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INTRODUCTION

During the past few years there have been developed many uses for poly-
urethane compounds in the construction industry for insulation, coatings,
sealants, and so forth.'" Some of these compounds when mixed with sand appear
to have a potential as a topping for floors, paving, patching of concrete,
and similar applications. The research reported herein attempts to evaluate
a few of the physical properties of such mixtures.

Nine polyurethane-polyethylene compounds from four groups furnished by
the sponsor were tested with the same sand and the results compared. One
group, referred to as Standard or UPNT-S, consisted of three colors, black,
clear, and gray. This group was a single component system which was mixed
with the sand, cast and cured in open air.

A second group, referred to as Guardian or UPNT-G, was comprised of two
- colors, black and gray. This group was a two component system in which two
compounds, "A" and "B", were mixed together in equal portions before mixing
with the sand.

A third group, referred to as UPCS, contained three colors, black, clear,
and gray, and required the addition of a catalyst before mixing with the sand
to promote curing.

The fourth group, known as UPCM-50, was of only one color, clear, and
also required a catalyst.

The sand was common mason sand obtained locally and had the following
sieve analysis.

Sleve Size¥* Total Per Cent Total Per Cent
Passing Retained
I 100. 00 0
8 99.48 0.52
16 96.59 3.41
30 - 8h.71 15.29
50 46.52 53.48
100 9.52 90.48

Pan acaa- 100.00
‘ Fineness Modulus = 2.63

*U.S. Standard Sieve Series



Since the potential uses for the mixtures are similar to those of con-
crete, the basic testing procedure was derived from the testing procedures
for concrete and mortars. The testing method used is given in detail in
the Appendix.

Probably the most widely used test for concrete properties is the com-
pression test of concrete cylinders. Accordingly, compression tests on 2 :*'
inch by 4 inch cylinders were made on each mixture of compound and sand.
From the results of these tests can be seen the variation in ultimate com-
pressive stress with curing age and the comparison of the nine compounds at
each stage in the curing process. Compression cylinder tests also allow for
the evaluation of the modulus of elasticity, a factor of importance in pav-
ing materials. The results show the variation of this property with the ul-
timate compressive strength and a comparison of the average moduli for each
of the nine compounds.

Natural sands contain varying amounts of water, even surface dry sands
having about one per cent moisture by weight. Because of this fact, tests
were made to evaluate the effect of various moisture percentages upon the
compressive strength of the mixture.

Compaction is another variable which has a definite influence upon the
compressive strength of materials similar to the mixtures being tested. It
was necessary to control this factor during the research and a series of
tests was made to determine the effect of varied compaction levels.

While the tests made used only a constant ratio of sand to liquid com-
pound, other mixing ratios are possible and may be desirable. This factor
is also reported upon in this report.

Tensile properties of concretes are seldom significant for they tend to
be rather low, nevertheless, the nature of the test mixtures seemed to re-
quire some determination of the tensile property of the material. Several
tests were made to study the feasibility of using the split cylinder tech-
nique for future evaluations of this property.

Aggregate variations will also produce decided variations in compressive
strength in concrete. A well graded aggregate with large to fine particles
will tend to give higher compressive strengths than a rather uniformly graded
small aggregate. 1In order to establish a relationship between the mixtures
being evaluated and a comparable concrete, tests were made of normal portland
cement cylinders of the same size, made with the same sand as used in the test
mixtures, and with a properly proportioned water—cement ratio.



COMPARATIVE TESTS

The biggest portion of this testing program was concerned with the es-
tablishment of the relationship between the curing time and the compressive
strength for each of the nine mixtures as well as a comparison of the nine
compounds. A sand to liquid ratio of 5 to 1 was used. "For the UPCS group,
0.634 per cent catalyst was used and 0.317 per cent catalyst was used with
the UPCM group. It should be noted that the mix proportions and amounts of
catalyst were not chosen because they gave the highest strengths, rather
they were chosen because they gave a mixture of which was of a workable con-
sistency and remained so for a time sufficient to cast the required number
of specimens.

