicious 136 0.72
ral 2.59 0.8% -0.2% 1 _| _Sjlicious 82
__weight
CEMENT Brand Type Weight Factor
Alamo 8 42.0 1bs 6
ATER Design weight Net Weight (after correction) w/c
20.1 1bs 20.9 1bs 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 159 SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
Slump 3 3/4" 3-5"
7 -
Strength (28-day) (28 -day)
Batch volume 2.0 cu ft
Design Air Content g2 ¥ 1% (Mixing Time = min)
MEASURED .
AIR CONTENf CAI Cc5 c2 C3 c4
o o 5.5
c r'* —
sy 6.0
- . AMR TABBARAH
= &
6.5
o 5.0
CHACE -
a 5.0
AIR W
INDICATOR 5.0
PM Pl pl P1
PRESS-UR
0P2 5.3 5.6 5.1
METEZR
op
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

In.\'n-;: 7/29/83 VARTABLE TESTED: Medium Air lB_A.T_Cu_‘_N(); 2
IAMBIENT TEMPERATURE: RELATIVE HUMIDITY:
Specific |Absorption |[Free Unit Grade Type Weight Factor

Cravity Capacity Moisture |Weight

cal2.62 | 0.5%. | -0.9% 95 3 Silicious 136 0.72

| Eal 2,59 080 | 024 | [ 1 | _silicious 82
CEMENT Brand ] Type Weight Facto
. Alamo I 42.0 1bs 6
JATER Design weight Net Weight (after correction) w/e
20.0 1bs 20.9 1bs 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 15.0 g SEPTAIR

Water Reducer (type A)

High Range Water Reducer

CONCRETE Measured value Design value
31/2" 3-5%
(28-day) (28-day)
2.0 cu ft
6% + 1% (Mixing Time = 3.0 min)

Slump

Strength

Batch volume

Design Air Content

MEASURED .
ATR CONTENT CAI | c5 c2 c3 C4
o o 6.0
c =f" e |
e O e
0 C N 6 0
=i . AMR TABBARAH
| (7]
5.5
= 5.5
CHACE =
AIR S 5.5
)._
INDICATOR 5.5
PM P P
PRESS-UR o 2 2 P2
METER 5.5 5.7 5.3
oP
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PROJECT 3-9-83-363

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|
IbATI: 7/29/83

I;AR[ABLE TESTED: Medium Air

BATCH NO;__ 3
‘AMBIENT TEMPERATURE :_ RELATIVE HUMIDITY:
Specific |Absorption |[Free Unit Grade | Type Weight Factor
Gravity |Capacity Moisture [Weight
CA 2.62 0.5% -0.5% 95 3 Silicious 136 0.72
TA 2.59 0.8% -0.2% X Silicious 82
CEMENT Brand Type Weight Factor
Alamo I 42.0 1bs 6
JATER L Design weight Net Weight (after correction) _w/e
20.0 1bs 20.9“]bs 0.48
ADMIXTURE TYPE Quantity Brand
Air Entrainer 15.09 SEPTAIR
\Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
Slump 4 1/2" 3-5"
Strength (28-day) (28-day)
Batch volume 2.0 cu ft
Design Air Content 6% + 14 (Mixing Time = 3.0 min)
MEASURED .
AIR CONTENT CAL ch c2 c3 Ch4
, 6.0
o oL .
= f oy e
584 6.0 AMR TABBARAH
oM g :
i It o
= v 5.5
g 5.5
CHACE -
oy 5.5
AIR ;g
INDICATOR 5.5
PM P3 P3 P3
PRESS-UR oF
METER 6.5% 6.2% 5.9%
op
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

|t 7720783 KXRTA“LE TESTED:  High Air BATCH NO;__1
AMBIENT TEMPERATURE: RELATIVE HUMIDITY:
Specific |Absorption |Free Unit Crade Type Weight Factor
Gravity Capacity Moisture [Weight
CA 2.62 0.5% -0.5% 95 3 Silicious 136 0.72
FA 2.59 0.8% -0.2% 1 | Silicious 82
CEMENT Brand Type Weight Factor
ALAMO I 42.0 1bs 6
JATER Design weight Net Weight (after correction) w/c
20.0 1bs 20.9 1bs. 0.48
ADMIXTURE TYPE ___Quantity Brand
Air Entrainer 20.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer

CONCRETE Measured value Design value
Slums 6 1/2 3-5"
Strength (28-day) (28-day)
Batch volume 2. cu ft
Design Air Content 6% X 1% (Mixing Time = 3.0 min)
MEASURED )
ATR CONTENT CAl c5 c2 Cc3 Ch
o o! 8.0
E o E F— j
oo X
S m 9.0 AMR TABBARAH
- »n
8.5
£ 8.0
CHACE é
AIR i 7.5
INDICATOR 8.0
PM Pl P P
PRESS-UR o L 1
METER 8.5 8.8 8.5
op
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PROJECT 3-9-83-363
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION

