
CORRELATION OF AIR VOID PA•METERS OBTAINED BY 
LINEAR TRAVERSE WITH FREEZE-THAW DURABILITY 

by 

Ho!lis N. Walker 
Research Petrographer 

(The opinions, findings, and conclusions expressed in this 
report are those of the author and not necessarily those of 

the sponsoring agencies.) 

•Tirg•nia Highway & Transportation Research Counci 
(A Cooperative Organization Sponsored Jointly by the Virginia 

•epartment of Highways g Transportation and 
the University of Virginia) 

Charlottesville, Virginia 

March 1983 
VHTRC 83-R34 



CONCRETE RESEARCH ADVISORY COMMITTEE 

A. D. NEWMAN, Chairman, Pavement Management Engineer, Maintenance 
Division, VDH&T 

T. R. BLACKBURN, District Materials Engineer, VDH$T 

C. L. CHAMBERS, Division Structural Engineer, FHWA 

W. R. DAVIDSON, District Engineer, VDHgT 

E. ESTES, Chairman of Civil Engineering Technology, 01d Dominion 
University 

J. E. GALLOWAY, JR., Asst. Materials Engineer, VDH&T 

J. G. HALL, District Materials Engineer, VDHST 

F. C. MCCORMICK, Department of Civil Engineering, U. Va. 

J. G. G. MCGEE, Construction Control Engineer, VDH&T 

W. T. RAMEY, District Bridge Engineer, VDHgT 

M. M. SPRINKEL, Research Scientist,• VHgTRC 

R. E. STEELE, Materials Division, VDHgT 

J. F. J. VOLGYI, JR., Bridge Design Engineer, VDHgT 

ii 



SUMMARY 

The correlations obtainable from comparisons of the vamious 
air void parameZers with Zhe freeze-thaw durability of concretes 

ame listed. It is shown that correlations are no better when 
only small voids are used than when the total void conZent is 
used. It is concluded that for most concretes, (I) the void 
parameters mequimed by ASTM C-$57 pmoduce sufficient informaZion 
to delineate the characZer of Zhe air void syszem, and (2) that 
parameters such as Zhe specific surface fore small voids only and 
the spacing factom for the proportional number of small voids add 

no useful information when the demamcation between lamge and small 
voids is at I mm diameter expressed on the plane of examination. 

It is recommended (i) that any further research deal with the 
entire void distribution by using the chord length distributions, 
and (2) that the various kinds of concrete be tabulated separately. 
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CORRELATION OF AIR VOID PARAMETERS OBTAINED BY 
LINEAR TRAVERSE WITH FREEZE-THAW DURABILITY 

by 

Hollis N. Walker 
Research Petrographer 

PREVIOUS WORK 

Over many years a wide variety of concretes have been tested 
at the Research Council to determine characteristics of their air 
void system in the hardened state and their expected durability 
under cycles of freezing and thawing. The air void d•[@ have been 
collected by linear traverse according to ASTM C-457, and during 
the microscopic examination, voids irregular in form or having a 
diameter exceeding i ram, as expressed on the plane surface of the 
slab, have been noted. Data on these large and irregular voids 
have been collected separately as well as part of the total number 
and volume o{ voids. The freeze-thaw tests have employed ASTM C-666 
Procedure A, 2) which has been increased in severity by using a 2% 
sodium chloride solution instead of water around the specimens. For 
this procedure, the specimens are aged for two weeks in a moist room 
and for one week under ambient laboratory conditions between de- 
molding and testing. 

it has been considered desirable to consolidate the data ob- 
tained by the two methods, and in 1978 Howard Newlon, Jr. stated 
that they should be analyzed "to seek relationships among dura- 
bility [9•tors, weight loss, surface rating, and air void param- 
eters". In attempting such a correlation, M. A. Edwards (4) 

was 
able to establish relationships with the air void parametrical sys- 
tem and between the air voids in fresh concrete and the air void 
system in hardened concrete, but found no relationships between 
the freeze-thaw data and the air voids analyzed according to 
ASTM C-457.(I) 

This lack of a •ood correlation between the linear traverse 
and freeze-thaw data is not surprising. Both of these methods are essentially destructive; therefore, the exact same specimen cannot 
be examined by both tests. The linear traverse examination requires 
a smoothly lapped surface for microscopic analysis. The specimen 
must be cut into a thin enough slab to fit both the lapping equip- 
ment and the linear traverse stage. This slab is lapped with suc- cessively finer abrasives to produce a surface as shown in Figure I. 