Two different batches of each of the nine compounds were made. Eigh-
teen specimens from each batch were cast and tested in groups of three at
ages 1, 3, 5, 7, 14, and 28 days. Strain measurements were taken on one
of the three specimens from each group at ages of 3, 5, 7, 14, and 28 days.
All casting and testing was done in accordance with the Standard Testing
Procedure which is presented in the Appendix of this report. A total of
324 specimens were cast and tested in connection with this portion of the
program. The results of these tests are shown in Table I. The columns
headed TEST have listed in them the average compressive strength, in pounds
per square inch, of the three specimens for any given batch and the columns
headed AVE contain the average of the two batches listed.

To show the effect of curing time, the compressi%e strength versus the
specimen age has been plotted in Figs. 1-4. As a means for éomparing the
nine different mixtures on the basis of their compressive strengths, bar
charts giving compressive strengths at 3, 7, 14, and 28 days are presented
in Figs. 5-8.

As has been previously stated, strain measurements were taken on one
specimen from each group of three at the ages of 3, 5, 7, 14, and 28 days.
From these measurements the Secant Modulus of Elasticity was calculated
according to the method described in the Standard Testing Procedure. The
results of these tests are shown in Table II. In order to compare the
nine different mixtures on the basis of their moduli, bar charts giving
moduli at ages of 7 and 28 days are given in Figs. 9 and 10. Fig. 11 is
a plot of Secant Modulus of Elasticity versus compressive strength for all
tests for which the modulus was evaluated. A curve has been drawn through
these points to illustrate the apparent relationship between Secant Modu-
lus and compressive strength.



oot T cg T8 ueg S8 um WL occ By E CTom
oL P sec M esc WE g FE g K2 o
- ;mww eln 9% mee I wec 1P oo O .. T TS
cco mwm Lgg mmw e gl e Mm 202 mwm - I g
we TN o e I e e 82w o S
TT9T MMH 2LL me Ity MWM og¢ mmm chz mmm 6o 2T
et L o XM soer T e BT gm T g S 0w
g eor BT wer [T e DO s 0w 20 nom
A I T
SAV__9SSL  SAV _3S9L AV 389  3AY 3895  SAV 983L 24V 9SeL o
Feq gz Req_ 1T feq 1 feq ¢ fea ¢ fea T

(Tsd) yagdusaaag aaTssaxduo)

I dTdVL

ammﬁwv 0S-Wodn

Lean

2B3TD > QYVANVILS

yoeTg

NVITEvnD

IB3TD Sodn

foeTd



1300

Black

1200

1100
1000

g2 8 8

=

500

Compressive Strength (psi)

8 8 8 8
|

Gray

+  Black
0 Clear
© Gray

Clear

Fig. 1. Effect of Curing Time on the Ultimate Compressive Strength of UPCS—

14
Age (Days)

28

Black, Clear, and Gray mixed at a ratio of sand to liquid of 5 to 1 with

0.634 per cent catalyst.



1800

1600

1400

1200

1000

Compressive Strength (psi)

800

600

400

200

| | | ] | J

1 3 5 1 14 28
Age (Days)
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Fig. 9. Comparison of the nine different mixtures on the basis of their
Secant Modulus of Elasticity measured at 7 days.
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Fig. 10. Comparison of the nine different mixtures on the basis of their
Secant Modulus of Elasticity measured at 28 days.
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MOISTURE INFLUENCE

When sand is delivered to a Jjob. the moisture content may vary over
quite a wide range. For this reason it was decided to investigate the ef-
fect the moisture content of the sand has on the compressive strength of
the material. ‘

The sand used in all experiments other than this one had been surface
dried by spreading it in thin layers and exposing it to the atmosphere for
a period of at least five days. Using this drying technique the moisture
content is brought down to approximately 1.0 per cent 0.2 per cent by dry
weight. The sand had not been oven dried because it did not seem practic-
able from the standpoint of obtaining results which could be reproduced in
a practical application.

UPCS—Black was used in tHis study. The ratio of sand to liquid
used was 5 to 1 and the per cent of catalyst was 0.63L.  The moisture con-
tent of the dry sand was measured and found to to 1.15 per cent by dry
weight. Water was added to this sand in amounts appropriate to give sands
whose moisture contents were 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, and 8.0 per cent
by dry weight. Three specimens were cast and tested according to the Stand-
ard Testing Procedure given in the Appendix using each of the eight above
mentioned moisture contents. Tdble III gives the average compressive
strength of the three cylinders for each moisture content used. The com-
pressive strengths have been normalized about that compressive strength
obtained for the dry sand, and Fig. 12 is a plot showing graphically the
effect of the moisture content of the sand on the compressive strength of
the mixture of sand and UPCS—-Black.

