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ABSTRACT 

This study evaluated the Chace Air Indicator (CAl) using sixteen 
concrete mix variables and has provided results conforming with the 
findings of previous research. The CAl indicated higher values than 
the pressure method at low air contents and lower values at high air 
contents. However, mortar-corrected CAl 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 eouations 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 readi nqs per test sample. 

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

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

The Chace Air Indicator (CAl) 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 
CAl to measure the amount of entrained air with sufficient 
accuracy for job control purposes, the identification of limits 
for the use of the CAl and the determination of calibration re­
quirements for the CAl. This report dpscribes the 1 aboratory 
phase of the study which included many variables such as tempera­
ture, slump, air content, cement type, aqqreaatp type, and type 
of admixtures. The variability between operators and between in­
struments was also investigated. 

It was found that the rAI indicated hiqher values of air than 
the pressure meter at low air contents and lower values at hiqh con­
tents. Correction curves were developed for the variables investigated. 
The corrpction has a 95 percent confidence interval of 3.2 percent air 
content for one CAl readinq; 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 usaqe of the CAl, including an accurate determination of the 
Chace factor, consistent operation of the CAl, and the use of a correc­
tion curve developed from the laboratory tests. 
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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 CAl can be used for job control purposes. 

ix 





TABLE OF CONTENTS 
Page 

PREFACE 
ABSTRACT 
SUMMARY 
JMPLEMENTATI ON 

iii 
v 

ix 

CHAPTER 

I NTRODUCT I ON 

1 • 1 Sc 0 pe .•.•.•••••.•.•••••.••.•••.••••••••••.••.••. 
1.2 BackQround .•.....•........•..........••......•.. 
1.3 Research Objectives 

1 
1 
2 

2 PREVIOUS RESEARCH 

2.1 The Virqinia Council of Hiqhway 
Investiqation and Research Sturly ••....••........ 3 

2.2 Thp Virqinia Highway and Transportatio~ 
Research Council Study.......................... 4 

2.3 The Materials and Test Division at 
the Texas Hi9hway Department Study.............. 6 

3 EXPERIMENTAL STUDY 

3. 1 T est P r 09' r am .................................... 7 
3.2 Standard Desiq~ .........•.••.......•......•..... 7 
3.3 List of Test Variables. .•........•..........•... 8 
3.4 Data Sheet Information ..•...•....•.•..•••.•...•. 9 

4 TEST APPARATUS AND PROCEDURE 

4.1 CAl Apparatus................................... 11 
4.2 Test Procedure.................................. 11 
4.3 Recommended Modifications .•..............•....•• 14 
4.4 Suggested Fiel d Apparatus....................... 24 
4.5 Tapping/Tapping and Shaking ...•.•.••.....••..••. 24 

5 DATA ANALYSIS 

5.1 Scop~ ••••••••••••••••••••••••••••••••••••••••••• 29 
5.2 Pre-Analysis Calculations....................... 29 

5.2. 1 Actual Mort ar Content (MC) ............... 29 

xi 



Paqe 

5.2.2 Mortar Correction Factot" .. .•••• ..••.. ••.. 30 
5.2.3 Uncorrecterl and Mortar Correcterl Readinqs. 30 

5.3 Instrument Variability.......................... 31 
5.3.1 CAl Variability.......................... 31 
5.3.2 Pressure Meter Variability............... 31 

5.4 Operator Variahi1ity .•...•.••..•.•.•.•••..•..••• 32 
5.5 Rearession Anal.vsis ............................. 32 

5.5.1 Purpose................................................................ 32 
5.5.2 Techniaue................................................................ 33 

5.5.2.1 First Eauotion .................. 33 
5.5.2.2 New Set of Points •.•..••.•.••••• 34 
5.5.2.3 Difference. ••••.•••••••.•••••••• 34 
5.5.2.4 The New F.ouation •••••••••••••••• 34 
5.5.2.5 The Final Fouation .............. 35 
5.5.2.fi Confidence Interval............. 36 

() RESIJL TS OF ANAL YSES 

6.1 Rearession Analysis ••••••.•••.•..•••.••••••••••. 37 
6.1.1 Results LJsinq Sino1e CAl RendinQs •••••••• 37 
6.1.2 Results Usino Average of First 

Two CAl Rend i nqs ••••••.••••.••••••••••••• 41 
6.1.3 Results Usino Averalle of Three 

CAl Read; nos .......................................................... 43 
6.1.4 Comnari son with Previous Results......... 44 

6.2 Instrument Vari abil ity .......................... 44 
6.2.1 CAl Variflbility .......................... 44 
6.2.2 PreSsUt"e Meter Variability............... 48 

fi.3 Operator Variahi1ity •..••••••••••••..•.....•..•. 48 
6.4 Summary of Instrument anrl Operator Variability.. 48 

7 SUMMARY AND CONCLlJSIONS 

7 .. 1 Summar.V ........ ,. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ...... .. .. .. .. .. .. .. .. .... .... .. .. .... .. 49 
7.2 Conclusions.................................... 50 
7.3 Pecommenrlat ions ..••.....•.•.•.•.••.•.•.••.•••.• 52 

APPENDIX A Matrix of Variahles and Tpst nata Sheets .•••••• 55 
APPF.NDIX B Instrurnent and Mater; a1 Prope."t ies ............. 143 
APPENDIX C Reoress;on Analysis ............................ 147 
APPENDIX D Derivation of Equation ~.2 ••••••••••••••••••••• 157 
APPENnlX E Pecomrnenderl Procedure for the lise of the CAl... 161 

RIAL lOORAPHY ............................................................................................ '165 

xii 



CHAPTER 1 

INTRODUCTION 

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

Air Indicator (CAl) and its validity in determining the amount of 
entrained air in structural concrete. The existing procedure for 
using the CAl specifies that it be correlated daily with the pressure 
method for job control purposes (5). Experience of some field per­
sonnel with the CAl 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 CAl can adequately measure air content of the mix 
within the tolerances of the required standards. 

1.2 Background 
The CAl has been in use for about 25 years. 

by the Vir~inia Council of Highway Investigation 
Studies conducted 

and Research (2) 
and the Virginia Hiqhway and Transportation Research Council (3) 
involving the AE-55 Indicator yielded the following conclusions and 
recommndations: 

(1) The CAl can be used to provide a reasonably accurate indica­
tion of the air content of fresh concrete, provided results are based 
on the avera~e of a minimum of two readings. 

(2) Under field conditions, the CAl 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. 
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(3) The CAl should be used on concretes that lend themselves 
to the extraction of representative samples. Unscreened samples were 
found to yield better results. 

(4) Each CAl should be inscribed with a Chace factor, which is 
defined as the volume of one qraduation on the stem expressed as a 
percentaQe of the volume of the bowl. This factor is the basis of 
the mort ar and curve correct ions app 1 i ed to the stem readi ng to take 
care of the fact that CAl reads low at high air contents. 

1.3 Research Objectives 
The objectives of this study were as follows: 
(1) Determine if the CAl can measure the amount of entrained 

air with sufficient accuracy for job control purposes. 
(2) Identify the limits or tolerances for the use of the CAl 

for either job control or as an indicator as it is presently used. 
(3) Determine the calibration requirements for the CAl and 

the frequency of correlation with the pressure meter. 
The study established guidelines for effective and reliable 

use of the CAl under several design and environmental variables, 

such as: 
(1) 

(2) 

( 3) 

(4) 

( 5) 

(6) 

Range of slump 
Range of air content 
Ran~e of temperature 
Type of aggre~ates 

Type of cement 
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 CAl 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 roortar content was 
adopted. A curve correction was also developed to correct for 
extreme deviations since it was found that the CAl read high at low 
air contents and low at high air contents. 

It appeared a1 so 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 roodifications 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 
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(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 percentaqe 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 CAl. The pressure method 
gave values typically 30 percent higher than the CAl 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 CAl. 
The new recommended mortar correction was adopted by AASHTO (6). This 
correction can be represented in the form of the following equation: 

mortar correction factor = 
mortar content (ft 3/yd3) x Chace factor 

27(ft3/yd3) 

The recommendations of the study specified that 
(1) Each CAl should be inscribed with its Chace factor. 
(2) CAl results should be based on stem readings that have been 

corrected using a Chace conversion nomograph (Fig. 2.1) 
(3) CAl 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 
(TI99-82) (5) was modified to include the recommended corrections. 
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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 CAl test had a siQnificant 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 mixinq of two to three batches 

of concrete per day, along with the scheduled CAl 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 CAls, except for the first ten 
batches, where each of the three CAls was used twice by each of 
the operators and each pressure meter was used only once by either 
operator. 

3.2 Standard Desiqn . 
A standard batch desiqn was developed with specific character­

istics. The variable under consideration was the item in subsequent 
mix desiQns that differed from the standard mix design. The test 
investiqated the effect of the variable on the performance of the CAl 
relative to the pressure meter. 

The Standard Desiqn Characteristics (SDC) were 
(1) type I portland cement, 
(2) siliceous coarse (gravel) and fine (sand) aggregates, 
(3) medium slump (3 to 5 in.), 

7 
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(4) medium air content (6+1 percent), 
(5) room temperature (75°F), and 
(6) no admi xture. 
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 vari ab 1e was tested in five batches of 2 cubi c feet 

each. The variables under investigation were 

(1) low slump: used standard desic," characteristics (SOC) 
but with low slump, 

(2) medium slump: used SOC, 
(3) high slump used SCE with high slump, 
(4) low air content: used SCO with low air content, 
(5) high air content: used SCO with high air content, 
(6) low temperature: used SCO with low temperature, high air 

content, and high slump, 
(7) hi~h temperature: used SOC with high temperature, high 

air content, and high slump, 
(8) cement type II (CII): used standard design character­

istics (SOC) 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 SOC 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 SOC 
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 SOC with limestone fines instead of sand, 

(15) limestone coarse aggregate with siliceous fines (lCSF): 

9 

used SOC with a crushed limestone coarse aggregate instead of gravel, 
(16) limestone coarse aggregate with limestone fine blends (lClF): 

used SOC with both coarse and fine limestone aggregates instead of 
gravel and sand. 

Table A1 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. 

All of the cement used in these tests was purchased from the same 
mill lot 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 strenqth 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 CAl 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 
CAl 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 CAl 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 larqer 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 tot al vo 1 ume 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 roddin~ 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 outl i ned in SDHPT Test Method 

Tex416-A (5) and it comprises the following steps: 
( 1) f i 11 the br as s cup with cement mort ar 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 CAl Apparatus: Indicator, Spatula, 

Alcohol Bottle, Stiff Wire 
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Fig. 4.2 CAl Apparatus in the Field Kit 
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the mortar. Rod the mortar in the cup using a thin stiff wire and 
strike off 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 rollin9 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 CAl. Such adjustments were found to 
be effective as the laboratory phase progressed and operators became 
more familiar with the CAl. 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 gentle 

saw motion with the blade of the spatula on the top of the cup to 

insure a smooth, level surface. 
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Fig . 4.21 Rodding the Mortar with a Th i n Stiff Wire 
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Fig. 4.3 Tapping Action on the Sides of the Cup 



(5) Clean the sides of the bowl with tissue and not with the 
finger (Fig. 4.4). 
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(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, whi le 
the same fingers of the other hand are used to hold the tube from the 
large end over the portion covering the brass cup. 

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

(12) While rollino the indicator from the vertical to the horizontal 
position, continue the lateral shaking. To determine that all the mortar 
is disperse~, 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 Hol ding the Tube 
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Fig. 4.6 Inserting the Stopper into the Tube 
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Fig. 4.7 Removing the Excess Al cohol 
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Fig. 4.8 Wetting the Forefinger 
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Fig. ~.9 Emptying the Cu~ 
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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 rollin~ 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 (Fig. 
4.2), it is advisable for the inspector to carry a plastic bottle 
(Fig. 4.11) to rinse the CAl 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 m1 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 testing was performed to determine the 

difference, if any, between readings from the CAl 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 
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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 CAl was used with each batch. Six CAl 
readi nqs were taken, three with tapi ng and three with tappi ng and 
shakinq. The average (x) and the percent coefficient of variation 
(cv, percent) for each batch are shown in Table 4.1. 

Table 4.1 Shaking and Tapping 

CAl Air Content (percent) 

Low Medium High 

!-Tappi ng I x* 3.8 4.3 3.7 6.0 5.8 5.8 8.5 
and 

Shaki ng 
Method cv** 7.5 6.7 7.9 8.3 4.9 4.9 5.9 

x-* 3.7 4.2 3.7 5.0 5.5 5.5 7.8 
Tapping 
Method 

cv** 7.9 6.9 7.9 0.0 I 0.0 0.0 I 3.7 I 
i i i 

* Mean 
** coefficient of variation 
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9.0 

5.6 

8.0 

6.2 

The testing time for the tapping method was between two and three 
minutes longer than the tappinq and shaking method. The average 
readings are higher for the tapping and shaking method, which indicates 
that the mortar is more dispersed than with the tapping method. All 
the coefficient of variation are within the acceptable range, 10%. 





CHAPTER 5 

DATA ANALYSIS 

5.1 Scope 
In this chapter, the methods of data analysis are outlined. 

Analytical and qraphical 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 

{l} 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 rrortar 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 ~iven by 

MC = 27 - (Absolute volume of coarse aggregate in one cu yd 
of concrete, expressed in cu ft) 

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 rrortar content is derived in Appendix F and is given by 

MC = 27 - (27)(CAFl(UW){1 - p) 
( 62 • 4) G)( 1 - P) 

29 

( S.l) 

(5.2) 
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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) mi nus the abslJl ute volume of the coarse 
aggregates, expressed in cu ft, 

CAF = coarse aggregate factor, 
UW = saturated surface dry unit weight of the coarse 

aggregate in u~e, expressed in lb/cu ft, 
G = saturated surface dry speci fic gravity of the 

coarse agoregates in use, 
P = desiQned 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 CAl should be multiplied to 
obtain the theoretically correct air content in the concrete. The 
MCF is given by 

Me F = (CF)( MC) 
27 

where CF = Chace Factor of the CAl used, 
MC = actual mortar content in the concrete, defined by 

equation 5.2 and expressed in cu ft/cu yd. 

(5.3) 

Equation 5.3 is represented by the lower part of the Chace Conversion 
Nomograph (Fig. 2.1). 

5.2.3 Uncorrected and Mortar Corrected Readinqs , 

The mortar corrected reading or average of readings (Xmc) is 
given by 



Xmc = (MCF(Xu) 
where 
Xu = uncorrected reading or average of readings as read 

from the CAl. 
For every batch of concrete three readings were taken with each 

of the three CAls and three sets of calculations were made whereby 
(1) Xu represents the first uncorrected readinq for each CAl, 
(2) Xu represents the average of the first two uncorrected 

readi n~s for each CAl, and 
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( 3) Xu represents the average of the three uncorrected read i n~s 
for each CAl, 

and the corresponding Xmc was found. 

5.3 Instrument Variability 
Both tyoes of instuments, the CAl and the pressure meter, were 

tested for variability. 

5.3.1 CAl Variability 
CAl 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 Xis the mean of means and s = Tn where 
X 

(j is the standard deviation of averaqe CAl 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 sect ion was used on a sample of six batches. 

5.4 Operator Variability 
Operator variability accounts for the difference in performance 

between operators. Readings 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 CAl. 

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 vari able "High Range Water Reducer at High Air 

Content II (HRWRHA) were excluded since the readings on both the PMs 
and the CAls 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 lpast-sQuares 
linear reqression which is desiqned to minimize the sum of the squares 
of the deviations of the actual data points from the straiqht lines of 
best fit. The data points uspd are represented by two coordinates. The 
ahscissa is the mortar-corrected CAl readinq or average of readings 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 throuqh the 
knowledge of a mortar corrected CAl reading. 
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5.5.2 Technique 
Each batch had a number of averaqes of mort ar-corrected CAl 

readings and one averaoe of PM readinqs. Each set of two numbers, the 

first being a mortar-corrected CAl readinq or averaqe of readings (Xmc) 
and the second beinq the average PM reading (PMR) for the same batch! 
represented one data point. Excluding the variable HRWRHA the total 
number of data points was 248. 

The reqression analysis was performed separately for three sets 
of data points (Xmc, PMR) where 

(1) Xmc represents the first mortar corrected CAl reading, 
(2) Xmc represents the mortar corrected averaqe of the first 

two CAl readings, and 
(3) Xmc represents the mortar corrected average of the three 

CAl readinqs. 
The same technique was used for p.ach of these three sets of data 

poi nt s. 

5.5.2.1 First Equation 
Thp linear reoression was applied to the set of 248 points 

(Xmc, PMR) and the linear equation that best fits these points is 
expressed by: 

Yl = (al)Xmc + bl 

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 

(5.5) 

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 correlatinq 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, Yl) was found, where 
Yl 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 Yl. 

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

d = (a2)Yl + b2 

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

5.5.2.4 The New Equation 

(5.6) 

Theoretically, adding d to Yl should give the PMR, but, since the 
data were not perfectly linear, it was necessary to determine the 
accuracy of (Yl + d) in representing the PMR. A linear regression was 
performed on the set of points (Yl + d, PMR) where d was found from 
equation 5.6. The linear equation that best fits these points was 
given by 

Y = (A)(Yl + 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 (Yl + 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 Yl by its 

expression in equation 5.5, equation 5.7 becomes 

v = r ( A)( 1 + a2)( a 1) 1 (Xmc) + r ( A)( 1 + a2)( b 1) + (A) ( b2) + BJ ( 5 .8) 

Expressinq equation 5.8 in simpler form, 

Y = (S)(Xmc) + I 

where 

s = (A)( 1 + a2)( a 1) 

and 
I + (A)( 1 + a2)( b 1) + Ab 2 + B 

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

2k, \tIlere k is expressed as follows: 

k = (1.97)(siqma) 
n 

(5.9) 

(5.10) 

(5.11) 

(5.12) 

where siqma = standard deviation derived frol'1 all (PMR - Y1) values, 
n = number of readinqs represented by Xmc, and 
k is expressed as percent air content. 
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Having obtained Xu from direct readin~ from the CAl, 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 - Yl) 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-Vl)] 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 re9ression 
analyses. The function of each is summarized below. The first 
reoress;on analysis found the best fit strai9ht line for the points 
(Xmc, PMR). The second regression analysis found the correlation 
coefficient for the set of points [(Yl, (PMR - Yl)], their best fit, 
and the mean and standard deviation of the (PMR - Yl) 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 re~ression 
analysiS. The third r@.Qression analYSis found how accurate the first 
reQression analysis was, by determinin9 the best fit straioht line 
for the points [(Yl + d), PMR)J. The first re9ression analysis was 
determined to be oood since the third reqression analysis obtained 
a best fit straiQht line that approximates very closely the line of 
equality. From all these analyses, it is seen that the first re~res­
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 oeneral 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 qraphical and analytical results of 

the data analysis. Preliminary analysis indicated that it was 
desirable to combine all data to qet a more comprehensive correction 

curve. Attempts at individual correction curves for each variable 
were not successful because the number of I"oi nts in each case was 

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

were investiqated in the two studies. Instead, a single curve was 
adopted to include all points from all variables. However, the data 
of concrete with the hiQh range water reducer at hiqh air content 

were excluded from the regression analysis because it presented an 

additional vari ability, not accounted for in the test program. This 

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

both the CAl and the pressure meter. 

6.1 Reqression Analysis 
6.1.1 Results Usinq Single CAl Readings 

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

the correspondinQ correlation coefficients, and the values of the 
confidence interval are given below. 

Taking only the first reaning of the thrp.e available with each 
CAl and performinq the reqression analysis as described in Section 5.5 

gave the followinq results: 
In equa1:ion 5.5: al = 0.836 

bl=0.14 

R = 0.946 
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In eauation 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 Yl and (PMR - Yl) and hence the 
assumption of normal distribution of the values of (PMR - Y1) around 
their mean is reasonable. 

The mean value for (PMR - Yl) was found to be equal 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 equation 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 = O.On8 

and the final eauation becomes 

Y = (O.840)Xmc + 0.068 

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

The points (Xmc, PMR) and t~eir 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. 

( 6.1) 

It is seen that the mortar corrected readings qive higher values 
of air content than the actual values rppresented 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 
;s to the 45 degree line of equality. 
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6.1.2 Results Using Average of First Two CAl Readings 
Takin~ 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 ~ives the following results. 

In equation 5.5: al = 0.845 
bl = 0.0528 
R = 0.949 

In equation 5.6: a2 = -0.00703 
b2 = 0.0436 
R = -0.0197 
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The mean value for (PMR - Yl) was found to be equal to -0.0040, 
the related sigma equal to 0.859, and the corresponding n equal to 2. 
Rep1acinq siQma 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 

Replacinq these values in equations 5.0 and 5.11 yields 
S = 0.843 and I = 0.060 

and the final equation becomes 

Y = (0.843)Xmc + 0.060 

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

(6.2) 

The points (Xmc, PfJR) and theil' corresponding best fit straight 
line, equation 5.5, are -illustrated by Fig. 6.2. Here also the mortar 
corrected readings ~ive higher values of air content than the actual 
values represented by the PMR. Hence the need to adjust these read­
ings throu~h the use of equation 6.2. The same final remark in 6.1 
applies here. 
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6.1.3 Results Using Averaae of Three CAl Readings 
Taking the average of the three readings with each CAl 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 equat ion 5.6: a2 = -0.00315 
b2 = 0.02~5 

R = -0.0097 
The mean value for (PMR - Y1) was found to be equal to 0.0056, 

the related sigma equal to 0.78, and the correspondinq n equal tn 3. 
Replacing sigma 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 yiel~s 
S = 0.844 and I = 0.064 

and the final equation becomes 

Y = (0.844)Xmc + 0.Ofi4 

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

(6.3) 

The Doints (Xmc, PMR) and their corresponding best fit straight 
line, equation 5.5 are illustrated by Fig. 6.3. Here again the mortar 
corrected readinos 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 reoression analysis calcula­
tions performed on the average of three CAl readings for variable HS. 

The process of usinq equation 5.9 to correct the Xmc is called 
curve correction. 

Fi~. El illustrates how mortar corrected CAl readinqs used in 
Section 6.3 compare with the corresponding PMR for all 16 variables. 
The lowest, hiqhest, and average va1up for Xmc and PMR are also 
shown. These fi~ures shnw that for all seven variables the average 
Xmc is hioher than the corresponding PMR. 

6.1.4 Comparison with Previous Results 
Sprinkel (3) found a relationship relatinq Y to Xmc. That rela­

tionship is identical to equation 5.9 and is given by 

Y = (1.l64)Xmc - 0.308 

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

lJsin~ this equation a new set of points (Xmc, Y) was found and 
the best fit strai~ht line was determined for the points (Y, PMR). 
This straioht line is similar to pouation 5.7. 

(6.4) 

Fig. 6.4 illustrated equation 5.7 as determined in the present 
study and as dptermined through the use of eouation 6.4 for the read­
inos used in 6.1. The corresponding confidence intervals are also 
shown in this figure. Similarly, Fios. 6.5 and 6.6 illustrate eouation 
5.7 for the readings used in 6.2 and 6.3 respectively. 

6.2 Instrument Variability 
6.2.1 CAl Variability 

The CAl 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 vari abil ity between prpssure metp.rs 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 expresserl as a percent error in 

readina using one instrument only. Operator variability was 1.2 
percent for CAl 2,4.1 percent for CAl 3 and 3.8 percent for CAl 4. 

6.4 Summary of Instrument and Operator Variability 
It can be observed tha~ operator and instrument variabilities 

are negligible. The similar variability for the CAl and the pressure 
meter does not imply that the CAl is as variable as the pressure meter. 

The low values of the averages of the coefficient of variation 
for the CAls and the operator variability using them might suggest that 

the CAl has the same variability as the PM. However, there are two 
reasons for the magnitude of these averages. First, the readinas on 
thp CAl 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, sino1e readings were used, whereas, with the CAl, the 
averages of three readings were used, which introduces a vh factor 
in the calculation of the standard deviation for the CAl readings. 
All the values of coefficients of variation arp not statistically 
siqnificant. 



CHAPTER 7 

SUMMARY AND CONCLUSIONS 

7.1 Summary 
The objectives of the study were: 
(l) Determine if the Chace Air Indicator (CAl) is sufficiently 

accurate for job control purnoses. 
(2) Identify limits or tolerances for the projected use. 
(3) Determine the calibration and correlation requirements. 
This study included tests to determine the effect of the 

followina vadables: 
(l) Low slump 
(2) Merlium slump (which was the standarrl batch) 
(3) Hiqh slump 
(4) Low air content 
(5) Hiah air content 
(6) Low temperature 
(7) Hi ah temperature 
(8) Cement type I I 
(9) Cement type III 

(lO) Water reducer at low air content 
(ll) Water reducer at hiqh air content 
(12) Hiqh ranqe water reducer at low air content 
(13) High range water reducer at high air content 
(14) Siliceous coarse with limestone fine aClQreg(1tes 
(15) Limestone co~rse with siliceous fine aggregates 
(16) Limestone coarse with limestone fine aggregates 
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Seventy-eight batches were tested for air entrainment. On each 
b~tch, three readings from each of the three CAls 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 reariinqs 
were taken. 

Readings from all batches were used in finding a correlation 
between the results obtained from the CAl tests and those obtained from 
the PM tests. Two types of corrections were required for the CAl read­
inas: first, a mortar correction, which takes into account the Chace 
Factor of the CAl 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 frOOl each CAl 
from each batch was used. In the second, the average of the three 
readinos on each CAl Wi'lS 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 CAl 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 woulrl siqnificantly improve repe~tabil ity 

of results. 
(3) Operator and instrument variabilities were negligible. 
(4) The CAl indicated hiqher 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 CAl 
readinq: 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 ~ccount the high value of the mortar corrected reading as 
compared to the pressure meter reading. 

(6) The mortar correction is applied to the uncorrected CAl 
readi nq or ave.'aae of readi nqs through the use of equat ion 7.1: 

( CF)(MC) 
Xmc = 27 (Xu) 

where 
Xmc = mortar corrected readi nq, 

Xu = uncorrected CAl readi nq or averaqe of readi ngs, 
CF = Chace Factor of the CAl used, 

(7.1) 

Me = mortar content in the concrete, expressed in cu ft/cu yd. 
(7) ~ortar-corrected CAl readinqs were higher than pressure 

meter readings over all ranaes of air content. 
(8) A curve correction of the form y = O.A42 Xmc + 0.064 was 

obtained, where .y is the actual air content and Xmc is the mortar­
corrected CAl readi no. 

