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Abnormal chemical interaction between C,A contents in cement, sulfate contents in pore solution, and certain
chemical and mineral admixtures at certain temperatures sometimes causes abnormalities in workability, setting
time (e.q., early stiffening or excessive retardation) and strength gain, which is generally defined as cement-
admixtures incompatibilities in concrete. Cement paste rheology measurement instead of traditional concrete
workability tests (e.g., slump) was considered a technically sound concept in identifying those incompatibilities
before concrete is placed.

The overall goal of this research project was to develop an easy-to-use, relatively inexpensive field laboratory

test and equipment to predict potential concrete mixture incompatibilities through the direct measurement of

cement paste rheology. The specific objectives were:

e to develop an easy-to-use instrument based on the Superpave Dynamic Shear Rheometer (DSR) that could
measure cement paste rheology with permissible repeatability and sensitivity, and

e to investigate whether potential cement-mineral/chemical admixture incompatibilities can clearly be
identified through direct measurement of cement paste rheology in the laboratory.
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Preliminary investigation used the modified DSR to optimize test conditions (e.g., L mm as optimum plate gap,
0-200/s as optimum shear rate, and longer test duration) and develop a DSR-based rheology test procedure. A
special temperature-controlled, high-shear (up to 6000 rpm) cement paste mixing procedure simulated shearing
effects that cement paste experiences in concrete. Both mixing and rheology measurement were conducted
under controlled temperature conditions to investigate temperature effect more accurately. Another advanced
rheometer device (AR 2000) along with conventional heat of hydration (HOH) and setting time tests were used
as supporting tools to validate the applicability of DSR.

An extensive laboratory investigation used the modified and optimized DSR-based rheology test procedure with
varieties of cements, supplementary cementitious materials, and different types and dosages of commonly used
chemical admixtures under different temperature conditions.



The HOH and setting time tests were also performed for all the studied mixtures as supporting tools. A
procedure to formulate rheology-based acceptance criteria was developed based on the test results generated
in the main laboratory investigation. A field demonstration program was conducted to show repeatability and
sensitivity of the DSR-based rheology test method. The feasibility of a cement paste mini-slump test as an
alternative or supporting tool for the rheology test was also investigated.

What T ﬁey Found

In the preliminary investigation, both the DSR and AR 2000 rheometers support each other as well as being
fully supported by HOH and setting time results in measuring cement paste rheology with permissible
reproducibility and sensitivity and identifying incompatible mixtures. This validated the applicability of DSR to
measure cement paste rheology.

In the main test program, absolute values of plastic viscosity (PV) and yield stress (YS) were determined
corresponding to five time intervals for all the selected mixture combinations. The rate of change of PV and YS
was then calculated using their absolute values at different time intervals. Almost all the incompatible mixtures
identified by HOH and setting time criteria are characterized by abnormal ranges of PV/YS rate of change.
Therefore, the rheology-based test results were strongly supported by the HOH and setting time results. The
rate of change of PV and Y'S was found to be the most sensitive parameter to identify the studied incompatible
mixtures and used to develop acceptance criteria.

In the field demonstration program, permissible reproducibility of the rheological parameters based on limited
mixture combinations was evident.

In the mini-slump cone test, pat area at 5 minutes seems to be a relatively better criterion than the pat area rate
of change. However, cases of both false positive and negative were observed with this criterion and therefore it
did not come up as an effective criterion.

What This Means

The test results showed that DSR in the modified form is capable of measuring cement paste rheology with
permissible reproducibility and sensitivity and of distinguishing between normal and incompatible mixtures.

However, the number of tests conducted in the present research was not adequate to assign threshold numbers
for establishing acceptance criteria. Further refinement of acceptance criteria based on detailed work covering
different types of incompatibilities and field laboratory-based validation programs are warranted in order

to come up with an easy-to-use, relatively inexpensive field laboratory test and equipment for cement paste
rheology measurement. This future testing will ultimately help material suppliers, concrete producers, and other
users detect problematic combinations of concrete ingredients during the mixture design process and thereby

avoid concrete cracking and other durability issues resulting from incompatibilities.

For More anormation:
Research Engineer - German Claros, TXDOT, 512-465-7403
Project Director - Elizabeth (Lisa) Lukefahr, TxDOT, 512-506-5858

Research Supervisor - Anal K. Mukhopadhyay, TTI, 979-458-4618 Texas
Department
Technical reports when puﬁﬁsﬁec( are available at: of Tansortation

http://library.ctr.utexas.edu/index.html ~ Researchand Technology
Implementation Office

P.O. Box 5080
www.txdot.gov Austin, Texas 78763-5080

keyword: research 512-465-7403

This research was performed in cooperation with the Texas Department of Transportation and the Federal Highway Administration. The contents of this report
reflect the views of the authors, who are responsible for the facts and accuracy of the data presented herein. The contents do not necessarily reflect the official
view or policies of the FHWA or TxDOT. This report does not constitute a standard, specification, or regulation, nor is it intended for construction, bidding, or
permit purposes. Trade names were used solely for information and not for product endorsement.