TABLE III

Moisture Content Compressive Strength % Normal
(% of Dry Wt.) (psi) Compressive Strength*
1.15 1370 100.0
2.0 519 37.9
3.0 269 19.6
4.0 235 17.2
5.0 193 1.1
6.0 175 12.8
7.0 : 155 11.3
8. 150 11.0

'y

*Normal Compressive Strength is that compressive strength obtained
with sand containing 1.15 pér cent moisture.

15
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INFLUENCE OF COMPACTION

The study of the compaction variable was carried out using the UPCS—
Black compound. A ratio of sand to liquid compound of 5 to 1 along with a
0.634 per cent catalyst was used for these tests. Casting of the cylinders
followed the standardized procedure given in the Appendix with the excep-
tion of the compacting method.

Eight degrees of compaction were used in the study. Each successive
degree was obtained by decreasing the thickness of the layers of material
placed in the mold while holding constant the number of blows applied to
the layer with the compactor.

This procedure required that the amount of material added to the mold
be known within reasonable limits. Accordingly, the mixed material was
loosely placed in a small 7 inch by 7 inch wooden frame with 1 inch sides
which was placed on one side of the glass mixing plate. A wooden screed
was used to level the mixture.

While still in the form the mixture was cut into one inch cubes using
the trowel point for cutting and the screed as a straight edge. The form
was removed and each one inch cube was then lifted from the mixing plate
and placed in the cylinder mold with a putty knife. Table IV shows the
number of one inch cubes of the material placed per layer and compacted
with 10 blows for each degree of compaction using the compactor described
in the standardized procedure.

TABLE IV

Number of 1 inch cubes compacted with 10 blows

Degree of Layer
Compaction 1 2 3 4 5 6 7 8 9-15 16 17 18
0 Full Cylinder--no blows
1 13 L
2 11 L 2%
3 9 > 3%
8 7 1 3%
> > > > 2%
6 3 3 3 3 3 3
N 1 1 1 1 1l 1 1 1 1 1 1 1

*Top layer was limited in amount by lack of space in the form. Blow
count was reduced to 5 for these layers. All forms were struck
flush with the trowel after filling was complete.

17



Since 1t was necessary to identify each cylinder cast with its degree
of compaction, no randomization of cylinders was possible. The unknown
variable of pot life would therebyenter into the test results for any se-
ries of cylinders which were to be made. To overcome this difficulty, two
series of tests were conducted, one with the cylinders cast from low de-
grees of compaction to high degrees and the other with the cylinders cast
in reverse order. Three cylinders of each degree in each series were made
and tested.

Control between the two series was obtained by casting three cylinders
in each series at the same pot life and compaction. The variance of the
test results at any degree of compaction was proportionally adjusted by the
ratio of the averages of the control cylinders. These adjusted average
strengths of cylinders of like degree of compaction were then averaged and
normalized by arbitrarily dividing by the average strength at a normal de-
gree of compaction of 3. The resulting curve shown in Fig. 13 is therefore
a curve of the effects of compaction and is free of the variable of pot
life. Table V below shows the average compressive strengths and the normal-
ized values for the UPCS—Black material.

TABLE V

Degree Average % of Normal
of Compressive Compressive
Compaction Strength (psi) Strength*

0 311 27.0

1 1126 97.7

2 1161 100.9

3 1152 100.0

L 1169 101.5

5 1315 114.2

6 1343 116.6

T 1356 L17.7

*Normal Compressive Strength is the average compressive
strength corresponding to a degree of compaction of 3.

18
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MIX PROPORTION EVALUATION

An extensive series of test to evaluate the effect of varying the pro-
portions of sand and liquid compound was not carried out in this work; how-
ever, in an effort to determine just how pronounced is the effect of varying
the mix proportions, a series of tests were run using UPCS—Clear. In every
case the amount of catalyst used was 0.634 per cent by volume of the UPCS
used.

Three specimens were cast and tested according to the Standard Testing
Procedure using the mix proportions shown in Table VI. The average compres-
sive strengths of the three cylinders are also shown in the table. These
points are plotted in Fig. 1k and a curve which shows the general trend has
been drawn.

