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EFFECTS OF SYNTHETIC AIR ENTRAINING AGENTS ON COMPRESSIVE
- STRENGTH OF PORTLAND CEMENT CONCRETE —- MECHANISM OF
INTERACTION AND REMEDIATION STRATEGY

SUMMARY

This documerlt reports ‘the iresults of a co"_mprehensive ‘study pertaining to the
determination of causes and rrlechanisms' reSu‘lting in a reduction of strength in concrete
mixtures contammg Synthetlc air entrarmng adm1xtures The study involved
expenrnentatlon with concrete rmxtures contammg both the Synthetic and Vmsol resin
admixtures. Tests involved deterrmhatron of air content for fresh concrete and air bubble J
characteristies including size and distribution for ‘hardfened . concr'e'te.’_ CompresSive

strength of concrete sarnples were deterrnined at ages 7, 14, 28, and 56 days. Petrographic

analys1s of. the hardened samples revealed that the Vinsol resrn admixture produces more -

of the smaller- bubbles desxrable for protection against frost. However Synthetic
adrmxtures 1nduce more of the larger air bubbles within the cement paste. This explains
the much lower compressrve strengths assocrated with Synthetlc air concretes. It is
belleved that the larger air bubbles are produced due to the inability of the Synthetrc air
entraining agents to lower the surface tensmn in the mrxture ThlS will allow the smaller
air bubbles to coalesce - mto larger ones Based on the results of this study,
‘recommendations were made that follow up research should involve deterrnmatron of

surface tension in such mlxtures



'EFFECTS OF SYNTHETIC AIR ENTRAINING AGENTS ON COMPRESSIV E
STRENGTH OF PORTLAND CEMENT CONCRETE — MECHANISM OF
INTERACTION AND REMEDIATION STRATEGY

[

1. STATEMENT OF THE PROBLEM |
Air entrained concrete comprises the bulk of the cementitious material employed in

the construction of highway infrastructure. Besides improving freeze-thaw durability, air -
entrainment increases the workability of concrete, and therefore alléw_s for a reduction in
water to cement fatio (wrc). Lower w/c ratios that can be used with afr entrained concrete
and better compaction characteristics result in more impermeable cohcfete and a.b‘etter
overall res1stance to aggresswe agents. | |

In recent years, Synthetic air entraining admlxtures have. been more readily available
in construction projects. Data accumulated over the past decade indicates that Synthetic
air entraining agents cause a iather‘large reductien in compressive s’trength. An average
bias of 700 psi, 600 psi, and 300 psi has been estimated with Class A, Class B White, and
Class B Concrete respectively. According to NJDOT Observationé, this vdecrease in
strength has been isolated independently of parallel contributions from vafying air -
content, ambient temperature, Portland cement quality control, and alkali contents in
Portland cement. Such losses in sirength were not obser’x}ed with Vinsol resin type air
, entraining agents. - Therefore, the problem is why synt‘h‘bcti»c air entraining admiktures

give rise to greater strength loss.

2. RESEARCH OBJECTIVES

The primary objectives of the research described in this report were:
a) To determine the cause and the mechamsm for reduction in compressive
strength when Synthetic air entraining adrmxtures are used.
b) To provide a solution for the problem based on the results of ‘thebin‘vestigatilon

performed in the first stage of the research.

3. BACKGROUND

Full cbrﬁprehension of the research approach undertaken during this investigation
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requires a brief description as to ‘the mechanisms of air entrainr.nent,‘ and the testing
procedures for‘ determination of ‘ air content and air bubble characteristics in concrete.

- This is accomplished in this section of the report.

Frost Res:stance of Concrete by Air Entrainment
Air bubble spacing in the order of 0.1 to 0.2 mm w1th1n every point in the
hardened cement is the most 1mportant factor for protectlon of concrete against damage
by frost. In other words, it is: not the total air, but the void spacing ‘which provides
protection’ agamst frost. By. addmg small amounts of air entraining agents (e.g., 0.05%
by welght of cement) it is posslble to incorporate 0.05 to 1 mm bubbles. For a given
volume of air the degree of ptotection against frost jaction will vary depending on the
bubble size, number of ,bubbles,j and bubble spacing. Therefore, volumeof entrained air
is not a sufficient measure for. protection of concrete against frost action, but it is the

