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CHAPTER 1—INTRODUCTION

1.1—Guide use

This document provides guidance on removal and prepa-
ration, selecting material and application methods for repair,
protection, and strengthening of concrete structures. The
information is applicable to repairing deteriorated or damagec
concrete structures; correcting design or construction dcf-
ciencies; and strengthening the structure for new use; or to
comply with current, more restrictive building coaer.

Current practices in concrete repair are sumr ari.>d and
information provided for the initial planning ¢ refair work
and selecting repair materials and me’nor.s_for various
conditions.

1.2—Repair methodology

The methodology for repairing ¢ concrete structure typi-
cally includes a conditiciiassessment of the structure,
designing repairs, ‘deve.apiny construction documents,
bidding and negotiatic» piocesses, and performing the
repair work. Prepcring a rnaintenance plan for the repaired
structure is alsa.re ~ommended. A basic understanding of
the causes- ot concrete distress, deterioration, or deficien-
cies is esse.tial w0 performing meaningful evaluations and
complatin » successful repairs (ACI 364.1R). Once the cause
of dateioration or deficiency is determined, the appropriate
r ear rogram can be selected to address these conditions.
Depending on the cause and extent of the damage, repair is
~ot always warranted.

Assessment of the structure should determine the cause
of the deterioration or deficiency and not focus only on the
symptoms. For example, cracking can be a symptom of
distress that may have a variety of causes, such as restraint

of drying shrinkage, restraint of movement due to thermal
cycling, overloading, corrosion of embedded metal, or inad-
equate design or construction. The cause of distress should
be assessed for proper selection and implementation of an
appropriate repair program (Fig. 1.2).

1.2.1 Condition assessment—The process of repairing
a concrete structure starts with the evaluation of existing
conditions. The evaluation can be divided into several steps:

a) Reviewing available design and construction docu-
ments, previous reports, repair/maintenance records, and tes*
data, if available;

b) Visually examining the existing structure;

¢) Performing structural analysis of members in ¢ 'estion
or the structure in its deteriorated condition;

d) Evaluating corrosion activity;

e) Performing invasive or nondestructi = testiny, or both;

f) Reviewing physical, chemical, and pe.:ographic anal-
ysis results of laboratory-tested concr.te samples.

Additional information on conauctii g condition surveys
can be found in ACI 201.1R, 207.oR, 22/ R, 224.1R, 228.2R,
364.1R, 437R, and 562.

1.2.1.1 Unsafe condi.’ans— During the condition assess-
ment, conditions discovere *"that pose an immediate safety
issue should be . et tified and reported to the owner for miti-
gation. Local huilc ng codes may require that the licensed
design profe 'sioral (LDP) report unsafe conditions to the
authoi‘ties 2na , pically require that the owner take measures
to protect the public safety where hazardous conditions
exi't. For example, if loose concrete on overhead or vertical
surfacnz is discovered, access should be limited in the areas
adjacent to and below until the hazards are removed or stabi-
lized. If structural members exhibit compromised integrity,
these members should be stabilized or the affected areas
removed from service.

1.2.1.2 Global issues—The performance of a structure
depends on maintaining the integrity of the structure and
envelope of the building. If the LDP becomes aware of an
item of concern outside the assigned scope of work that
could compromise the integrity of the structure or jeopardize
public safety, the appropriate parties should be notified for
implementation of remedial action.

1.2.1.3 Determination of cause and extent—During the
condition assessment of a structure, the cause of distress,
deterioration, or deficiency should be determined. Because
many deficiencies are caused by more than one mechanism,
a basic understanding of the causes of concrete deterioration
is essential to determine what has happened to a particular
concrete structure. After completing the assessment, a suit-
able remedial action plan can be developed, repair appli-
cations and materials selected, and contract documents
prepared. If a delay occurs between the condition survey
and performing the repair work, additional deterioration
and distress could occur and consideration should be given
to updating the condition survey to minimize variations
between estimated and actual quantities of repair work.

1.2.2 Design considerations—When designing a concrete
repair, strengthening system, or protective system, the LDP
should consider the safety and serviceability of the structure
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Repair Methodology
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Fig. 1.2—Repair methodology.

during construction and its performance at completion. At a
minimum, the repaired structure should satisfy the building
code requirements for which it was designed. If required by
the governing agency, the repaired structure may have to
satisfy current building code requirements and be repaired
and strengthened to meet these criteria. In any case, i*is \1e
LDP’s responsibility to satisfy applicable code requiteraenis
for all structural components within the LDP’s s¢ope of work.
Structural code provisions such as those centa. *ed «in ACI
318 may not be directly applicable to the ct ‘rer. situation. In
such cases, ACI 562 requirements shou:? b followed. The
LDP should apply basic principles/of iructural mechanics
and have an understanding of mater. | behavior to evaluate
and design a structural repair, « strengthening procedure,
or a protective system. S=vera’ design considerations are
discussed 1.2.2.1 through 1..2.5.

1.2.2.1 Current 4ond distrioution—In a deteriorated
condition, a swuctural riiember or system may distribute
dead and live loac= diiferently than when the structure was
undamaged.” Crackirg, deteriorated concrete, and corroded
reinfcrcernany can alter the behavior of members, leading
to chang=s in shear, moment, and axial load distribution.
As cuncrewe and reinforcement are removed and replaced
juri2g tne repair operation, these redistributed forces may
be further modified. To understand the final behavior of the
ctructural system, the engineer should evaluate the redistri-
bution of the forces. To reestablish the original load distri-
bution, a member can be relieved of the load by jacking or
other means before repair implementation. If the structure is
not jacked and the dead load is not relieved, the repaired and
adjacent members may support loads differently than was
assumed in the original design of the structure.
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1...2.2 Compatibility of materials—If a repair and the
exicting substrate materials have the same stiffness or
medulus of elasticity, the behavior of the repaired member
mdy be assumed to be the same as the original member
before deterioration or damage. Conversely, if the stiffnesses
differ, then the composite nature of the repaired system
should be considered. A mismatch of other material char-
acteristics further exacerbates the effects of thermal change,
vibration, long-term creep, and shrinkage. If the coefficient
of thermal expansion of the repair material differs from that
of the original material, stresses will be generated in both the
repair and original material by temperature changes.

1.2.2.3 Creep and shrinkage—Reduction in length, area,
or volume of both the repair and original materials due to
creep, shrinkage, or both, affect the structure’s serviceability
and durability. As an example, compared with the original
material, high creep or shrinkage of repair materials results
in loss of stiffness of the repair, redistributed forces, and
increased deformations. Controlled-shrinkage cementitious
repair materials and systems can contribute to the reduction
of the volume change effects.

1.2.2.4 Vibration—When the installed repair material is in
a plastic state or until adequate strength has been developed,
vibration of a structure can result in reduced bonding of the
repair material. Isolating the repairs or eliminating the vibra-
tion may be a design consideration.

1.2.2.5 Water and vapor migration—Water or vapor
migration through a concrete structure can degrade a repair.
Understanding the cause of the migration and controlling it
should be a repair design consideration.

1.2.2.6 Material behavior characteristics—After a repair
is executed, the structural behavior of the repaired section
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