TABLE VI

Ratio of Compressive % of Normal
Sand to Strength Compressive
UPCS (psi) Strength*
2.97:1 567 42.8
3.96:1 788 29.7
L.76:1 1321 100.0
5.94:1 - 140k 106.3
6.79:1 1386 104.8
7.9%3:1 1411 106.8
9.50:1 1247 ok.3
11.90:1 1150 87.1

*Normal Compressive Strength is that éompressive
strength corresponding to a sand to liquid ratio
of 4.76 to 1.

21
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SPLIT CYLINDER TEST

In the past few years much attention has been given to the split cylin-
der technique for determining the tensile strength of concrete. The beam
rupture test is the common method used for evaluating the tensile strength
of concrete, but because of the size of the specimen required and the time
needed to set up a beam test it seemed desirable to use the split cylinder
method.

The test was conducted by loading the cylinder along opposite elements.
Thin strips of hardboard (1/8 x 1/8 in.) were placed between the cylinder
and the bearing faces of the testing machine. Upon failure the specimen
actually split along the axis that extended from one bearing strip to the
other. The tensile splitting strength, Ty, of the material was computed
from the following equation:*

fy = ;%Z x P
where
P = 1load at rupture in pounds
d = diameter of the cylinder in inches
I = length of cylinder in inches
fy = tensile strength in pounds per square inch

One six cylinder set of these tests was run using a ratio of sand to
UPCS—Gray of 5:1 with 0.634 per cent catalyst. The material was mixed and
cast in the cylinders according to the method outlined in the Standard Test-
ing Procedure which is presented in the Appendix of this report. Three
specimens were tested at 7 days and three at 14 days. At 7 days the tensile
strength was found to be 15.7 per cent of the ultimate compressive strength
and at 14 days it was 17.1 per cent.

It should be mentioned that the primary reason for running this series

*Thaulow, Sven, "Tensile Splitting Test and High Strength Concrete Test
Cylinders," Journal of the American Concrete Institute, Jan. 1957, Vol. 28,
No. 7, p. 699.
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of tests was not to determine the tensile strength of the particular material
used but rather to determine whether or not the split cylinder test would be
an acceptable test for determining tensile strengths of future mixtures.
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CONCRETE MORTAR STANDARD

In order to establish a relationship between the material being eval-
uated and concrete, a series of tests were run using a normal portland
cement. The sand used was the same as that used throughout this work.

The test was conducted in nearly the same way as is prescribed in the
Standard Testing Procedure but ASTM Designation C 109-58 (Standard Method
of Test for Compressive Strength of Hydraulic-Cement Mortars) was referred
to as a supplementary guide.

A total of six specimens of the concrete mortar were cast. A volume
ratio of cement to sand of 1 to 2.75 was used with a water-cement ratio of
0.425 by weight. The water was introduced into the mixing container and the
cement was added. These two components were mixed thoroughly and then the
sand was introduced and the complete mixture was again thoroughly mixed.
Once a uniform consistency was obtained the 2 inch diameter by 4 inch high
cylindrical molds were half filled with the mortar. At this point the mor-
tar was compacted into the molds by tamping 30 times with a 1/2 X 1/2 inch
wooden tamper. The molds were then filled and again tamped 30 times after
which the tops were finished off with a trowel.

The molds were removed after 24 hours and the specimens stored in
water for 6 days. On the seventh day they were capped and tested accord-

ing to Section 6 of the Standard Testing Procedure given in the Appendix.

The average'7-day compressive strength of these concrete mortar speci-
mens was 2601 psi.

25






CONCLUSIONS

From the results reported here it may be concluded that the Guardian
System gave the highest 28-day compressive strengths followed by UPCS, UPCM
and then Standard which yielded the lowest strengths. However, compared to
the UPCS and the UPCM Systems, Guardian was rather slow in curing. For ex-
ample, the 7-day to 28-day strength ratio of the Guardian—Black is only
0.277, whereas the same ratio for the UPCS System is 0.91k. The greatest
compressive strength was obtained with Guardian—Black tested at 28 days.

The values of the Secant Modulus of Elasticity are quite low compared
to the moduli of concrete. Although in some respects this is a disadvantage,
it may be considered an advantage over concrete insofar as these materials'
ability to withstand impact. Further, as long as these materials are not
loaded past about one half their ultimate strength, they exhibit almost com-
plete strain recovery.

