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INTRODUCTION

puring the past fifty years the State of Vermont has been using a factor
for converting '"Modulus of Rupture' to an "Equivalent Compressive Strength'.
This conversion factor was derived by Professor Clemmer at the University of
Iilinois and adopted by the State of Vermont. A cantilever type beam breaker
was acquired and both the factor and machine are being used to report test
beam results. The formula for converting the beam strength (ibs.) to the
Modulus of Rupture (psi) for the State's cantilever breaker has been recent-
ly questioned and recomputed. The formula used to derive the "conversion
factor" is not available, but was originally substantiated through laboratory
testing. However, changes in concrete technology and design have appeared to

invalidate the accuracy of the formula.

An investigation was initiated to determine the validity of our present
factor or to establish, if possible, a new factor relevant to concrete designs

used by the Vermont Department of Highways.

The tests for this investigétion were performed in the laboratory and in
the field to substantiate or refute the accuracy of the factor. This report

will describe the test methods and results,




CONCRETE MATERIALS AND DESIGN

The original testing data used to determine the conversion factor is un-
available. Therefore, the concrete designs currently being used by the State

are basic to the investigation.

AGGREGATES

The aggregates chosen for this investigation were crushéd rock from
Lebanon Crushed Stome, Inc., West Lebanon, New Hampshire; L. A. Demers,
Winooski, Vermont; Kelley Construction, Websterville, Vermont; and crushed
gravel from Calkins Construction, Coventry, Vermont. Fine aggregate sources
for the testing were S. T. Griswold, Williston, Vermont; Lebanon Crushed
Stone, Inc., West Lebanon, New Hampshire; Nadeau's Pit, Johnson, Vermont; and
Calkins Construction, Coventry, Vermont. Both the fine and coarse aggregate

met State requirements before concrete batching operations were initiated.

CEMENT
For this investigation three brands of Type I cement (Iron Clad, Glens
Falls, New York; Northeast, St. Constant, Quebec, Canada; Universal Atlas,

Hudson, New York) were used.

MIX DESIGN

Concrete mix designs were based on the speéific gravities of the aggregates
as used in the individual ready-mix plants. Both Class A (6% sk/cy) and Class B
(6 sk/cy) concrete were used in the field investigation.  Laboratory testing

utilized only Class A concrete.




ADMIXTURES

The air-gntraining admixture used for the field projects and laboratory
testing was Grace Chemical's "Darex". This admixture is used by most of the
ready-mix concrete plants that produce concrete for State Highway projects.
A retarding admixture (Grace Chemical's "Daratard') was used only on the Mont-

pelier project.

CONCRETE

Concrete used for the field projects was produced at three ready-mix
concrete plants: Miller Ready-Mix, West Lebanoﬁ, New Hampshire for the
Royalton-Tunbridge Project; Kelley Transit Mix, Montpelier, Vermont for the
Montpelier Project; and S, T. Griswold, Williston, Vermont for the Burling-

ton project.

PROCEDURE

BATCHING
Laboratory personnel inspected the batching operations at the individual
ready-mix plants and their daily reports indicate proper plant procedure.

Siips accompanying each batch recorded all pertinent data.

TEST SPECIMENS

Test specimens were fabricated at the project site in beam and cylinder
molds to provide a comparison between the direct compressive strength and
that compressive strength as computéd from Modulus of Rupture.

The Vermont Department of Highways specifies test beams and their Modulus
of Rupture as the criteria for determining strength even though compressive

strength is more commonly used throughout the concrete industry.

TEST REAMS
The test beams used in the investigation were fabricated in 6 x 6 x 36 in.

wooden molds which allow for two breaks per beam. The molds are filled on the

in




project and cured with the structure for the required time period. After
initial curing they are transported in their molds to the laboratory for teste
ing. The first test is performed upon arrival and provides information as to
the field curing. The remaining beam segment 1g then laboratory cured. The
second break at 28 days is an indication of the concrete quality.

The laboratory test beams were cast in the same manner as above and cured
with constant temperature and humidity. These test beams were broken in flexure

at ages of 10 and 28 days.

TEST CYLINDERS

The test cylinders were cast in 6 x 12 in, cardboard molds. Two cylinders
were cast with each test beam from the same concrete mix. Curing was identical

to that of the corresponding test beam.

