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volume changes, is one of the truly insidious phenomena
of repair pathology (Fig. 1), but permeability testing of
materials using laboratory specimens disregards a
dominating effect of cracking on permeability. The
permeability of cement-based materials (realcrete) has
very little to do with laboratory test data (labcrete) or
with field permeability tests performed between cracks.

Deterioration and distress of repaired concrete
structures in service result from a variety of physical and
chemical processes such as the corrosion of embedded
reinforcing steel and freezing and thawing. Reinforcement
corrosion, however, does not initiate concrete deterioration.
Rather, the concrete must first crack. When large, visible
cracks become interconnected with microcracks, the
network of cracks facilitates the transport of aggressive
ions and gases to the embedded reinforcement, leading
to premature corrosion and deterioration. Corrosion,
more cracking, and concrete spalling are the effects and
initial cracking is the cause. Figure 2 shows an idealized
model of a repair failure.

Much material science work on durability of concrete
is based on short-term laboratory testing in highly
artificial conditions. Because it is not possible to simulate
the field service conditions by accelerated laboratory
tests, these test methods have a limited value for
prediction and control of repair durability.

For many years there has been a search for small-scale
tests that predict the occurrence and propagation
behavior of cracks in engineering structures. The
inadequate prediction of cracking sensitivity in full-size
repairs is usually associated with unrealistic small
specimen behavior in laboratory testing. Laboratory
tests are usually inadequate because of one or more of
the following basic reasons:

■ The small size does not allow the full constraints
to be developed, and the critical tensile stress is
not achieved;

■ General yielding of the small specimen during the
cracking process clearly negates the fracture mechanics
approach occurring in full-size repairs;

■ The strain rate does not reach that associated with a
propagating crack in the full-scale repair, where cracks
usually propagate at high speeds by absorption of
elastic strain energy; and

■ It is impossible to model the combined effects of an
in-place environment on a small specimen under
controlled conditions.
When considering the performance of actual structures

(realcrete), the current laboratory tests on durability
should be used with caution because the performance
behavior of cementitious materials is highly dependent
on environmental conditions, specimen geometry, curing
history, and, especially, the human factor—workman-
ship. Laboratory specimens (labcrete) are relatively
small, produced by experienced technicians in controlled
artificial conditions; usually they are not restrained
against volume changes. It is easy for labcrete to yield
low permeability values. The same material mixture
when used in field structures may not prove to be
durable due to the shrinkage cracking, exposure to
frequent freezing and thawing, or wetting and drying.

Researchers should concentrate on developing an
inexpensive, relatively rapid, reliable method of evaluating
repair materials in regard to their future in-place performance.
This method would establish a rational yardstick for
selecting and specifying repair materials, where strength
is of secondary importance.

Part of the reason that we still don’t have an answer
to the “to be or not to be” question—that is, to protect or
not protect reinforcing steel exposed in the repair area
by applying an additional protection system—is because
of the lack of laboratory investigations of the corrosion
performance of different protective systems that correlate
to field conditions. Steel reinforcement within a repaired
structure usually constitutes an electrically continuous
system. For unknown reasons, most of the research
and evaluation studies carried out to date have been
conducted by exposing the reinforcement to more or less
uniform conditions. Thus, the effect of the simultaneous
existence of different exposure conditions with respect
to various segments of the reinforcement has not been
fully understood and has not been evaluated.

To illustrate this point, consider the commonly used
method for the evaluation of various reinforcement
protection systems in chloride environments by the
saltwater ponding test (Fig. 3). The method is being
widely used for testing of concrete mixtures, chemical
additives, inhibitors, and pozzolanic materials for
resistance to chloride ion penetration. This test is useful

Fig. 2: Idealized model of repair failure


