Research Summary

Evaluation & Mitigation Methods for the Prevention
of Cement Concrete Deterioration due to Pyrrhotite:

Part 1

Research Need

Aggregates containing reactive iron-sulfide
minerals, such as pyrrhotite, incorporated into
Portland cement concrete cause premature
deterioration of the concrete. This process can
start subtly in the form of interior hairline
cracks and may take between 10 to 30 years.
There is a need to establish a testing program
which can accelerate the deterioration under
controlled conditions in the laboratory. This
will allow to perform and evaluate potential
mitigation methods.

Goals/Objectives

The primary goal of this study was to establish
a foundational understanding of pyrrhotite-
induced concrete deterioration and to lay the
groundwork for a comprehensive research
study. To achieve this goal, three key
objectives were defined:

* Identify and evaluate pyrrhotite testing
protocols by assessing total sulfur content,
pyrrhotite concentration, expansion
characteristics, and concrete performance.

* [nitiate the study and testing of the
effectiveness of mitigation strategies in
Portland cement concrete by analyzing the
impact of optimized mixture designs on
deterioration progression.

* Develop a detailed scope of work for an
extensive laboratory and field study to
systematically evaluate mitigation methods
and their long-term effectiveness in
preventing deterioration.

Methodology

A comprehensive literature review was
conducted to assess sampling and testing
methods for evaluating aggregate and
concrete screening, as well as their
effectiveness in accelerating concrete
deterioration. Building on this knowledge and
recent advancements in laboratory testing, an
electrochemical acceleration test was
successfully set up and integrated with
non-destructive testing and crack-length
analysis to monitor deterioration progression.
To ensure the study’s relevance and
applicability,

Close collaboration between PIs, research
personnel, and MassDOT project champions
ensured alignment on key research
parameters, including concrete mixture
design, iron-sulfide aggregate selection,
sample size, and testing methods.



Key Findings

Preliminary laboratory tests confirmed that
electrochemical accelerated testing (EAT) on
pyrrhotite-induce concrete samples effectively
replicated deterioration patterns observed in
the field, such as discoloration, pop-outs, and
map cracking., while control specimens
without pyrrhotite remained intact.
Additionally, concrete with a lower
water-cement ratio (0.4) exhibited greater
resistance to deterioration, compared to
specimens with a higher ratio (0.6).

Use of Findings

The findings demonstrate the effectiveness of
Electrochemical Accelerated Testing (EAT) in
expediting and analyzing pyrrhotite-induced
concrete deterioration, providing a reliable
tool for early damage detection and risk
assessment. These results underscore the
need for refining testing methodologies to
deepen the understanding of deterioration
mechanisms and assess viable mitigation
strategies. Future research will focus on
comprehensive concrete parameter testing
and the evaluation of chemical treatment
methods to develop more resilient mix
designs, ultimately mitigating
pyrrhotite-induced concrete deterioration and
extending the lifespan of affected structures.
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