Figure I. The ability to reflect a light image at a low 
angle indicates a sufficiently smooth surface. 

The freeze-thaw procedures can cause severe deterioration of the 
concrete and usually produce cracks, secondary deposits, and a general weakening that make the concrete unsuitable for the 
fabrication of the smoothly lapped slab necessary for linear trav- 
erse. In the ordinary operations of the Council's laboratory, 
seldom is a freeze-thaw tested prism slabbed, lapped, and sub- jected to linear traverse analysis. At best, comparison tests are 
made on specimens from the same batch, and often in the case of 
concrete from the field two specimens are from different batches, 
or ready-mix trucks, and merely from the same bridge or pavement. 
The variability of concrete is well-known. It has been said that 
"no specimen of concrete is like any other specimen of concrete 

in fact a specimen of concrete is hardly like itself"_<5) 



For these reasons one cannot expect good correlations between 
different tests made on such specimens. 

EFFECT OF AIR VOID SPACING ON DURABILITY 

In 1958, Backstron et a!. stated that a close spacing of 
air voids produces a high freeze-thaw resistance.(6) It has 
since been assumed that the small voids that occur closely packed 
are the major agent in the freeze-thaw resistance. (7,8) In 1980 
a logical formula for calculating the spacing factor for small 
voids was devised,(9) and it was expected that such a formula 
would provide a good correlation between the voids and freeze-thaw 
resistance. The classical spacing factor (ASTM C-457) is calculated 
from a mean void size and distribution that includes all the large 
voids as well as the small voids. The larger voids have not been 
considered to provide protection against freeze-thaw deterioration, 
and they have been thought to be undesirable because of their ad- 
verse effect on strength. Thus, it was felt that a useful spacing 
factor sho•• consider the small voids separately. As discussed 
by Walker, the data obtainable from an ordinary linear trav- 
erse analysis which sorts the voids into only two sizes cannot 
reflect the true size distribution. Nevertheless, because the 
customary procedure has been to so divide the voids, the spacing 
factor for proportional number of small voids, is, was devised and 
the concluding sentence of reference 9 states that "The collection 
of data necessary for examining this correlation (with freeze-thaw 
protection) is in progress at the Virginia Highway and Transporta- 
tion Research Council." (9) 

PRESENT WORK 

The work reported here was not an effort to find good correla- 
tions, but rather to discern which correlations are better than 
others and which are of little or no apparent value. 

Scope 

Special consideration was given to the spacing factor for 
proportional number of small voids and of the specific surface 
calculated for small voids only. It was desirable to discover if 
these data are valuable and worth the time necessary to calculate 
and record them. 



This present report presents the results of a study comparing 
the air void parameters as determined by linear traverse, ASTM C-457, 
with the durability factor and weight loss data obtained by use of 
test method ASTM.C-666 Procedure A. 

Procedures 

The Council files were searched and test results for specimens 
that appeared to come from the same batch or from comparable field 
concretes were matched. The data were listed and computer cards 
were cut containing the test data from the two methods for each 
pair of specimens. At first 167 pairs were used, but as the calcu- 
lations progressed it became obvious that some pairs were not truly 
representative of concrete in general. For example, 7 pairs from a laboratory study on internally sealed concrete were eliminated be- 
cause, due to the unusual nature of the voids, the data gave negative 
correlations when positive ones were expected. Finally, 151 pairs 
were selected. Sixty-seven of these pairs were from field concrete 
and other miscellaneous sources, 50 were from an in-house study of 
superplasticizers, and 34 were a combined group from in-house studies 
of fly ash and kleenopor. 

The following parameters were selected from each pair of speci- 
mens for the correlation. 

From ASTM C-666 Procedure A Freeze-thaw 

Durability factor, DF 
Weight loss, WL 

From ASTM C-457 Linear traverse for air system 

Percent air total 

Percent air in small voids 

No. of voids, mean, per inch traverse 

= A 
t 

= V/in. 

Specific surface, mean, as in ASTM C-457 
= SS 

Specific surface, small voids only -- SS 

Spacing factor, mean, as in ASTM C-457 

Spacing factor, proportional, small voids only 



Each parameter of the air void system was compared with 
both the DF and WL. Within the groupings of 151 pairs (67 
miscellaneous, 50 superplasticizers, and 34 fly ash and 
kleenopor) the following calculations were made by computer. 