(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 readings increased from 1 to 3. 

(10) Su(]gested modifications to the existinq procedure can 
improve the accuracy and preci s i on of resul t s. These are prespnted 
in detail in Sect ion 4.3. 

(11) The CAl could be used to provide a reasonab 1v accurate 

measurement of the air content of fresh concrete. The procedure could 
consist of one readinq, or the averaoe of two nr three readinqs. 
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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 eauality between the pressure meter and the CAl. 

(13) It was observed that addition of high range water reducer 
at hiqh air content resulted in decreasinq air content with time as 
measured by both the CAl and the pressure meter. Air contents measured 
with either device rannot be considered accurate under these circum­

stances. 
7.3 Recommendations 
Laborator'y results in this study should he combined with results 

of a field study to determine correlation requirements between the CAl 
and the oressure meter. 

Ouri na the 1 aboratory phase, test inq was performed under very 
controlled conditions. Before any implementation of results, testinq 
in the field should be nerformed. The field phase will illustrate 
the applicability of the conclusions of this laboratory phase for the 
use of the CAl for construction control. 

Future studies might include more testinq for concretes with hiqh 
r~nqe reducer at hiqh air content. 



APPENDIX A 

MATRIX OF VARIABLES AND TEST DATA SHEETS 





Table A.l. Matrix of Variables 

~ 
I~ SLUMP 

.~ Low 

CI. Low :::: 
=> 
..J 
VI Med. 

High 

I- Low Z 
W 
I-

5 Med. 
W 

0:: ..... High <' 

. 50 F 
til a.. w :::: .... w 

..Q I- 100 F I'D .,... 
l.-
I'D II > I-

Z 
C W ..... :::: 
I'D I.I.J III :::::: u 

LC/LF 
VI 

LC/Sf w 
I-
<' 
<!) 
/..J.J SC/U 0:: 
(,!;' 
(!) 

.::: 
SC/Sf 

VI 
UJ 
0:: 
=> 
l-
X -i§ 
<' 

where: 
lC = 1 i Illes tone coa rse 
IF = 1 imestone fi ne 
SC = silicious coarse 
SF = silicious fine 

~led. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Design Constants 

AIR CONTENT 

High Low Med. II High 

X I 
I 

X 

X 

X X 

X X 

X 
I 

X I 

X 

X 

X 

X 

X 

X 

X X 

X X 

55 

AGGREGATES 

SC/SF 

X 

I X 

I X 
I 

I X I 

I X I 

l . 
\ X I 

X 

X 

X 

X 

X 

X 

X 

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

--------------r--------.-- .---.--------- -- -
1;!1TE: J 1. 23 I _~_!YARIABLE r~TTmL LOW SU~ __ m lB_ATcll~---~~-l __ ~~~=1 

I ~'1B 1 ENT TF.~WERATllR~o.!;<E..!.: ____ _ 

1--Is~ --' -,.----

Hie Absorption free Unit 
-.-----, 

Weight [·'actor j 

JL~ ~~·t~~~~ G.ill>ac it v Moisture . We!&l).t fE
rgde --Type 

I 

- 148. 5 . __ . o. 78-1 
73.0 L~t2.5 

2 0.5i. +0.17. 95 -- ---
9 0.8% +2.5% • ----

_ 3

1 

~ S i licious 

_ Silicious - ___ I 

I ~"ENT I. -._.::.::A::::L:.:::...:.~=_n_d:==== ___ ·_-tl__ __ T.::.:_p_e_~~s ~J ~ec ~Lr-='_I 
Net \leighJ (after correction0---:tc .. _=~:1 

__ ._.l--. ___ 20_ •. _1_1b_S:...:.._I--__ 18"_._1_lb_S~ •. : ~ O:~ ___ .I 

l~n~~TURE TYPE ____ ---f. ____ ~(.::!!:!.!!.!:.!'::.z __ .... _ .. _~ _-_-_-_-_-_-_-_-n-r~:l...n-_=_d~-_-_·-_-_ -._~~~~~-_~J 
fAir Entrainer SEPTAIR I 
i,wa-,t-e-r R~x:......{.up_e. A ----- -~===, 
: IL!.g!) • .flaI'ill£.J~Jater Red~c er -1--___________ ......... _______ ! 

l __ -C-O~:-l_C-_R-E-T-E-~-'------M-e-a-s~-r-ed-'!.-a:l.:.;.t~::...e-_-_-_-_ ----_;~~gn value--=~=-= 1 
iSlumn __________ ~~-------3·-· _______ --_---___ ~~--" __ -1--.-3'-'--t-l-O_w __ > _______________ 1 

is..t_reng~J.L_____ (2~day) I , 
'Batch 'lolulle 

! Il.cs i~n.._l\jL_COn t enLL ____ 6--=+=--1_7._(_1'_U_X_i_n-=-g_t_i_m_e_ .. _2_ •. _0_~_i_n=ut~e_~~)~------
2.0 cubic feet 

~\ 
-"-- r 

-.-------~--r-~fEASURED CAl Cl C2 C3 C4 AIR CON't'EN'I '---

"---f------- ! 
I 

OPl M!R TlillBAltAH I 
i 

----j I 

\ 

._--
I 4.5 5.0 4.5 1 

CllASE - I 

AIR 01"2 4.0 4.5 4.5 MAZEN JABRI 1 
I -

INDICATOR 4.5 4.5 4.5 
,.-~---.-- .-.-

I 
01"3 

.--~---

. 

I PM Pl 1"2 1"3 
PRESS-lJR - • __ ....J ."----, 

OP 1 
METER 5.0% 4.9% 4.9% Amr Tabbarah 

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

I~~JJ~T TEMPERATURE: 53% 

Hic Absorption Free Unit 
ltv Capacity Hoist.!l!".~_ ~~i 1 

62 0.5% +0.1% 95 
1-----

59 O. B~; +2.5% 
---- ---

£.!It_s·radel-- Typ~.~eight - Factor I 
3 Silicious i48.5 0.78 -1 

---.- 1 . Sil iclous 73.0 __ ____ _____ - ____ I 

0------1-·--·---·----

to.IATER : . Design \.J~.i..&.ht 
I l 19.0 Ibs. 
:----_._---------- ._---_._-_._- ------. --- --------------------, 
II)Jl'tlXTUl~\::_._''l:..!·'i~P..::E'___ ___ _l,.----Q~u!1ntity---.- ._. _________ ._~E·.:..:n.:.:.d ___________ 1 

l~i_r_E_n.!..rainer 30.0g SEPTAIR , 

:~ter. Red~~._Jm.s._I\>. 1 
o 1 'll1gh Range Water Reducer ~!.::.l:..:..:....==.::::....!:=~~==!.....J.. ____________ .1..-._. ______ . _________ . 

--·~'I!·~\SlJl~k:J) ,-- --_ .. _-- -1--- - -_ .. r' --.-.: ... -.. \.--- .-.- -f 
. ..:~T.PJ;:9:-.;Tr.:,.N __ ~A_~ __ C_1_. __ ~ __ . __ ~2. ---t- __ ~_~ __ ._._c:. .... ____ __ . _____ _ 

_____ - ___ } ____ ~:._~ . ___ ~_ . ___ ~ ._0 __ . __ !'.~_ 

\ Ol" _____ ~_I-----~:~ -- --~:~;_--~.~.- AMR [AlIl~ARAlI 1 

1---- ------------- r .. -.--.. -. --... - ------.- . ----.-.----. - --'---'- --.-- . 

-·--r-·----· ---- -------
OP2 MAZlm JABRI 

·----·-f-I ---

CIIASE 

AIR ---+------ . 
INUl CATOR 

--_.-\-_._--- -_._---

or3 

PM Pi P2 P3 
Pl~F.SS- UR .---- _._---_._---- ---

~ 
OP 

METER .- ._-_._----
OPZ 4.8% 4.5% 4.7% Mazen Jabri 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

ID!aA:!...!T~E~:.::::.3~{--=2.::.3-J/~_~8:::...3_~lv~A~RI~A~B~LC!:::.E...;T~E~S..!!.TE~.D~:,-----=-L:.:::O:.:..W m;,UMP ----- -~AT.CIl NO: LS 3 -_I 
lA!iBIENT TEMPERATURE: 77°F -~TTVE IIUMIDTTY.;'--....:5:..:::J..:.:.%~ _______ _ 

--
ISpecific Absorption Free Unit 

--- Gravitv Caoacitv Moisture Weil!ht 

SA 2.62 0.57- +0.1% 95 

FA 2.59 0.8% +2.5% • B
-----·---

Grade Type 

---- ------_ ....... 
3 _ Silicio~:> __ 

1 2ilicio~ 

-
Weight Factor 

-~;..::....- 0.78 -----
76.0 

---- r -
ADMtXTl'RE TYPE - QU3ntit! _____ .~r3.!!~ 

Air Entrainer 30.0g SEPTAIR 

W<lscr ~educeu~e A2 

nigh Range Water Reducer 

i , _C_O_._~_C_RE_T_E __ -+-__ l_3:/_4_:'_fC_;:)_S_\I_r_C(_1 v31ue=------1--- 1---3'-' lL(e~£~)IL'!!'J-_.!!-~:"-_-------
!Slump_ 
I (2a-day) (28-day)-----·---------- ----
:5_t.L~Qgt h ____ . ____ .. _________ _ 

!Batch volume 2.0 cubic feet 
I ~~'--!.:~..:.:~'-----+------.----------.--------.--.-----.-.---------------

'.n~'si~n Air CQntent Medium ( -----------------_._-.----

-----, 

I 

! 

CII/\SI~ 

AJR 

INDICATOR 

\-----
I 

PRESS-UR 

~IETER 

OPl 

OP2 

OP3 

PM 

OP 1 

Op2 

----

------- ---

----_. --------
3.1 ------
4.0 ----
3.5 

f------

-""'_ .. '--

. __ ... _--
PI D-9 --

.--~---

4.3 

I 

I 
AMR TABMR;;\H ----j.---------.. -~--

-_._---! --------- -- --------------

3.5 3.0 

3.5 ).~ 

3.U 3.U 

5.5 

4.~ 

3.5 

P2 1'3 

4.3 4.0 
------- -----j.-------

HAZEN JABRI 

I 
I ----------.... 
! 

I.ERo' _____ 1 

D-9 --- -----------t 4.4 Amr Tabbara 
.- ~----------

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

---I 
-_I 

Specific Absorption Free lin 
0_~_y.-ity C~~y ___ .t1(li5_~Ur_~_ He 

2.62 0.5% 0.8% 
--- ---- ---

2.59 0.8% 3.0% 
--- -_._ .. _-- -

I
i ('t.'\,L'''T Brand _ _.J.yp_~__ __ _..H.~JJ!.!I!... ____ ---I£~to...r _____ i 
----------1-----------------------------f--------~-------1 

1 ± . 
,~r.~ Ir,u~ , 

I l- ALAM.?__ ___ _1 _______ ~=__~_ 6 ______ ~ 

1---------------r----------- ----------------- ----, 

1 ~.Q~!:V._J~lRE TYPE::..' _________ ~!I_'!.ntJ.:.:::tLy ___ 1_---------J~~D-d=-----------1 
,Ak~ntr!l incr 40.0 g SEPTAIR ! 
I =-==------4-----'-- -----------------[ 

I.!i~_t~r_ .Bcd ucet:...J~.~A~)_+---------_\_----------- ______ \ 

llligh Range Water ~~u.c~e~-.!r'_'_ _____________ l_______________ _! 

,----- ----r ---------- ------- -------- -
; ~A~~:'~~~i~NL- CAl -t--~- -~~~--I ~-;~: - ---i~; -----
i I 01'1 [-~~~=~_ -S.O =-f~-':-~ __ 5_._~ ___ AI'IR TABfiARAf] 

--------\ 

I I _____ L _________ ~:...O _________ ~:~ ___ ~~3 ___ _ 

L----------f-------+---

---I 
OP2 MAZEN JABRI I 

I 
AIR 

I~DICATOR 
-----+------1------'-----+-------+-------- I 

I 
I 
I I OP' :~~-~ =~~~-=e--~=~~~r::=_ 

1----------- -----~--------- ----- ---- ---- c-]=---------~---------i PReSS-VR ___ :_;1~---1'-1----I_-_-~-1---p-3---+_-----------
1 ~ETER I I 01'2 4.8% --r-----;~~----1---4-. 7% ---

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

I f!~ I ENT TEMP ERA TURF.: 
"-" 

rs 
I Ie 

pacific 

l~-c-:+ 
'-_FA 1 

~rjiV ltv 

2.6Z ------
2.59 

Absorption 
CiJoacitv 

0.5% 

0.8% 

Free 
Moisture 

0.8% 

3.0% 

-Unit 
Weizb. 

95 . 

--E1----"""-"-·--·1---~----Grade Type Height 
t_ _ ________ + ________ . 

3 Silicious 149.5 -- - "-.----- 1-------
1 Silicious 76.5 

"-- -- -------

Factor 

0.78 

!--- 'fWeiBht I FaCl",~r __ _ 
IGE:.IE:;T 
:_~ ___ ~. _____ A_L_,'\J_:.I._o _____ -__ -J. __ l _____ ~.o lbe. "_b __ _ 

: -l,-\T-E-R---""T-----------r---N-ct- HCig-h-t -(-a-f-t~;co;rect!.(l".:.;;n"_) -...,1- w/c - II 

20.5 1bs. 17.0 1hs. 0.49 1------ ,-'-"-__ " ___ _ 
,------------ "-"------"--
AD~JJU~E TYPE uant~ ______________ ~~~~ __________ __ 

~O.Og SEPTAtR 

\~!~~~e~LJ~~!0.~~--__ -----------~-------_-___ --------~ 
rlJJsJlJtange Via ter Reducer ______ 1 

-------'---, 

"~ __ ~ ___ ~ ____ ~~I~lJ_~_' ____________ ;. ______ ~~~. ___ . _______________ . 
(2&-day) 

,~~~ ________ ~ ________ ~'~?~~ __________ ~ _________ ~v=~~~------------

.=::c:::,:.::::... __ ,_-+-____ -<2'-'._"O ......... C ..... II1 .... ) 1 ... ' c~fc.e.t-.. ._" _________ .. "" ____ _ 
6 + 1% (HiKing time = 3 minutes) 

:~Z:g;;~,-~~IT ~' -__ ~--- -;~-- ~ 
~--.-.-- --

C3 
-----~--

~!t 

! __ I\1~ 

CI lASE 

.... T R 

IN DICATOR 

P 

HE 

RESS-UR 

"TER 

01'1 

---.-~--

OP" 

OP3 

----
PM 

OPI 

OP 

-r--.-----

-

5.0 5.0 5. 

5.0 5.0 5. 
--

5.5 5.0 5. 

----- --- --- 1-· 

------- '--_._--------
PI P2 P3 

."- I-

0.5% 6.0r. 6.2% 

I 
---- --------

-

AMR TAll BARAH 

HAZEN JABRl 

Amr Tabbarah 

-- I 

.1 

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

Ipj\T~;l}--.LL 83 IVARIABLE TESTED: _1l~~~_Y1L:,)~~~~:'~~==-_-==\~1;7!:!:1~~-~:-_~~;;; ___ ~=~-~=-=l 
k-m I ENT TEMP ERA TURF: : 

-J----------------------------- ---------.---- ----- -----1 

RElATIVE HUMIDITY: 41% 1 --... ---.-----~------ ...... ---------.-~------

I~--~P 
I CA I-
I A 

ecific Absorption 
ravitv Capacity 
L.6L O.:J~~ 

2.)9 O. 8~~ 

IFree 
Hoisture 
-U.31. 

+3.9% 

--
Unit 
Weight __ 

95 
------. f

,-r ad ~l----:r)~-~~~.- --.- r\.i~-igl;tj----r;;~:-t 0 r--, 
-.---- ------- ------- [--------- ------.! 

j SIlicious 136.5 u.72 I - --------------- ---.--------- ------1 
1 Silicious 85.5 

----- . ------.---- ------- -- .- - -

!I":~-E-R --1_-__ D_e_S_i_g_n_W_e_-i_:&._h_-~ __ .J_-_-_-_-_~_e_t_W_C_ight laf~£~-_-e-o-rr-c-c-t~~!~~_--_-·:· ·-__ -=--_w-rj-_~--_-__ ~==== 
20.01us. 17.5llls. O.4H 

-------------- --_._-------

II:..:AD~M'_!:I~X!.T,'_..:U~R~E~TY.!..P!....E~ ____ +_--~-anli~-.-~ ==_~=_-_1Ir3nd-~~ .. __ . ________ 1 
:...:A.:.i =-.r .....:E::!n.:..:t'-.!r-==a~i:!!nc.:::e.!..r _____ -+-_._..!:2~0:.!. • ..!!O~~:.!.__ f--- _...?_EP_'l_'A!!t _________________ . 

Iwa ~er Re~U::.£YJJ..p~e::....:A.:..):...__'r_---------_+-------------.------­
i 
!1~!Jili Range Water Reducer 

---. -----T -- ----- --------------.-.--------. --·--·----1 

\s-}-u-mp- CONCRETE (28-d3, ) "e:<~;::: va~_m~~= fw -=a}f~,'-i~;:~"~e=~-------i 
;Str~ng,tJI_ _ __________________ .... _______ ~ 
: B:.:;'l,:..=tc.:::c--'-'h ____ v_o"-l:o..:u::.:.m::;:e=--___ I __________ 2~~~~~~!_7et ___ ---- -- .------------.-------- -- --.------ ' ___ 1 

I G% + 1% _Qtixil\f~_t_~~ = 2 mj~:_\!l~:l.. __ .. _________ .. _h __ j ''p_L'sign ldr Content 

! A;~~\~~~;~N1 CAl l ~~~ __ ::~5 _~ =-}';~:t :?4-: --------------j 
OPl I II.n 4.u 11.0 IA~:I{ lABBARAIl 1 

:-~~--- -.-.--;-.-~----- .---;:.;)---------.-- - -·-1 I ---- r-~-~-- ----~-.-l-I----- ----J~;;_---.. -. -- --- - 1--- ---- ---- -----, 
CJ!ASE 

ATR OP2 l'lAZE!: .JAIlRI 

I~DIC:\TOR 
---.-- ---- --------------

3.5 I 

-~L-;-·o"-- "-- , 
--.---~- ____ 1 ______ --, --------- ---~. 5 ____ ---. --.. - _ -- 1_ . ____ . __ .. ____ J 

:::::-UR "_ ::: i -- P6~~%--=l-=~~i~"~-~=-~~%I::~:~~::~:-1 

OP3 ~ ________ +-_ 
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IDATl:::3 ( 9 L ~_ ABLE ~T~l): r-n::~~~~L~!::~; ___ .~]~l.~~(;;-~(~;·~-MS-L ___ _ 

pecific 
ravit 

Absorption 
9J!Pacitv 

0.5% 

o. 

!ADm XTUR,"",E=-=TY~P-=E'--____ t-____ -=--~-U-3-n-t-it-y--_'-_-~ 

I~~r Entrainer 20.0 
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1~ --~~~~~-----------------~-------------------------
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-~-------.. 
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CI:.\~;r: 
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\ 
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I __ IANH '1:\111:,-\1\,\11 i 

1 
I· 

-- .. 1 

. .. _- -----_.< ----~- ... 

MAZEN JAJ)R[ 

I 
I 

I 
I 

.. -....... --.----- .. -------.-1 
I 
I 

DAVI IJ ;-L\CADAH \ 
i 

.". -·---t ..... -. -- ....... -. ----l 
5. 9;~ ~ Amr Tnbbat"ah I 

I Hazen JabI'l ! 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DAn:;lL-liL 83 IVARIAB ~E TESTED: ~IEDI UM S.I.~;~~-===JII:;~~qL-~r~~~_~_--MS_l_==! 
IAMBIENT TEMPERATURE; 

!:,-A~'~~:~JI __ C~A-I ~._ Cl ==~~.~~=--~~.~~~. ...;:~': 
i I 01'1 ~ _____ . ~~~.:~~~.~~~-:::-- :.:-. ANI{ I A!\I~A,R.\H 

-I 
I 

! 

I --------1 1--- --E------
OP

2 r---- -----~-·.o?~- ---!:3·.o(} / •• 0. : 
AIR _ 'L 5 -- - -I r·I;\ZEt: JAURI I 

INDICATOR 1. -I 3.-5- ----~-.'O--+-·--- .-. --'j ., __________ ...... ~ ___ .1 

-r-~~- ---~:~- --~- - -- --
1------ --'."'----- --------- .. -- ! 

i --.---~- ---~: ~~p~=:L~~::~---~~L-··---,~;ui ---q 

i PRESS-UR -~ ------1----.---- --_.- -·f ----
: MET~R -~-O~P:r- 5. 2:; t---~.:-O~--.-- _____ A,,, T"obara_h. ____ ., 

~.2% '--"'r~azell Jahri 

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

t DATE: 3 I b I 83 _bRIABLE TES1~EDL~~~;~_ -SL~M~~-=~~~=]II;~;~-~~_<L:~~ 4 _~~==-\ 

I t.~m lENT TEHPERATlJRE: 7 J" F 
----r------------------------------------~-

.JliJ5JAILYIUILJ~n I!J I.Y._: ___ ':~:' __________________ J 

,- --- - ------------------------_.- ----------, 
iADMI XT~'RE TYPE _____ I-___ Q""u=ant Hy____ _ _____________ Jl.t;'il-'-~~ ___________________ 1 

lAir Entrainer 20.0g SEP'fAII{ I 
!EE.~_('_r Re~~~_(typ_e tV ---------------- ------------------- ------- ------------------------"1\' 
'1!i.I!.hY-_<l_nge Water Reducer __________________________ . ____ -=-==_~~=~:~~=- _____ _ 
,---------------- i -----------" -------- ----------'--- ---- -- .. --, 

: !;;:~:,'-'C-R-ET-E_. f-( 2-8--' -d-a-y-) -'''":::~e:_:~~~'~-----~:-.~-=J~~~~~~~;i~~o:~L''_~~~ :~_-.. __ -~~:=\ 
:~~y..ol~.rne __ -t-____ ....:2:..,:. •. O Cl!b~<;: __ t~_~L ______ ._ ---------- -- ----- .--._-. -- ----------1 
'/lCs..!£.lL\ir COllt~nt 6% ±..l!' __ (!1J.i'i~l!L,!:!~~. __ ':' __ L!!~~nl1~~~L .. ______________ . ________ ! 

Cll.\S!~ 

A]I{ 

HlIJI C,\TOR 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

j 

;AJ!_M_I:g~URE TYPE _~_-I. ___ -.S~~!!_g'y_._ ... __ . .. __ 1!!':lIld. 

:'\i . .LY!'!~U<ll",,·n:.:C;..::r___ _~ ___ ~O. Og __ . ______ .... Sr~\,1!1.IH 

, 
;~a l_~_r_. Rcd~LJ.UP.(! !:J-4----------~-+_ ____ _ 
;!lil:J! It.£!!lg£.J~ater Reducer 

m::,.SUREU 
. _ !\l.R 

C!!ASE 

.\JR 

INDICATOR 

~r.TER 

~). 0 

4.0 

4.5 

•• -- - - .. - .. - - I 

... -.----- _.- -.- ! 
I ··· __ ·_-_·-----1 
I 

----.~=~~~ I 

HAZEN .lAI3HI 

-I 
I 
I 
I 

I 

I 

I 
I 

- -·1 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I ILATI':.LJJ_2l1L.l.U-jVt\RIABLE_TJ.Sl.1'lI}_!.JLl:_i.1J~!'~J~'==--=--=-~~~.L~~;l_~Q~ ___ U§''''!_==! 
-------- -1--_._------ -_ .. _---- ------ .------- .. _------.. ----- ----

1:-: 1" J{ELATIVE HUMIDITY: ~7.-t I 
---""-_ ...... - ---------~ -. __ l 

kE_'~_'E~_T_~ __ l_~r_a_n_d ______ "-,-r-·-_5_~_e-~--=I~~~~il;-I~-_-_,:~~-----1 
I,: TE:---[ DesiJ!!LW<tillJ!L. Net W'i.-'I-lr-(~f ;~--CO-~~~~~~~~-)!0-_~=J=_~-w-l-c--_-_~-_-
I __ __2_3_, O_1_b_s_, __ -+-___ 2 :.:..5 Ibs, __ [ __ 0_, =_1 ______ _ 

[~~; 
-

RE TYPE 
I .-

lAir Font 
I-

Tainer 

"0'---' ,-- --------~----. 