: easiest criterion for the ‘i)urpose of ciua‘lity control of concrete. mixtufes

Air bubbles are contamed w1th1n the cement paste portion of the concrete. The
cement paste content of a concrete 18 generally related to the maximum aggregate size.
Concretes composed of larger ijaggregate sizes contain less cement paste than concrete
made of smaller aggfegates. " Tﬁerefoi‘e, concretes with more cement paste (i.e., smaller
'aggregate sizes) require more; air bubbles for protection against frost damage. For

instance, concretes containing 3 inch maximum size aggregate require 7.5% air under
- 8 _ ‘

“severe exposure conditions wnereas for 1 inch _aggregate size air content of 6% is
sufficient for protectlon against frost damage. Aggregate grading also afects the volume
of entrained air. In general the volume of entrained air is decreased by an excess of very
fine sand particles. Addltlon of mineral admixtures such as fly ash, or the use of very
ﬁnely ground cements. decrease air content in a similar way as in very fine aggregates.
Furthermore, more air is entramed into a cohesive concrete than a very wet or a very stiff |

. one.

Air Entrammg Admtxtures
Air entrammg adnnxtures pertam to the class of surface-actlve chemical known as

 surfactants. Surfactants consist of long-cham molecules one end of which is hydrophilic
| .
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(water-attracting) and the other hydrophilic (water—répclling). The hydrophilic end
contains one and or more polar groups responsible for ionic actions when adsorbed at the
~ air-water, and cement-water interfaces. ‘At the air-water interface the polar groups are
oriented towards the water phase lowering the ‘surfa:ce‘ ;1;fension, promoting bubble .
formation and cOuﬁtcring for the tendency of dispersed bubbles to coalesce. At the
cement-water interface wheré directive forces exist in ,thé cement surface, the polar
groups become bound to the cemeht with the noh-polar groups oriented towards water,
making the cement surface hydrophobic so that air can displace water and remain
attached to the cement as bubbles. Air entraining admixtures generally consist of salts of

wood resins, petroleum acids, and some synthetic detergents.
Methods Jor the Determination of Air Content in Concrete E

A number of techniques are available for the determmatlon of air content m fresh

or hardened state. These methods mclude the following:

Methods to Measure

: R » Air Content of R | :
Gravimetric o o , - High Pressure
Method” | | |Linear Traverse] . |PointCount| | Method
‘ Method , - Method : ’

Volumetric| = . ... . |Pressure
Method , ' S | Method

I-Gravimetric Method =~ | _ _ » » |
The air content of fresh concrete can be 'calcula‘t‘ed: from its measured unit weight

o



-and from the weights and densities of its ingredients. Thls proedure is standardized by

ASTM (C 138) This technique i is rh1ghly accurate prov1ded that the densities of concrete

constituents are accurately determrned -Time requlred for measurement of air varies

dependmg on whether the accurate unlt ‘weights of constltuents are available or they need .

to be measured. Trme requlred may vary from 45 minutes to about 2 hours.

1I- Volumetrtc Method

The volumetnc or d1rect method is based on determining the air content of fresh

concrete by removal of the air from a measured volume of concrete and measurementof 2

~ the volume of air dlrectly Th1s method is - standardlzed by ASTM (C 173). The
mstrument for performing this process is called a Roll-A-Meter Time ‘requlred for
proper measurement of air content is about 45 minutes.
III-Pressure Method

This method is most widely employed due to it’s simplicity and the relatively

short time penod mvolved in testmg (about 20 minutes). It is based on Boyle s law and

accordmgly since air is the only compress1b1e 1ngred1ent of concrete, any reduction in the

volume of a sample of fresh concrete due to an increase of external pressure is attributed

to air in the specrmen By mcreasmg pressure on a sample in a closed container, and

measuring the resultmg decrease of volume, the quantity of air in the sample can be .

' calculated. The ASTM des1gnat10n for thls techmque is C 231

‘ IVLmear TraverseMethod . o ,b R

The linear traverse method pertams to the measurement of air content in -hardened |

, concrete It involves cuttmg the specrmen pohshmg the cut surface, and measuring the

¢

~ fraction of the total area occupred by sectrons of air bubbles. By using this techmque ,

very important mformatlon about the air void charactenstlcs of the sample can be

| determmed This mformatlon mclude air bubble size, distribution, spacing, and total air - )

content The ASTM desrgnatlon for thrs method is C 457.