J——— R

ln.\'tli: 7/30/83 .{VM”ABU" TESTED: High Air BATCH NO;_ 2
lAMBIENT TEMPERATURE; IRELATIVE HUMIDITY:
Specific |Absorption |Free Unit Grade Type Weight Factor
Gravity Capacity Moisture [Weight
CAl 2.62 0.5% -0.5% 95 3 -Silicious 136 0.72
"FAl 2.59. 0.8% | -0.2% 1.1l _Silicidus 65
CEMENT Brand Type Weight Factor
Alamo I 42.0 1bs b
“JATER Design weight Net Weight (after correction) w/c
20.1 1bs 20.9 ibs 0.48 1bs
I
ADMIXTURE TYPE Quantity Brand
Air Entrainer 40.0 g SEPTAIR
Water Reducer (type A)
High Range Water Reducer
CONCRETE Measured value Design value
Slump 4 "/4" 3"'5"
Strength (28-day) (28-day)
Batch volume 2.0 cu ft
Design Air Content 102 * 12 (Mixing Time = min)
MEASURED .
ATR CONTENT CAI o3] c2 c3 Ch4
o o 9.0
co.E - ]
as= 9.5  |AMR TABBARAH
R
8.5
=4 8.0
CHACE =
o
AIR K 8.5
INDICATOR 7.5
PM P.2 P2 P2
PRESS~UR )
oP 9.0 8.6 8.3
METER
orp
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APPENDIX B

INSTRUMENT AND MATERIAL PROPERTIES

B.1 Instrument Properties

B.1.1 CAI
A11 Chace Air Indicators (soil test CT -158, concrete
air indicator) were found to have a Chace Factor of 2.5.

B.1.2 A1l pressure meters were Soil Test CT-125, Press-Ur meter.

B.2 Material Properties

B.2.1 Aggreaates

R.2.1.1 Fine Acareaates (Sand)
(1) Grade 1 requirements satisfied

(2) Fineness modulus = 2.53
(3) Saturated-surface-dry specific aravity = 2.59
(4) Absorption capacity = 0.8%

R.2.1.2 Coarse Aagregates (Gravel)
(1) Saturated-surface-dry weight = 95.0 1b/ft3
(2) Saturated-surface-dry specific gravity = 2.62

(3) Absorption capacity = 0.5%
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B.2.2 Air Entraining Agent, Admixture and Cements

R.2.2.1 Air Entraining Agent
It is a vinsol resin of SEPTAIR brand manufactured by Monier

Resources, Inc.

B.2.2.2 Admixtures

(1) Water Reducer: Pozzolith 322N brand manufactured by
Master Builders.

(2) High Range Water Reducer: Pozzolith 400N brand manufac-
tured by Master Builders.

B.2.2.3 Cements
(1) Cement type I: of Alamo brand
(2) Cement type II: of Centex brand
(3) Cement type TII: of Alamo brand
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Table C.1.
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Sample of Regression Analysis Calculations for

Average of Three CAI Readinas for Variable HS.

Xmc (%) PMR (%) Y1 (%) [(PMR-Y1) (Z)X  d (%) | (d+Y1) (%)
7.2 5.3 6.1 -0.8 0.0 6.1
7.5 5.3 6.4 -1.1 0.0 6.4
7.7 5.3 6.6 -1.3 0.0 6.6
7.3 6.0 6.2 -0.2 0.0 6.2
7.6 6.0 6.5 -0.5 0.0 6.5
7.6 6.0 6.5 -0.5 0.0 6.5
8.0 6.0 6.8 -0.8 0.0 6.8
8.0 6.0 6.8 -0.8 0.0 6.8
8.3 6.0 7.1 -1.1 0.0 7.1
7.7 5.6 6.6 -1.0 0.0 6.6
7.3 5.6 6.2 -0.6 0.0 6.2
7.3 5.6 6.2 -0.6 0.0 6.2
7.2 5.5 6.1 -0.6 0.0 6.1
7.2 5.5 6.1 -0.6 0.0 6.1
7.5 5.5 6.4 -0.9 0.0 6.4
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APPENDIX D

DERIVATION OF EQUATION 5.2

The total volume of concrete can be divided in two parts.
First, the volume of air, and second, the volume of solids, including

water.

