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GUIDE FOR VISUAL INSPECTION OF STRUCTURAL CONCRETE BUILDING COMPONENTS

1 INTRCDUCTION

Background

Many buildings on military instailations use rcinforced concrete, in whole or in part, as the structural
system. Proper inspection procedures, based on a visual investigation, can help identify deficiencies in
concrete before they become critical to the overall stability of the structure.

Facilities engineers and inspectors at Army installations are responsible 1or monitoring the condition
of concrete building components under the general requirements of Army Regulation (AR) 420-70,
Facilities Engineering, Buildings and Structures.! However, no organized method currently exists for the
visual examination of structural concrete systems and components in buildings.

Objective

This manual provides Army installation inspectors and facility engineers with background
information and a systematic methodology for inspecting reinforced concrete buildings, focusing on
deterioration conditions thz¢ can be seen and, more importantly, those conditions that car: lead to a
structural failure.

Approach

The information presented in this manual was gained by a review of documentation on deterioration
conditions in concrete and of accepted industry recommendations and practices. A list of useful references
can be found at the end of this report.

Scope

This manual does not prescribe repair techniques, nor does it address structural problems in concrete
that do not manifest themselves visually. Through the presentation of basic design and technical
information, this manual provides information to aid inspectors in the evaluation of deterioration
conditions of concrete structures in buildings. This manual is primarily for evaluating building structures,
and not structures such as bridges, storage bins, or mass concrete structures. A visual inspection of the
deterioration of concrete structures reveals only generalized dangers. For a complete analysis of major
structural deficiencies, the services of an experienced structural engineer are required.

' Army Regulation (AR) 420-70, Facilities Engineering, Buildings and Structures (Headquarters, Department of the Army,
17 November 1976).




2 CONCRETE BUILDING STRUCTURES

Deterioration in concrete is affected by the design of the structural system and its components, the
construction techniques and activities of the construction site, and the range of experiences the structure
is exposcd to during its service life. Some deterioration conditions may stem from more than one of these
categories. During the inspection, remember to check for all possible factors for a given deterioration
condition.

Nature of the Material

Concrete is a heterogencous manmade material that is constructed under a wide varecty of
conditions. As a composite material, its strength and durability rely on the interaction of its individual
materials. A change in the composition of the concrete mix by an increase or decrease of the sand, water,
gravel, or cement will greatly affect the quality of the concrete member. In most cases, concrete structures
are built outstde and are subject to the changes in temperature, humidity, and air movement characteristic
of the geographic region in which they are constructed. Quality concrete construction provides for the
particular requircments of geographic region, use, and structural needs. If concrete is uszd without
considering these variables, deficiencies will result,

Concrete has significant resistance to compressive stress, but is relatively weak in tension. Tension
zones result from benaing cnd the cap- ity of the member can be greatly increased by placing stcll
reinforcing bars within this zonc. (Fig 1).

Columns are also subject to bening stresses and must incorporate reinforcing steel (Figure 2).

Nonstructural Deficiencies

Nonstructural deterioration is generally a surface deficiency resulting from conditions of the design,
construction, or scrvice life of the building. These deficiencies are not immediately critical to the
performance of the structure, but they can cause further deterioration, which can evc. tually lead to
structural deficiencies.

Structural Deficiencies

Structural deficiencies also develop due to the design, construction, and service life of the building.
Structural deterioration in concrete indicates the breakdown of the material to a point that threatens the
structural capacity of the members. Deterioration of this type is a critical factor in the continued use of
the building.




(a) Beam

Neutral axis

Concrete

Compressicn zonc
\ _ /

?00

Tension zone

—————

Reinforcing bars

(b) Beam section

Figure 1. Compression and tension zones in a typicai reinforced concrete beam.
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Figure 2. Lateral ties and spiral reinforcing in concrete columns.




Design Factors

Inadcequate design considerations can causc deterioration in concrete. Correct material composition,
proper anticipation of structural loading, and adequate provision for loads through sizing and placement
of structural elecments arc necessary for strong and durable concrete structures. Sizing and locating
structural members requires calculation of the anticipated loading to the structure and the location and
character of that loading. The design of the shape and composition of the structural elements should take
into considcration the beams, columns, and slabs, as well as the amount and location of reinforcing
matcrial and the specific cement, aggregate, water content, and admixtures that compose the concrete.

Construction Factors

Construction of concrete structurcs rcquires accurate fabrication of the concrete mix as specified by
the design, adequate construction of forming devices to create the structural elements, and sufficient
control of the cnvironment under which the concrete members are created. Deficiencies in concrete can
result from inadequate quality control, improper finishing techniques, and construction activities such as
alicring the mix proportions, prematurcly removing forms, loading the concrete before it hardens ade-
quately, and improperly opcrating cquipment during construction.

Service Life Factors
During the lifc of the building, weathering and use contribute to deterioration of the cencrete.
Concrete clements are susceptible to deterioration from conditions that were not anticipated in the design

or were not accommodated during construction: changes in occupancy, neglect, penctration of the
structure by water and/or chemicals, and unforeseen stresses in the structure.

10




3 VISIBLE DETERIORATION CONDITIONS OF CONCRETE

Cracking

Cracks in concrete can never be entirely eliminated. While not all cracks are structurally significant,
a qualified engineer should be consulied when there is any doubt. A general rule of thumb for the
evaluation of cracking suggests that random pattemns of cracks (Figure 3) with small magnitudes are
frequenty insignificant, while cracks running in definite directions with greater magnitudes can indicate
a structural deficiency.