V-Point Count M_ethod

- This is another method f_or determination of air content on hardened concrete. It
is based on statistical considerations and requires a ﬁnelyi ground plane cross-section of
the specimen. In this procedufe, a rectangular grid is placed on the plane specimen
surface, and each grid intersection that falls within a void section is counted. The air
content is equal to the number of such poinci;iences_ with voids divided by the total

- number of grid intersections. This technique is also described in ASTM C 457.

VI-High Pressure Method

The high-pressure rﬁethod is also applicable to hardened concrete. It involves
compressing the air in an oven dried and presoaked (for 48 hrs) specimen by means of
hydraulic pressure of about 5000 psi (as opposed to 10 psi for fresh concrete in the
pressure method). After applying correction factors, a value for air content is obtained. .

This technique has not gained wide spread usage. -

4. INVESTIGATIVE PROCEDURES _ » :
-The logical approach in this investigation was to compare the air content and

compressive strength characteristics of the Vinsol and Synthetic resin type admixtures
through a detailed experimental program. The general overview of research program is
briefly described here. | |

The experimental program is outlined 1n table 1. Experiménts included preparation of
twb series of concrete samples with Synthetic and Vinsol resin admixtures. The mix
proportions and constituent materials in all the concretes were identical in every respect
except for the air entraining agent.vtypek (table 2). The dosage of air entraining admixture
in most of the DOT applicatibns corresponded to 1.5 0z/100 pounds of cement per cubic
yard. The experimental program included mixtures containing 1.0, 1.5, and 2.0 oz of
adr‘riixtme per 100 pounds of cement. Air content of fresh concrete saxnpléé were
nieasured by using the ’.g‘ravimetric‘and the pressufe test methods. F ifteen 4X8 inch .
concrete cylinders were fabricated for each of the samples listed in table 1 in order to ,
determine the compressive strengths at 7, 14, 28, and 56 days, and 1‘3,rep‘are slices for the
petrographic analysis of samples. Average of three cy1inders was used for computation of
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strength at each age level. For eaeh sample, three cylinders were sliced and used for
petrographic analysis. Compressilfe strength results were correlated against the air
content and air entraining admixture type. Itis expected'that the Samples with synthetic
air to exhibit strength losses similar to those previously obtained by others. The
expenmental program included both Synthetlc and Vinsol resin admixtures. Data shown
in table 1 corresponds to air content as measured in the fresh state by the gravimetric as
well as the pressure methods. ,

Air content and the air bubble characteristics in the hardened state were determined
by the automated linear traverse eystem shown in Fig.1. The automated technique .
employs digital irnage proCessing principles Surface of the slices taken from the
concrete cylinders were pohshed through a rigorous procedure and prepared for i image v
analysis (Fig.2). As per ASTM C-457 a minimum traverse length of 95-inch is requlred
for petrographic analysis of concrete with a maxnnum aggregate size of l-inch. A typlcal

slice is traversed along elght parallel str1ps one-tenth. of an inch apart. Each strip can

accommodate 13 images of O.2-1nch of width. Each image is traversed along five random

lines. This process yields a total traverse length of 104 inches computed as in the
following: o ,
5%0.2x13x8 = 104 inch

Spacing factor, spemﬁc surface air content and air bubble charactenstlcs were evaluated
from the linear traverse results Typical out put of i image processing system in terms of
bubble frequency and size is shown in Fig.3. In addltxon to the measurements, the digital

images of the pohshed ‘surface of the “hardened samples were analyzed under the

microscope in order to develop a global mapping of air void system in the samples _

Results from this analysxs would be useful in determining the dispersion characteristics of
bubbles. The exact bubble size, spacing, and dlspersmn characteristics of the Vinsol and
Synthet1c resin air entramed concretes were determined through petrographlc analysis of
| pohshed concrete slices.  Analysis of these results revealed the nature of the problem
assocrated ‘with the use of synthetlc air entrammg agents in concrete. These results will