_~--.Slu3nl it::( -
20~ ___ 

I 
:Water R \----c~~U!;'ype A) 
; 
-High Ra nge Watl~r Reducer - .-

-- --._--------_ .. ,-",-' 
Brtmd ---

. __ ~,?£:!!:![\I13 __ 

--~-----.. --

~. -~V~Af.f.~~~N1 -----CAl -F---c-;---- ---- ~~;-.----- "---~;----'I'-" 

:-----~--- ----·---·-·--1--·~-.:-- -"'::-,:-- - .-. ':;~-:---------------! , I ------ -'------- -' -.--- ----- .. -.. __ . -- _.- ----.-_. 
I 

1 01' 1 I:; . () 5.0 r) • :.. I\'~!I~J AgBA.R .. !l . ----r------~ ~:------- ').0 . ',~.- 1;-' - i 

~~I;:SE --or2 ·-----=F~-:~--:--------- -----MA:Et~ 'IAllR,--1 

--l-----r~~ ~~:--- ~~~~~:~------ --- j 
I I I 
: OP3 ----J=~:~~T~:=-~~- ~-----~I i 

.. ~.- ..... _----_ ... _---' 

INDICATOR 

!1F.TEIt --:-:-2t-----S-.H T--~~~---,~~.-t~en Joori - I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

! I"\;~:~~- :~_~L __ 8_~ __ ~:Rt~-'lJJ~ 1T~J'I~n~ ____ lIi:~~~ ~_~:;;~~-~-==f,\~:~(;--~l.o~=-~:_~~=_==~_I 
------ -- ---- .-------------- ------ - -- - ---·-1--------- -- -- --------- --------------------------------

\ 
1". f' ~/.'l i 

M1B1 y.:~T TEHPERATl:n.E::J RI~{'ATIVE lIUmmTY: _. __ •.. _____ .. ____ . _____ . _________ •.. ____ __. __ ...... _ .. __ ._. _ .. _." ._. _____________ . ____ .. _________ I 

I
----r._-------- ----IF---r----- ------ -------------------- -------------------

ISpecific Absorption I~ree Unit Grade 'type Weight I Factor I 
__ J~r:avJ.t:L- ~_asJ.lY_ --tQlst~-~- W_!-'lld!l:..______ ___________ -.-- ------- -:------1 

I c,\ I 2.(,2 O.5~, -0.2% 9~j 3 SilicioU3 136.5 ().72 \ 

i --i~-5;-- -o~;~--- +:' ~-;:- ------ l-si1i~iou;-- --13.5 ---------1 'to;_....:~ _____ L.:. _______ l ____ · ___________________________________________ a= ____ 1 

,-----~.---.---------.. --.--------- .. -.----- ----- ... __ ..... _-_ .•.... _-----_.-._-_._----
! AJ!~lxrUl~I~rll'.IL____ __ _ QI.!.;)!!~J!-.Y_________ _ _________________ .JlI..a!I~L ____________________ _ 

iA.L~ EJ!.t_r_<linSL...-_________________ ~~ ~_~_______ ____ _ Sl-:P·I .. _~~ __________________________ _ 

~::.:!.!-_t::.r __ J~!l~:.£.r:....JUP.£. fl ___________________ _ 

'!lI~~~J(al.s.<? ...It!~_t,:_z;: __ ~(.c=~!I~_~S 

CI[,\S!': 

A1R 

U;DIC.ATOR 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IDAn:: 3/ 28 I 83 IVARIABLE TESTED: HIGH S~~~----I~~'~~'L~;~~0!~ ]-==--=i 
lAMB!ENT TEMPERATURE: 75°F IRELATIVE_J!UHIDITY '-52;.-------.--------1 

Specific ,-r 
Gravitv 

2.62 ---_C~~ 
.»J 2.59 

Absorption Free Unit Grade 
Capacity Moisture Io/eight_ --

0.5% -0.2% 95 3 -_ ..... 
0.8% +2.5% 1 

L.---, 

·~_~_i-l_i:~::~ ·tr~-;:-·:'_;-J·-.~--l;a:;---~ J
1 ----I Silicious 73.5 - __ . ____________ .. _ ___ .. I 

Design t.,.~i..&.ht _- Ne; Weight (a~.~~.L~orreC~k>!l)==l~~=~ .. _~j(;'~~~==1 
l_3_._U ____ -J-______ ~ ___ . __________ ._. ___ 0.51 ) 

!'-"A:D=.:~:..:.I:..:X"-'To..;U'_'_R!.:E:......:.TY_'_'__P:::.E ____ _1f----"Q'-U."c.3o-'-'-n."-.!t i_~ __ - 1-___________ . Bran~L=_ _________ ) 
!,_u_r_Entra jner 20. Og ____ . ___ .. ___ SE~_T_AI_. ~ __ . _________ . ___ ~ 
iWater Reducer (type A) 
1------ --" ~-.!' ._--._- --~ ------ --.. _.---

I 
~!llih Range t-later ReduceL ____ . _____________________ ._. ______ .. _______ ._ .. ____ . ____ 1 

----_._,- .. __ ._--._._-_ .. _-_._-_ .. ---.----
! ....:C:,o:O:,::N..:::C_'_'_RE:::.T=.cE=--_-t! Heasure~~aJup'-____ . ______ I!.e.§Jl~(~_~Ll_lll_l:'. ____ ._ .. ____ _ 

!SbJ.!'llP_. - --'1<2~~-J.~-----·-·----···· (2i':c.I;;y·)5;:,S'.' .... -... ---- --- .-----... - .. - ! 

: i.~l&111'--____ 1 ---- --2 -~~ilii-~-- f·~~·----------.. -. ..- .. ----.-- .. --- -- -- ---1 
: B_~~~h \'01 ume __ . _____________ .. _ .. -_. ______ .. ___ . ___ , ..... __ ... _... . ... _ ... ______ .. __ .. __ .. i 

! J~cs ign ",il' Content ()7.J~_~~~~_~lW_~_': __ ~I.~~~.tc.~) __ . ________ .... ___ .. l 

! :~~~~~~~~N'---'=''-~_~ ---- ;'2=~L--"-'=--I'·=~~~-'~~·~'·~-' .-- .-_.-.--.---.. -! 
; I 5.~ 5.5 5.~ i 

; 01'1 ,.------------- --~~ ~-.-.- ---. --~.~;---- ... - .. (l~ (~... N';l(\ ,\lIrl:\!{.,,\:1 

_ [==---=, ~-_-~~;=-=-5:;:=~: __ "'--.. - _____ I 
r------+------ -----.-- -'--"--"---'" I" 

0['2 ~ ____ I ______ j._._ ..... ___ ._ .... ________ . ~L\ZEN JAB!U , 

I - --- --.----- .. --.... ------ -... --------~ 
Or3 ~-- --------- - ---- ---I I 

r--- ---t-----· .. ·----.. - .. -.. - . -.--- -- .. I 
I 1 I 

':;~::-u: - -:: .. ~~ ~.. _~+-~-~~r;~-=--'-:~~.:-I>- 'r :::-~~_~=:~ 
OP2 6.0% I 6.0% 6.0% I Hazen Jabd 

n:DICATOR 

AIR 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I ~~;1~:-3 J )~LL __ 82-__ lVARt4BLlLTr;S'l:F:Q:--- .!.lIG~L~!,~ ________ h;T-fJL·_~~_~!i~!': ___ -_~~== I 
1------
I r~~lIu_r:.~T_t~~JP_f:RA·LUR[: 

-
Hie AbsorptIon 
itv CaDacity 

.6'1. 0.3% --

.)9 0.8% - ---~ ~ -.~-~-~---~~-

I 
lcE~!I~rn 
1 __ -

1------_·_---
___ ..JTifhA"IVE HUMIDITYJ. h3% 

Free Un 
Hoisturc \f.e 

0.2% ....:! 
"L .tv" --- ----~----' 

i:ht ~EG~:l-s il i~~ _F_:h:s f~.~;2to~~: !II 
• 1 Silicious 73.5 1 s. ---- ---- --_._---- -- -'-- --- . 

Wei l.!,t____ _ Factor 

4).5 Ibs. 6.5 
----- ----- ! 

w/c -=1 
0.51 1 ---'---. 

------, , 
---~1 

1 

-! 
I 

. __ ._----- -------------- - ---------.---------_._--- ! 
_ _______ ~:_-~~";.f.:.!!_~~.~:::.. ___ . ____ ----- t 

:>-8" 

_____ ~O!'iCRETE _ 

i~_L~1lP. 
I 

IStrelH!th I------'-""-----.. ~--+---------·---
(28 

:~C1tch... volllm~_ _ ______ 'l._.cubic feet - ------1 
6% + 1 time'" 2 minutes) I' :m. .. l\.iJ."~(;~_!lten t,-_ .1_. _________ --=. _______ ~ __________ .: __ . __________ . , 

--
CAl C2 C3 ct. 

"--_ ... _- -----_._-- 1 

I 
OPI A.l1R lAHtARAH I ----

I 

1 

'-'- --.. - ------1 
.0 5.0 5. U i 

CHASE -- I 

AIR 

INDlf.ATOR 

OP2 .5 5.0 5.0 MAZEN JAURr I 

PRESS-UR 

METER 

OP3 

-----
PM 

OIJ. 

OP 

-----
P1 

5.7% 

.5 5.0 

~--.--

. '---- r---· 
P2 

I 
5.5% 

.. I 

--~I 
I 

I 
I I 
I I - .--~-. 

P3 
'-

5.7% Amr l'abbarah 

I 
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--.-- ------.-----r-.--·-.--- .----.----.. -_.--.. -_ ... '----" --- . 
i _ '\;~:\~~~~~L{ __ ~_~I'=-_ ----:~'-----~--- _<:1'_1 ________ , 

: I ~ --.. --- .. -.. -.... ~~ ... 0. -........... 5 ... ~ -' r - -. .~ .. -.(I- .• i 

1_°1

' ~ t~ -:_: ~~ . __ ~;::_ '=: -; ~:_-j-_ -;: ~~ -_ ! ,"'" j "BB'~:~~ _ --i 

I 
-------¥--_.. ---- - - ---- ----, 

I 
CIIASE 

AIR 01'2 

INDrCATOR 

·------1---·--···--- .. --...... ---- --_.--- .. _-
I I 

~3 t I . ___ r~~~·-~~~~~l ~~.~-:-~-.~~~- ~ ~.~-~-~ .. ~.~~-J~.~~: .... -- ~ .. !. ... .. _._ .... 

~~~ =~~_=~~2_=~-= ~~_=:~~~_ ..1--------1 
I ~~n~pn .Tnhr I 

I'HESS-UR 
PM 

5.5% 5.67, 

OF 

OP 2 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

II~~~~;~; ~~~~_~!:]~~_~~I~~RL~~.E -I~~-);:_~.~~~~-~{_::ON·~~J:~_=-=]l~f\~~~;·~~i).:-~.~-~_=-~_~=~-~~: 

--_._------ -------- ------------, 
IAD~ETt'RE TYPE - _ .. _----_._.- - - .. --------

i __ . ______ . ____ ~lIil!l~ ________ . ________ . _____ ! , 
r 

-----1 
\;!ll.~~_~~~~r-.J~.P.£"_ .. M I _________ ,--'\--________________ . _________ !. 
I 11 igl!..J~!l....~C~{il_ter __ lt_c_dH_~_~_~l______________ ________ _ _________________________________ ! 

i ~_U~~~~"~-REJ~--i(~B-d"Y~ ~!~~~U-:~I- _va lU~~ ~--~-i-,ii _cla~~~f;~-"if~c::~~~-- -~~ _ --~ . 
'StrCl1<>t., 1 _ 
I ____ ~ .. ---.------.~---.------.----------- _.-------------------------! 

'!l3tch volume 1=' 2.0 cuhic feet ' 
• ______ • ________ ._._ .____ ------------~.-----~----.----.--.-.. -.------.--------.. ------ ---.---.---- I 

:n~~iJn Air Content 3.~% + 1% lMixing time) ; ---- --~- -------- - -----------------, 
,---\ .'--.-:,--. - I ----------------- --------- --
! .~",SU~E~ ,I C/\l I Cl 1_ C2 C3 C4 I 
i--AL,-CS2.'J;,!'l-~ -------- r--------------- - ----- ---------- - -------- - :------------- -- - - ------------------

i I ~--- __ 4~O __ ,-------l--" ~----- --.--?~~---- ---------- ---
: I 0['1 l _____ ~:~_i ____ ~~o ______ ~~ ____________ I!\Hl{TAlJflAJ:J\H 

I 1 3.5 1 4.0 3.5 I 
------._-" ~----.----------~-----.-- --- --- ---- -- .. -.---~--- . --_.,----_ .. _ ... --."-- _._-. 

! f--- __ 3:? ____ }_~ ___ ___ 2~Y___ _ ____ ! 
I AIR OP2 ~ __ 3_~___ ~_ 3.0 _________ HAZE~ JABlU I 

INDICATOR ___ + 3.0 ___ ~o ___ ~ ________ +--_______ ~ 

~--- ---- --- I 

Or) ~ ______________ ------------J---------
I J 
i-~::-~-:~-{_-U-R -r_-~-; -~.3% --- ~;_ f -;;-~~-Amr Tabb~~l 

OP 2 4.7"1. Hazen Jabri I 

Cll,\SE 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I ~ATR:) '5 /83 IVARIABLE TESTED: LOW ATR-~;;~~~ _-=~--[B~TC~~_(~:~l~-;---=l 

IAMBIENT TE~WERATUREi IREtATlVEJ!D.~DI'IT._: __ 5~ ___________ .. J 
---[SpeCific Absorption Free Unit 

____ ~("'..ravttv Capacity Hoistur~~ t-leig 
~- -

S.A 
~::~ I 

0,5% -0.2i. :-~5 

FA 0.8% --±.~. 6i; __ 

h.t_t~J-~ -~~- '~~:)~~=IW~i~;htl- Fae tor -

3 Silicious 136.5 0.72 -- -- . ----,~.----- ..... _----- --~ --------
1 Silicious 85,0 -- ---- -------_. ~ ... -----~--- -----

AD:-1I XTURE TYPE Q!!ant i~------------------I~~n~---------l 
Ii'::l::'::" r.::.=-:F::..:..:n-=t.:..:r=a-ln=-e::..:r=-=-------+---z-O. Og ----;,El)·~~-~{-----------------I =-==;.::......-____ ----+ ._--=:..::....:--'2 _________ f-- __ ~ _______ _ 

l~!2.E!E __ ~e~Ws.D';.;)e:;...:.A:..:u-+----------+-------------------.. -
I 

!IL.I£JL..Bange I?ater Reduc~r 

i 
I . 
1 
• 

CI!AS!: 

AIR 

nmICATOR 

OP2 

OP) 

3.5 

1------- ---1---
l PM Pi 

--------------1 

3,5 

f - --------1 
. ____ : . ---··1 "",,,,, JAU[([ i 3,5 

3.0 -:---t~~~" ~\CAD~" 
3.0 

») 
PlmSS-UR 

~F.TER 

----+--------~-- ._---------._--
OP 1 

\ --OP 2 +-----4-,)- ---~:~~-

___ w • ... ----------1 
Amr TaLobarah 
-,. -,..-.~ '--' ._-----_.-4.2 

Mn.-:en .1abrl I 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

! ~\T~~_~2l/-83-l'L~RIABLE TESTED: Low-~i~_~~NTiNT -==_l~\~;~(~l-~-_~~=_'~A j---=J 
1----
:f~'tBIFJ:rt TEHPERATURE: 

. r------------------------------ ---- ----'-'--
RELATIVE nUMTDJTY: 40% I ------- -~- ---.-- -- ---- -_ .. _-------------- .... _ .. _----

! ~;fE: J_ ALAM:- Rrand -------J_-_i_~~::-~: Ijf_~~I'i~;]=?~~O'~_~~_--:1 
!"~'~F.:-- -[---;eS:lgn ...!iEl.i..&.ht ~~~-N-et-W-_~-tJl!}-h-t-(~f-~~l~~-ot"-r~-;.1_-0(_\-0---~~_-~-1--=~~=rj£=~==~-~· 
! ____ 20J.~~'--_--'-__ =_17~9 __ +p...fu-______________________ L ____ ..2.:19 ____ _ 

!f\.DMI-:::TURE TYPE 

I,\ir Entrainer SEP'l'!l.llt 
--~--... ---.... --- --- -.-.--.-------- ------.--1------

\!i~.1£.r___.B~_~~J.£1.P.e -A)_f---r __________ +-________________________________ _ 

!!J~ange Water Reducer --------------------------------------____ l 

i;~~~~~~~~ ~~cn ~~Cd ~~~=-~~~](~~~::~~-~~;~d;~)~-:--:-- ._: _~ --I 

I - - - -.------ - -- --. - ----- --- i 
'1i!1 tcJ!...vo) ume ____________________________________________________ . ___________________ . ___ i 

I I~_'._"J~iLA1z:. Conten!.. ~"'±'_h!':. -.SNixj'!lJL!}..!I~l~_~_~ _11!~!I_U~~'s) ____________ .. ______ ______ I 
,----- -.. --- 1----------------------- ----- ---- ----
:A;~';_i;;~;"r~"_~ --~ ~- i - -"!j~ --~~~ - t _:_l~~ -3 _ ~l'___ i 
: I f------ ---------1---------- ---- ---- I 

o P 1 1 __________ "':1_-.0 ____ _ _____ :_:~-----~ ~: _ _ ! "'II" AI III AI(,I 'I i 

1----- ---- --:-~~--------~-.~-- ---~-~:)-----·I-- -------------
... -------- ----------- ------------ -------------1 CJL\SI: 

1--_____ + ____ ~_O ___ ___ .!_.Q _ __ ~_~ ______ I HAZEt~ JAIIIU 

_~_-I--____ +--~~-5 ______ }:2.. _____ }~.9 _____ _ 

I,)P2 AIR 

INDICATOR I 

--------------l 
1-------+----------

OP) I j : r------ ----- ----.- - ---- - ------ - ---. -- -- - ___ _ 

1---:-;--:~--:-~---UR---{-~~-~--p_M~l ___ ~~~~ ~!.~~- J~~:::-~~-~-~ 
I 4.3% OP 2 

__________ J 
--------------1 
Amr T:lbbarah 

--. - - .-------------.. --
Hazell Jabri 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IJJbTI~;_U 21 I ilARIABLE TESTE]~~ __ !'2l.J A!R~'f9_H:rrm!-=~ .~\.I\,!;~~~~_-~~_~ ____ j 

!-- Specific Abso~ption - Free -- Urlit -'1(';';;d~i---~r'Y;t.=-.·.··'-6-;ightg" -.. -Fact~-;:---'.I I 0--- Cr'!,.vity ~.:1dt..Y __ Moisture t~j'&!!..t--t----- '-"'--" -.... ---.. -... ---- .-_____ _ 

'

I SA 2.62 0.5% U 95 J SiUdou~; 13/.0 U.7L ----l---...;......--- .-._.- --- ... _ .. - ....... ---- -.------ ------. 
iJA 2.59 1~8A. _1_. __ Si1iciol~.~ __ . __ 9l~ __ ... __ 

I 
lCF.~1E:-lT 

~~'~J'--W:';;l:~- -'l~ ___ f'a~ tor ~~=~1 
__ .. __ =-______ .L~~.?-= o._~!>~.J ____ o __ 6 ______ 1 . • - _ ... __ •. i.---__ ::.:=:.::..::.-:..-. ________ ~ 

! 
j"IATER 

Des ign w~.i..&.ht 

20.9 1bs. 

Net ~;~-(:~.~.~~ cor~ec-t~i~~l~~~_.~I._. __ 'v?k ____ 1 

17.9 1 bs. _ I 0.5 I 
I ------------ - .. -----.- .... --_ ...... ---------
~AD~~~I~X~T~U=RE~.~TY~P=E _______ ~---~O~antity Brand 

lAir Entrainer 6.0g SEPTAIR 

:~r Reduce~~~.p~e~A~)~_~-----------------_+----------.---------o-. __ I - --.----\ 

1~1rI~_Range Water Reducer 

CH.\SE 

AIR 

HU)!CATOR 

~----___l--------- ._-_ ...... -

i·--------
I , 

I' iJ~S S - LJR 

~ETr:R 

or3 
---.~f-- .. -

____ , . _________ J.<_ ••• 

PM Pi 

1-'·- .-. _ .... « - ••••• 

P2 1'"J 

3.0% 2.7Z 

Amr Tabbarah 

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

!~JATI::: 3{ 21 I 83 IVARIABLE TRS'fED: LO~" Al~{~'f,,;;·'~---'-~]~l~T~~ -~-(;:-_.-'~,!~ 5--_-_--~_-1 

IAMBUJiT TEMPERATURE: 

Free 
~~~~ ___ ~o1sture 

0.5% +0.1% 

0.8% +3. 2~~ -.J.-_____ _ 

II'-A'D--MI-X-T-U-R-E-TY-PE--~~~~-_·=+--_·--~~--o-. u-t!.-n-t-i-t-Y==·~~-=. =-.. _-_-_-_~ __ -_-_--I!-r..-n};;L=_-_-:_-____ ·1 
Air Entrainer 6.0g SEPTAll{ :!.!.!;.!:....-!=!.!:;.::.!:!:..=~ _____ -+-_. __ .::....:..:~2 _____ -4w __ ...... __ . _____ __ ... ___ ... _~_ " ____ _ . 
(~cr Re~r:.J.up..s.A) 

r-----------~...__------- -----_ .. _----' .. ---.-.--, 
:!!igh Range t-later Reduce:::..!r"-l. _______ . ____ .L. __________ • _______________ ... _ 

_ ._-- ... -------_._._---, 
, , ___ . COl!~ . .!.::R~ET~E=--__ I----·,..: .. !:o:.:.:.·..::!:,~ ,-_ .. , 

2. 1/2" ,Slump _. _______ . _________ . ___ , __ ' ____ .. , 
, 
:Streng~h,---__ 

(28-day) -day) 

I !!.<.JJS1!..y'-"o~1"_'tl~ms:::e ___ _r__---- ___ . __ _ 
iJJi,.§,~.tm...P,Jr Content 3 + l (_H_Lx_ing ~~~~ __ '~.:..._m_in_~,~~::~ 

r---;,-:--, -i:--
I .fL\Sl R.:.D i CAT i All' r0XTE!i ---

i 

I 
'I 

01'1 

3.0 2.5 2.5 
CHASE 

OP2 3.0 2.5 1.') MAZEN JAtmr AIR 

INDICATOR 3.0 3.0 -----------\ 
i 

I-~----
I 
I 

PRESS-UR 

METER 

I 

OP3 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I PA-T-E-: -4-' 1 I 83 IVARIABLE TESTF.D~ HIGH 1\,TR IItil1'cll~J~ _!IA 1 

!.tYMl:!JE~i'r TEMPERATURE: __ ..:.7.::,3_o P::...· ____ ..J:IRE~L~A~T~IV~ ~~~TY: 62% 

- -
ecific Absorption Free Unit Grad 
vlt;i 

~ 

Capac ltv Moisture Weight_ --
.62 0.5% -0.35% 95 3 

.59 O. 8~~ +3.6% 1 

~_E'_~~~ __ l'-----A-I'A-,:-~-,n=r=an=d'--___ --+I--;T::...l.Y.L.Cpe=---'E-+----!!:~~ht - E~~~: . ~I 
---
~/ATER 

Design W~.1..sJlt 

. 2U.5 

I AP:t f.:'iT.t.!.lLTYPE 

Air J~_f!.!:_r!llner 

Water Rc:duccr (tvpe A) 
.? -

.!i!~!l&e Water Reducer 

---------

Net He!ght 

18 5 

ili!.an~ it y 
70.0 

-------
(after_ corrcc t ion.2_ -1---~~-=i 

-
__ llra_nd 

SEl'TArR 
- '~ .... ---------.-...--.---- -. 

-

-, , 
-------! 

I 
I 

--- f 
I -----1 

_____ J 

~ --I 
___ -=Neasured value _.J ___ -"D~s~Y':~Lu..£. ________ 1 

I -l. 
i ~:=~~~-1-- -·-----+-~-_ie-=_-~~y_=_~~-3_-1_4_=_'-'_~ __ -_____ ~28-daY ! __ '-5~=~~,. ~~::--=~~~~._ i 
I;a~h :olume ._-- 2.0 cubic feet : 

I De s 19.rL_A~ ,:,.,C~on!..!..tl:..!(!","_nut'-.J ______ l_0_% _+ 1 (MIY.1n-g-t-l;e- -5-m-l_n~. )_~_-_-_-~_---_--==_~_--_-_-~~=-~_ i 
r-
I 

I 

~fEAS l1RED 1-- .... _--
_ !\JJLC(j:~IJIW CAl r C1 C2 C3 

--- ------ .- - 1 

I --.. _---- .. _ ... ,--

-"--l\MR lA!mAI~;dl OPI E----------· ._--

1---- -+---- "' ...... ,..----- ~--.---

OP2 f . 

i 

--- ----- - --- -------... ----~ 
8.0 

CHASE 

AIR 8.0 

INDICATOR 8.0 

, 

or3 

PH Pl 
PRESS-UR 

OP 
1 11.5% METER 

OP I 

8.0 
-

8 5 

8.0 

.! .. ~---- I 

8.5 

I 
I , 

-, 
.-- -

I w. __ -
1 ___ - --

P2 P3 

11.0% 11. 



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

!DATE:4! 4 I 83 [~MIABLETESTED: HIGH AIR 

pecific I~r~ 
~:1HL= 

ravitv 
2.62 

--
2.59 

Absorption 
Capac itv 

0.5% 

o .8~~ 

-
Free Un 

. Hoisture i>1e 
-0.2% 9 

-f--
+2,8% 

____ 1--_ 

77 

IN CONCRETE CONSTRUCTION 

_=-~_~TgL~~2;_~~HA-) -=~==] 

1~::-+-[----A-L~:~rO~an:!.::d=---___ -==i_T~-=:T _~"~:~L~~_-~_~E-:~~-_-~~_6:'~~==~~ I 
---------- ----r----------- -------- , 

1_:J_A_T_E_R __ ~ __ D_e_;_~_~_~_w_e_i_~_1h-_t_.j....I-__ N_e_t_W_e_i_g_h_t_(1_a8f~~er CO~ICC!~~O~~_=~L~ o.Y:--=~~=--_1 
---------~ 

ADMIXTURE TYPE Ouant!lL III ----
Air Entrainer 50,0 g SEPTAIR I 

----- -----------. I 
-..:..:±.I~_~.L______ __I 

I ---------------1 -----. 
Water _Reguc~~type A) 

High Ranl'e W,1ter Reducer L-. ______________ 

I 
I 

/'-

--------·-1 
---.- -.------------ j 

I=~ONCRETE Hcasured V~!-~-l --;"8-; ,"~v~l~:;~ =--=--= i 
r~lY.mlL _____ _+------..:l:!..ll-' __ _____ _ _______ ;)-:~~__ _ _______________ ; 

i~tT'en-&IJl (28-dLlY) 4310 _lhc:.1 _____ (28 -da_y ) ______ ~_~Q!Lp~L _______________ ! 
I :.!!.atrh yolume 2.0 cubic fE'ct ___________________ .. __ 

IDesign Air Content 

---
I ~fEl ,SURED 
, AIR 
1---

i 
I 
I 

I 
I 

_C9J'lTENJ 

ellA 

AIR 

IND 

SE 

IeATOR 

PRES S-UR 

'R ~IETE 

~---------r----
CAl Cl I C2 C) 

--- -------
B.O 8.0 --_._--_.- --------- ._-----

OPl 
8.0 7.'5 

______ ."0 __ - .-.. _.-----_. -.------~-
8.0 B.O ---- 1---------1------

.--f---.. 