The moisture in the aggregate has been shown to have a pronounced ef-
fect on the compressive strength. When the aggregate had 3 per cent mois-
ture by dry weight, the compressive strength was only 19.6 per cent of the
compressive strength obtained using aggregate having 1.15 per cent moisture.
The compressive strength tends to continue to decrease as the moisture con-
tent increases above 3 per cent. Since sand is likely to have 3 or L per
cent moisture when delivered to a job site, artificial drying of the sand
would seem to be necessary.

Compaction appears to have an effect on the resulting strength of the
material. The tests conducted do not show the kind or amount of compaction
that is needed, but they do show that some type of field compaction is nec-
essary.

The study has shown that there is a range of sand to liquid mix pro-
portions which gives workable mixtures and nearly equal compressive strengths.
It is believed thatthis range will vary with the particular compound and with
the size of aggregate used. For UPCS—Clear, mixed with the sand used
throughout the testing program, this range consisted of mix proportions of
sand to liquid of between 4.7:1 and 7.9:1. Vhen mix proportions either higher
or lower than this range were used, the mixture lost its workability and the
ultimate compressive strengths were lower.

The split cylinder test shows promise as an acceptable method of evaluat-

ing the tensile strength of the material. To be usable, the results of this
type of test would have to be correlated with those of beam flexure tests.
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The compressive strength of the concrete mortar, which was proportioned
such that it would be similar in workability to the mixtures being tested,
was approximately twice the 28-day compressive strength of the UPCS mixtures
and about 1.6 times the 28-day strength of the Guardian mixtures. It is be-
lieved that this relative difference will also be present when different ag-

gregates are used.
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FUTURE STUDIES

While the studies of this report seem sufficient to compare the proper-
ties of the nine compounds when mixed with one particular aggregate, only
inferences may be drawn as to the behavior of any one compound mixed with
other aggregates. If one compound can be selected, its variations with the
interrelated mix proportion and aggregate variables can be determined in
detail. Reliability of results would require a rather extensive and con-
trolled testing program to produce information suitable for recommendation
of the particular aggregate—compound mix for any singular purpose which
might be proposed.

The establishment of the behavior of the material in flexure has not
been attempted here. The split-cylinder technique for determining the ten-
sile strength should be related to the flexural tension as determined by
beam tests to have significance.

It may be anticipated that temperature may have significant influences
upon the material. Much work would need to be done to establish reliable
data as to the effects of the casting temperature, the curing temperature,
the testing temperature, and the temperatures occurring during use.

The porosity of the material mixed with varying aggregates may also be
significant. An investigation of water absorbtion, the passage of gases, and
similar products should be studied.

The combination of water and temperature and aging characteristics
(freeze and thaw) will undoubtedly need to be evaluated before any wide
spread acceptance of the product can be gained.

The effect on the material of volumetric variations, creep under load,
surface hardness, shear and etc. also remain to be studied.

No doubt many of the above evaluations will be made by actual field in-
stallations and the subsequent performance of the material. Some of these
factors may be more easily obtained in the laboratory. In either case a
considerable amount of work still remains to be done before these materials
can be used in design with complete assurance as to their field performance.
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1.

STANDARD TESTING PROCEDURE

SCOPE

The testing procedure herein described is intended as a standard method

for preparing and testing in compression specimens of polyurethane-polyethyl-
ene and sand as well as a method for determining the Modulus of Elasticity
of the material.

2.

APPARATUS

The apparatus shall consist of the following:

Vaseline.

Graduated cylinders—a 250 cc cylinder calibrated to 2 cc and a
10 cc cylinder calibrated to 0.5 cc.

Beakers—a 1500 ml glass beaker and a 500 ml glass beaker.

Glass Plate—a piece of double strength window glass approximately
2 ft. x 3 ft.

Trowel=--a 3 in. mason's trowel.
Putty Knife.

Cylindrical Molds—brass, steel, or bronze molds 2 in. in diameter
and 4 in. in height.

Compactor—an impact compacting device which drops a 1.1 1b. weight
from a height of 18 in. (See Commentary for a description of such
a device.)

Hydrostone.

Testing Machine--the testing machine shall be of the screw type and
must be capable of providing the loading rate prescribed in Section

be.

Dial Gage—a dial gage calibrated to 0.001 in. and a supporting
stand. "
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3. NUMBER OF SPECIMENS

A minimum of three specimens shall be cast and tested for each testing
condition or variable.