be discussed in the later sectlons of this report. -
po



Table-I Experimental Program

Sample No Dosage” of AEA Air ‘content (%) Compressive Stréngth (ksi) | spacing factor |specific surface
= {0z2/100 Ib cemet) Gravimetric Pressure Li;\_ear traverse fd 14d - 28d 56d - - (mm) (sq. infcu. in)
R1217 T 860 700 6.7700 i ~Caiibration  tests 0.1291 790.39
A1218 ‘ 1.0 6.50 '(.50 6.4196 ' ’ Calkibrationv tests 0.1750 615.11
RO120 k 1.0 3.60 3.10 6.1521 ' 5301 6005 6095 6987 0.1610 690.21
AD122 10 620 560 74179 3.872 4.293 5021 5.299 ~0.1460 660.08
A0407 1.0 6.20 580 7.0163 — 4345 2430 57 5.641 0.1136 811.10
R0414 ‘1.0‘ 6.40 5.90 6.9691 » 4330 4.927 5.384 5.890 0.1222 866.71
co4i1 0.0 "220  1.80 2.9168 5.‘213‘ 5586 5961 6.528 0.2553 1004.11
R0422 15 804 6.60 8.7412 ’ 3573 3.904 4.095 4.7618 0.1066 988.96
A0423 15 A 600 70361 3697 4407 4751 5.091 0.0993 74123
Rd4z7 2,0 790 7.50_ 8.4272 ' 3.776 2572 4630 4.954 0.0827 990.79
“A04Z8. 2.0 9.60 850 10.018 , 2846 3329 3373 3779 0.1020 676.08
R0429 1.0 129 6.60 8.0347 7  3.831 4.512 4.609 5.367 0.0021 933.84
) AT 10 70 em T | sees 4ols 44 4%e \ o.1oé4 ' 909.91
o707 ’ 1.5 530 i 540 a5 464l 5.011(71days)
A0708 15 '5.45 562 4289  4.400 5.857b(72days>)‘
/ ‘Note: The prefixes A and R in the sample number refer to the synthetic (AEA15) and vinsol
resin (AER) type air entraining agents -
I



Mix Design Requirements and Criteria

Mix design for all the samples tested here corresponded to standard NJDOT class-

A concrete. Mix design’v for 1-cubic yard of concrete is given in table 2. The basic

characteristics, properties and materials used for class-A concrete in this study are given

below: '

|

Required strength: 4200 psi

Desired sir content: 6% - \

Maxlmum size of aggregate employed was 1 O-mch conformmg to the ASTM C33.
| gradation requirements.. e ,

Essroc type-II Portland cemefllt eonforrning to ASTM C 150 was employed in all
‘mixes. L o S ' - |
Water—reducmg agent: Plastocrete161 Dosage 4 oz per 100 lbs as per ASTM C

494 was employed in all m1x categones

The effect1ve absorpt1on of the aggregate in dry-air-state was measured at 1.5%
per ASTM C 127. This measurement was employed in order to account for the

absorbed water in the mix desxgn

ASTM No 2 grade river sand was employed as the fine aggregate in all mixes.

i

Table II. Mix Design ( 1 Cubic Yard)

Type & Serial | Cement '»qo_ars‘e Agg. | Fine Agg. | Max. Water Design Water
No. W : - . [ o . o ] . ) : )
A 625 -ll)s. 1!942 Ibs. 1167 1bs. |33.24 Gals | 30.97 Gals
AE563510M1 5 |




Fig.1 The automated linear traverse syétem.
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Polished Concrete
Slice :

iy
&

Fig.2 Sliced Concrete Samples for the Automated Irhage AnalySis System

1

Polished Concrete
Slice Prepared for
Image Analysis




" Fig.3 Typlcal computer séféen outp,ﬁt of the inia\g,é 'p’r’o’cc‘ssingb syéfem. .
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5. EXPERIMENTAL RESULTS I
«  Comparison of strength data of Vinsol and,Synthetic mixes in table 1 supports the
previous observations of NJDOT in terms of strength loss associated with concretes
entrained with Synthetlc type adrmxtures The compressive strength of the air entrained
concretes for the Synthetrc and Vmsol resm ‘mixtures contalmng 1.0 0z/100 pounds of
admixture are compared in Fig4. As shown in Fig.4, the Synthetlc air concrete exhibited
lower. compressrve strengths than that of the Vmsol resin mrxture at all ages As shown -
"m Figs. 5 and 6 similar- compansons could be made for the 1. 5 and 2.0 oz dosages of
admixtures. The 1.5-0z -dosage;dld not produceconsrstent results in all cases,_and more
experiments will be”performed in future research to develop consistent data for this
dosagé _ ‘ » v e . ‘\,
Results from the i 1mage analy31s of the hardened concrete samples are given next. As
discussed earher the automated 1mage analysis system facilitated 2 more thorough
examination of the network of air bubbles within the ‘hatdened paste. Typ1ca1 data
correspondmg to the a1r bubble s1ze drstnbutlon and count (frequency) for the. control
sample (non-alr-entralned concrete) is shown in F1g 7. For air entramed concrete data
were compared in a number of different ways in order to understand the effects of sir
entralmng adnuxture type on the bubble characterlstlcs Flgs 8 and 9 correspond to the
companson of typlcal Synthetlc and Vmsol resm mixtures at the same dosage of air
 entraining admixture., ’
In a similar manner, tables 3 and 4 correspond to companson of air bubble size
' distribution for mixtures contammg similar dosages of air entrauung admixtures. Fmally,
- the air bubble distribution” of the Synthetlc and Vinsol resin mlxtures at the same air
content are compared in Fig. 10 and table 5. As shown by all these results, Vinsol resin
' 'adm1xture produces more of the smaller bubble sizes desirable for protectlon against
frost In fact, companson of a1r bubble size count reveals that the main reason for hrgher