OP2 --1----

Or3 

_.-

PM PI 1'2 

H:'ZE~ JAIHll 

I --------.-------- -1 

--------1 
--- -------1 

------------ r- - - --- - ----- --- . - --- -

PJ I 

I 

I 
I 

I 
i 
I 
i 

-[ - -
OP 

~ 
--------- -I ---- -- ------- -- ------; 

nJ) 2 ------
--- - .. _-- -- ~ ---- - --- ------~ 

9.8% I Hazen Jabri I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DATE: I, I 4 I 83 lVARIABLE --TESTED: IlIGH AIR_~-----__ ~~~~HA~--~=:l 

1~'1BIE:~T TF.MI?]:MT~RE-~-i-5;P---- IR~;A'fT-~MIDITY: 78% I 

---ISpccific Absorption Free Unit (~rade Type 

____ +~ravit C,' aci~d' oistllI~ t-Tetgh.t_ 
CA~ 0.5~ __ --=0.2% ____ ~_~_ 3 Silicious 

.J'AL_~ _ 0.8/~ __ _ +2.8% _~ ___ 1 __ Silicious ~
Weight Factur -j 

136.5 0.72 i 
71.5 I _________ 1 

1~J>~~xruR~_'[YPE ___ . ___ -+ ___ ----'Q!!an~-;ty_~=~= _____ =~~9_~-d ________ ._-1 
to.J_r_Ent_raincr 1,5.0 g SEPTAIR I 

-------~----------------+---------------------

~J.E_~_g~duc~~~).:.--.4_----------_4_----- _____ _ 

,ntK!~_,!l}g_e_ W:l t e r.:._Jt..cd\~c,,-,e,,-,r,-~ _____________ '--.___________________ _______ I 

1 
I -. - ----- ---.---. -- ---- - t 

CHASE 

AIR 

INu[CATOR 

PRESS-LTR 

METER 

or2 

or3 

PM 
---"-' 

OP 

or 2 

I 
HAZEN JAIlRI I 1--------+------- ------

Pi P2 r3 
---'---1-----

1 .--------.--- ------~ 
9.0 9.1 9.S Mazen Jabri I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IDhTE:! __ 4~ __ ~ ____ ~~~L~E~T=ES~T~E=D~: __ H_I_GH __ A_I_R __________ ~B~A~T~CH~N~0~:_H_A __ 5 ______ ~ 

!~~IENT TEMPE~~UREi IRELATIVE HUMIDITY: 78% 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacitv Moisture We1s;tht 

CA 2.62 0.5% -0.2% 95 3 Silicious 136.5 0.72 

FA 2.59 0.8% +2.8% • 1 Silicious 71.5 

----

I CE}lENT Brand - Tvpe Weil!:ht Factor 
ALAMO I 42.0 Ibs. 6 

'.lATER Desi&!! wl!.i.&.ht Net WeiRht lafter correction) wlc 
20.0 Ibs. 

I 
18.5 Ibs. 0.48 

ADMIXTURE TYPE Quantity~ Brand 

Air Entrainer 46.0 g SEPTAIR 

jwater Reducer (tvoe A) 

IHigh Range Water Reducer 

CONCRETE Measured value Design value 

Slumo 4" - 3-5" 

,1)tren2th (2a-day) (28-day) 

Batch volume 2 cubiC feet 
I 10% + 1 lMixing time = 2.0 minutes) ,Design ,dr Content -

- ,-
!-fEASURED CAl Cl C2 C3 C4 AIR CONTENt --

OPI AMR TABBARAH 

CHASE 
7.0 7.0 7.0 

AIR OP2 7.0 7. 5 7.5 MAZEN JABRI 
~ 

INDICATOR 7.0 7.0 7.0 

OPl 

-----
PM PI P2 P3 

PRESS-UR 

METER 
OP 1 9.0% 9.2% 9.67- Amr Tabbarah 

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

i~: 5 I lru... 83 VARIABLE TESTED: LOW TEMPERATURE BATCH NO: LT 1 

1~~IENr TEMPERATURE: 54°F IRELATIVE HUHIDITY'; 8U J 
!Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacitv Moisture Weiaht -

CA 2.62 0.5% 0.0% 95 3 Silicious 137.0 0.72 

J'A. 2.59 0.8% 0.66% 1 Silicious 83.0 

·,'ATER Desi!!! ~iaht Net WelRht (after correction) wlc 
20.0 Ibs. 19.5 Ibs. 0.48 

,---
IADMIXTURE TYPE 
1---

Ouantitv Brand 
I 
~1r Entrainer 28 0 It SEPTAIR 

Water Reducer (ty~e A) 
$t .... I' 

l~l~~nRe Water Reducer 

---
I CONCRETE Measured value Design value I __ 

I 5 1/4" 5-8" ;~JU:J.lD 

.s..trem~th 
(2~day) 3660 psi (28-day) '3600 psi 

8atch volume 2.0 cubic feet 

I Design d.r Con t en t 10.0% + 1 (Mixing time • 3 min.) 

-
MEASURED CAl C5 C2 C3 C4 AIR CONTEN 

I 1 

I I 

I OPl AMR 'fA8BARAH 

I 
I 

I 8.0 8.0 8.0 I CHACE 
8.0 8.0 8.Q 

AIR OP2 HAZEN JABRI -
B.O 8.0 8.5 . 

INDICATOR 
--

OP3 

-
PM PI P2 P3 

PRESS-UR 
OPI 11.0% 11.0% 10.5% Amr Tabbarah METER 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

BATCl! NO: LT 2 

I 54·P AMBIENT TEMPERATURE; IRELATIVE HUMIDITY; 81% 

Specific Absorption Free Unit· Grade Type Weight Factor 
Gravitv CaDscitv Moisture Webht 

CA 2.62 0.5% 0.0% 95 3 Silicious 137.0 0.72 

FA 
2.59 0.8% 0.61% 1 Silicious 83.0 

CEMENT Brand Tvoe Webht Factor 

ALAMO I 42.0 Ibs. 6 -

:lATER Design wl!.i..!tht Net Wei2ht(after correctio~ wlc -
20.0 1bs. 19.5 1bs. 0.48 

IADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 28.0 g SEPTAIR 

Water_~egucer (tvoe A) 

Hieh Ranee Water Reducer 

1_ CONCRETE Measured value Design value 

" /Slum " 
IStren th 

(28-day) (28-day) , 
IBatch volume 

loe i on 

I - .-
MEASURED CAl C5 C2 C3 c4 AIR CONTEN'I , 

8.0 8.5 8.5 
; 

OP1 8.5 8.0 8.5 AMI{ TMBARAH 

8.0 8.5 8.5 

CHAeE I 
AIR OP2 HAZEN JABRI I -
INDICATOR 

OP3 
I 
I -

PM Pl P2 P) , PRESS-UR I , Of 
I METER 
I I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IDATR: 5/ 19 I 83 ~ABLE TESTED: 

I 54°F I 81% 1 AMBI~NT TEMPERATUR.~E~: ________________ ~~=EL=A~T~r~VE~H~U~MI~~D~I~TY~:~ __ ~o~ _____________ __ 

- -. 
I~pecific Absorption Free Unit Grade Type Weight Factor 
Gravity Capacity Moisture Weiaht 

i 
2.62 0.5% 0.0% 95 3 Silicious 137.0 0.72 ------
2.59 0.8% 0.66% 1 Silicious 83.0 -- .. 

, -_.-_._-_ .. ----------------------------,--------------
I Design wc_ .. iaht __ ._~et Weight (after correction) 

I'·JI\T_. E_R_ I-____ -___ = __ -+--_ -20.0 1bs. 19.5 1bs . 
. ____ 'vd.s· ______ _ 

0.48 

,---_. 

lAD 
I 

MIXTURE TYPE 
. r- .. -------

Quantity Brand J 
r Entrainer 28.Q SEI!IAIR -_.-.. -.-

t_c.r. ~educe~ (type A) ._--
i h Range Water Reducer ~ 

IAl 

l~a , 
I~ 

I ___ ~Q~!CKETE Heasured value D~si&..n value 

Slumo 4 3/4" 5-8" 

,Strength 
(28-day) (28-day) 

I 
2 0 cubic f~ [Batch volume 

De§ign Air Content 10% + t% (Mixing time = 3.0 min.) -
------.-

!-tEASURED CAr C1 AIR CO~TENT 
C2 C3 C4 

OP1 AMR 'CAHB 1 ARAB 

7.0 7.5 7.5 
CHASE 

OP2 
7.5 8.0 8.0 MAZEN JABR AIR -- 1 . 

INDICATOR 7.0 8.0 8.0 _. - ----j 
OP3 I 

I -
PM PI P2 P3 

PRESS-UR 
OPl 9.6% 9.6% 9.1% Amr Tahhara 

METER 

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

!Dt\TE: 5/ 20 I 83 V lABLE TEST D: LOW TEMPERATURE j 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravltv Caoacitv Moisture Weh:ht 

CA 2.62 0.5% -0.14% 95 3 Silicious 136.5 0.72 

FA 2.59 0.8% +2.86% 1 Silicious 84.5 _I 

~ATER 
Design wf!if(ht Net WeiJlht (after correction) wlc -
20.0 1bs. 17.9 1bs. 0.48 

---
l~rJMlxtURE TYPE Ouantity Brand 
I , 
Air Entrainer 28.0 5t SEPTAIR 

Wat~r...Reguc;x..l.t_yj)e A} 

High Range Water Reducer . 
CONCRETE Measured value DesiR:n value -

I 4 3/4" 5-8" !2-.1ULll..lL.. -, (28-day) (28-day) 
IStrenll.th -
'Batch volume 2.0 cubic feet 

iDeShn Air Content 10.0% + 1 (Mixing time .. 3 min.) 

"-MEASURED CAl C 5 C2 C3 C4 
AIR CONTEN'T 

I 8.5 9.0 9.0 l I 

I 9.0 9.0 
I 

I 
8.5 I 

J 
OPl AMR 'fA.BBARAU ! 

8.5 9.0 9.0 
, 

CHACE 

AIR OP2 HAZEN JABRI --
INDICAtOR 

~ 
J 

OP) I 
-' -

PM P1 P2 P3 
PRESS-UR 

OP 

I 
METER 

~-

I no 10.0% 10.0% 9.5% Mazen Jabr! 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I-
I ~M1H E~:T TEMP ERA TURE : 

-- -.- r:--.-
ISpe 

--_. 
cHic 

__ ~Gra 

I 
C\ I 
-;.:\~r--. 

vitv 

2.~ 
2.59 

Absorption 
Capacity 

o 5% 
0.8% 

Free 
Moisture 

-0.14'-: 
+2.86% 

WI" TEMpERATURE 

IRELATIVE HUMIDITY: 81% 

.---.- .--------. 
Unit Grade Type Weight Factor 
Weight -

q" '\ . .silicious _1'\f\ " O. '12 -
1 Silicious 84.5 

i;_E."~_1i.~_'N~r .. t-[-------=.;Br~a~n=d------t--=T-""vpt:..:e~--·I Weight l.= Factor -] 
,_ _ [ ALAMO ___ ..L.. __ I'--____ .l-_.:41..o2;.....uO.L-L1.j,jb~s..._. I_~ _____ I 
!';~~;~R-- f::- Design W"-i·:&!--h::t'--_-rf-·· __ ~-NO!.:e:t=..::W:..::e:..::i:.og.:.:h.::.t~(a~f~t~e~r~correc t ion)----F ~:k-_-_-~_-__ ~ 
1 ___ ._ .. ___ ,. ___ 20.0 1.bs. 17.91bs. .__ __.!L.~_. ____ _ 

!,~;l:;;e~'UTIy,_ -f ~n~i~--- ---' ------B-ra-n-J-------.. ·· _____ J 
!~jL_EI}!.rainer -- _2_8_._0--"''--___ +-____ ~~PTAIR .-------------f 
l}f;~p_r_.B£_du<:!:.0!Y.Re A . . __ . ___ ._. ___ .\ 

:lligh Ranp.:e \-/ater Reducer ________________ . __ J 
-- -' ._-_._------- ------- .. -. _ ... _-_ .. ! 

Heasurerl va.~lu:::;e=__ __ _+-- Design val.ue ________ .1 

----.--- - ------ ---------

I CO~CRETE 1-------
, 7 3/4" 5-8" lilump _______ -+ ______ ~ ___ . _____ _+~-~~~~~------

(2&-day) (28-day) 
:.s_tJ!~_ngt'_'_'h'--._. ____ +--_---------____ --l... _____________ ._. ___ ._, 

i 
!~_a_tch volume 2.0 cubic f_e_e_t__ _ ________ . __ ... _ .. _______ 1 
, 
,!)es,ign Air Content 

CHASE 

AIR 

INDICATOR 

PRESS-UR 

METEP. 

I 

I 
I 
I 

-

CAl 

OPl 

OP2 

OP3 

PM 

Oil 

OP 

10% + 1. % (Mixing time = 3.0 min.) 

r---.-_. 

Cl C2 

-

-
8.0 8.5 

.- -.-

8.5 9.0 

8.S 8.5 

------_. -_. 

Pi 

11.0% 

-------.. 

C3 C4 
.--- --I 

-

8.5 ----
9.0 

-
8.5 

r---

.- ---.--.--.- - '--.-._-----

-- - _._---
P2 P3 

11.0% 10.7% 

AMH 

MAZ 

r---

-
Amr 

LAHP.ARAil 

~:N JABRI 

, 

I 
I 

--1 
I 
I 

------.1 
Tabbarah 

1--- "=l ----------_. 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

1---·_·_'-_· 
1~.HTIlENT TEHPERATURE: 

Specific Absorption 
Gravitv Capacity 

2.62 o 5~ _ .. 
2.59 0.8% 

_. 

AD:1IXTURE TYPE 

Air Entrainer 

~_~j{e_d uce~~~.j~) 

~~gh Range Water Reducer 

IIIGH TEtll'lmAl'UR_E_: __ IHAT:;-;-~O:-H;--l-----'-J 

102°F 

Free Unit Grade 
Hoisture Weight 

o 'l'Y. 0<; 'l 

3.46% 1 

Ouantitv 

70 0 2 

Type 

. Silicious 
Silicious 

90% I 
Weigh ~~'-~Factor .-

1 ":17 ~ 0.72 
o 66, 

->--._-

J 
-

Brand 

SEfIAIB j 
•. _. __ SQNCRETE I ~feasllrl~d value ~DeSign value ______ ~1 
i r 

'S] 4" 5-8" 1 !._..!JlIll~_____ 1(28-da ) ---------- - ··-----·-1 
:~tX~lS.!..l!.. . y (28 ~~_~ _____ . _____ ~ 
! !L·'!l-<J!. ygJ Ur1l~-----t 2.0 cubic feet I 
!llCS!1;llLAlr ~, 10% + 1% (Mixing time = 3.~~~i~~-------. -.---~=~: 

'-- - _ .. --
CAl C 5 C2 C3 C4 

----'--. -,- ,------------

9.0 9.0 9.0 _._-_._- ------ -- ..•. 

OP1 8,5 9.0 
'r-'--

9.0 AMR TAlSUARAfI 

8.5 9.0 8.5 -----

CllASE '--' --1----- --

OP2 HAZEN JABRI 
-' .. -AIR 

INDICATOR 
- ------_ .. -

--

OP3 

I 
-

- .. 

PM P1 P2 P3 
--1---------- ------_._-j 

OP 

I 
--- ---------_ ... , 

OP 2 10.1% 10.0% 9.6% M:I~f>n .TAhri I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DATE; 5[ 2l[ 83 LE TESTED' HIGH TEHPERATUR,E(lOO 9 F BATCH NO; HT 2 

IAMBIENT TE~WERATURE; InUTtY! Hl;IDITY; 90% 

Spec lf1c: Absorption Free Unit Grade Type Weight Factor 
Gravitv Canacltv Moisture Webht 

CA 2.62 0.5% 0.5% 95 3 Silicious 137.5 0.72 

FA 2.59 0.8% 3.46% 1 Silicious 66.0 ._- . 

CEMENT Brand ·Tvoe Wehht Factor 

ALA...'10 T /,., n 1h_ 6 --
':JATER Design ~i..&.ht Net Wei2ht (after correction) ,.:le 

22.1 Ibs 19.3 Ibs o 53 

ADM! XTURE TYPE Ouantitv Brand J 
Air Entrainer 70.0 "- SEPTAIR 

Water Reducer (tvoe A) 
a-"- -

Hi2h Ran2e Water Reducer 

-
I CONCRETE Measured value Design value 

I 51 ump 4 3/4" 5-8" 

Strength (28-day) 3980 psi (2S-day) >3600 psi 

Batch volume 

IDeshm Air Cantent 

I 
.-

MEASURED CAl C5 C2 C3 C4 
AIR CONTEN'I 

1 

I 
OPI AMR T AlS BA.RA.II 

7.5 9.0 8.0 
CHACE 

I AIR OP2 7 5 8 .5 8.0 HAZEN JABRl .-. 
-1 

1 l'tDICATOR 7.5 8.5 8.0 

OP3 

.. ----, 
I PM P1 P2 PJ I PRESS-UR 

Aa~ Tabbarah I 1 HETER 
OP 1 10.0% 9.5% 8.5% 

I OP 



I 
I 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

ipATE : 51 21 I 83 IVARIABLE TESTED: 

1~l':PlI~~- TEMPERATURE: 102°F 

1=-
r-------
Specific 

- Gravity 

! c, 
I­
I 

1 FA 
\t- 2.62 

2.59 

Absorption Free 
Capacity Moisture 

0.5% 0.17% 

0.8% 2.31% 

(166°F) L 
HIGH TEMPERATURE -LBATCH NO: HT 3 ____ I 

-~LATlVE HUMIDITY: 90;.---_-_-___ --] 

Unit Grade Typ 
Weil!ht --

95 3 Siliciou 

1 Siliciou 

e 

s 

Weigh~-- Factor --I 

- --.-- -.---
137.0 0.72 -.- -. 

__ 6~.5 _______ 1 

s 

1---
i' I \T"U 
I"~' ';r, 

Design ''''~:i:&.ht 

22.1 Ibs. 

Net Weight (after eorreetio.) ± ---~-=-e ___ _ 

20.4 Ibs. 0.53 
--------

,----
;~m1U;TUR E TYPE 
I 

i !~_~.r. ..f~D y ainer 
I 

d~~tvoe \ i"aJ_e r:._~.£... A) 
! 

'1li.&b~~ e_ Water 

I 
i 
I 

I 
jSllli. ;m 

CONCRETE 

Reducer 

-,----
Quantity 
70.0 g 

Heasured value 
4" 

, 

i~tre 
I 
IBate 

nJtth 
(28-day) 

h volume 

ipes ig!l_l\li Content 

~ASURED 

___ ,HR. CO~TF.N 

CHASE 

AIR 

INDICATOR 

ff-_ 
CAl 

OPI 

------

I 

OP2 

I 

OP3 

_2......!l. Cllbi C feet 
10% + 1% (Mixing -

C 5 C2 
---

8.0 8.5 

7.5 9.0 

7.5 8.5 

1---

-------------
____ Bra~ ___ _I 

SEPTAIR 
--- -------~-

J 
_J 

--- ---
I --,J:)~sign value 

5-8" 
(28-day ) -_____ ~I 

time = 3.0 m in. ) ----_ .. _._ .. _.----- -, 
---------- -

C3 C4 
----- _._-'._---- ---..•. -

8.0 

8.0 AMR TAlm AlWI 
--

8.0 

MAZEN J ABRr 

~ 
I 

1--- __ I 
1 I PRESS-UR 

I METER 
I 
I 
I 

PM PI 

OP 

OP 2 9.5% 

P2 P3 

1 

8.8% 8.8% Mazen Jab r~ 



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

I~TE: 5/ 22L 83 VARIABLE TESTED: 0 BATCl! NO: HT 4 _I 
fA~MB~I~EN~T~TE~MP~E~RA~T~UR~E~;~1~0~2~OP~ ________ ~IRE==LA~T~I~V~E~H~ma~~DI~TY~; __ ~9Q~%L-_____________ J 

Specific Absorption Free Unit Grade Type Weight Factor 
Grav1.tv Caoacitv Moisture WefJtht 

CA 2.62 0.5% 0.17% 95 3 Silicious 137.0 0.72 

H 2.59 0.8% 2.31% 1 Silicious 65.5 .. -.. 
-. 

CEMENT Brand TYDe Wehht Factor -
ALAMO I 42,Olbs. 6 

-
',lATER Design w!.lllbt Net Weiaht (after correcti~n) wlc - I 

~ I 22.1 Ibs. 20.4 1bs. 0.53 

IADMIXTURE TYPE Ouantity Brand 

Air Entrainer 75.0 g SEPTAIR 

~ Water &e,9.ucer (tYDe A) 

Hi2h Ran2e Water Reducer 

I CONCRETE Measured value Desb:n value .~ I 
Slumn 

Stren2tb (28-day) 

Batch volume 

Design Air Content 

!-rEASURED CAl C5 
AIR CONTENl 

OF1 

8.0 
CHACS 

8.0 
AIR OP2 

INDICATOR 8.5 

OP3 

PM PI 
PRESS-UR 

OP 
HETER 1 11.6% 

OP 

5" 5-8" I 

(28-day) 

2.0 cubic feet 

10% + 1 (Mixing time a 3 min.) 

C2 CJ C4 

9.0 8.5 

8.5 8.5 

9.0 9.0 

P2 P3 

11 5% 10. 7'7. 

--

. --

.-

-

----
._------

AMR '1AHBARAJI 

MAZEN JABRl 

-, 
I 
I 

-! 

.J 

1 

I 
I 

I 

I 

-I 

J 
Amr Iabb.Iab~ 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I~D~AT~E~:_5~/~_22~/ ___ 83 __ ~V~AR~IAB~L=E~T~E~S~T~E~D~:H_I_G_H_T_E_MP. __ E_RA_T_U_RE __ (1_0_0_0F~)_b~B~AT~C~}~I~N~O~:_H_T __ 5 _______ 1 

IAMB I ENT TEMPERATURE: IRELATIVE HUKIDITY i 90% _I 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacitv . Moisture Wehht 

CA 2.62 0,5% 0.17% qr; 1 ~-f1f,.-tnll" 117. n Q.12 

. FA 2.59 0.8% 231% 1 ~ili,.inll. 65 'i 

-

CEMENT 
Brand Tvoe Wehht Factor 

ALAMO I 42.0 1bs. 6 

',IATER Design wtt12ht Net WeiRht (after correction) wLc 
22.1 1bs. 20.4 1bs. 0.53 

-

ADMIXTURE TYPE Ouantitv Brand 1 
Air Entrainer 70.0 g SEPTAIR 

Water Reducer (tVDe A) 

IH12h Ran2e Water Reducer 

I CONCRETE Measured value Desi2n value 

Slump c:; 1 I?" 5-8" 

IStren.2th 
(28-day) (28-day) 

[Batch volume 
2 .0 cubic feet 

-
Desilzn Air Content 10.0% + 1 {Miyino t-iftll:> .. 1 min \ 

I 
. --

MEASURED CAl C 5 C2 C3 C4 
AIR CONTEN1 

11.0 11.0 11.0 

OP1 10.0 11.0 11.0 AMR 'fAB BARAl I 

10.0 11.0 11.0 

CHACE 

AIR OPZ HAZEN JABRI 

INDICATOR 

-j 

OP3 I 
I 

- I 
PM PI P2 P3 

PRESS-UR 
OP 

METER 
I 

OP 2 4.0% 12.5% 11.5% l Mazen Jabrl I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I~D.~~'~rE~:~5~/L-=1~1/~_-=B3~~V~A~R~IA~B~L~E_T~E~S~T~ED~:~ __ ~~~~_~~=-I~I~~~B~AT~C~H~NO~:~~C~I~I~1~ ____ ] 

1
- 76 OF 1 60% 1 AMBIENT TEHPERATURE:RELATlVE HUMIDITY: 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacity Moisture Weie.ht 115s. 

CA 2.62 0.5% 0.65% 95 3 Silicious 138.0 0.72 .. 
2.59 0.8% 3.1% 

'FA 
1 Silicious 85 

CENENT 
Brand 

I 
TY2e 

I Weight t Factor 
CENTEX II 6 42.0 lbs. 

-----

~ATE~ft_l Design w~i2..ht Net Weight (after correction) wLc (O.49~ 20.0 1bs. (20. 16.5 (17.1) lbs. 0.48 

AD~IXTURE TYPE I Ouantitv Brand I 
~ir Entrainer 23.0 g SEPl'AIR 

-
Water Reducer (tvp.e AJ 
~-"-'- . 

High Range Water Reducer 

CO!\CRETE HeaslIred value Design value ------
Slump 4 1/4" 3-5" 

Strength 
(2a-day) 4670 psi (2M-day) 73600 psi 

Bat~I!...vo lume 2.0 cubic feet 

Design A.iLJ&"ntent 6% + 1% (Mixing tilre = 4.0 min.) -

1 
1 
I 

- -
MEASURED CAl C5 C2 C3 C4 

._AIR CONTENT --

I 
4.5 5.0 5.0 

- -
4.5 5.5 5.0 AMR TMHARAll I OPI 

4.5 5.0 5.0 

I 
I 

! CHACE 
I 

OP2 MAZEN JABRI I AIR -.. ---
I I 

INDICATOR 
-

I OP3 

1---- -
I 
I PM PI P2 P3 
I PRESS-UR 
I OP 
I ~1ETEI\ 1----

I OP 2 5.3% 5.2% 5.4% t1azen Jabri 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

i~ATE: 5/ 11/ 83 IVAR IAHLE T~r.~:S~T,-!:E~D:..!.:_...:::CEMENl'=::;;:· ~~ ..... TYP~~E~II:::""-__ --lr,:::.B~A1.!:..:·C:-.!Ic!...1 ..!..N:.!::O:..:.:--....:::C~I:.:!:I'-~2 __ 

I 76°F I 60% AMBIENT TE~W~E~RA~T~UR~E~: _____________ ~R~E~.L~A~T~I~V~E~H~U~M1~D~I~TY~: ____________________ __ 

1--- Specific Absorption Free Unit Type Weight Factor 

I Gravity Canacitv Hoisture WeiJtht 

I CA 

I·. F,\ 

2.62 0.5% 0.65% 95 _. 
L-?59 0.8% 3.1% 

Silicious 138 - 0.72 

Silicious 85 

~"E'~T~El---_======~B:rc.=~~n:::..d ___ ±:;c ~Fi;g:. ~_-'F~a::.::::..:t,:::.o:=...r __ _ 

I~:TER--
1 ____ -

Design w~i,&.ht 

20.0 lbs. (20.5 

-----i 
lAD;,!! 
I 

lAir 

XTURE TYPE 

Entrainer 

r Reduce~..J.Jvpe 

_.,--

A) IWil~e 
1 Ran~ Water Reducer !!lJ.~ 

___ .f!lliCRETE 

SlumI'! 

~U'_~lgth 
(28-day) 

-

Batch volume 

I2gJ?JZ_1LA ir Con ten t 

Net Weight {after correction w/c I 
16.5 lbs. (l_7_.0-'-) ___ -L-_0_.4_8---'-(0 .. 49_) ___ I 

Ouantitv Brand __ I 
23.0 g S:EP'l'ATI 

~ 
Measured value Design value 

3 1/4" 3-5" 

4560 psi (28-day) 7 3600 psi 
-

2.0 cubic feet 

6% + 1% (Mixing tine = 3.0 min.) 