L. TPREPARATION OF TEST SPECIMENS

a. Preparation of Molds—The molds shall be covered with a thin uni-
form coat of vaseline.

b. Proportioning and Mixing—The mixing shall be done on the glass
plate. Measure out the required volume of dry sand and place this on the
glass plate. Then measure out the required amount of liquid compound into
a dry beaker of suitable size. When the compound being used is one which re-
quires a catalyst this should be measured out next in the 10 cc graduated
cylinder, poured into the beaker containing the liquid compound and stirred
for a time sufficient to assure the complete mixing of the two components.
The liquid shall be mixed with the sand in the following manner:

1. Form a pocket in the dry sand and pour one half the liquid into it.
2. Work the mixture with the trowel until no free liquid remains.

3. Form another pocket in the mixture and add the remainder of the
liquid.

L. Thoroughly mix the sand-liquid mixture with the trowel until by
visual inspection it is determined that a uniform consistency has
been obtained.

5. Clean the beaker which contained the liquid compound with Toluene.

c. Casting the Specimens—Pat out a portion of the mixture into a layer
about one inch thick with the trowel and dice into cubes approximately 1- 1/2
inches on a side. With the putty knife place these cubes into the mold until
it is filled to within one half inch of the top. Apply 10 blows from the com-
pactor. Fill mold to top and apply 10 more blows from the compactor. Again
fill the mold and apply 5 blows from the compactor. Add whatever amount of
the mixture that is necessary to fill the mold and trowel the surface off
smooth with the trowel.

d. Cleaning Equipment—All equipment shall be cleaned with Toluene
Reagent immediately.
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5. STRIPPING OF MOLDS

The molds shall be removed within 24 hours after casting and the speci-
mens stored in a well ventilated place at room temperature until the testing
date. Specimens shall not be stored closer than one inch from each other.
Immediately after removing the molds the specimens shall be clearly identi-
fied by an appropriate code number.

6. TESTING

a. Capping—At least 3 hours before the time of testing the specimens
shall be capped with Hydrostone. The caps shall provide smooth plane sur-
faces which are perpendicular to the axis of the specimen and parallel to
each other. The caps shall be made as thin as possible.

b. Placing the Specimen-—Before placing the specimen in the testing
machine the bearing faces on the machine shall be wiped clean. The specimen
shall be placed in the machine in a manner such that axis of the specimen is
aligned with the center of thrust of the machine.

c. Rate of Loading—-The load shall be applied continuously and without
shock. The moving head shall travel at a rate of about 0.015 inches per
minute when the machine is running idle.

d. Displacement Readings—The displacement between the moving head and
the base plate of the machine shall be read from a dial gage arranged in a
convenient manner. Readings shall be taken at increments sufficient to give
a total of at least 15 readings.

7. CALCULATIONS

a. Ultimate Strength—The ultimate strength shall be calculated by
dividing the maximum load carried in pounds by the initial cross-sectional
area of the specimen in square inches.

b. Modulus of Elasticity—A curve of stress (i.e., load divided by
the initial cross-sectional area) vs. unit strain (i.e., displacement read-
ing divided by the gage length) shall be plotted. The slope of a secant
drawn from the origin of the stress-strain plot to a point on the curve
whose ordinate is one half the ultimate strength shall be determined and
reported as the Secant Modulus of Elasticity.

25






COMMENTARY ON THE STANDARD TESTING PROCEDURE

1. SCOPE

Before proceeding to evaluate the four families of compounds which
were supplied by the sponsor it was necessary to develop a standard method
of preparing and testing specimens. Since the potential uses for the mix-
tures are similar to those of concrete it was decided to correlate, as
closely as possible, the testing procedure with the testing procedures for
concrete and mortars. It is the purpose of this commentary to explain the
development of the standard test which has been set forth.

2. APPARATUS

Every item in the list of apparatus is self explanatory and easily
obtainable with the exception of item h, the compactor. Upon preparing
the first batch of material it was evident that some sort of compaction
would be necessary in order to obtain a reasonable strength. An impact
compacting device was chosen. It was also felt that the compaction would
have to be carefully controlled. This was accomplished by dropping a
known weight (1.1 1b.) from a known height (18 in.) a given number of
times. The device used in preparing all specimens for this project is
shown in Fig. 15.