air contents in Synthetlc mlxtures is due to the mcreased number of larger air bubbles

B '.13



within the cement paste. This is illustrated in the magnified images of the Synthetic and
Vinsol mixtures in Fig.11. .As shown in Fig.l11, in comparison with Vinsol resin
concretes, the‘ air bubble system in Synthetic air concrete exhibits larger cluster of 'air
bubblos within the same area of paste. This in turn explains the'much lower compressive

strengths associated with Synthetic air concretes. In other wordé, Synthetic air entraining
agents produce larger air bubbles that are not desirable for resistance against frost

protection and result in lower compressive strengths. -

Rationale ‘ o v

Rreliminaw experimental results indicate that the,bcomprvessive strength loss in
Synthetic concrete mixtures is due to the larger air bubbles in these mixtures. Most of the
Synthetic air entraining admixtures are derived from petroleum acids, and Synthetic
detergents. The hydrophilic component of these adn‘lixtures‘ 1s responsible for ionic
actions when adsorbed at the air-water, and cement-water interfaces. This acﬁon, results
in lowering the surface temsion promoting bubble formation and countering for the
tendency of dispersed bubbles to coalesce. The surface tension has to be sufficiently
lowered in order to prevent formation of largef size bubbles vthvrough coalescence. As per
foregoing discussions, it is believed that the Synthetic admixtures do not sufficiently
lower the surface tension to the appropriéte levels for fo‘rmation of smaller and more
stable air bubbles. - e

One ,pos_sible reason for inability of the 'Synthetic admixtures in lowering the
surface tension is the chemical Composition. In particular, the concentration of the
components in the admixture. It is possible that a modiﬁcation to the concentration of the
admixture is all that is required to improve the admixture. ‘Factors other than
concentration levels may have been the caﬁse'for larger air bubbles. “"For‘ all these
' reasons, it is necessary to COmparé the surface tension of Synthetic and Vinsol resin air
entraining admixtures through careful measurements. This needs to bo done for a range .
of admixture dosages in thé concrete mixtures. Petrographic analysis shall be performed -

in order to correlate surface tension to air bubble distribution and .surface tension of the

14



» admlxture Analysrs of these results will enable the manufacturers to make the necessary

adJustments to the chemlcal composmon of their admixtures.

1

6. CONCLUSIONS e l i

. .\
An expenmental program of research was undertaken through which 1t was
| possible to determine the cause and mechamsms leadlng to the lower compressive
strengths in concrete mixtures contarmng Synthetlc air entralmng admixtures. Research
mvolved testing of concrete samples in fresh as well as hardened state. Petrographic
analysis of the hardened sarnples revealed that the Vinsol resin atirnixture produces more
of the smaller bubbles des1rab1e for protect1on against frost Whereas, Synthetic
admixtures induce more of the larger air bubbles ‘within the cement paste This explams
the much lower compressrve ‘strengths associated wrth Synthetic air concretes. It is
believed that the larger air bubbles are produced due to the mablllty of the Synthetic air
entraining agents to lower the surface tensron in the mixture. This will allow the smaller
air - bubbles -to eoalesee, mto larger ones. Based on the results of this study,
rec‘or'nmendations were made %jthat follow up research should _involve determination of

surface tension in such rni;xtures. " This will be done in the follow up stud

15
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BR0120 @A0122

6.987

Fig.4 ‘Con.lparison of compressive strengths for Synthetic (A0122) and Vinsol (R0120) resin concretes (at 1.0 0z).
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" Fig.5 Comparison df compressive strcngthé for Synthetic (AO708) and Vinsol (R0707) resin concretes (at 1.5 o0z).
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Fig.6 Comparison of compressive sfrengthé for Synthetic (A0428) and Vinsol (R0427) resin concretes (at-2.(_) 0z)
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Fig.8 Comparison of bubble size distribution for sampleé containing 1.0 oz of air entraining admixture.
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Fig.9 Comparison of bubble size distribution for samples containing 2.0 oz of air entraining admixture.
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Table III Comparison of air bubble distribution in Synthetic and Vinsol resin mixtures at 1.0 oz