1--!-fE 
I-.AIR 

ASURED 
CONTENT 

CAl Cl C2 
- --

C3 C4 
-- -

j 
I 
! 
I 

I 
! c.. 

IA$E CI 

AI 

IN 

R 

DICATOR 

ESS-UR PR 

ME TER 

on 

OP2 

OP3 

PM 

OP , 
OP 

--1---._-- ------
AM{{ lABnARAIl 

5.0 4.5 5.0 

4.5 5.0 5.0 HAZEN JABRI --
5.0 5.0 5.0 

- r----------.---. 

PI P2 P3 

6.0% 5.8% 5.9% ~-~ 
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EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

! 1~.\~;'0L~83-r~;~ZJo: TESTED: - CF11\ENl' TYPE II 

I ~'1B lENT TEHPERATURE: 
,-

I 
I 
I CA 
I 
I-..~ 

I Specific Absorption 
Gravitv Capacity 

2.62 0.5% 

2.59 0.8% -

E~tENT 
Brand 

CEln'EX 

-
,­
" ATER Design wei:&.ht 

20..'.0 ·lbs. 

, 

IAn~IXTURE TYPE 

Air Entrainer 

Water Reducer (tvoeAl ___ •• - _. 0" __ " •• _ 

lHigh Range Water Reducer 

i 
I CONCRETE 
i--

'Slump 

RELA1'IVE HUMIDITY : ___ ----=5~3c..:% _____ 1 
---.-

Free Unit Grade Type Weight Facto 
Moisture Wei2ht 

-0.05% 95 3 Silicious 137 0.72 

+2.2% 1 Silicirus 84 --
§ 

1 
_. Tvpe Wehht Factor 

II 42.0 lbs. 6 

-
Net Weight {after correction) wLc 

18.3 lbs. 0.48 

Quantity Brand J 

23.0 g SEP'mIR 

HeaRured value Design value 

I 
i~u:_pn th 

(28-day) (28-day) 

!Batch volume 
I 
'Design Air Content .0 mjn.L-______ . 

-_. - -
MEASURED CAl CI C2 C3 C4 

AIR CONTENT --
j 

OPl AMR TAHBARAH 

---------

GHAiF.: 
5.0 5.0 5.0 

5.0 5.0 5.0 I AIR OP2 MAZEN JABRI 

INDICATOR 5.0 5.0 5.0 

I 
i 

OP3 
I 
I ---

PM PI P2 P3 
PRESS-UR ~ .~ OP1 6.1 % 6.1% 5.9% .AmI' Tabbarah 
METER --------

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

iO.UE:5 1 6 I 83 IVARIABLE TESTED: CEMENT TYPE II fBATCH NO: CII 4 

IA1~IENT TEMPERA~T~UR~EL: ______ 75_0~F~ ______ ~IR~E~LA~T~I~V~E~~H~UM~I~D~I~TY~: ____ ~5~1%~. ____________ __ 

--fSP~e 
Grav 

CAl* 
. -FA_I..-

Hie Absorption Free Unit Grade 
it Capacity Moisture Weight -

.62 0.5% -.37% 95 3 

.59 0.8% +1.25% 1 -

Type Weight Factor 

Silicious 136.5 0.72 

Silicious 83.5 -

~"E:H __ E--C-E-N-T~:x,l:.;fai:!.:n'!:d~ ___ ----··+-I--,:=-:u:p::.=e=--- -+--,W,,-,:=---=;=:=:s--. -l_--_F6_ac_t_o_r ___ J 
I:'-T-ER-__ -I~ __ D_e_s_~_~_n_l_~:_~_':&!_h:t:=: ____ N_e_t_w_e_~_~_~_~_l_(:_: ~er correc t ion1_ ·-0-.-4~;~/..::C~ __ -

1~\D:1I; 
lAir j. 

I~~t~r 
I~--· 

I HjyJ!._ 

-- r--

TURf: TYPE Ouantity Brand 

~~_r Ll in e_f ____ 23.Q g SEEIUB -
Requce~~U2e A) 

Ra_nge Hater Reducer ---- --------

I 

=d 
!fl-J-"--~--C.-_-Q~~:_C:R_=-E_.::....-r __ E:_. =_-~=_-~:j_I ~~~~~~~_H_e_a~s 5",-u-,_r-, L_",-.'_I~v~a:_l:-u:-e~-_~~~~~~--~-:~~~~_-_-_ -_D:e~s~,~~g~n~_V_a_lu_e --------~ 
! su~.nz..t'_"h~ ______ __:I~(-2-&--d-a-Y-)--------------------.\-.(-28---d-a-y-)--.. ---- ----1 
~ B.l t cl1....Y,o lume __ ---1 _____ --'2=-.'-'0~c""u,"'b_=i""c_f...,e""e"_'t~ ____________________ I 

:Dc:si~LMr Cont~nt 6% ± I (Mixin& time = 3.0 min. >_1 -------- -- r------
.ISURED 1 CAl C 5 _i:_<J1l'TE]L _____ . 

~·rE 

. __ !,IJR 

5.0 

I 
OPI 5.0 

I 5.0 

ell l~E 
.\I R OP2 

IN DIC.\TOR 

OP3 

PM PI 
ESS-UR -

OP 
fER 

OP 2 6.3% 

C2 

5.5 

5.5 

5.5 

P2 

6.1% 

--.-----~ . 
C3 (;4 
'-' -----_._-j 

5.5 

5.5 AMR T~nARAH I 

6.0 --1 
I MAZEN JABRI I - I 

--
I 
I 

- ________ J 
P3 

-- --' ---1 
---- ----------

6.1% Mazen Jabri I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I ,~1B lENT TEHP ERA TURf: __ ~7~5~OF~. _______ ~~=E=L=A=T=I~VE~l~IU~M,=I~D~I·~l~~:~ ____ 5l%----________ _ 

r • 
Absorption Free Ispec ihe 

Cravity Capacity Moi.sture 

i~·62 __ 0.5% -0.37% 
I 

! 2 .59 0.8% +1.25% --

Unit Grade Type 
Wei2ht 

95.0 3 Silicious 

-L- ~i1 -(('in ,. 

Weig 

136. _._-
ht 

5 

Facto.:.._} 

0.72 --I 
_-B3... L _____ ~I 

1,1.._"E!>lE_'~T __ t ______ ...::B'-==r~a~n_"::::.d ______ ·1 'fype -'I W.ig:::_ 1- Factor 1 
___ --'C'='!E~N~T""EoeX _______ .....r. _ __'I ..... I~ __ __'__ -=4 ... 2~.O Ib: -6. ____ _ 

AD~1tXTlJRE TYPE Quantity Brand 

l!.i-t:.._Entra iner 23~ ___ --.. SEPTAIR 

Ivater Reducer {t.YQ.e Al -----.-.~-....:..-- ". 

!Hg!!. Ran!tc tJater Reducer - --~---.-.----.--------------

1---
,Slur.l[ 

!StX_l
j ~ 

: Ha t.£JLvolum_e _ _ ______ 2_.0_c_u_b_ic_f_e_e_t _____________ _ 

(Design Air Content 

CONCRETE Heasured value -- Design value ---.-.-.---
, 2" 3-5" 

ls-th ______ ! (2B-day) (28-day) 
--'-- -- -- ---

6% + 1% (Mixing time = 4_._5_m_i_n-,.~) ______ . __ 1 

- .-I-

I-
---- --r--

AIR CO~HEN 5 
",~\SURED ~ C C2 C3 C4 

I 01'1 l\MR tAlSBARAH . 

-_._-_. - -
c. 4.5 4.5 4.0 

r.HA~E 

I AIR OP2 4.0 4.5 4.5 MAZEN JABRI 
-. 

INDICATOR 4.5 4.5 4.5 

I - -I 

I 
OP3 I 

I 
I-- ----- ----- . 

PM P1 P2 P3 
PRESS-UR ""r Tabbar.> 1 ~ETER 

OP 1 5.0% 5.0% 4.5% 
--

OP 

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

1 
CEMENT TYPE r r r 'I-BATCH NO'. C r II 3---1 iDATE: 51 23/ 83 VARIABLE TESTED: . 

1- 76°F 56% I AJ1B I ENT TEMP ERA.~T:.!:U~R~E-,-: __________ .....J.!R!.!:E'-"L:!.!A'-'-T.!:..rV.!.!l"-~ ...:.:.IIUMllH TV. 0 __ _ 

·B~·-·-----1---£---Unit Grade Type Weight Factur 

1~~:5_ht =-' - : _~~1ici~~~ ___ . ~~;-;~~ __ ~- 0 .!~- --- ~ I 
___ -L-. _ S j 11 d 011 S ____ ---B.3"O" ______ _ 

I r~~~-E_~-_T-_-J _____ .... AI .... t:W:.:.u.~Ln._d _____ ±:: __ --_~....JPL-we::J-_-__ Ftl_C.J.I-:'-o_r-=--·-1 

" 

'_'J~\_-T_-E __ R._--_- fr_'- __ D_e~S~ig.!..n~'.v:.!c~~iZ1'_'_h_t --J. ___ 
Ne_t Weight (a f ter correc t-io~) J=----'<1 c---._--., 

_ 20.9 1 hs. __ l~.!1...J~.~__ __ .~JL ____ I 

Brand j 

.---~ _= __ 1 

-i---....::>.!==::...L------
Ai r En t .[":.;:3=.::i'-"n'-.::l':!:..r _____ --I-____ 3::..;5::..;.c..:0:......<::lc-___ -+-______ SEPTA IR 

I~~at-:-;educer 
l~-" -~ 

:li!~h Ran~ Water Reducer 

1 

____ c;Q_NCRETE Heasured value::;,.. ---J' DesiS!' va1u'" ______ + 
3 1/4" 3-5" ,Slump -------f_ -----~------___,I__----_--------

:_~J["enl!th (7...;day) 3940 psi .l(~-day) 73600 psi 

'Batch volume 
i 
ip~2.ign Air Content 

SURED 
CAr 

CQJHEN'l 

I 

I 
OP1 

1 ___ . 

\.CE CH, 

AIR OP2 

IND ICATOR 

OP3 

-_. 
PRE 

MeT 

SS-UR 

ER 

PM 

OP 

OP 2 

2.0 cubic feet 
6% + 1 % -('-H-i-x-'-in-g-t-'i-m-e-=-3-.0 min.) ----.. 1 

__ I 
-----_ ... -

C 5 C2 C3 C4 
-

5.0 6.0 5.5 
I--- -----

5.0 6.0 5.5 AMR 'lABBARAH 
-

._--------~ 5.0 6.0 5.5 
1----_. --1---

MAZEN .JABlU i 
- , 

I 

. ,-, --
I 

r-- - I 

- -~ 
I .---

PI P2 P3 

Ha~:-Jab~ -
6.8% 6.4% 6.1% 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

, , 
! t'k''1B1ENT TEHPERATURE: 

!- Spe cific 
\ Gra _y-U.L_ I -- - ---
'CA -.£ .~. 
i 2 I,£J __ .59 

Absorption 
Ca{!acity 

o 5% 
0.8% 

Free 
Moisture 

-0.10:r. 

+3.50% 

RELATIVE HUMlUITY: 56% 

Unit Grade Type Weight Factor 
Wei2ht 

q') 3 _sn iciolls 11(, 'i n 71 
1 Silicious 83.0 

- ---- -

i Ci._~~_IE_!-l_T_I------~:~~a~:~::...------- +-1-....::'f'-Z;.J;::r.=.e_. -f Weight I 
42,0 1hs. 

Factor 

6 

1~\TER_l~~Si~~. ;"-iAO-L . 
Net Weight (£lfter correction) ir- w/c J 

18.2 1bs. _______ Q~ ___ I 
-

ADMIXTURE TYPE Ouantitv Brand I 
Air l-:nt_raincr 35.0 ~ SEPTAIR -
Wa~er Reducer~t~e AJ. --
Hi!?h Range ~.z~.J.ter Reducer ~ I~ 

1 

I 
-

__ COc~CRETE HeaRured value -f-- Design 
v-:;:_e _. ___ 1 1-

-i --ISh Im(! 

ength I~tr 
1 

tch volume IBa 
I--

-:::z. 
(.day) 

I 
iDes _i&n Air Content 

I 
1 
1-"' 

MEASURED t 
AIR CONTENI 

I 

I 

I 

I C 
CHAfE 

AIR 

INDICATOR 

PRESS-VI{ 

METER 

CAl 

OP1 

OP2 

OP3 

PM 

OP 

OP 2 

C 5 

5.0 

5.5 

5.0 

PI 

6.3% 

3" 

3610 psi 

2.0 cubic feet 

6% + 1% (Mixing 

C2 

6.0 

6.0 

6.0 

P2 
-

6.1% 

"7 3-5" 
(Ii-day) 73600 

time 

C3 

-

"" 3.0 min.) 
-_._--j' --=-----

--------
C4 

6.0 I ._---

j 5.5 AMR 'fABBARAH 

5.5 

I 

I MAZEN JABRI -

l 
I I 

I .- r----------. 

P3 
.. -

---~-~--l 
--.---.-

6.0% Mazen Jabri I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

i~~~~~1 83 ~\BLE TESTED: 

I
- 76°F 1 AMB lENT TEMPF..~RA~T.:..U"",1RwE .... :,--__________ "",RE:;L=A.:.!T:..=I:...oV-=E_H::.o.U::.:MI=D,-=I""TY..:...:..,: __ 

56% -----1 
,---

ISpeCific Absorption 

-r~~- CaQBcity: 

A 2.62 o 'i'Z 

1\1._2•59 0.8% 

!--
Brand 

"""lENT 1 ALAMO 1 ___ -

I~A~E-:-[ DesilUl wEii-iht 

20.9 lbs. 

,­
Ifl.DMIX 

lAir E 1--

TURE TYPE 

.ntrainer 

IWater 
r-~ 
I_H_i~ 

- Reducer_ (type A) 

R~_Water Reducer 

-

I CONCRETE --
SlumI! 

Free Unit Grade Type Weight Factor 
Moisture Weight 

-O_lOI. qS '\ ~j]jdolls 1 %..5- o 22 --
+3.50% 1 Silicious 83.0 

-

-I E~~:f- Factor -Tjpe 

!II 42.0 bs ~ ______ 

__ Net Weight {after comct1ong~ - wic _=:1 
18.2 Ibs. Q.:2Q __ I 

--
Quantity Brand 

35.0 g SEPT AIR 

_. ----, 
Neasured value gesign value ! ---------t 
2 1/2" 

~_trength 
(26-day) 4370 psi (la-day) 

3-~,_. _____ .. ____ 1 

I 
73600 psi I 

l!,!tch _YQ.lume 

Desi~l Air Content 

,-- MEASURE 
,_AIR_emIT 

~N~ --

CHASE 

AIR 

INDICAT 

PRESS-U 

~lnER 

I 

OR 

.-

R 

CAl 

OPl 

OP2 

OP3 

PM 

OP1 

OP 

-

2.0 cubic feet --, 
6% + 1% (Mixing time = - - -

-
C 5 C2 C3 

4.0 5.0 

4.0 4.5 

4.0 5.0 

. 

Pl P2 

6.0% 5.5% 

-j 

3.0 mi 
-----,-------1 
n~),--___ _ 

--- ---.. --~-
C4 

5.0 

4.5 

4.5 

P3 

5.4% 

-

-------~I 

I 
I 

A.MR TAli J3ARAII -

MAZEN JABRL -

-

I 
I 

I 
-1----------' 

Amr Tab 
--. 

, 
I 

~a~':t:...._1 

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

iV..O\.TE:5 121/ 83 tyARIABLE TESTED: CEMENT TYPE .=I..=.I=-I __ --+-j~~Al'CII NO; C III 4 

IA~IENT TEHPERATURE: I 56% RELATIVE HUMIDITY: 
.-

pecific Absorption Free Unit Grade Type Weight Factor 
ravitv Capacit'L - Moisture Wei2ht 

1- S 
G 

2.62 0.5% -0.10% 95 3 Silicious 136.5 0.72 -
2.59 0.8% +3.50% 1 Silicious 83.0 -:-~J 

1~"ENT~rl----------=:~~~n~~~---------'-1 
. -------.-- - -

TYl!e Wei ht Factor 

III 42.0 1bs 6 ._---

i',JA-T-E-R --I---~-e-S-ign ~~iAht Net Weight (after corr. ectiong__ wLc"--__ _ 

20.5 1bs. 18.2 1bs. 0.50 , __ - __ -------------1-------- _________ . 

I ,ADMIXT URE TYPE Quantitv Brand _J 
trainer 35.0 g SEPTAlR 

- r---------------.-
ReduceGt..'iP_e A) 

ange Water Reducer -+ __ ~ 
Air En 

CONCRETE Heasured value Design value 1 
i-

mo 

en th 

ch volume 
I
Slu 

~'-~~ 

IBat 
i-

(28-day) 
-. 

iDes iJID...iHr Content 

MEASURED CAl CIS 
AIR CONTENT 

OPI 

-

6.0 
CHASE 

,',IR OP2 5.5 

INDICATOR 5.5 

OP3 

PM PI 
PRESS-UR 

OP 
HEIER 1 8.2% 

OP 

4 1/4" 3-5 " 
(28-day) 

2.Q cubic feet 
6% + 1% (Mixing time = 3.0 min. ) -

-
C2 C3 C4 

-

1 

AMR TAB B ARAH 

--
6.5 6.0 

6.0 6.0 MAZEN JABRl -
6.0 6.0 

-- ----------------, 
P2 P3 

--

7.8% 7 • ..6.% Amr 'I'"hh"r",l1 



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

i DATE: 5 1 __ 2-,4/,-__ 8_3_ VARIABLE TESTED: CEMENT TYl' E I II "ArCH NO: C III ; _I 

L1;'1lH ENT TEHP EM TURE : IRELATIVE HUMIDITY :. ___ 5_9_% ________ 1 

pecific 
ravity 

2.62 

2.59 --

[~r~ 

I:f:±it 
Absorption Free 
Capac;ity Moisture 

0.8% -0.36% 

0.5% +2.95% 

Unit Grade Type Weight Factor 
Wei2ht -

95 3 Silicious 136.5 0.72 

1 Silicious 82.5 
. -

I I Brand I Type Wei2ht Factor I CE~ENT .J.-----~~=--------. +--~=----I--...!!.!:=z.!~--f-~"~~----

I ALAMO III 42.0 1bs. 6 __ ._-..J. ____________ ---L ______ ---l.. __ ....:..::::...:...::.~=..::..L __ . _______ _ 

I [DeSign wELi2J~lt'__+__-...!N~e:!:tC-!!W:::.ei:!:Jl2~lh~t'-~ (,a~ft~e=..!ro.....!:c~o:.!:.r.!:.r~ec~t!:..:i~o!!Jn~) _ __I __ ~w~/.=.c __ _ 

I'·_J·\TER _____ --l--______ L-__ _ 20.9 1bs. 19.0 1bs. 0.5 

E TYPE 

ainer 

~r (tvoe A) 

e \-/ater Reducer 

j'~!1IXTUR (fr_ Entr 

11{~ter Re 

i!!igh' ~.~~ 
---

J--- CONCRETE 

ITI 

-. 

l
;i~ 

el!l...th StL 

!Bat 

(2S-day) 

ch volume 

'ign Air Content 
i-
l,Pes 

I 

_. 
HEASURED CAL 

AIR CONTEN1 
I 

OP1 

I +--

CHASE f---

AIR OP2 

INDICATOR 

Ouantitv 

35.0 g 

Heasured value 
4" 

-
2 o cuhiC" fppt 

6% + 1% (Mixing -

C 5 C2 

5.0 6.0 

5.0 6.0 

5.0 6.0 -

L- ______ 

OP3 

PM PI P2 
PRESS-UR 

OP 
~ETER 

OP 2 5.8% 5.9% 

Brand 

SEPTAIR 

Design vallie -
3-5" 

(28-day) 

time = 3.0 min. ) 

- - --

C3 C4 
.--

5 5 

5.5 AMR tlillllARAlI 

'l 'l - ._---

MAZEN JAllRI -

--

-

----

['3 
----

-- --_. .- ---- .... _---

6 .0% Mazen Jabri 

1 

J 

1 
I 
I 
j 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DATg: 4 I 5 I 83 IVARIABLE TESTED: WAT;; UDUC;;(AUOW aLaATcH NO: WRI 

I AMB lENT TEMPERATURE; IRELATIVE HUMIDITY: 

I Specific Absorption Free Unit Grade Type Weight Factor 
Gravity CaDacitv IMoisture Web:ht 

CA 
2.62 0.5% -0.2% 95 3 Silicious 136.5 0.72-

FA 
2.59 0.8% 1.3% 1 Silicious 93.0 

, 
ALAMO I 

I CEMENT 
Brand Type 

~JATER 
Design w~i..&..ht Net Weight (after eorreetionl_ .- .. Ie 

20.0 1bs. 19.0 1bs. 0.48 --

ADMIXTURE TYPE Ouantitv Brand 
I 

Air Entrainer 6.0g SEPTAIR 

Water Reducer (twe A) 65 m1 POZZOLITH 322N 

IHigh ~~n~e W~ter Reducer -

CONCRETE .. reasured value Desi2n value 

Slumo 2 1/4" 3-5" 

Strength (28-day) (28-day) 
-- I 

Batch volume 2.0 cubic feet I 

IDesign Air Conten~ 3% + 1 (Mixing time .. minutes) I 
- - -

MEASURED CAl Cl C2 C3 C4 AIR CONTENT -
-j 

----
OPl ANR 'J.'AHBARAH I 

-
(, 30 ~ n ':\{\ 

I 
CIl,~E 

3.0 3.0 3.0 HAZEN JABRI AIR OP2 . I 
3.0 I 

INDICATOR 3.0 3.0 

I , 
, , 

OP3 I 

1 
I 

- ! 

PM P1 P2 P3 
PRESS-UR 

Am. Tab~~ OP 
!-IETER 1 2.8 2 7 ':\ n 

OP , 
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PROJECT 3-9-83-363 
EVALUATION OF C~ACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

10--:\-T-E-;-5-, 4 I 83 TvARIABLE TESTED; WR LOW AIR IBATCI! NO; WR LA 2 

I 7JOF I 56% I ~~llIENT TE~WERA_T~U~R~E~.:~ ______________ ~~RE~L=A~T~I~V~E~H~U~MI~D~I~TY~: ____________________ __ 

ific Absorption Free Unit Grade Type Weight Factor 
i~ ___ ~1Qi!.u-t-y-_ Moisture Weil!ht - ---

? o 5% _n t. '-' Q'\ '\ Silicious 136 -.n_n --
9 0.8% +1.4% 1 Silicious 93 

I---~-: Spec 

!II c~ r!-~j1_~ 
~FA 2.5 

r.~~~:-[ Brand 

·1 
T~Qe Weight Factor 

~'~'--" J ALAMO I 42.0 6 

I·.!:\TER 

- ,-

~ Design ~ .... ~i.&..ht Net Weight {after correction} w/c 

1_- ___ ' 20.01b5.(19.0) 19.5 (18.5) 0.48 

----- r-

AD~IXTURE TYPE Ouantitv Brand 

A~~~r_aincr 

\-'aLc_r Red uce~U:'pe A) ~.O Fl.oz. POZZOLITH 322N -
Hi"h Range i.[ater Reducer 

-------------
CO~CRETE ! 

I ===tc ; ;;l_tJ~_ --- ------:----~---------------t-_:__--------=---.::.----------------
i (28-day) 
Stren~ u____ -- 1-

!Batch volume !-----

Measured value Desi 11 value I 
2 1/2" 3-5" 

-I 

6810 psi (28-day) 73600 psi I ------
2.0 cubic feet 

'pesjZ!!--I\ir Content 3% + 1% (Mixing time = 5.0 min.) 

1
-~'1EAS URED 
__ AT R_ CO~TE~ 

I 
: 

r v 
r.HA~r: 

AIR 

INDICATOR 

1 CAl 
'~ 

OP1 

OP2 

OP3 

C1 C2 C3 

I--

3.0 3.0 

3.0 3.5 

3.5 3.0 
1--------

- .--

C4 

-----

AMR 'lAliBARAH 

-----

3.0 

3.0 MAZEN JABRI -
-I 

I 
2.5 

~-----1--------

-- I 
PM p1 P2 P3 

1--- _I 

OP1 3.5% 
I PRESS-UR 

I !-lETER 

\ I OP 

3.2% 3.4% 

-

Amr Tabbarah 

--, 

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

I DATE: 5 I 4 I 83 JVARIABLE TESTED: WR LOW AIR ]BATCH NO: WR 3 "I 

IAMBIENT TE ERATURE: 77"F RELATIVE HUMIDITY: 56% 

[Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Canacitv Moisture Weilzht 

CA 2.59 0.5% -0.4% 95 3 Silicious 136.0 0.72 

FA 2.62 0.8% 1.4% 1 Silicious 93 

~ ________ ~B~r~a~n~d~ ________ -+ __ ~T~y~:~e~ __ -+~w~e~i~g~:~t __ -ff--~F~a~ct~o~r~----l 
______ ~ ____ ~A_~UM~O~--------------~------~-----~~4~2~a~-Ab5~~------6~------
CEMENT 

';lATER Desigg wlti.Aht Net Wei2ht (after correction) w/c 

20.0 1bs. 19 5 1bs o ld:t 

ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 

Iwa~er. Regucer (tVDe A) 2.0 fl. oz. POZZOLITH 322N 

iHhh Ran2.e Water Reducer 

I CONCRETE Measured value Desism value 

SlumD 2 1/2" 

Streno-th (28-day) (28-day) 

Batch volume 2.0 cubic feet 

DeSign Air Content 3% + 1% (Mixinl/.: time = 3.5 minutes) -
- - .-

MEASURED CAl Cl C2 C3 C4 AIR CONTEN'I 
3.0 3.5 3.0 

OP1 
3.0 3.0 3.0 AMR TA.8BARAH 

3.0 3.5 3.0 

C 
CllA$E 

AIR OP2 HAZEN JABRI -
INDICATOR 

OP3 

---
PM PI P2 P3 

PRESS-UR 

~3 
OP 

METE~ 

OP 2 3.0 %_ _ __ 2-..9%._. 3.0% .... _--- - .. ......- -- _.- _.-
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I~T~:5/8 /~8~3_~V~A~R~I2U~L=E~T~E~S£T~W~:_W~R~L~O~W~A~IR~ ____ ~B~A~T~C~H~~~:_W~R~U~~4~_'1 

1~~MB~I~E~NT~T~E~MP~ERA~T~UR~E~: ____ 75_0_F __________ ~IR~E~L~A~TI~VE~~H~mrr~D~I~TY~: ___ 4_4_% ________________ 1 

-. 