3. NUMBER OF SPECIMENS

Because of the unavoidable variability in the results of tests made
on materials such as these it is impossible to draw any conclusions on the
basis of one test. It was therefore decided that the standard procedure
would be to cast and test at least three specimens for each testing condi-
tion or variable, thereby allowing for the variability that existed within
a particular batch. In order to overcome the differences which may result
from the batching operation itself it also seemed advisable to require two
individual batches to be mixed for each testing condition, thereby giving
a total of six specimens for each testing condition or variable. Using
this procedure, i.e., two batches with three specimens from each batch,
any investigator should feel confident that most of the variables which
arise from the batching and casting operation have been eliminated.
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Fig. 15. An acceptable compacting device.
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L. PREPARATION OF TEST SPECIMENS

a. Preparation of Molds—In casting the first specimens used in con-
nection with this project the molds were lined with polyethylene plastic
sheet. This worked very well but the process of lining the molds was a
tedious and time consuming one. It was found that a thin uniform coat of
vaseline applied to the molds with a cloth rag worked just as well. This
seemed to have no ill effect on the specimens and enabled the molds to be
stripped easily.

b. Proportioning and Mixing—A piece of double strength window glass
serves very well as a mixing surface. Glass was chosen because of the ease
in cleaning the plate once the batching operation is completed. The size
of the plate is governed by the size of the batch. The standard size batch
used was one sufficient in size to cast 19 cylinders. It was found that a
2 ft. x 3 ft. glass plate worked very well for a batch of this size.

A convenient way for determining the volume of dry loose sand needed
is to multiply the total volume of molds to be filled by 1.2. This will
allow for the decrease in the volume of the sand which results when the
liquid is added as well as some allowance for waste.

The measurement of the liquid compound in the beaker is most easily
accomplished by calibrating the beaker in advance. This may be done by
measuring an equivalent volume of water with the large graduated cylinder.
The water next is poured into a beaker of suitable size which is marked at
the water level, emptied, and dried thoroughly. The compound may then be
poured into the beaker up to the proper mark. This procedure avoilds the
very difficult operation of cleaning the graduated cylinder.

The measurement of the catalyst may be done directly in the small
graduate since cleaning seems to be no problem. Because of the small
amount of catalyst needed compared to the volume of liquid compound, it is
quite essential that the mixing be thorough. A period of vigorous mixing
of from two to three minutes seems to be sufficient time to insure the com-
plete and uniform mixing of the two components.

When preparing a batch of concrete, the water is added to the dry ag-
gregate and cement. Therefore, it is suggested that the liquid be added
to the sand rather than adding the sand to the liquid. There is no pre-
scribed method of working the mixture of sand and liquid with the trowel.
Any technique may be used as long as it results in a uniform mixture. The
mixing time required to obtain a consistent mixture is, of course, depend-
ent upon the size of the batch being prepared. It was found that from ten
to twelve minutes mixing time was required to mix a batch of size sufficient
to cast 19 specimens.
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c. Casting the Specimens—The method used in introducing the material
into the molds is clearly described in the Standard Testing Procedure. The
compaction prescribed was chosen because it gives a relatively well com-
pacted specimen while consuming a minimum of time. Time becomes a factor
because in some cases 1t is necessary to have the material in the molds
within fifteen minutes after it has been mixed. For a complete discussion
on the aspect of compaction, refer to the section entitled INFLUENCE OF
COMPACTION of the main report.

d. Cleaning the Equipment—Once the molds have all been filled, all
the equipment, including the glass mixing plate, should be cleaned with the
aid of Toluene. If this is done immediately the equipment will clean up
with little effort.

5. STRIPPING OF MOLDS

Because the curing process appears to be one which involves the es-
caping of certain vapors, it seems advisable to strip the molds as soon as
possible. On the other hand, the molds cannot be removed until the material
has gained sufficient strength to allow normal handling. Twenty-four hours
after casting appears to be a time for stripping which meets both of these
conditions.

