
PROBLEM STATEMENT

The workability of fresh concrete has tradi-
tionally been evaluated with the slump test,
which provides an inadequate indication of this
important parameter. For certain concrete mix-
tures--such as those containing fiber reinforce-
ment, ground-granulated, blast-furnace slag, or
high contents of aggregate microfines--the slump
test can provide inaccurate and misleading results.

The need for a better test method for worka-
bility is well established within the concrete
industry. ICAR researchers identified 61 existing
workability test methods. Based on this literature
search and on feedback from government,
industry, and academia, criteria for an improved
workability test device were developed.

OBJECTIVES

This research sought to identify an effective
field test method for measuring the workability
of concrete in general and of high-microfines
concrete in particular. ICAR researchers first
described key principles and trends in the meas-
urement of workability and then described the
61 test methods. Based on the successes and
failures of past test methods and the current
needs of the concrete industry, they developed
requirements for new test methods. They then
determined that the best approach to measuring
workability would be to develop a new,
portable rheometer.

They developed and tested the ICAR rheome-
ter, a low-cost, fully portable test device for con-
crete.  A first generation prototype was built
using off-the-shelf components. The ICAR
rheometer is approximately the size of a drill
and can be operated by hand or positioned
above a standard container. It is capable of
measuring a flow curve or performing a stress-
growth test and is appropriate for nearly the full
range of concrete workability, from a slump of
approximately 2 inches to self-consolidating
concrete.

CONCLUSIONS

The project’s conclusions are based on a liter-
ature review; feedback from government, indus-
try and academia; development of the ICAR
rheometer; and experimental testing. 

In concrete, no single test method can meas-
ure all aspects of workability. The often interre-
lated properties are usually assessed by qualita-
tive and subjective means. Also, concrete is a
complex material with time-dependent proper-
ties and a wide range of particle sizes. Most test
methods for measuring workability are empiri-
cal; a fundamental test would measure scientific
flow properties. Also, static tests such as the
slump test are inappropriate for highly thixotrop-
ic materials, which exhibit the property of
becoming like a gel when agitated, then return-
ing to a semi-solid state upon standing. A
dynamic test adds external energy to the con-
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crete and can typically provide infor-
mation on the flow properties after
the yield stress has been exceeded.
The inexpensive and simple slump
test is inadequate for a growing num-
ber of mixtures, since it only meas-
ures consistency and can give mis-
leading results. Therefore, researchers
developed the ICAR rheometer
designed to characterize concrete’s
scientific flow properties. It fulfills the
criteria that they had established for a
new workability test method.

The rheology and workabiliy of
concrete are influenced by nearly
every aspect of the mixture propor-
tions, material characteristics, and
construction conditions. The ICAR
rheometer can successfully detect
changes in workability and rheology,
as demonstrated by experiments on a
wide variety of concrete mixtures. It
is well suited for measuring high-fines
concrete and other highly thixotropic
concrete mixtures. 

Concrete rheology, as measured
with the ICAR rheometer, indicates
workability. Instead of using highly
subjective terms, it is desirable to
measure just two rheological parame-
ters--yield stress and plastic viscosity--
to provide a standardized, scientific
description of concrete workability. 

It also provides information that the
slump test cannot. It can distinguish
the effects of the cement content,
water-cementitious materials ratio, fly

ash replacement rate, and high-range
water-reducing admixture dosage.
These changes’ effects can be used to
proportion mixtures and to control
quality in the field by considering the
tradeoffs in flow properties, cost,
strength, and durability. 

The ICAR rheometer’s portability,
as demonstrated by field testing, cou-
pled with its low cost can make the
routine measurement of concrete rhe-
ology in the field an economically
viable solution to characterizing con-
crete workability. Its results correlate
well with those of other, more expen-
sive, less portable rheometers. Also,
most commercially available
rheometers are unsuitable partly
because of the large maximum aggre-
gate sizes in concrete. The ICAR
rheometer addresses many of the lim-
itations of existing rheometers.

RECOMMENDATIONS FOR 
FUTURE WORK

Create a streamlined, mass-produc-
tion version of the ICAR rheometer.

Develop a better understanding of
the flow generated by the ICAR
rheometer.

Calibrate the ICAR rheometer with
standard fluids of known flow properties. 

Conduct additional experimental
testing to the supplement the findings.

Develop guidelines and standards
for the use of rheology in concrete.

Extend the use of the ICAR
rheometer to materials other than
concrete.

The information in this summary is
detailed in ICAR Reports 105-1,
Summary of Concrete Workability
Test Methods, by Eric P. Koehler and
David W. Fowler; ICAR 105-2,
Quantification of Concrete
Workability by Means of the
Vibrating Slope Apparatus, by Kainan
Bodenlos; and ICAR 105-3F,
Development of a Portable
Rheometer for Fresh Portland Cement
Concrete, by Eric P. Koehler and
David W. Fowler. 
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