A G 

F A 

Specific 
Gravitv 

2.62 

2.59 

Absorption Free 
Caoacitv Moisture 

0.5% -0.5% 

0.8% +1.4% 

Unit Grade Type Weight Factor 
WeilZht 

95 3 Silicious 136 0.72 

1 Silicious 93 

Ic,"",:-I Brand -I Ty~e j Weight I~ Factor 

ALAMO I 42 lbs. 6 

',lATER Design w~i.&.l!.L_+ Net Weight (after correction} -- " 
w/c 

20.0 lbs. 19.5 lbs. 0.48 
------

ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 

b:.ater~.educer (type A) 2.0 F1.oz. POZZOLITH 322N 

li~ Range Water Reducer 
.~-

I CONCRETE Measured value Desi2n value 

ISlump 2 3/4" 3-5" 

(28-day) 6540 psi (28-day) 73600 psi Strenath 

Batch volume 2.0 rllhir fppt 

Design Air Content 3% + 1% (Mixing time = 2.5 min.) -
. -

I'tEASURED CAl C 5 C2 C3 C4 
AIR CONTEN'I 

OPI AMR TAHBARAH 

cu.4'E 
2.5 2.5 3.0 

AIR OP2 2.5 3.0 2.5 MAZEN JABRI 
-

INDICATOR 3.0 3.0 3.0 

OP3 

PM PI P2 P3 
PRESS-UR 

METER 
0li. 2.9% 2.8% 2.8% Amr Tabbarah 

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

I lJATE: ~L 83 IVARIABLE TES'fED:WATER REo~3~~- LOW Al~- ---~~~~~--==I 

I 75 °F ~MBlENT TEMPERATURE: RELATIVE HUMIDITY: 44% 

- -. -
Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Capacity Moisture Wei~ht_ --- 1bs. --- -.-- ------ --

CA 2.62 0.5% -0.5% 95 3 Silicious 136 0.72 --.--
FA 2.59 0.8% +1.4% I Silicious 93 

I ~rand Type Weight [ Factor I CEl-lEn .-------"'-"~"'--------+--.:...LJ=----+-~=J:t.!!.~-+J -.....!:...!=..::=---
____ ~------A-L_AM_O ____________ ~ _____ I ______ ~ __ 4_2_._0 __ lb_s_L_ __ 6 __________ _ 

-----

'':ATER Design 'Y'(~A&.ht Net Weieht (after correction) 
'- wLc 

20.0 lbs. 19.5 lbs. 0.48 

I~~XIXTURE TYPE 
-

I Ouantitv Brand 

Air Entrainer 

Water Reducer (type A) 2 Fl 02 'P077nT.T'T'H ':\~2N 

IHigh Range Water Reducer 

-
CONCRETE Heasured value Design value 

Slump 3" 3-5" 

IStrength 
(2~day) 6580 psi (28-day) 7 3600 ~Si 

j IBatch volume 2.0 cubic feet 

I.pe§..~\ir Content 3% + 1% (Mixing time = 2.5 min.) 

- --
~rEASURED CAl C 5 C2 C3 C4 AIR CONTENT 

3.0 3.0 3.0 

Orl 2.5 3.0 3.0 AMR TAllBARAH 

3.0 3.0 3.0 

ClIACS 

AIR OP2 MAZEN JABRI 

INDICATOR 

OP3 

--

PM PI P2 P3 

I 
PRESS-UR 

OP 
METER 

I OP 2 2.9% 2.9% 2.9% Mazen Jabri 



105 

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

! DATE: 5( 8 I 83 VARIABLE TESTED: W R HIGH AIR 

I A,:!!MB~I~E!!.NT=----=T!c!:E~MP;!...E~RA~T~UR~E~: _7 5.:...0~F _____ ......... IRE=L::.:A.:..TI=-VE:.=...:.::H~UMI=D"",,I:.:TY-,,-,-: _---:4'-"4'-'11%'--_______ J 

Specific Absorption Free Unit . Grade Type Weight Factor 
Gravitv Capacitv Moisture Webht 