Number of bubbles per total

- 104 inch traverse length
‘Diameter of air bubble *(L ) : : :
. " Vinsol Resin _Synthetic Resin -
20 : _ 221 - L 183
40 _ 189 : 212
60 " 150 . - 220
80 S 96 S 136
100 70 80
120 . 57 51
140 44 R 44
160 : 30 : ‘ 36
180 23 - 30
200 . 18 ‘ 24
250 ‘ , 38 32
300 ‘ S22 ' 39
350 : : 22 ‘ 23
400 = _ 9 S 16
500 17 - 17
600 _ : N 17 . 18
700 - 13 - 14
800 7 . 11
900 o -‘ 9 : 5
1000 R _ 6 S ' 3
. 1500 ‘ v 2 b 10
>1500 ‘ 29 i 2
Total 1099 1216
Air content (%) © 61521 o 7.1179
by the linear traverse method ' S ‘
Specific surface o (sq mm/cu mm) - 1 27.1735 ‘ : 25.9873
Mean chord length (mm) ' . Y 0.1472 D 0.1539
Paste content (%) 272 . ' 27.2
Spacing factor L (mm) ) - 0.1610 . 0.1460

Data from R0120, and A0122
*The figure give upper limits of dlameter mtervals for example 80 corresponds to 60

to 80u
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Table IV Companson of air bubble dlstnbutlon in Synthetic and Vinsol resin mixtures at
2.00z" : :

Number of air bubbles per total
- 104 inch traverse length

" Diameter of air bubble *2(].1)

__Vinsol Resin __Synthetic Resin

20 R . 282 134
40 B 306 161
60 L 307 178
- 80 o 288 186
100 | o 242 , 138
120 185 83
140 - R 150 o 46
160 e S 87 . 46
180 o S 46 34
200 S 25 - 29
250 R 56 108
300 ) C 4 . 96
350 36 97
400 22 63 .
500 PR 30 I 129
600 - I 16 ' 176
700 B T [ , .39
800 . 10 46
900 S 4 36
1000 - 3 18
1500 o9 13
>1500 o I A 6
Total o216 1753
Air content (%) . 8.4272 . ©10.0182
by the linear traverse method I X , , o
Specific surface o (sq in/cu. m) SRR 990.79 . . . 676.08
Paste content (%) ' ST 272 - 0272
Spacing factor L (mm) Y 00827 " 01020
* Data from R0427 and A0428 : ,
*2The ﬁgure give upper hm1ts of dlameter intervals; for example 80 corresponds to 60 to 80 T
23
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Fig.10 Air bubble size distribution at the same air content.
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Table V Companson of bubble size dlstrlbutlon in Synthetlc and Vinsol resin mixtures at
the same air content. :

; Number of the air bubble per total
' 104 inch traverse length

'Diameter: of air bubble *(u )‘

Vinsol Resin Synthetic Resin
20 I 340 218
40 o o 265 - 257
60 oo o 160 S 237
80 S 135 195
100 95 ' 135
120 IR 81 - 60
140 e 52 , S39
160 o f 44 44
180 v 35 . _ 52
200 ; f 31 S 38
250 R 59 . 80
300 e 36 87
350 , : 32 59
400 ’ 20 52
500 RS 23 - .84
600 - 16 - 34
700 L 8 o 38
800 ‘ ‘ : 8 24
900 ‘ 2 25
1000 N 4 _ 15
1500, o : 6 17
>1500 ’ ' PR 11 18
Total . ao 1463 1801
Air content (%) L - 6.9691 - . 7.0361
by the linear traverse method I T L R
Specific surface o. (sq in/cu in) - 866.71 . -~ 741.23 -
Paste content (%) , , _ ’ 27.2 S 272 .
Spacing factor L (mm) o 0.1222 ' - 0.0993
*The ﬁgure give upper lnmts of dlameter mtervals for example, 80 corresponds to 60
to 80 . : »
Data from R0414 and A0423.
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Fig.11 Comparison of air bubble size and distribution within the same area of paste.
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