Sum of data for freeze-thaw 

Sum of data for air system 
Sum of squares of data for freeze-thaw 

Sum of squares of data for air system 
Sum of DF x each air void parameter 
Sum of WL x each air void parameter 

Figure 2 is given as an example of how the data were organ- 
ized. The correlation coefficients, slope intercepts, and devi- 
ations about the curve produced were obtained with a programmable 
TI 58-C. 

Results 

The correlation coefficients obtained are shown as the heavy 
lines near the middle in Figures 3, 4, 5, 6 and 7. The confidence 
band was derived from Z +_ 1.96 (standard deviation of Z), where 

I + r Z 0.5 In 
._____, 

and r = 
correlation coef;icient and using I/(N-3) ½ 

as standard • rdeviation of Z. Thus for N 15!, SDz 0.821; where 
r = 0.471, Z = 0.51135, Z- 1.96 (0.0821) 0.35024, and Z + 1.96 
(0.0821) 0.6725. Therefore, the 95% confidence band for N 151 
and r 0.471 is between r 0.337 and r 0.5866 as plotted for 
the correlation of the percent total air with the durability factor 
on Figure 3. 

It can be seen that the confidence band becomes narrower as 
the N increases. The band is narrower at high correlations, and 
thus the portion above the coefficient determined is narrower than 
that below. The correlation of the air void parameters with DF was 
considerably better than with WL. The total group of 151 specimens 
was the. only group of data that gave meaningful correlations with WL. 
The two groups from laboratory studies did not provide any correla- 
tions with WL that had a confidence rating of 95% or better. •e 
group of 67 pairs of miscellaneous concrete provided no useful 
correlation with WL for At, A 

s or V/in. There was minor evidence 
of a relationship between WL and SSt, •t, and is for the mixed 
group. The WL data will not be presented for the smaller groupings. 
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Figure 3. Correlation coefficient- durability factor 
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Figure 4. Correlation coefficient- weight loss 
Versus 

parameters of air void system 
N- 151 95% Confidence Band 
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Figure S. Corre!ation coefficient durability factor 
versus 

parameters of air void system 
N 50 95% Confidence Band 
Superplasticizer Project 
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Figure 6. Correlation coefficient- durability factor 
versus 

parameters of ai• void system 
N = 34 95% Confidence Band 

Fly Ash and Kleenopor Projects 
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From the illustrations of the correlations provided by these 
groupings of data pairs, the following observations can be made. 

The laboratory groups and the total group of 151 show correla- 
tions between the air voids and DF at the 95% confidence level, ex- 
cept for the specific surfaces of the fly ash-kleenopor group. This 
lack is probably because of the very small size of some of the voids 
in the concretes in this group. The pairs from the miscellaneous 
concretes show much poorer correlations, but the SS t and •t correla- 
tions indicate a relationship at the 90% confidence level. 

As does not consistently provide better correlations than A t 

SS 
s appears usually to provide less correlation than does SS t. 

provides no better correlation than does •t. 
The slopes of the curves generated for the 151 specimen group 

are illustrated in the Appendix. 

From these results we may conclude that the calculations 
described in ASTM C-457 are sufficient for most concretes. 

Discussion 

The results showing that the calculations which emphasized the 
importance of small voids provide no better, and in some cases worse, 
correlations than the results from total voids are somewhat sur- prising in view of what had been generally thought concerning the 
importance of these voids for freeze-thaw protection. Perhaps a 
better correlation might be achieved if a different demarcation 
between sizes had been used. The results from the group of concretes 
from the study of superplasticizers can be interpreted to indicate 
that the larger voids provide some freeze-thaw protection. Voids 
of just i mm size are common in such concretes. Contrary results 
from the miscellaneous groups, where consolidation may be more of 
a problem, indicate the value of determining the percentage small 
voids; no correlation could be determined with total voids. Thus, 
it appears that different parameters may be more valuable than 
others in different kinds of concrete. 

RE C0MMENDATi ONS 

It is recommended that when the demarcation between large and 
small voids is a 1.0 mm diameter expressed on the plane of examina- 
tion, the calculations for SS 

s 
and L s be discontinued as a waste of 
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time. The same information appears to be available with a slight_ly 
better correlation in SS t and in the classical spacing factor, 
of ASTM C-457. 

It is further recommended that any study attempting to provide 
more information concerning the correlations between freeze-thaw 
data and air void systems be concerned with the entire void size distribution. This might be achieved by a graphical analysis of 
the chord length distribution. 

Because of the differences found between the various groups of 
concrete used in the work reported here, it is recommended that any further such study be confined to one type of concrete. 
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