CA 2.62 0.5% -0.5% 95 3 Silicious 1Jfi 0.72 

FA 2.59 0.8% +1.4% 1 Silicious 7~ 

j 
Brand . Type Weight r Factor I 

~~~~~I~~~I~~ 
ALAMO 42 lbs. _ 6 

CEMENT 

~lATER 
Desilm w~..i.g.ht Net Wei2ht (after correction) wLc 
20.0 lbs.(19.2) 19.8 (19) 0.48 

ADMIXTURE TYPE Quantity. Brand J 
Air Entrainer 37.5 g SEPTAIR 

j Water. Red~cer (tvpe A) 2 fl. oz. POZZOLITH 322N 

Hi~h Range Water Reducer 

CONCRETE 
I 

Measured value Design value I Slumo 6" medium slump 

Stren2th 
(28-day) (28-day) 

-I 
Batch volume 2 0 euhil' fppt-

I 

IDesign Air Content 1. 0% + 1 (Mixing time = 3. a min.) I -
--

MEASURED CAl C1(5) AIR CONTENT 
C2 C3 C4 

1 

OP1 AMR T AH BARAH I 

CHACE 
8.0 9.0 8.0 

AIR OP2 
8.0 9.0 8.0 MAZEN JABRI 

-
INDICATOR 8.0 8.0 8.0 

OP3 I 
I 
I 
I - ----_.- _. 

PM PI P2 P3 
PRESS-UR 

Amr-Iab::] OP 
METER 1 11.1% 11.1% 1l.2~ 

OP 
I 
I 

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

I ;A-~~:-S-/10 / 83 IVARIABLE TESTED: WR HIGH AIR [BATCH NO: WR HA 2 

IAMBIENT TENPERATURE: IRELATIVE HUMIDITY: 48% 

,---- -
Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Capacit'L ~~ure Weil!ht ---

2.62 0.5% -0.3% 95 3 Silicious 136.5 0.72 
------

2.59 0.8% 0.05% 1 Silicious 69.5 
-- -

-~- ----

CE~1ENT 
Brand -.- Type - Weight Factor 

ALAMO I 42 0 1b 6 -

I Design w~:i,.&.ht Net Weight (after correction) w~ I 

~JA~_ 1-1 -=2 O~.~O~l:=:.!b::.!::s~. ~(1~8~,-.:5J-=-:~~~:2:0:-'5,-:::';:.:.l=b!:!.!:Q.Si!....!=._=-_:(=-l~9::0:)~~~~~~~~~~~:.LO~· L.:'4~8_'0(0~.~4~4 )L·-=--=--=--_-j 

!ADMIXTURE TYPE 
, 

-, Ouantitv Brand 

Air Entrainer 37 l! SEPTAIR 3 i-later Reduce~e A) 2 F1.oz. POZZOLITH 322N 

IHigh Range Water Reducer 

CO~CRETE Measured value Design value -
Slumo 3 1/4" 3-5" 

Strength 
(28-day) 4860 psi (2a-day) ""7 3600 psi 

Inatch volume 2.0 cubic feet --
De5.J1t-LA i r Con t en t 10% + 1 % (Mixing time '" 4.0 min.) 

- -.-
HEASURED CAl C 5 C2 C3 C4 AIR CONTENT 

7.0 7.5 7.0 
I 
: OPl 6.0 7.0 7.5 AMR TAll HARAH 

6.0 7.0 7.0 

CllACE ~-

I AIR OP2 MAZEN JABRI 
-

INDICATOR 
I 
i 
I -
l 
I 

OP3 

-----, 

I 
PM Pl P2 P3 

PRESS-UR 

Hazen~ 
OP 

I 
METER 

OP 2 8.2% 8.2% 8. ~/. 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I p.\'\'I::: 5 I 10 I 83 lVARIABLE TESTED: \.JR HIGH AIR ----l-B~;;--~;~~~~-;- 1 

I 
76 0 F -r- -------l;8% 

AMB I ENT TEMPERATURE : ____ -.lm.~.JJ..Y1L!IIlMl DI,;TY~: ____ _ 

---r-----
'Sp~c i 
I -_BraVi 

CA 2. 

I __ fb_ 2. 

fic 
tv 

62 

59 

--r--------
Absorption Free 
Capacity Hoisture 

0.5% -0.3% 

0.8% +0.05% 

Unit 
}1~.1Ah.t_ 

95 

Cr ade Type 

f--

f--B
-

3~~licious 

1 Silicious 
-- ---

weight

3 
Factor 

136.5 0.72 

69.5 --

I--r -----, Weinht -l-__ ---'F~.ac=t~or~ __ 
1 CE~lE'IT t Brand ---1._1v:e - · 1 
I _____ -1~A~L.:.::AM:.:..O~ ________ L _ ___=_ __ __L __ 4.::.-.2:..-' 0~lb~s:"':"---L __ 6 ____ _ 

!"_\T~R-T Design W~i.gJlt 
,'" r. r 
i I 201bs.(18.5) 

. - - .-----------

Net Weight (after correction 

20.5 Ibs. (19.0) 
--y~---
0.48 (0.44) 

-----.-- --. -

J AD:-tL,\'lTRE TYPE Q.uantitv Brand 

~ir _EJltrainer 40.0 g SEPTAIR 

H.~_.ter Reduc~r~e A) 2 F1.oz. POZZOLITH 322N 

High Rang,e \.Jater Reducer 

r-tea sHred va~I~Ilc:_ec ___ _I ______ ...!D::.::e:..::s:,;!i:.lJg~n_v.!..:a~l~u~e=__ ______ _ : ~= __ (~Ol'_~ 
iSluBn _________ ~----~--~3~3!~4L'-'-----------~-~----~--~3-~51_' ______________ __ 
I (28-day) 4070 psi (28-day) 73600 psi : s..t..r(!n.zili ________ -I ___________ --= __________ '---____ --=~_~ ____________ _ 
i Ba t c h ,:olll;ne ____ 2.......cnb j c feet 
,---- -- --------'=----1- ----------------- -----

'DJ._~iZ!L,\j.J"_ Content ________ ~~% + 1% (Mixing time = 3.0 min.) 

--------, ----- -------;------------,----- ----------
;'lE,\.3CRED 

I AIR CO:--lTENl 

ellA CE 

AIR 

INDICATOR 

CAl C 5 C2 C3 C4 

1--------+--------1----------------

I OP 1 ANR 1Al\ BARAH 1----- :--------4----------~ -_-_--___ -_-_-__ ~ ~----_--__ --_I__-- _______ _ 

7.5 8.0 7.5 
---------+---------.~------~---------

OP2 MAZEN JABRI 7.0 8.0 7.5 
1--------1----------f--- ----- ----------

7.0 7.5 7.5 
------~-------~--------~--------~----------1-------------j 

OP3 

_I 

PM PI P2 P3 
P RESS-UR 

~ ETER 
0,. 9.6% 9.7% 10.2% Amr Tabbarah 

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

IOATE: 5 I 10 I 83 IVARIABLE TESTED: -WATER REDUCER HIGH AIR-[-BATCH NO: WR HA 4 

IAM1HENT TEMPERATURE: [RELATIVE HUMIDITY: 48% 

I--Ispec Hic 
- -

Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacity Moisture Weil!ht - Ibs. 

J~_A 
2.62 0.5% -0.3% 9S 3 Silicious 136.5 0.72 

-!A-
2.59 0.8% +0.05% 1 Silicious 69.5 

- - -

I C~~~~r----------~B~r~an~d~--------_.t--~T~y~p~e~----+--~w~e~ig~h~t~--4I __ ~F~a~c~t~or~ ____ _ 
. ALAMO _ I 42.0 lbs. 6 

,--'--- --

i:JATER 
Design \v.~i..&..ht Net Weil!ht (after correction) wLc 
20lbs.(18.5) 20.5 lbs. (19.0) 0.48 (0.44) 

-

IADML~ 

lAir E 

Water 1-'--
IHigh 

TURE TYPE Ouantitv Brand 

ntrainer - 40.0 g SEPT AIR 

Reducer (tvpe A) 
2 Flo oz. POZZOLITH 322N 

- ------= 

Range \-later Reducer 

I 
I ___ ~ONCRETE Heasured value Design value 

Slump 4" 3-5" --
.s~_rell gt h 

(2S-day) 4470 psi (28-day) )3600 psi 

!Batch volume 2.0 cubic feet 

IDesign Air Content 10% + 1% (Mixing time = 3.0 min.) -----
--- ----- ----- --

i ~fEASURrm C2 C3 C4 I CONTEN'I CAl C 5 

1 
] 

I 

I 

__ MR ---_ .. _------
7.0 8.0 8.0 

OP1 6.5 B.O B.O A.~ TAHBARAH 

6.5 8.0 8.0 ---_. 

I CHACE 

AIR OP2 HAZEN JABRI 

INDICATOR 

--l I 
I 

OP3 

I -
PM Pl P2 P3 

I PRESS-UR 

--~ , OP , :-tETER , 

\ OP 2 9.1% 9.0% 9.4% Hazen Jabri i 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

\VATE: 5, 10 I 83 bliABLE TESTED: WATER REDE-CER HIGH AIR rB~~~~-5---'-1 

I-A:Mnc.!!-!...!I~E-.~N~T~-T!:..!-E'=!-MP~-~E:RA~~T-UR~-~-E~-:,--_-_-_-.LJ-~-"-J;-,--:_-_-_-_-_-_-_-_-;~R-E~-L~A~T~I~VE~~-H:U~-MI~-~D:I:TY~~:~~~_--4_ -8_%=. =-_ -_ -_-_-_-======-\ 

"1 -- -
Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Caoacitv Moisture Weiaht -

CA ') f.? n 'l'Y- _0 1'Y- Q<;' 1- " Silicious 136 0.72 

- FA 2.. 'jq n A'l' , Sil1cious 

iCE""NT F Brand -I Ty[!e -I Weigllt [ Factor I ALAMO I 42 0 ] bs 5 

I~JATER Design \"~i..&.ht Net Weiaht (after correction) I wLc 

I 20.0 lbs (18 5) 20 5 1b§. (12 Q) I Q.48 (Q.44) 

ADMIXTURE TYPE Ouantitv Brand 

Air j:nyai.ner 40.02 SEPTAIR 322N~ li.'!J_er R.educer (tvpe A) 2 F1.oz. POZZOLITH 

High Range Water Reducer 

--
CONCRETE Neasured value Design value 

Slump 

Strength 
(28-day) (28-day) 

Bat~1!..yolume 2.0 cubic feet 
~---~-. 

Design Air Content 10 + 1% (Mixin~ time = 3.0 min.) 

- .-
HEASURED 

CAL C5 C2 C3 C4 
-----AI.R CONTEN1 

I 
OP1 AMR TtiliBARAH 

--
0 6.5 

CHA~E 
8.0 1.0 

AIR OP2 1.5 8.0 1.0 M,\ZEN JABRI -
INDICATOR 6.5 7.5 1.0 

OP3 

PM PI P2 P3 
PRESS-UR 

I 
I ~1ETER 

OP1 10.5% 10.4% 10.0% Amr Tabbarah 

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

I DATE: 4 I 8 I 83 VARIABLE TESTED: HIGH RANGE WR (low air) BATCH NO: HRWR 1 J 

I 70°F AMBIENT TEMPERATURE: RELATIVE HUMIDITY: 56% 

Specific Absorption Free Unit· Grade 'fype Weight Factor 
Gravitv ICanacitv 1I. " re Wehht lhs 

CA 2.62 0.5% -0.5% 95 3 Silicious 136 lbl . 0.72 
--

FA 2 59 0.8% 1.6% 1 ~ilil'inlt!': 97 lh! 

CEMENT Brand Tvne Weight Factor 

ALAMO I 42.0ns f, 

~IATER 
Design w~i.A.ht Net Weight (after correction) wlc 
18.8 lbs.{17.8 l8.0lbs. (17.0 lbs.> 0.45 (0.42) 

ADMIXTURE TYPE Quantitv Brand J 
Air Entrainer SEPTAIR -
Water .~educer (tvpe A) 

IHigh Range Water Reducer 6.5 fl. oz. (185 ~l) POZZOLITH 400N 

I 
CONCRETE Measured value Design value 

Slumn 6 1/2 1/ 5-8" (high) 

Stren2th (28-day) 7130 psi (28-day) ,.3600 Esi 

Batch volume 2.0 cubic feet 

IDesign Air Content 3%+ 1 (Mixing time = 4.0 min) 

----_.,--
MEASURED CAl Cl C2 C3 C4 

AIR CONTEN1 

3.0 3.0 3.0 

OPl 3.0 3.0 2.5 ANR 1'IiliBARAH 

3.0 3.0 3.0 

CHACE 

AIR OP2 MAZEN JABRI 

INDICATOR 

OP3 

I 
PM PI P2 P3 

PRESS-UR 
OP 

METE~ 

OP 2 3.0% 2.5% 3.5% ~zen Jabri ----, .. -- - ~,---~ - - -.-.-~ .... -----"" -
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

l.J.l,llA~T~EU:_4-,1,--8:..........~r....8.;.,;3:........;,_J,.tVaAR:!:lI.I~AB~L=E .... T~E:!.!:!S~T~ED~:~H;.::I..:::;GH;.;;.....;;.RAN=G_E;;....:..:W.:;.::R,-(.:..::1:;::o~w....;a=~A~T~C::!.!H,-N~O~:~H~RW:!2R~2'--__ i 
IA~MB~I~EN~T~T~Eu~~wE~RA~TUR~E~; ___ 70_0-,-F _________ ~IRE==LA~T~I~VE~H~mfl~=D~ITY~: ____ ~5~6~% ____________ 1 

l~peCif1C IAbsorption Free Unit Grade Type Weight 
I Factor 

.Gravitv Capacity Moisture Wei2ht 

Ct\ I 2,62 0,5% -0,5% 95 3 Silicious 136 Ib • 0.12 

FA i 
2.59 0.8% 1.6% 1 Silicious 97 1b . 

Brand TVDe Wehht Factor 

I CEMENT 
ALAMO I 42.0 1bs. 6 

-

~ATER 
Design w~;E-ht Net Wei2ht (after correction) wlc 
18.8 1bs. (17.B~ 18.0 1bs. (17.0) 0.45 (0.42) 

ADMIXTURE TYPE Ouantitv Brand I , 
Air Entrainer 

Water Reducer (tvpe A) 
, --=p rr::tm . 

IHi2h Ran2e Water Reducer 6.5 fl.oz. (185 Il1 1) POZZOLITH 400N 

-

t 
·----1 CONCRETE Measured value Design value 

4 1/4" "_R" Slump -
Stren2th 

(28-day) 7550 nsi 
(28-day) 

2'_ 'H;rtll n",.f 
C" 

Batch volume 2.0 cubic feet 

Design Air Content 3.0% + 1 (Mixin2 time = 3 0 min.) -

- .-

! MEASURED CAl Cl C2 C3 C4 
AIR CONTEN'I 

OP1 AMR 'IABBARAH 

CllACE 
3,0 3.0 I 3.0 

OP2 
3.0 

AIR 
3.0 3.0 HAZEN JABRI 

INDICATOR I 
3.0 3.0 3.0 

I 
OP3 I 

i 

- I 

PRESS-UR j PM pI P2 P3 

OP1 3.6% 3.8% 
I 

METER 3.4% J:!!1.r Tabbarah-j --
OP I 

"- . -- .~-- .--. _. .. .. _M _,,_~ ___ ~ 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DATE: 4 I II I 83 IVARIABLE TESTED: HIGH RANGE WR (low air)IBATCH NO: HRWR 3 

I~~JENT TEMPERATURE: RELATIVE HUMIDITY: 56% 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv CaDacitv Moisture Webht 

CA 2.62 U.5% -0.5% 95 3 Silicious l3b 1b!. 0.72 

2.59 U.8% +1.6% . 1 Silicious 971b! . FA 

CEME NT Brand Type Web:ht Factor 

I ALAMO I 42.0 1bs. 6 

:JATER Design wei.Jlht Net Wel~ht (after correction) wlc 
l8.~ lbs (1~.3) 18.0 lbs. U7.5) 0.4~ (0.43) 

iAD!1IXTURE TYPE Quantity Brand 

Air Entrainer 

!i:~t_~~ J~e~ucer (type A) 

High Range Water Reducer 6.5 Floz(185 m1) POZZ 400N 

___ CONCRETE Measured value DesiStn value 

Slump 3 1/2" 
.-

Strenl!th (28-day) (28-day) 

Batch volume 2 cubic feet 

Design Air Content 3% + 1 (Mixing time = 5 minutes) 

MEASURED CAl C1 C2 C3 C4 AIR CONTENl 

3.0 3.0 3.0 

OPl 3.0 3.0 3.0 AMR TABBARAH 

3.0 3.0 3.0 

CHACE 

AIR OP2 HAZEN J'ABRI 

INDICATOR 

OP3 

PM PI P2 P3 
PRESS-UR 

OP 
METER 

QP2 3.3% j.n 3.2% Hazen Jabri 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I 
Illi\Tl': : 4 I 8 L.:::.8.:::..3_-1!V.!.!A~R=..!IAB~L~E~TE!:!!S:!..!T~E~D;.!-: .....:H::..:I:..::G:.:..:H~RAN=.:,;G_E'-W.;.:.;R:..:......;(:..:;l;=.o..;.;.w....;a::.;i;;.;r;.:.)~B:!.!A:.:..TCH;:::!!....:.N:.:::O;.!-: ...;H;;;;R.;;.;W.;;.;R~4..:..-___ _ 

IAMBIENT TEMPERATURE: 70· RELATIVE HUMIDITY: 56% 

Unit Grade Type Weight Factor 
Wei ht 

CA 2.62 ~5 3 Silicious 135 Ib • 0.72 

F 2.~9 .6% • 1 ~i1icious 97 lb • 

CEMENT Brand Tvpe Wei2ht Factor 

ALAMu I 42.0 lbs. 6 

~lATER 
Design w~.i..& .. ht Net Wei2ht (after correction) wlc 
l8.!:S lbs.(18.3) 18.0 lbs. (17.5) 0.45 (0.43) 

ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 

Water lleducer. (tvoe A) 

IHi~h ~an~e ;~terReducer b.5 Fl oz (185 ml) POZZ 400N 

CONCRETE Measured value Desi£n value 

Slump j 1/2" 5-8" 

StrenlZ.th (2S.day) (28-day) 

IBatch volume 2 cubic feet 

Desi{t.n ir Content 3% + I (Mixing time = 4 minutes) 

-
MEASURED CAl Cl C2 C3 C4 AIR C\ 

OPI AMR TABBARAH 

3.0 3.u 3.0 
CHACE 

AIR OP2 3.5 3.5 3.5 HAZEN JABRI 

INDICATOR 3.0 3.5 3.0 

OP3 

PM PI P2 P3 
PRESS-UR 

METER 
OPI 4.0% 3.9% 3.9% Amr Tabbarah 

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

I ~~ATE: I~ I 29...L 83 [VARIABLE TESTED: 

IAMBIENT TENPERATURE: 

]-- Specific 
__ -+=Gr::..::a~ 

J~A 2.62 

,.sA 2.59 

Absorption 
CaD8citv 

0.5% 

0.8% 

80°F 

Free 
lu ... re 

-0.4% 

1.3% 

HRNR LOH AIR k,.ATCH NO: HRNR 5 

IRELATIVE HUMIDITY: 51% 

Unit Grade Type Weil;ht Factor 
Weiflht ---

95 3 S.111!::1QUS 136.0 _~Z2 
1 Sil.k1Dus 93,0 

CE.t-l_E_~i_T~[_·~~~-A:LAM=-=-....:.=~~r:.:::a_::::.n_=d_-___ -:_-_-_-:_-_----1··+I~~:T-'c.L;':...r.:.p_e~~=--~~-...L·:I~~~::2-e:~~0b.g,--1!.!.Cl:!:.;:~~!:!.!--s:!..!--.c.....l' __ ._--!:!..-____ _ 

~/ATER 
Design ~~i.&.ht Net Weight {after correction} w/e. 

20.0 lbs.(18. )) 19.5 Ibs. (18.0) 0.48(0.44 
----,. ''-' 

AmlIXTURE TYPE Ouantitv Brand 

Air Entrainer 

Water R~quce~ (tvoe A) 

High Range \vater Reducer 6.5 Floz. POZZOLITH 400N 

CONCRETE Heasured value Desism value 

Slump 7" 5-8" 

IStreQ~.!l 
(28-day) 6370 psi (28-day) ,7 3600 psi 

I hatc.h volume ? (\ _ .1..,( z: . 

!.R.e_Sign- Air Content 3 + 1% (Mixing time = 2.5 min.) 

I I'ffiASURED ~ 
-

CAl C! I C2 C3 c4 
AIR CONTEN. 

I 1.0 ~ () .3..ll __ 1 

I OPt 10 ~ 11-_ _ --1-_D-. __ A.l.ffi '[AU EARAl1 I 

-~ 1 n '\ 1'1 3 n 

I 
CHACE 

I AIR OP2 MAZEN JABRI 
--.-"~ 

INDICATOR 

OP3 

- ! 
PM pI p2 p3 

PRESS-UR 
OP 

METER 

OP 2 c 3.0% 3.0% " 3.0% Hazen Jabri 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IDATE:4 I 29 I 83 VARIABLE TESTED: HIGH AIR HRWR -THATCH NO: HRWRH 1 

IAMBIENT TE ERATURE: 80 0 F RELATIVE HUMIDITY: 51% 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacity Hoisture Weiltht 

~ 
2.59 0.5% -0.4% 95 3 Silicious 136.0 0.72 

FA 2.62 0.8% 1.3% 1 Silicious 70.0 

CEMENT 
Brand Factor 

ALAMO 6 

~:ATER 
Design weiAht Net Wei~ht (after correction) 

'. wLc 
20.0 Ibs. (18.5) 19.5 (18.0) 0.48 (0.44) 

ADMIXTURE TYPE Quantity Brand 
I 
1 

Air Entrainer 30.Qg SEPTAIR 

Wat.e.r Re4ucer (tvoe A) 

High Range Water Reducer 6.5 flo oz. POZZOLITH 400N 

CONCRETE Measured value Design value 

SlullUL 10" 

StrenlZth 
(28-day) (28 -day) 

Batch volume 2.0 cubic feet . 

Design Air Content 10% + 1 (Mixing time = 2.0 min.) 
.,-

MEASURED CAl Cl C2 C3 C4 AIR CONTEN'I 

! 
OPI AMR TAll J3A.RAH 

5.5 5.5 5.0 
CllA CE 

AIR OP2 5.0 5.0 5.5 HAZEN JABRI 

INDICATOR 6.0 6.0 5.0 

OP3 

I 
PM PI P2 P3 

PRESS-UR 
OP 

METE~ 1 11 7% 11 ,1 ~ 11.8% ~-Iabbarab 

OP _._ .. ----------. - .+~. - ~ . . 
'.-~" . 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DATE: 4 I 29 I VARIABLE TESTED: HRWR HIGH AIR BATCH NO:HRWRH 2 

I AMBIENT TEMPERATURE: RELATIVE HUMIDITY: 51% 

-Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacitv Moisture Weilzht 

CA 2.62 0.5% -0.4% 95 3 Silicious 136.0 0.72 

FA 2.59 0.8% 1.3% 1 Silicious 70.0 

CEMENT +-____ --""B-"-ra~n~d~ _____ ""t--'T::..JYu:p:..:e'-----t-.!!.W.::.e ..... ig~hC!.!t=--_l __ F~a;:;:c=-.::t::::o.!:..r __ _ 
ALAMO "I 42.0 lbs. J 6 

~IATER 
Design Wl!illht Net We12ht (after correction) 

"- wLc 

20.0 Ibs. 1951bs n [,fJ. -

ADMIXTURE TYPE Quantity Brand 

Air Entrainer 25.0~ SEE1'AlR 

Water ~~d~cer (tvpe A) 

High Range Water Reducer 6.5 fl. oz. POZZOLITH 400N 

CONCRETE Measured value Desi.gn value 

Slumo 8 3/4" 

Strength (28-day) (28-day) 

jBatch volume 2.0 cubic feet 
i 

Design Air Content 10% + 1 (Mixing time - min.) I , 
-------"-

MEASURED CAl Cl C2 C3 C4 AIR CONTEN1 
1 

B.O 7.0 7.0 I 
OPI 

8.0 6.5 6.0 AMR T AHBARAH I 
8.0 6,0 6.5 

CHACE 

I AIR OP2 MAZEN JABRI --
INDICATOR 

OP3 I 
I 
I 
I -

PM PI P2 P3 
PRESS-UR 

-J 
OP 

METER -- t----

Op2 10.0% 10.0% 9.9% Mazen Jabri I 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IAMBIENT TEMPERATURE: IRELATIVE HUMIDITY: 1 
Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacity Moisture Welg;ht --

J~l~_ ,..-2.62 o 5% -0.35% 95 3 Silicious 136.0 0.72 

_Li. 2.59 0.8% 1.2% 1 Silicious 70.0 

I I ----E- ~ ____ B~r~a:!!:nd:!..-.-____ .. t--:I;--!:-TY.L.l;!.!::e ___ +J ~WT.e~lll:~h~t ,....---Ir._....!F~aC!::.lt~o..!:...r __ 
Icr.::-I NT ALAMO . ] 42.0 1bs.1 6 

Design wei,g,ht Net Weiaht (after correction) w/c 
20.0 1bs.(l6.8~ 19.71bs. (16.5) 0.48 

AD:1Iv:.TURE TYPE 

Air Entrainer 

Water Reducer (tvoe A) --.;;;;------
Iligh Range Water Reducer 

--
1-

.slump' 

CONCRETE 

,--

t;h ':::'tJ~n..&. 

IBatch 

,pesi~ 

(28-day) 

volume 

n Air Content 

1 XEASURED 
__ il.l.ILCONTENl CAl 

OP1 

CIiACE 

AIR OP2 

INDICATOR 

OP3 

PM 
PRESS-UR 

OP 
I METER 1 

I OP 

Quantitv Brand 

30.0 g SEPTAIR 

6.5 F1. oz. POZZOLITH 400N 

Hcasured value Design value 

7 1/2" 5-8" 
5710 psi (28-day) 7 3600 psi 

2.0 cubic feet 

10% + 1% (Mixing time'" 3.0 min.) 

- . --

Cl C2 C3 C4 

AMR TABBARAH 

8.5 8.0 8.0 

8.0 8.0 7.5 MAZEN JABRI 

8.5 8.0 7.5 

--

PI P2 P3 

9.6% 8.8% 
. f---- 9.0% Arnr Tabbarah 

I 

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

IDATE:5 / 2 I 83 VARIABLE TESTED: HRWR HIGH AIR BATCH NO: HRWR 4 ] 

I-A.~IENT TEHPERATURE: IRELATIVE HUMIDITY: __ 1 
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 

FA 2.59 0.8% 1.2% 1 Silicious 70.0 

CE~lENT ll ____ - __ -_-_-_B:r:a:n:d:==========_·t'--_-_....;_T~Y~p=e_'-_-_-_-_·L_W....;.e_i_g_h_t....:-.--1r_-_-_~_Fc..::a_=c_:.=.t_::::..o~r~_-_-_-_-_--= _ ALAMO _ I - 42.0 1bs. 1- 6 

Design \"~~ht =:R--E 
20.0 (16.8) 

ADMIXTURE TYPE 

Air Entrainer 

Water Reducer (tvpe Al 

IHigh Range Water Reducer 

CONCRETE 

Slump 

Strenl!th 
(28-day) 

IBatch volume 

_ D!!.:'?Jg,n--'d r Content 

MEASURED 
AIR CON TEN 

CIIA CE 

AIR 

INDICATOR 

PRESS-UR 

METER 

, 

'I 
CAl 

OPI 

OP2 

OP3 

PM 

OP 

Net Weight (after correction) wLc 
19.7 (16.5) 0.48 

Quantitv Brand 

6 5 .PI n", .pozzm.TTH {"OON 

Measured value Design value 

8 1/4" 5-8" 
5730 psi (28-day) '73600 psi 

2 cubic f~i:t 
10% + 1% - (Mixing time = 3.0 min.) 

-
- -

C1 C2 C3 c4 

10.0 8.0 7.0 

10.0 8.0 6.0 AMR 'f AJiBARAH 

9.5 6.0 6.0 

MAZEN JABRI 
-

PI P2 P3 

OP 2 11.5% 8.9% 9.0% Mazen Jabd 

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

IDATE: 5, 4 / 83 VARIABLE TESTED: HRWR HIGH AIR BATCH NO: HRWRH 5 

I 77 °F ~MBIENT TEMPERATURE: RELATIVE HUMIDITY: 56% 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Caoacitv Moisture Webht 1bs 

·CA 2.62 0.5r. -0.4% 95 3 Silicious 136 0.72 

FA 2.59 0.8% +1.4% . 1 Silicious 70 

I t= Brand I Type 1_.:..:.we;:.;i""g:..:.:h=t __ +r_-=F-=a~c.::.;to:.:r=---__ 

I 
CEMENT --=-_.t--......:...LL.=:_- I 

_ ALAMO _ I 42.01bs. 6 

'.IATER Design wEli..&,.ht Net Weight (after correction) wLc 
20.0 1bs. (16.~) 19.5 Ibs. (16 .• 0) 1bs. 0.48 

ADMIXTURE TYPE Quantity Brand 

Air Entrainer 37 g SEPTAIR 

Water. J.~e4ucer (tvpe A) 

!!.!&h. Range Water Reducer 6.5 F1.oz. POZZOLITH 400N 

CONCRETE Heasured value Design value 

Slump 
8 1/4" 5-8" 

Strength 
(28-day) 6985 psi (28-day) 

73600 1251 

IBatch volume 
2.0 cubic feet 

IDesign Air Content 10% + 1% (Mixing time = 3 0 min ) 

-- -
~!F.ASURED CAl Cl C2 C3 C4 __ AIR COnENT 

9.0 7.0 5.5 

OP1 9.0 8.5 5.5 AMR TA.BBARAH 

7.5 7.0 5.5 

CHACE 

AIR OP2 MAZEN JABRl 

INDICATOR 
--

I 
OP3 

PM PI P2 P3 
PRESS-UR 

I 
OP 

METER 

I OJ) " o .,OJ n ,ru ,.. ... BI -- - . 
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PROJECT 3-9-83-363 

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

1~1TJ~:5 I 24 L 83 IVARIABLE TESTED: ~.;-~~~-rB~TCH ~-~: ~elf 1 ~ 
: ~.; r-E-N-T-T-EMP-E-RA-T-U-RE-: ----7-S-o-p----I'R-E-LA-T-r-V-g HUMIDITY: 59% 

I 
I 

I 

---
Specific Absorption Free Unit Grade Type Height Fac 
Gravitv Capacity Moisture Weh.ht ----

_G.I\ 2.62 0.5% -0.36% 95 3 Silicious 136.5 0.7 -- --
.J"A.. 2.55 3.8% -3.53% !-imestone bl.er ~ 81.0 

I Brand I Type I CENENT -----....!:AIMD~=---------+--'I:..u:==----: Weight t 
42.0 lbs. 

Factor 

6 

',lATER 
Design w~i.&ht Net Weight (after correctionL_ -. wlc 
18.8 lbs. 22.3 lbs. 0.45 

--

,---------- --------------------------1 
IAD,~~~I~X~T~U~RE~TY~P~E~ ______ -1 _____ ~Qlu=a~n~t~i~t~V. ____ _r-------__ ~B~r~a~n~d ___________ ~1 
,1i_~ __ En tra incr ______ 2_0_._0_g _______ t---_____ S_.EP'mI _____ R _________ ~ 
Water ReducesJ.me_A) 

1 

IH~gh Range Water Reducer 

1,=-__ ~Q~CRETE _____ ...!M.!::e~ac:::s..::.u!:..:re::;d=__:!v~_:a:.::l..::.u.::.e ____ l Design value 

4 3/4.,:" ,-- 3-5" i 1> ll!1!lL_ - -+------,---'-"'-"-"--------
, (28-day) (28-day) 
Istrength I -

2.0 cubic feet 

6% + 1% (Mixing t.iIre = 1.0 min.} ____________ _ 

- --
ME,\SURED CAl Cl C2 C3 C4 

AIR CONTENT 

-- - .-----

OPl AMR l,'iliBARAH 
-

5.0 6.0 6.0 
CHACE 

AIR OP2 5.0 6.0 5.5 MAZEN JABRl --
INDICATOR 5.0 6.0 5.5 

OP3 -- ---- I 
I 

-r-----
______________ 1 

PM Pl P2 P3 
PRESS-VR I OP 1 7.6% 7.6% 7.6% Amr Tabbarah 
~1ETER 

I 
------j 

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

IDATF.: 5, 24 I 83 AGGREGATE S 1 BATCH NO: S 1 2 

IAMBIENT TEMPERATURE: RELATIVE HUMIDITY: 59% 

--
Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Caf)acitv Moisture Weaht 

CA 2.62 0.5% -0.36% 95 3 Silicious 136.5 0.72 

FA' 2.55 3.8% -3.53% imestone bIen i 81.0 

EMENT Brand TVf)e WeiRht Factor 

1 ALAMO I 42.0 lhe. 6 

~ATER 
DedS!! !!l.Elillht Net Weizht (after correction) - wlc 
18.8 Ibs. 22.3 Ibs. 0.45 

ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 15.0 g SEPTAIR 

Water Reducer (tV'De A) 

Hi2h Ranae Water Reducer 

CONCRETE Measured value Desi~n value 

Slum!) 4" 3-5" 

Stren2th (28-day) 4920 psi. (28-day) .,.3600 psi 

IBatch volume 2 cubic feet 

Inesh:n Air Content 6% + 1% (Mixing time .. 3.0 min.) 

MEASURED CAr CiS C2 C3 C4 AIR CONTENT 
4.0 5.0 4.5 

OPI 4.0 5.0 5.0 AMR TABBARAH 
I 4.0 5.0 5.0 

CHACE 

AIR OP2 HAZEN JABRI 

INDICATOR 

OP3 

PM PI P2 P3 
PRESS-UR 

OP 
METER 

OP 2 4.8% 4.6% . 4.7% Mazen Jabri 
- , ~ - . 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DATE: 5/ 25 I 83 VARIABLE TESTED' AGGREGATE S 1 BATCH NO: S 1£ 3 ~ 

I~MBIENT TEMPERATURE: . RELATIVE HUMIDITY' 62% 

Specific Absorption Free Unit Grade Type Weight Factor 
Grav1t~ Caoacitv Moisture Wei2ht lbs. 

CA 2.62 0.5% -0.41% 95 3 Silicious 136.0 0.72 

!~ 2.55 3.81% -3.53% 1 limestone bI. 81.0 

CEMENT 
Brand Type Weilzht Factor 
ALAm I 42.0 1bs. 6 

'..lATER Design WfliAht Net Wei2ht (after correction) wLc 

I 18.8 1bs. 22.3 1bs. 0.45 

ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 18.0 g SEPTAlR 

Water Reducer (tvpe A) 

IHi2h Ran2e Water Reducer 

I CONCRETE Measured value Desi21l value 

3" 3-5" ISlumo 
Strenllth (2&-day) 4990 psi (28-daY):;;>3600 psi 

Batch volume 2 cubic feet 

Design Air Content 6% + 1% (Mixin& time .. 3.0 min.) 

MEASURED CAl C'5 C2 C3 C4 AIR CONTENT 

I 

OP1 AMR TABBARAH 

I 
I 

4.0 4.5 4.0 
CHACE 

AIR OP2 4.0 4.5 4.0 HAZEN JABRI 

INDICATOR 4.0 4.5 4.0 

OP3 

PM PI P2 P3 
PRESS-UR 

METER 
OP 1 5.0% 5.1% 5 1% Amr T::ahh .... "h 

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

i DATE: 5/ 25L_~3 VARIABLE TESTED' AGGREGATE S 1 BATCH NO: S 1£ 4 

I---------------------------------~----------------------------------~ 
IAMB TEIH TEMPI!:RAT . .!.!UR~E'_!...: ___ 74_o_F ___ ---!lRE~L~AT~I!:..!VE~H~~DI:!:..:TY~: __ 6_2_% _______ , 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv CaDacitv Moisture WeiQht 

CA 2.62 0.5% -0.41% 95 3 Silicious 136.0 0.72 

FA 2.55 3.81% -3.53% 1 imestone b1en~ 81.0 

CEMENT Brand Tvtle We1~ht Factor 
ALAMO I 42.0 1bs~ 6 

:.JATER Design weiRht Net WeiRht (after correction) w/.c 
18.8 lbs. 22.3 1bs. 0.45 

ADM:.XtURE TYPE Ouantitv Brand 

Air Entrainer 20.0 g SEPTAlR 

lwater Redu~er (tvDe A) 

iRigh Ran2e Water Reducer 

----I CONCRETE Measured value Desh:n value 

jSlumo 4 1/211 3-5" 
(28-day) (28-day) 

Istrength 3980 psi 73600 psi 

2 cubic feet Batch volume 

Desi~ A.ir Content 6% + 1% (Mixin2 time .. 3.0 min.) 

I MEASURED C5 , CAl C2 C3 C4 
l- AIR CONTENI 

6.0 6.0 7.0 

OPl 6.0 6.0 6.5 AHa TABBARAH 

5.5 6.5 6.5 

CHACE 

AIR OP2 KAZEN JABRI 

I:iDICATOR 

OP3 

PM PI P2 P3 
PRESS-UR 

OP 
I METER 
! 

7.6% I opZ 7.5% 7.5% Mazen Jabr1 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

iDATE:5 f 25 I 83 IVARIABLE TESTED: AGGREGaTE L S~-1---·1~-AT-CH--N-O-:-I-. -:;-f--1--- [ 
C C 

I~MBIENT TEMPERATURE: 

Free 
Moisture 

-2.78% 
2.24% 

RELATIVE HUMIDITY: 

Unit rtl Wei hL 

~ 

Type Height 

I.j n:estooe 129.0 '--

Silicious 88.0 
-- .-

Weight: .[ _...::.F.,.:a'-'=c..:::.t;:::,.or::.. ___ _ 

42.0 lbs.I 6 

1

1.----. Design \v~i,.g!lt Net Wei ht (after correction ~ · __ ---'w .... l.=c ___ _ 
~~TE~., ____________ _ _ . ___ _ 19,8 lbs. _1------=2.=.1=-=.6::......=lb:.:.;5:;..::,I------_____ -l-____ .:::.O!..:..4!.!7 ___ _ 
-_. --
ADHI XTURE TYPE Quantity Brand 

A~LJ~:ntrainer 20.0 9 SEPTAIR 

\It.i!~er Retiucer (type A) 

IHigh R;mge {later Reducer 

CONCRETE Heasured va.lul?! Design value 

ISlump 4 1/2" 3-5" 

Streng1;h 
(28-day) (28-day) 

._-------
jBa..t.ch _volume 2.0 cubic feet 
I 
!De~ign Atr Content 6% + 1% (Mixing tine .. 3.0 min.) 

- .-
I ~fEASURED 
j AIR CO~TEN'1 

CAl Cl C2 C3 C4 

OPl AMR 'fAllBA1{;\H 

5.0 5.5 5.0 

HAZEN JABRl l CHACE 

AIR op2 5.0 5.5 5.0 -
INDICATOR 5.0 6.0 5.0 

I 
I 

I • -. 

I OP3 

t 

------_. 
PM PI P2 P3 

PRESS-UR 

METER 
OP1 8.3% 13.2% 8.3% 1Irnr Tabbarah 

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

I DATE: 5{ 25/ 83 VARIABLE TESTED: AGGREGATE L s BATCH NO: L s 2 

AMBIENT TEMPERATURE: 74°F [RELATIVE HUMIDITY: 62% 

Specific Absorption Free Unit Crade Type Weight Factor 
GravitY Capacity Moisture We1aht les. 

CA 2.55 2.95 % -2.78% .92 2 limestone bI. 129.0 0.72 

FA 2.59 0.8% +2.24% 1 Silicious 88.0 