DISCUSSION OF TEST RESULTS

The primary objective of this investigation was to ascertain the validity
of the conversion factor. The results of this investigation did not satisfy
that objective due to the presence of too many variables, i.e. too few constants.
This condition is prevalent in typical concrete operations throughout the State,

and no attempt was made to insure uniformity.

LABORATORY RESULTS

The laboratory fests showed that when large variations in slump and air
content are introduced, there is little effect on the resulting factor. All
test results of the laboratory investigation are shown in Table I. These
results revealed an average conversion factor lower than the present factor 5.25.
The average factor for laboratory testing was 4.37.

1014 fgrther interest is the comparison shown between the 10 day and 28 day

breaks. Although the strengths, in all cases, increased, those tested in flexure




gained more rapidly than those broken in compression.

FIELD RESULTS

Data relative to the field projects was more extensive than that of the
laboratory. The three projects provided sixty-five beams and their correspond-
ing cylinders. Tables IIA, IIB, & IIC illustrate the normal variations to be
expected under field conditions even though the concrete meets the limited
tolerances permitted in the State of Vermont specifications. Figures I and II
show the frequency distribution curves for both conversion factors and com=-
préssive strengths respectively. Figure I shows an arithmetic average of the
test results computed along with their standard deviation. Note that 4.3l is
the overall average factor. Ninety percent of all results are within one
standard deviation of this factor.‘ One standard deviation is .98 (23% of 4.31),

Figuré II is a distribution curve based on the direct compressive strengths
of test cylinders. The average compressive strength of 3042 psi is computed.
Seventy-five percent of the cylinders are yithin one standard deviation of 479
(15.7% of the average compressive strengtﬁ).

Of interest is the result that 95% of all cylinders lie within + 956 psi
while 50% of them lie within + 350 psi from the average compressive strength
(3042 psi).

These figures show large variations when all tests are presented together.
" Thus, the field projects are examined individually to ascertain if a single
conversion factor can be established when the number of variables common to
concrete are reduced.

Figures TIIA, IIIB, & ILIC present a graphic comparison between the in-
dividual factors plotted according to their direct compressive strengths and
their moduli of rupture. Symbols are used to depict the class and age of test

of the specimens. The present factor has been plotted on the graphs along with




all test results of the individual field projects. The average of all factors
for each project is also illustrated.

One of the major problems in trying to correlate results of field testing
comes from the lack of relatable material. Constants which would enable accurate
comparison seldom appear. Table III lists those specimens by project which have
common properties. It can be seen that even when limiting tﬁe variables, the
factor continues to be unstable. Table IV summarizes the averages of all
laboratory and field project test results. Note that the Modulus of Rupture
varies from 18% to 27% of the compressive strength. This variance indicates
that there is no constant relationship between them as had been previously

assumed.




SUMMARY

This investigation has established that the equivalent compressive strength,
as computed from the concrete test beams broken in flexure, is in ervor. The
accuracy of the present conversion factor of 5.25 or any other factor which could
be established is invalid except for the purpose of comparing specimens with each

other.

When considering the entire spectrum of test results from both moduli of
rupture and compressive strengths, the deviation is such that the average would
be meaningless. The factors resulting from these tests ranged from a low of 2.55
to a high of 6.15 showing that the modulus of rupture compared to actual compres-

sive strength varies from batch to batch.

The properties affecting the constancy of concrete strength include air
content, aggregate and cement characteristics, consistency, method and effective-
ness of curing, age of test, and numerous others. However, the magnitude of
their effect may vary depending on whether the concrete 1s tested in compression

or flexure.

Although relationships between the two methods of testing concrete strengths
do exist, it is shown that our past and present practice of correlation and the

reporting of these figures is incorrect.




CONCLUSIONS AND RECOMMENDATIONS

The modulus of rupture only should be reported when testing concrete

strength in flexure.

Tests should be performed comparing the methods and the effect of

various machines available for obtaining flexural strength.

Test beams should be required only when unreinforced concrete is to
be subjected to flexural loading. Since all structural concrete used
by the Department of Highways is reinforced, the use of test cylinders

should be reconsidered.

1t should be established that the concrete strength be tested to show
either field curing effectiveness or concrete quality at a specified

age. Deriving both factors from a single specimen is erromeous.

Concrete specimens, whether test beams or cylinders, should be molded,

cured, and tested in strict compliance with applicable AASHO procedures.
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