Letting

V = desianed volume of concrete

v = actual volume of concrete

P = desianed air content in concrete

p = actual air content in concrete
VS = volume of solids in designed volume of concrete

vs = volume of solids in actual volume of concrete

then VS = (V)(1 - P), and (D.1)

vs = (v)(1 - p) (D.2)
But the volume of solids does not change, and hence
Vs = vs, and

v={_1-p)
v (1 -p) (D.3)

The absolute volume of the coarse aagregates (CAV) is given by

CAV = (CAF) (UW) (V) (D.4)
(specific weight of water)(G)

where CAF = coarse aggregate factor
UW = saturated surface dry unit weight of the coarse
aqgaregaates in use, expressed in 1b/cu ft
G = saturated surface dry specific aravity of the
coarse aagregates in use.
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The actual mortar volume (MV) is given by

MV = v - CAV
MV = v - (CAF)(UW)V (D.5)
(62.4)(6)

The actual mortar content, expressed as a decimal fraction,
is given by

MV
MC = v
=1 - (CAF)(UW)V (D.6)
(622Y(G)v

Replacing V by equation D.3 vields

v
MC = 1 - (CAF)(UW)(1 - g? (D.7)
-p

Expressing MC in terms of cu ft/cu yd, equation D.7 becomes

MC = 27 - (27}(CAF;(UN)(1 - p) (D.8)
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APPENDIX E
RECOMMFNDED PROCEDURE FOR THE USE OF THE CAI

The test could consist of one reading, or the average of two
or three readinas. Before starting the test, the Chace Factor should
be found, and the best approximation for the mortar content of the
concrete determined.

Procedure:

(1) Start with clean and dry indicator, stopper, and cup
(Fig. 4.1).

(2) Fi11 the brass cup with cement mortar from the concrete
to be tested, excluding particles of sand larger than 1/12 in.

(2.0 mm). A narrow knife blade or spatula is most suitable for
picking up the mortar (Fig. 4.1).

(3) Rod the mortar in the cup uniformly, about 20 times, using
a thin, stiff wire (the wire in a No. 1 Gem paper clip is suitable)
(Fia. 4.2). 1If larae sand particles are detected during rodding,
they should be removed.

(4) Tap on the sides of the cup using the handle of the knife
or the spatula to allow large air pockets to escape (Fiq. 4.3).

(5) Strike off the mortar flush with the top of the cup while
applying a gentle sawing motion with the blade of the spatula on the
top of the cup. Hold the blade perpendicular to the top of the cup.

(6) Clean the sides of the cup and stopper with a paper towel
Fig. (4.4).

(7) Invert the indicator, close the smaller end of the indicator
with the forefinger and hold the stem between the thumb and the middle
finger (Fia. 4.5).

(8) Fil1l the tube with alcohol to the reference line.

(9) Insert the stopper into the tube.
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(10) Invert the indicator, push the stopper farther into the tube
irrespective of the level of the alcohol inside the stem (Fiq. 4.6)
until the stopper is in a fixed and tight position.

(11) Put the indicator on a levelled surface.

(12) Brina the level nf the alcohol to the upper mark of the stem
either by adding more alcohol with the medicine dropper or by removing
the excess alcohol through the use of a tapered paper towel (Fig. 4.7).
The level of the alcohol is adeaquate if the bottom of the meniscus
coincides with the upper mark of the stem. Be sure that no air bubbles
are in the stem of the indicator.

(13) Wet the forefinger that will close the opening of the stem
with water (Fia. 4.8).

(14) Close the opening of the stem with the wet finger. The
indicator should be held with both hands. The forefinger and thumb
of one hand are used to close the open end of the stem, while the
same fingers of the other hand are used to hold the top from the
larger end.

(15) To empty the mortar from the cup, invert the indicator and
shake it laterally until all the mortar drops into the alcohol (Fia.
4.9), then invert the indicator aaain. Shaking consists of short
lateral vibratory movements.

(16) Ro11 the indicator from vertical to horiznntal position,
while continuing the lateral shaking until all the mortar is dispersed
in the alcohol. To determine that all the mortar is dispersed, stop
the rolling and hold the indicator vertically without removing the
forefinger from the stem opening, wait for the alcohol to drop down
and for the large air bubbles to go up, and take an approximate
reading. Repeat the rolling and shaking several times and take a
new reading; if the two readings are similar then all the mortar is
dispersed, if not, repeat the rolling, shaking, and reading, until
two consecutive readinas are the same.

(17) Put the indicator on a levelled surface, wait for the
alcohol to drop down and for the large air bubbles to go up.
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(18) Remove the forefinger closing the stem and take the reading
to the nearest half graduation (Fia. 4.10).

Steps 1 through 18 show how one readina could be obtained. To
obtain a second and third reading, steps 1 through 18 should be
repeated. v

Denote the single reading or average of two or three readinas
by Xu, the Chace Factor by CF, and the Mortar Content expressed in
cu ft/cu yd by Mc. The mortar corrected reading Xmc can be deter-
mined by

Xmc = (CF)(MC) (Xu) (C.1)
-

and the air content (Y) can be determined by
Y = (0.842)Xmc + 0.064 (c.2)

The value of Y should have one decimal figure only.

If one readina was taken, then the actual air content is between
(Y - 1.6 percent) and (Y + 1.6 percent).

If two readings were taken, then the actual air content is between
(Y - 1.2 percent) and (Y + 1.2 percent)

If three readings were taken, then the actual air content is
between (Y - 0.9 percent) and (Y + 0.9 percent).
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