ALAMO 3 42.0 lbs. , 
Weight t Factor CEMENT Brand Type 

6 

~lATER 
Design wEliAht Net Weiabt (after correction) , wLc 

19.8 1bs. 21. 6 Ibs. 0.47 

@~XTURE TYPE Ouantitv Brand 

Air Entrainer 15.0 g SEPTAIR 

Water Reducer (type A) 

IHi~h Ran2e Water Reducer 

I CONCRETE Measured value Desbn value 

Jlump 4 3/4" 3-5" 

iStren2th (2S-day) 4970 psi (28-day) ?3600 psi 

IBatch volume 2 cubic feet 

Design Air Content 6% + 1% (Mixin2 time = 3.0 min.) 

MEASURED CAl C2 C) C4 AIR CONTENl C5 

5.0 6.0 6.0 

OPI 5.0 5.5 5.5 AMR TABBARAH 

5.0 6.0 5.S 

CHACE 

AIR OP2 HAZEN JABRI 

INDICATOR 

I OP) 

PM PI P2 P3 
PRESS-UR 

OP 
METER 

I OP 2 7.F,r. 7.6% 7.8% Mazen Jabri 
.-~-.~. 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I DAn:: 5 I 26 I 83 VARIABLE TESTED: AGGREGATE L s BATCH NO: L s 3 

76°p I 52% I AMBJ_ENT TEt-lPE~.RA~TUR~E!..!.: ________ .l:.RE=LA~T:!!..!I!:...!VE~H~UMI=-=:D=-ITY~:,---_________ -.1 

l~peC1fiC Absorption Free Unit Grade Type Weight Factor 
Gravitv Capacity Moisture We1llht 
I 

~2.55 29151. -2.78 % 92 2 lim~lIIt"on~ hI 1?9 0 072 

!---IAl 2.59 0.8% 2.83% 1 Silicious 86.S 

1 Brand Tyoe Wei~ht[ Factor j 
!_CE_ME_._N_T_~~~----~A~I~'A~M~Q------+-~T~=-----r-~42~0~]-h-S-+I--~6~~------

-
',.rATER Design ~iAht Net Wehht (after correction) . w/c 

20 1 Ihlll n.41hlll O . .AB 

I 
Jluantltv IN>~IXTURE TYPE Brand 

12 00 Air Entrainer ~F.P"AT~ 

Water Redu~er (tvoe A) 

! H i2h Range Wa ter Reducer 

CONCRETE Measured value Design value 

Slump 3" 3-S" 

Strength (28-day) 5200 psi (28-day) 73600 osi 

Batch volume 2 cubic feet 

Design Air Content 6% + 1% (Mixing time a 3.0 min.) 

I HEASt'RED 
! AIR CONTENT CAl Cl C2 C3 C4 

: OPl AMR TABBARAH 

CHACE 
4.0 4.0 4.0 

AIR OP2 3.S 4.0 4.0 KAZEN JABRI 

INDICATOR 4.0 4.0 4.0 

OP3 

PM PI P2 P3 
PRESS-UR 

METER 
OP 1 5.S% S.6% --------- ~r Tabbarah 

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

VARIABLE TESTED' AGGREGATE L s BATCH NO: L s 4 

76°F I 52· AillU~tiT TEMPERATURE: _______ ----'~R=EL=A~T..:I..:..VE=__:.H:.:=UMI==_D~I~TY~; ____ At ______ --.J 

ecific Absorption Free Unit Grade Type Weight Factor 
avitv Caoacitv Moisture Wei2ht 
2.55 2.95% -2.78% 92 2 limestone b1. 129.0 0.72 

2.59 0.8% 2.83% 1 Silicious 86.5 

I ,..-,""'M' Brand Type Weight! Iv::' •. u".~ ALAMO I 42.0 I 
I._ .. __ -+ ____ . _________ .L-_____ ..l.-. ____ ---L. ______ --I 

Factor 
6 

riATER 
Desi&!! Wl!,ilzht Net Webht (after correction) .. wlc 

20.6 1bs. 21.9 1bs. 0.49 --
I 

Ouantitv [ADMIXTURE TYPE Brand 

12.0g S§PTAIR ~Jr Entrainer 

Water Reducer (tvoe A) 

High Ran2e Water Reducer 

CONCRETE Measured value Desil!:O value 

I 
.:>luMP 3 1/4'1 3-5" 

Stre:uzth (2S-day) 5200 osi (28.,.day) 73600 osi 

Batch volume 2 cubic feet 

pesign Air Content 6% + 1% (Mixing time a 3.0 min.) -

I MEASURED I CAl C5 C2 C3 C4 j-- AIR CONTEN] 

4.0 5.0 4.0 

OP1 4.0 5.0 4.5 AMR TABBARAH 

4.0 5.0 4.0 

i 
I CHACE 
I HAZEN JABRI AIR OP2 

INDICATOR 

OP3 

: 

PM Pl P2 P3 
PRESS-UR 

OP 
~TER 

I OP 2 5.2% 5.2% 5.1% Hazen Jabri 
--
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I ~:;;'-~-26/-83-J;~;"~--;;;;~E~.D~:,--_~ ___ T_E~LceS_f ___ --_-..j..!rB:!.!A.!..!·;~-~i:_NO;_,_~~~---'--=1 

I~~IENT TEMPERATURE: IRELATIVE HUMIDITY: 52% 

---IS pee Hie Absorption Free Unit Grade Type Weight Factor 
Gravity CapacitY Moisture Webht 

-

CA 2.55 2.95% -2.78% 92 2 L:inestcmc 129.0 0.72 - -

FA 2.59 0.8% 2.83% 1 Silicious 86.5 

~~;!i~NT t-----.=B;.r=an:.:;d=---------f'-"'""'T::..Yu:p:..::e=----- 'I Weight f 
_ MAID _ I _ 42.0 lbs. 6 

Factor 

:IATER Design wei..&.ht Net Wei2ht (after correction) wLc 
20.6 lbs. 21.9 lbs. 0.49 

.. -- --
ADMIXTURE TYPE Quantity Brand I 
Air Entrainer 13.0 9 SEPTAIR 

-
Water Reducer (typ.e A) ... _--
~igh Ran~e Water Reducer --~ 

CONCRETE Heasured value Design value 

1.~1l!ill.... 
4" 3-5" 

lIell&..t_h __ (28-day) (28 -day) 
----

atc.h....volume 
2.0 cubic feet 

-------- ----------------:1 
es~Air Content 6% + 1 (Mixinq tine---=--1.0 min. ) _____ 

I 
- ______ 1 

. - ----------
MEASURED CAl Cl C2 C3 C4 

AIR CONTENT -- ---------1 
--- _.- I 

I OPI AMH IMP-ARAH I ------
I 
I ----, 

4.0 5.0 4.5 
CHACE 

1 

AIR OP2 4.0 5.0 4.5 MAZEN JABRI 
4.0 5.0 4.5 

--
INDICATOR 

--

I OP3 

t 
----- -

PM PI P2 P3 
PRESS-UR ---

I OP 1 6.4% A1"1r Tabbarah 1 6.5% 6.5% 
I METER - -.- ,-- ---

I OP 
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PROJECT 3-9-83-363 

EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

IDATE: j 26~_83 __ ~~VA~R~I~AB~LE~T~E~S~TE~D~: ___ A_G_GRE __ G_A_TE __ L~1~ ____ ~BA~T~CH~N~O~:~~~ __ --~ 

IAMBIENT TEMPERATURE: . RELATIVE HUMIDITY: 52% 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Caoacitv Moisture Weistht lbs. 

CA 2.55 2.95% -2.78% 92 2 limestone b1. 129.0 0.72 

FA- 2.55 3.81% -3.53% limestone b1. 91.0 

CEMENT Brand Tvoe Webht Factor 
ALAMO I 42.0 lbs. 6 

~ATER 
Des is!! wE}.1.&.ht Net Wei2ht (after correction) 

.' wlc 
17.5 lbs. 24.6 lbs. 0.42 

ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 15.0 g SEPTAIR 

Water Reducer (type A) 

High Ran~e Water Reducer 

CONCRETE Measured value DesiEn value 

Slump 3 3/4" 3-5" 

Strenllth (28-day) 5100 psi (28-day) 73600 psi 

IBatch volume 2 cubic feet 

Design Air Content 6% + 1% (Mixing time :0 4.5 min.) 

MEASURED 
AIR CONTENl CAl C5 C2 C3 C4 

4.5 5.0 4.5 

OPI 
4.5 4.5 4.5 AMR TABBARAH 

4.5 5.0 4.5 

CHACE 

AIR OP2 MAZEN JABRI 

INDICATOR 

OP3 

PM PI P2 P3 
PRESS-UR 

OP 
METER 

OP 
2 6.1% 6.1% 5.9% ~~ .. ' .. 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

! ::lATE: 5 I 27 I -~; VARIABLE TESTED: AGGREGATE L 1 BATCH NO: L 1 2 

I~MBIENT TEMP~RA.T..."UR=E-,-: __ 7_s_o_F _____ IL.:.:RE=L=A=T:.:I'-'-VE=--=H::..:UMI:..:.=~DI::..:TY:...:....:.: ___ S_S_% ______ _' 

i - is pec-i-r-ic-· 

! ICr""-L-
I 

CA __ 2.5_5_ 

1:'.'. 2.55 
,~----

Absorption Free Unit Grade Type Weight Factor 
Capacity Moisture Weiaht 

2.95% -2.78% 92 2 limestone b1. 129.0 0.72 

I 3.81% -3.53% limestone b1. 91.0 

CEME:H Brand Type Webht Factor 
ALAMO I 42.0 1bs. 6 

'JATER 
Design w.Eti..&..ht Net Wei~ht (after correction) - wLc 
18.5 1bs. 25.6 1bs. 0.44 

,. 
I ADM! XTURE TYP E Ouantity Brand 

15.0 g ~PTAIR ,Air Entra1ner 

~ater Reducer (tvpe A) 

High Range Water Reducer 

I CONCRETE Measured value Desi~ value 
I 
Slumo 3 3/4" 3-5" 

IStrength , 
(2~day) (28-day) 

Batch volume 2 cubic feet 

Design ir Content 6% + 1% (Mixina time'" 4.0 min.) 

I 
MEASURED CAl C2 C3 C4 

AIR CONTEliJ: e5 

OP1 AMR TABBARAH 

3.5 5.0 4.5 
CHA.~ 

OP2 
3.5 4.5 4.0 HAZEN JABal AIR 

INDICATOR 3.5 4.5 4.0 

OP3 

PM P1 P2 P3 
PRESS-UR 

METER 
OP 1 6.3% 6.2% 6.2% Amr Tabbarah 

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

l--rspecific Absorption Free Unit Grade Type Weight Factor 
Gravitv Capaci~v Moisture Wekht 

CA 2.55 2.95% -2.78% 92 2 limestone bI. 129.0 0.72 

FA ~·2~ 3.81% -3.53% limestone hI 91.0 

Brand Tyoe Factor 

ALAMO I 6 

I 

~';ATER 
Design w~.iA.ht Net Wei2ht (after correction) , wlc 

18 5 Ibs 25 6 Ib_£<L o 44 

ADMIXTURE TYPE Quantity Brand 

Air Entrainer 15.0 2 SEPTAIR 

~r Reducer (tyoe A) 

High Range Water Reducer 

I CONCRETE Measured value Design value 
4" 3-5" au:np 

Strenl!th (28-day) 4470 psi (28-day) 73600 psi 

Batch volume 2 cubic feet 

Design Air Content 6% + 1% (Mixing time .. 3.0 min.) 

MEASURED CAl C2 C3 C4 AIR CONTENl C5 

4.5 4.5 4.5 

OPl 4.0 5.0 4.5 AMR TABBARAH 

4.5 5.0 4.5 

CHACE 

AIR OP2 MAZEN JABRI 

INDICATOR 

OP3 

PM Pl P2 P3 
PRESS-UR 

OP 
METER 

OP 2 6.5% 6 • .5% 6.47- - ~n-..J.all"~ . . .•.. n'. __ " .. 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I~MBIENT TEMPERATURE: RELATIVE HUMIDITY: 55% 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Capacity Moisture Weight 

I 
C. 

.·FA 

;\ 2.55 2.95% -2.78% 92 2 Limestone 129.0 0.72 ----_. ----- '--
1 2.55 3.81% -3.53% Limestone 91.0 

I
i CEHENT L+-_____ -=:B.:.ra:::;no:;d=--_____ +---=T:...JY~pe L ALAMO I 6 

Factor 

Design w.~i.&.ht Net Weight (after correction) wLc 
18.5 lbs. 

-. 

AD_~lI XTlIRE TYPE 

l\iL_Entrainer 

\i~ter I_educer _(~.YI>.e N. 
High Range Water Reducer 

--
I CONCRETE 

Slu:no 

Strength 
(28-day) 

!Batr.h volume 
I 
i 
ID~sign A~ Content 

\SURED MEl 
AIR CONTENT 

Cll" 'CE 

AIR 

HID leATOR 

'5S-UR PRE 

MET ER 

CAl 

OPI 

,----

on 

OP3 

PM 

OPI 

OP 

25.6 lbs. 0.44 

QuantitY Brand r 
15.0 g SEPTAIR 

~ 
-. 

.--
Measured value Design value 

3" 3-5" .. 

(28-day) 
--

2.0 cubic feet 

6% + 1% (MixinlZ time = 3 0 min ) 

- -.. -
Cl C2 C3 C4 

AHR TAliBARAH 

4.5 4.0 

4.0 3.5 MAZEN JABRI 
-

4.0 3.5 

--

-
PI P2 P3 

6.3% 6.4% 6.2% Amr Tabbar~h --1 
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PROJECT 3-9-83-363 
EVALUATION OF CHACE AIR INDICATOR FOR USE IN CONCRETE CONSTRUCTION 

I ~1.\T~~-;~;-~;;; ------ ~:;r-ARI.E 'I'Jo:ST;':-r~~-~~: -~~-·--·-·-·-----rRAT.qL~g.L 1,1.. ____ ....1'1 

I ~~ I ENT TEMPF~RA TllltE: ~]RELA 1'J_V_~=-.:.:H=UMI=D~I'-"TY...:...:...: ___________ --' 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Caoacitv Moisture Webht 

CA 2.62 0.5% -0 5% ._ -~ I-~- ---2; 1 i ci ous 136.0 0.72 

FA 2,5.9 0.8% - L=Q....8L 1 -.-Sil i ci ous 91.0 

CEMENT __ jl--------!:B:..!:r~a!!:nd~-----,t--'T ... Y~p..::.e---t---=-w:..:e:.:i ... gh:..:.;t=--_t_~F~a::::.ct:=.:o~r'__ __ _I 

Alamo __________ ~ __ ~I ______ ~~42~.0 1~bs~~ _____ ~6~ ____ ~ 

~lATER 
Net Weight after correction wc Design w~i..&.~ 

___ .1--_~2:..:::.0..:...;. 1 1 bs ,~ ____ ~2~1.5 1~b~s __________ ~ __ ~0~.~48~ ____ ~ 

r---

~MIXrURE TYPE Quantity Brand 

Air Entrainer 6g SEPTAIR 

Water Reduce~.J£.Il!e A) 

Hi2h Range Water Reducer 

CONCRETE Hea:;ured value Desbn value 

Slumo 411 1-!:i 1l 

IStrength (28-day) (28-day) 

Batch volume ? ~ILft 

Design Air Content 3% ± 1 OOxinQ time = 3 min) 

-
MEASURED CAl C5 C2 C3 C4 AIR CONTENT -

en en 3.5 
I:: I:: .-

I'e. -g ~ 4.0 0.. It! It! AMR 'IABBAIAJl It! .s= -~ V) 

4.0 

en 4.0 
CHACE I:: ..... 

0.. 3.5 0.. AIR It! 
~ 

INDICATOR 3.5 

PM Pl 
PRESS-UR 

P1 p1 
OP 

4.3% 4.1% 3.8% METER 

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

11l.\:t'~~--7/;~~~~-----· rv~R-;AR;;:I'I~~TEI;~-~~~- ~~~-----------TBAIC!Ut'li:_ . ..:2=--.. ___ --1] 

I ~ lENT TEMPf;.RA TlJJtE: l~E['AILv..E HUMIDITY: 

I 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Cauacitv Moisture Webht 

CA 2.62 0.5% -0.5% 95 3 Silicious 136.0 0.72 

FA Lc59 0.3% L:!L.8L ~._~ __ ~Uicious 

CEMENT 1~ ________ ~B=r~a~n=d 
~ Alamo 

:lATER Design wEli.s.ilL-f-
20.1 lbs 

r-

.ADMIXrURE TYPE 

Air Entrainer 

Water ~educe~~t~e ~ 

Hi2h Ran2e Water Reducer 

. 

I 
TX2e We1R:ht 

I 42.0 1bs 

Net Wei~ht after correction 
21.5 'Ibs 

Ouantitv Brand 

nn SF'PTATR 

91.0 

Factor 
6 

w c 
0.48 

CONCRETE Heasured value Delii'm value 

SlumD 4 1/211 3-5 11 

Stren2th 
(28-day) (2a-day) 

Batch volume 2 cu ft 
Design Air Content 3% ± 1 (Mixi nQ time = 3 mi n) 

MEASURED CAl CS C2 C3 C4 AIR CONTENT 

0'1 0'1 4.5 
s::: s::: --.,.... "'D *,-

I 
O-s:::~ 4.0 AMI TABIWWl O-ttIttI 
ttl .r:: -l- V') 

4.5 

0'1 4.S 
CHACE s::: ..... 

0- 4.0 
AIR 0-

~ 
INDICATOR 4.0 

PM P2 P2 P2 
PRESS-UR 

OP 
4.4 4.1 4.0 METER 

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

11l,\:rI';~ 7128~~;------IvAR~-AA~r. n:sTI.:r~~-~:-~i r ------·---TRA'tCllJtlli __ .J..-J-____ -J'1 

IAMBIENT TEMPF~m.~]:: IREl.ATlVE HUMIDITY: 

-ISpeclfic 
iGravit 

Free 
Moisture 

Type Weight Factor 

CEME~ Brand 

I 
1:e Weight I Factor 

Alamo 42.0 lbs 6 

~JATER 
Design w~i.&.11L-_ Net Wehht after correction w c 

20.1 lbs 21.5 lbs 0.48 
'r' 

.ADMIXTURE TYPE Ouantity Brand 
Air Entrainer 6 g SEPTAIR -

Wate~ ~epuce~~£X2e A) 

Hi2h Ran2e Water Reducer 

CONCRETE HeaRured value Desistn value 

SlumD 511 3-5 11 

IStren2th 
(Z8-day) (28-day) 

Batch volume 2 cu ft 

Desilln Air Content 3% + 1 (Mixin~ time = 3 min) 

MEASURED CAl C5 C2 C3 C4 AIR CONTEN'I 

3.5 
'-

I 4.0 AHR tABBAIAH -
3.5 

':.0 
CHACE 

AIR 
3.5 

INDICATOR 3.5 

PM p3 p3 p 3 
PRESS-UR 

OP 3.7% 3.7% 3.4% METER 

I OP 

I 
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I ~l.\'l';,~~~-/~~ ~~~- -----'lv~;r'i\RI~I~;.;~~:~~;--'- ~'~~~~: ~-~;----·-----fRAT.q~ .!(qL.~ ------.1 
IAMBIENT TEMPERATURJ.: -.lIiEI.A1LV.E HUMIDITY: I 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravitv Caoacitv Moisture Weillht 

CA 2.62 0.5% -0.5% ,_ I--~ 1-3 _ Silicious 136 0.72 

FA 2.59 0.8% ~2% ~ __ .2iJjcious_ 82 
- -

CEMENTJ Brand 

I 
Type Weight I Factor 

Alamo 8 42.0 1bs 6 

',lATER 
Des ign w~iAh.!- Net Weillht after correction w c 

20.1 1 bs 20.9 'I bs 0.48 

r--

,ADMIXTURE TYPE Ouantitv Brand 

Air Entrainer 15 g SEPTAIR 

WaterReduce~~tIPe ~ 

,Hillh Range Water Reducer 

CONCRETE Heasured value Deshn value 

Slump 3 3/4" 3-5" 

Strength 
(2~day) (28-day) 

Batch volume ? n 1"1/ ft 

.Design Air Content F\'J! + 1% (Mixina Time = min) 

MEASURED CAl C5 C2 C3 C4 AIR CONTEN1 

5.5 
C"l C"l . '-s:::: s:::: 

I 
.,.. *'C -,.-

6.0 o..s::::~ AMI TABBAIWI 0..."." 
." .c -t- Ul 6.5 

C"l 5.0 
s:::: 

CHACE .... 
0.. 
0.. 5.0 

AIR ." 
t-

INDICATOR 5.0 

PM Pl p1 P1 
PRESS-UR 

OP2 5.3 5.6 5.1 
METER 

OP 
'. 
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I ~~~-;;;-~~;;------·Iv/~T-~I~~;;~- Me~-i-u~~~---·-----fHAIqL~_Cli-1. ____ --I 

I A.."'lB I ENT TEMPERATURE: JREl.A IL.V_E=--:..H~U~MIc!:.;D:::;.:I~TY'-!...!.:_-_________ --11 

Specific Absorption Free Unit Grade Type Weight Factor 
Gravity Caoacitv Moisture Wehht 

CA 2.62 0,5% -JL5.1. 95 3 5il icious 136 0.72 

.R 2.59 - 0.8% -=:0....21- LL_ Silicious 82 

I Brand 

I Ty~e Weight f Factor 
~TJ Alamo 42.0 1bs I 6 

'.IATER Design w~i.&.~f-. Net Weis!ht after correction w c 

20 a '1 bs 20.9 'Ibs 0.48 
.--

~MIXTURE TYPE Quantitv Brand 

Air Entrainer 15.0 9 SEPTAIR 

Water Reduce~...JURe ~ 

,Hi~h Range Water Reducer 

CONCRETE HeaAured value Design value 

Slumo 3 1/211 3-5% 

IStren2th (28-day) (28-day) 

Batch volume 2.0 cu ft 

,Design Ai.r Content 6% ± 1% (Mixing Time = 3.0 min) 

I 
-MEASURED CAl C5 C2 C3 C4 AIR CONTENT 

C'l g 6.0 
c '--,- "'C -,... 

l 
o.c~ 6.0 0.1010 AMR TABSAIAJI 10 ,.. 
I- 1.1) --

5.5 

~ 5.5 
CHACE 

.~ 
AIR 5.5 

rc 

INDICATOR 5.5 

PM 
PRESS-UR 

P:2 P2 p2 

OP 
5.5 5.7 5.3 METER 

I OP 



138 

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

1 ~J.\TI·;~~/2;;~;--------lvl'-;~-AHI.E 'n:~TEI~~-~~~~~m A~~----'-"--TBAT..c!L.ttC!i_3 'I 

IAMBIENT TEMP~RATQRE: 
Grade Type Weight Factor 

CA 2.62 0.5% -0.5% 95 3 Silicious 136 0.72 
r-~---~----+~ r-------+-------~ 

.IA.. 2.59 0.8% -0.2% 1 Silicious 82 
--~------~------~ 

CRMENJ 
. 

Brand 
Alamo -

Type I .. ht Factor 
I 42.0 lbs 6 

----------~--~----~--~. ~~----~------~ 

1·.IATER Design w~i.&.ht Net Wei~ht(after correction) . vIc 
20.0 lbs 20.9 lbs 0.48 

... 

. _-
ADMIXTURE TYPE Quantity Brand 

Air Entrainer 15.0 9 SEPTAIR 
-

Water !educe~~txPe A) 

Hi~h Ran~e Water Reducer 

CONCRETE He'll'!Ured value Desism value 

Slumo 4 1/2" 3-5" 

IStrenRth 
(Z8-day) (28-day) 

Batch volume 2.0 cu ft 

.Design dr Content 6% + 1% lMixinq Time = 3.0 min) 
-

MEASURED CAl c5 C2 C3 C4 AIR CONTENl 

6.0 
en g '-C 

I 
-,- ~ .. ,... 6.0 0. C..lI( AMI TABB.U.AK 0.1010 
10 .s::. --
I- V) 5.5 

g 5.5 
CHACE .~ 5.5 
AIR {2 
INDICATOR 5.5 

PM P3 p3 p3 
PRESS-UR 

OP .5% 6.2% 5.9% METER 

OP 
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I~~IENT TEMP~RAT~E: ]RELATL"-.E HUMIDITY: 

cific Absorption Free Unit Grade Type Weight Spe 
Gra vity Caoacitv Moisture Weight 

2.62 0.5% -0.5% 95 3, _ _ Sil icious 136 

2.~9 0.8% ~% 1 _ ---.llJ i ci 0 U L. 82 

GEMENJ Brand 
-I 

Ty~e Weight I ALAMO 42.0 1bs 

',lATER Design w~i..8.h~~ Net WeiRht after correction 

20.0 1bs 20.9 1b~. 

.---
~MIXTURE TYPE Quantitv Brand 

Air Entrainer 20.0 CI SEPTAIR 

Water Reduce~~tlPe ~ 

Hi2h Ran2e Water Reducer 

Factor 

0.72 

Factor 

6 

0.48 

CONCRETE Heafiured value Desian value 

Slum'O 6 1/2 3-5 11 

Stren2th 
(28-day) (28-day) 

Batch volume 2 cu ft 

De~ign ir Content E% :!:. 1~ (Mixina Timp = 3.0 min) 
- -

MEASURED CAl C5 C2 C3 C4 AIR CONTEN1 

01 01 8.0 
c c '--,- "'0 • ..-

I 
a.c~ 9.0 a./tl/tl AKR TABBAIAll /tl .c: 
l- V') -

8.5 

01 B.O c 

CHACE 
.... 
a. 
a. 7.5 /tl 

AIR I-

INDICATOR 8.0 

PM Pi 
PRESS-UR 

P1 P1 
OP 8.5 8.8 8.5 METER 

OP 
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11l'~'tF .. ~-7/··3·-0/8--3----· ~.Vi\IH-ARI.E TESTI·:n: -------------·---r '1 
~ \. . Hi gh Ai r IBATJ1LN_'li_ .... 2 ____ ---1. 

IAMBIENT TEMPERAT~~: ]REI.ATIVE HUMIDITY: 

Grade Type Weight Factor 

.SiliciQY.L 136 0.72 

-Ml~i0us 65 

I 
Type 

I 
Weight ! Factor 

I 
CEMENT 1~ ________ ~B~ra~n~d~-------- r-~~=-----r-~~~---r--~~~----~ 
_ ~ A1amo, __________ ~ __ ~ ____ ~ __ _= 

',lATER Design w~.i..&.ht 

lbs 
-_. 

~MIXrURE TYPE 

Air Entrainer 

Wat~r Reduce~..JURe _tY 
,Hi~h Ran2e Water Reducer 

Quantity 

40.0 9 

I 42.0 1bs 6 

after correction we 
0.48 1bs 

Brand 

SEPTAIR 

CONCRETE 

f 
HC;)l';ured value Design value 

Slum~ 4 1/4" 3-5" 

Strength 
I (28-day) 
i 

(28-day) 

Batch volume 2.0 cu ft 

Desi~g Air Content ]0% t 1% lMixinQ Time = min) 
-

MEASURED CAl c5 C2 C3 C4 Nt 

~ ~ 9.0 
I: I: '--

l 
.'- '"C ...... 
0.1:..:0.:: 9.5 AKll TABBAIAH 0. to to 
to .s:::: --
I- V') 

8.5 

~ 8.0 I: 
CHACE .,.. 

0. 
0. 8.5 AIR ~ 

INDICATOR 7.5 

PM P·2 P2 P 2 
PRESS-UR 

OP 9.0 8.6 8.3 
METER 

I OP 
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APPENDIX g 

INSTRUMENT AND MATERIAL PROPERTIES 

B.1 Instrum~nt Properties 

B.1.1 CAl 
All Chace Air Indic~tors (soil test CT -158, concrete 
air indicator) were found to have a Chace Factor of 2.5. 

B.1.2 All pressure meters were Soil T~st CT-125, Press-Ur meter. 

B.2 Material Propertips 

B.2.1 Aqgreaates 

R.2.l.1 Fine Aaareaates (Sand) 
(1) Grade 1 reauirements satisfipd 
( 2 ) Fine n es s mod u 1u s = 2.53 
(3) Saturated-surfacp-dry specific aravity = 2.59 
(4) Ahsorption capacity = 0.8% 

R.2.1.2 Coarse Aaqreqates (Gravel) 
(1) Saturated-surface-dry weight = 95.0 1b/ft3 

(2) Saturated-surface-dry specific gravity = 2.62 
(3) Absorpt ion capac ity = 0.5% 

143 
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B.2.2 Air EntraininQ Aaent, Admixture and Cements 

8.2.2.1 Air Entraininq AQent 
It is a vinsol resin of SEPTAIR brand manufactured by ~onier 

Resources, Inc. 

B.2.2.2 Admixtures 
(1) Water Reducer: Pozzolith 322N brand manufactured by 

ft1aster Builders. 
(2) High Range Water Reducer: Pozzolith 400N brand manufac­

tured by Master Builders. 

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

Average of Three CAl Readings for Variable HS. 
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Xmc (%) PMR (%) Y1 (%) (PMR-Yl) (%~ 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 

I 
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HIGH~Mortar 
A V. Corrected 

LOW C A I ReadinQ 
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AV. Meter 

LOW ReadinQ 

low Air High Air 

Fig. C.l (Continued) 
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HIGH ~ Mortar 
A V. Corrected 

LOW CAl Readino 

HIGH ~ Prellure 
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Cement Typem . Cement Type IT 

Fig. C.l (Continued) 
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HIGH ~ Mortar 
A V. Corrected 

LOW C A I Reading 

HIGH. Pressure 
AV. Meter 

LOW Reading 

High Range Woter Reducer 

Fig, C.l (Continued) 
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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 volOme of solids, including 
water. 

then 

LettinQ 
V = des i ~ned volume of concrete 
v = actual volume of concrete 
P = desiQned air content in concretp. 
p = actual air content in concrete 

VS = volume of solids in designpd volume of concrete 
vs = volume of solids in actual volume of concrete 

VS = (V)(l - P), and 
vs = (v)(l - p) 

But the volume of solids does not chanpe, and hence 
Vs = vs, and 

V = (1 - p) 

v (1 - p) 

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

CAY = (CAF)~UW)(V) 
(specific weig t of watpr){G) 

where CAF = coarse aggregate factor 
UW = saturated surface dry unit weight of the coarse 

agQreQaates in use, expressed in lb/cu ft 
G = saturated surface dry specific pravity of the 

coarse aggregates in use. 
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(0.1) 

(0.2) 

(0.3) 

(0.4) 
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The actual rrortar volume (MV) is given by 

MV = v - CAY 

MV = v - (CAF)(UW)V 
(62.4)(G) 

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

MV 
MC = v 

= 1 - (CAF)(UW)V 
(624)(G)v 

ReplacinQ ! by eQuation D.3 yields 
v 

MC = 1 - (CAF)(UW)(l - }) 
(624)(G)(1 - p 

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

MC = 27 - (27)(CAF~(UW)(1 - p) 
( 62 • 4 )( G (1 - P) 

(0.5) 

(0.6) 

(D.7) 

(0.8) 
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APPENDIX E 

RECOMMF.NDED PROCEDURE FOR THE USE OF THE CAl 

The test could consist of one reading, or t.he 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) Fill the brass cup with cement mortar from the concrete 

to be testen, excluding particles of sand 1arQer than 1/12 in. 
(2.0 mm). A n~rrow knife b1adp 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 r,em paper clip is suitable) 
(Fia. 4.2). If large sand particles are detected during rodding, 
they should be removed. 

(4) Tap on the sides of the CliP using the handle of the knife 
or the spatula to allow large air pockets to escape (Fig. 4.~). 

(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 
fingp.r (Fig. 4.5). 

(8) Fill 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 (Fig. 4.6) 
until the stopper is in a fixed and tiQht 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 addinQ more alcohol with the medicine dropper or by removinQ 
the excess alcohol through the use of a tapered paper towel (Fig. 4.7). 
The level of the alcohol is adequate 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 forefinqer that will close the opening of the stem 
with water (Fia. 4.8). 

(14) Close the opening of the stem with the wet finQer. 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 
1 arQer end. 

(15) To empty the mortar from the cup, invert the indicator and 
shake it laterally until all the mortar drops into the alcohol (FiQ. 
4.9), then invert the indicator aaain. Shaking consists of ~hort 

1 atera1 vibratory movements. 
(16) Roll the indicator from vertical to horiznntal position, 

while continuing the lateral shaking until all the mortar is dispersed 
in the alcohol. To determine th.at all the mortar is dispersed, stop 
the rollinq and hold the indicator vertically without removing the 
forefinQer frnm the stem opening, wait for the alcohol to drop down 
and for the large air bubbles to go up, and take an approximate 
readinQ. 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 readinqs 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. 



(18) Remove the forefinger c10sinq the stem and take the reading 
to the nearest half ~raduation (FiQ. 4.10). 

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

Denote the single readinq or average of two or three readin~s 
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 
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Xmc = (CF)(MC) (Xu) 
27 

(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 fiqure only. 
If one readin~ 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 ;s between 

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

betw~en (Y - 0.9 percent) and (Y + 0.9 percent). 





BIBLIOGRAPHY 

1. Elmore, W. E., "Effect of Alcohol Strenqth and Temperature in 
the Use of the Chace Air Indicator," Repnrt No. LI-23-70-MR, 
Materials and Test Division, Texas Hi~hway Department, 
October 1970. 

2. Newlon, H. H., "A Field Investi~ation of the AE-55 Air Indicator," 
Vir9inia Council of Hiohway Investi~ation and Research (1960). 

3. Sprinkel, M. M., liThe Chace Air Indicator," Virqinia Hi~hway and 
Transportation Research Council (1981). 

4. Te~t Method Tex-416-A, Manual of Testinq Procedures, SDHPT, 
Vol. 2, January 1983. 

5. Desiqnation T 199-82, AASHTO, Standard Specifications for Trans­
portation Materials and Method of Samp1inq and Testing, Part 
II, July 1982. 

6. Item 421, Texas State Department of Highwa.vs and Public Transpor­
tation, "Standard Specifications for Construction of Highways, 
Streets and Bridoes," September 1,1982. 

165 


	TECHNICAL REPORT STANDARD TITLE PAGE
	Title page

	Disclaimer

	PREF
ACE
	ABSTRACT
	SUMMARY
	IMPLEMENTATION
	TABLE OF CONTENTS
	CHAPTER 1. 
INTRODUCTION
	CHAPTER 2. 
PREVIOUS RESEARCH
	CHAPTER 3. 
EXPERIMENTAL STUDY
	CHAPTER 4. 
TEST APPARATUS AND PROCEDURE
	CHAPTER 5. 
DATA ANALYSIS
	CHAPTER 6. 
RESULTS OF ANALYSES
	CHAPTER 7. 
SUMMARY AND CONCLUSIONS
	APPENDIX A. 
MATRIX OF VARIABLES AND TEST DATA SHEETS
	APPENDIX B. 
INSTRUMENT AND MATERIAL PROPERTIES
	APPENDIX C. 
REGRESSION ANALYSIS
	APPENDIX D. 
DERIVATION OF EQUATION 5.2
	APPENDIX E. 
RECOMMENDED PROCEDURE FOR THE USE OF THE CAl
	BIBLIOGRAPHY



