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ABSTRACT 

Sands play an important function in determining the characteristics 
of a concrete mix. Various compressive strengths have been noted when 
sand mortar cubes were tested. This investigation was conducted for the 
purpose of determining the properties of sands that influence the com­
pressive strength. 

Three factors which were believed to influence compressive strength 
of sand mortar cubes were chosen for study. These were the fineness 
modulus of the sands, the percent of material passing the 200 mesh sieve 
and the amount of water required to prepare a mix having a constant con­
sistancy or flow characteristic. 

The test chosen for the investigation was the "Compressive Strength 
of Hydraulic Cement Mortars AASHTO Designati on T 106". 

The tests conducted in this investigation indicate that all three 
factors studied influenced the compressive strengths of sand mortar cubes. 
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INTRODUCTION 

Specifications for the sands used in the production of concrete 
allow a variance in the gradation within certain limits. These limits 
are usually established by specification which permits concrete of the 
desired quality to be produced. 

As long as t he sand being produced remains within the limits of the 
specification, t he aggregate producer has performed his obligation. How­
ever, within these limits the characteristic of the mixes being produced 
will change as the sand varies from one end of the limits set by the 
specifi cations to the other. This change within the l imits is generally 
compensated by slight adjustments made in the mix design. 

This investigation was conducted with the hope of relating some of 
these variances to the compressive s trength. If a producer can, by making 
slight adjustments in his sand production, produce a stronger concrete it 
would be very beneficial. 

In this investigation three factors believed to i nfluence the compres­
sive strength of the mortar portion of concrete mixes were chosen f or study. 
These facto r s are the variance of t he fineness modul us of the sand, the 
percent of material passing the 200 mesh s ieve and the amount of water 
required to create a constant f low. 

The questions we were seeking answers to were as f ollows: 

1 . Does the fineness modulus effect the mortar strength? 

2. Does the percent of 200's i n each sand with the same 
fineness modulus have an effect on t he mortar strength? 

3. Is the amount of water requi red to produce a constant 
flow related to the percent of 200 's or the fineness 
modulus of the sand" 
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Product : 

Cement: 

Sand: 

Admixtures: 

MATERIALS 

Hanufacturer or Producer . 

Type II, Manufactured by the Glens Falls 
Portland Cement Company, Glens Falls, New 
York. 

Source 1 - Caledonia Sand, Produced by 
Caledonia, Inc., Waterford, Vermont. 

Source 2 - Guildhall Sand, Produced by 
Lawrence Sangravco, Inc., Guildhall, 
Vermont. 

Admixtures were not used in this investi­
gation . 
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PROCEDURES 

AASHTO T 106 is a test for the determination of the compressive 
strength of hydraulic cement mortars. The sand used in this test is 
specified as natural silica Ottawa sand. Our tests modified this require­
ment by using sands graded to obtain sands with f ineness moduli ranging 
from 2.6 to 3.4. For each fineness moduli three gradations of sand were 
blended. The first gradation contained 1% passing the 200 sieve, the 
second contained 3% passing the 200 sieve and the third test contained 5% 
passing the 200 sieve. The sands used were from two different sources 
namely Caledonia, Inc . , Waterford, Vermont and Lawrence Sangravco, Inc., 
Guildhall, Vermont. 

The proportions of dry materials by weight were one part of cement 
to 2.75 parts of the particular sand tested . The amount of water used was 
the quantity necessary to produce the desired flow of 110 ± 5 as deter­
mined in accordance with section 7.3 of the specification. The quantity 
of water required to produce the desired flow was then recorded. As the 
mortars were being tested f or flow a portion of the mortar mix was being 
t ested with a chace air indicator to maintain an air content of 3 + 1%. 

Three cubes representing each mix were prepared, cured and tested for 
compressive strength at ages of t hree and seven days. After the mortar 
cubes were tested and the results compiled, the cubes prepared from Cale­
donia sand with fineness moduli between 2.60 and 3.10, were oven dried and 
weighed. This procedure was performed to determine if the weight of the 
two inch cubes could be related to their compressive strength. The weights 
of the two inch cubes were recorded and plotted against the respective 
fineness modulus. This graph represents the cubes relative densities and 
is shown in Appendix E. 
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RESULTS 

The initial intent of this i nvestigation was to t est sands l-Tith fine­
ness moduli between the range of 2.60 and 3.10, the limits allowed under 
Item 704.01, Fine Aggregate f or Concrete - State of Vermont Department of 
Highways Standard Specifications for Highway and Bridge Construction, 
March 1976 . 