6. TESTING

a. Before testing the specimens they must be capped. A high strength
plaster of Paris (Hydrostone) was used very successfully for this. Capping
can be done on either a steel or glass plate which has been carefully leveled.
To insure that the caps are perpendicular to the axis of the cylinder a small
square may be used to set the cylinder perpendicular to the capping plate
when the cap is formed on one end. After this cap has hardened, the cylinder
may be inverted for capping the other end. A small carpenter's level may be
used on the first cap to make the faces of the two caps parallel.

b. Placing the Specimen—It is important that the specimen be carefully
aligned with the center of thrust of the machine. This 1s necessary to assure
that the specimen is being tested in pure compression, i.e., no bending.

c¢. Rate of Loading—As is stated in the Standard Testing Procedure, the
load is to be applied at a constant rate. Materials which are plastic in
nature creep when subjected to a sustained load. Therefore the rate at which
a specimen is loaded has an effect on the results obtained. If the specimen
is loaded at too fast a rate the results will be erroneous.

In order to determine a loading rate which would give representative-
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compressive strengths, a series of tests were run on specimens made with UPCS—
Gray using different loading rates. Rates of 0.002, 0.015, 0.02, 0.1, and 0.2
inches per minute were used. Because the stress-strain relationships, as well
as the vltimate strength, are effected by loading rates, the strain was also
taken at each of the above mentioned rates of loading. Table VII gives the
results of these tests.

TABLE VII

Loading ‘ Compressive % of Normal
Rate M?dzi?s Strength Compressive
("/min) . P (psi) Strength¥*
0.002 93,200 1149 96.7
0.015 96,400 1199 100.0
0.020 106,650 1326 110.4
0.100 113,650 1503 125.3
0.200 ——— 1752 1he.2

*Normal Compressive Strength is that Compressive Strengthféorre—
sponding to a Loading Rate of 0.015 inches per minute.

Figure 16 is a plot of Compressive Strength versus Loading Rate—the
compressive strength being normalized about that compressive'sfrength cor -
responding to a loading rate of 0.015 inches per minute—and Fig. 17 is a
plot of Secant Modulus versus Loading Rate. Since it was desirable to load
as rapidly as possible and yet not produce erroneous results, a loading
rate of 0.015 inches per minute was chosen. It is obvious from the two
curves that this is the rate which best meets the above requirements.

d. Displacement Readings—It was first thought that strain measure-
ments could be taken using electric resistance type strain gages; however,
because of the effect of the gage cement on the material this method was
not successful. The next method tried was to measure the total strain or
displacement experienced by the capped specimen with the use of a dial gage.
This worked very well but there was some concern about using the entire
height of the capped specimen as a gage length. In order to verify this
procedure the strain was measured on a specimen using the dial gage along
with a mechanical gage which read strain directly from a one inch gage
length, hereafter referred to as a Huggenburger Gage. ©Strain readings were
also taken on the same specimen with an electric resistance gage. The re-
sults of this test are given in Fig. 18. The reason the Huggenburger read-
ings do not extend over the entire range of loading is because of the large
total strain encountered. Because of the agreement of the Huggenburger
readings with those obtained by using the dial gage and because of the lim-
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ited range of the Huggenburger Gage, the use of the dial gage has been pre-
scribed in the Standard Testing Procedure for measuring strain.

7. CALCULATIONS

a. Ultimate Strength—The units used to express the strength of con-
crete are invariably pounds per square inch (psi). Accordingly, these units
have been used exclusively when referring to compressive strength.

b. Modulus of Elasticity—When dealing with a material whose stress-
strain plot is not linear, some criterion for expressing the Modulus of
Elasticity has to be set forth. Some methods used are as follows:

1. "Initial Tangent Modulus" which is represented as the slope of a
tangent to the stress-strain curve, drawn through the origin.

2. '"Tangent Modulus" which is represented by the slope of a line
drawn tangent to the stress-strain curve at any designated point.

3. '"Secant Modulus" which is represented by the slope of a line drawn
from the origin to some designated point on the curve.

The most common one used for concrete is the Secant Modulus. Therefore
it was decided that the slope of a secant drawn from the origin of the stress-
strain plot to a point on the curve whose ordinate is one half the ultimate
strength would be used as the criterion for evaluating the Modulus of Elas-
ticity. In order to make it clear which modulus is being used it is suggested
that it be reported as the Secant Modulus of Elasticity. A sample stress-
strain curve is shown in Fig. 19 with the Secant Modulus of Elasticity eval-

uated.
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Fig. 19. Typical Stress-Strain Curve illustrating the procedure for
calculating the Secant Modulus of Elasticity.
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