After the results of our tests on sands with fineness moduli between 
2. 60 and 3.10 were examined, this investigation ~·Tas extended to include 
sands with fineness moduli of 3.20, 3.30 and 3.40. 

The cement used to conduct the additional tests was the same type 
and brand used in the initial tests. However, it was believed to be from 
a different production lot . 

The significant decrease in strengths obtained from the extended 
tests are believed to be the result of the change in cement and not the 
result of the change in fineness modulus from 3.10 to 3.20. 

Our test results produced the following answers to our questions: 
(See Appendixes A, B, C and D) 

Question No. 1 Does the fineness modulus effect the mortar 
strength? 

The results indicate that as the fineness modulus of the sand in­
creased from 2.60 to 3.40, regardless of the percent of 200 ' s contained 
in the sand, the compressive strength of the mortar generall y increased. 

Question No. 2 Does the percent of 200 's in each sand with 
the same fineness modulus have an effect on 
mortar strength? 

The results indicate that as the percent of material passing the 200 
sieve increased, the compressive strength of the mortars generally increased. 

Question No. 3 Is the amount of water required to produce a 
constant flow related to the percent of 200's 
or the fineness modulus of the sand? 

The results indicate that the percent of 200's had little effect upon 
the total water requirement of a sand for any given fineness modulus. The 
greatest effect appeared to be a function of the fineness modulus itself. 
As the fineness modulus increased the amount of water required to produce 
the desired flow decreased. 

Appendix E is a graph relating the fineness modulus to the dried mor­
tar cube weights. This relationship indicates that as the fineness modulus 
and the percent of 200' s increased the density of the mortar increases. 
Therefore, the strength of the mortar appears to increase as the density 
increases. 
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The air content of the mortar mixes was checked by the use of a Chace 
Air indicator. The percent of air remained within the valve of 3% + 1. 
The slight variances in the percent of air in the mortar did not appear 
to be influenced by changes in the fineness modulus or the percent of 
material passing the 200 sieve. The slight variances in the percent of 
air did not appear to have any noticable effect upon our strength results. 
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CONCLUSIONS 

The results obtained f rom this investi gation indicate that the fine­
ness modulus of a sand does inf luence the compressive strength of the 
mortar. As the fineness modulus increases, gains in the compressive 
strength were generally obtained. 

Within any particular fineness modulus the percent of material pass­
ing the 200 sieve also inf luence the compressive strength. As the percent 
of 200 material increases from one to f ive percent, gains i n the compressive 
strength were generally obtained. 

The increases in compressive strength are probably related to two 
factors, the decreased amount of water required to obtain a given flow with 
sands having a high fineness modulus and the increase in density obtained 
with higher concentration of fines. 

This investigation also shows that cement may play an important role 
in determining the compressive strength of mortar. The decrease in 
strengths obtained between the 3.10 sands and the 3. 20 sands apparently 
demonstrates that the overall compressive strength dropped when cement from 
a different mill production sequence was used. 

It is important that the conclusions obtained in this investigation 
be used with caution. The effects of excessive 200 material is controlled 
by specifications and for good reasons. AASHTO M-6 sets the maximum per­
missible limit at 5%. This is to limit the amount of deleterious material 
and control the amount of clay type particles in the 200 ' s. Perhaps it is 
more important to control the type of 200 material than it is to limit the 
total percent passing the sieve. This would require a more detailed inves­
tigation. 

Another important fact to remember in reviewing our results is that 
excessively high fineness modulus produce a harshness in a mix. The 
strength of a mix may be increased but the harshness of the mix may create 
problems in finishing. 

The knowledge obtained in this investigation is valuable as long as 
the mix being produced does not possess undesirable characteristics. The 
information may be used to alter sand production to obtain strength increases 
if the alterations do not produce other undesirable side effects. 
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