Map (or Pattern) Cracking

Map cracking, sometimes known as pattern cracking, is characterized by fine openings on the
surface of the concres. Map cracks generally result from a decrease in the volume of the material near
the surface or an increase in subsurface material volume. Map cracking is structurally significant if the
pattern follows the pattern of the underlying reinforcing steel or demonstrates separation cf the concrete
materials (Figure 3).

Single, Continuous Cracks

Single, continuous cracks with a definite direcion and magnitude can indicate a structural
deficiency. Cracks of this type are ustally longitudinal, transverse, diagonal (Figure 4), vertical, or
spiraling and will often continue to grow in depth and length (Figure 5) if the strvctural deficiency is not
identified and corrected.

Cracks in concrete can be either passive or active. Passive cracks can be caused by construction
citors, material shrinkage, variations in internal temperature, or shock waves. Active cracks can be caused
by variations in atmospheiic temperature, absorption of moisture, corrosion of the reinforcement mawerials,
chemical reactions, settlement, or various loading conditions.

Cracking in concrete can be caused by design and detailing of reentrant comers in walls, precast
members, and slabs; improper selection, sizing, and detailing of reinforcement; inadequate aliowance for
structural movement due to volume changes and material expansion; and the improper design of founda-
tions. Cracks at reentrant corners, such as dapped-end beams and door and window openings, can occur
duc to inadequate diagonal reinforcing (Figure 6). Cracks resulting from material expansion occur due
to inadequate provision for structural movement. Expansion joints are required to allow for lecngthening
and shortening structural inembers. Foundation movemen* due to inadequate bearing area on subgrade
material will transfer crack-causing forces to the superstructure.

Nonstructural Deficiencies
Abrasion

Abrasion i5 the disintegraticn of the surface material because another material comes in contact with
the concrete surface. Abrasion damage occurs most commonly in heavily trafficked arcas. Too much

water in the mix causes excessive bleeding, which brings fines and cemnents to the surface, weakening the
durability of the surface material. Abrasion during construction can also result from heavy construction

11




Figure 3. Random pattern cracking of a wall.
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Figure 4. A diagonal crack in a wall,




Figure 5. Single, continuous cracking in beams due to corrosion of reinforcement.
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Figure 6. Typical crack patterns at reentrant corners and dapped-end beams.
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equipment crossing areas not designed for abrasive conditions. Impact damage from collision with a
concrete member can result in severe material loss (Figure 7).

Blistering

Bubble formation on the surface of concrete can result from an improper mix or inadequate vibration
and consolidation of the plastic concrete during construction. Blistering creates subsurface air voids that
can later spall off due to freezing and thawing.
Chemical Reaction Cracking

Chemical reactions within the concrete mix can cause cracking. Expansive reactions between the

alkalinity of the curing concrete and the silica content in some aggregates can produce tensile stresses
beyond the tensile strength of the concrete.

Figure 7. Abrasion/impact damage to a concrete column.
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Cracking Due to Construction Practices

Inadequate form supports, improper concrete construction practice, and improper placement of
construction joints contribute to cracks in concrete. Settlement of forms causes cracks because the
concrete has not hardened enough to support its own weight. Construction joints placed at points of high
stress can cause cracks.

Construction Overloading Cracking

Loads induced by construction often exceed the service loads for which the structure was designed.
Loading during construction often occurs before the concrete has reached it: aaximum strength. As a
result, storing construction materials and operating heavy equipment can cause permanent cracking to the
building structure.

Crazing

Excessive bleeding, premature troweling, excessive slump, and high water content in the surface
layer of the concrete can result in crazing. Characterized by closely spaced fine cracks in the surface,
crazing is primarily a nonstructural defect.

Discoloration

Discoloration of concrete can result from improper concrete mix specifications. Coloring agents or
aggregates of differing alkalinity in the mix can cause color changes in the concrete material. A change
in the color of the concrete from its intended color is generally not critical to the structural capacity, but
the presence of stains can indicate moisture penetration. Rust stains from corroding reinforcement or from
leaking pretension cables can indicate structural deficiency (Figures 8, 9, and 10).

Dusting

Dusting of concrete surfaces can result from a design specification that requires placing plastic
concrete over a nonabsorptive surface. Excessive bleeding will cause water, cement particles, and fine
aggregates to rise rapidly to the surface creating a weak surface layer that powders under any traffic and
is easily scratched. If bleed water is present when finishing techniques are conducted, mixing excess water
into the top surface of the concrete can cause dusting.

16
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Figure 8. Discoloration of concrete paving.
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Figure 9. Discoloration of a concrete wall.




Figure 10. Discoloration due to grease leaking from the sheathing of a post-tensioning cable.

Efflorescence

Including aggregates in the mix that are reactive with the cement can cause a deposit of salts to form
on the surface as bleed water rises to the surface and evaporates. Excessive amounts of water in the mix
compounds the condition. Repeated wetting and drying of inservice concrete can leach salt deposits from
the concrete mass and deposit them on the surface through cracks or other surface penetration (Figure 11).

Exudation

Exudation is a liquid or gel-like matcrial discharged through openings or cracks in the concrete
(Figurc 12). Exudation can result from intemal chemical reactions.

19
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Figure 11. Efflorescence on a concrete wall.

Flaking

Flaking is the delamination of the surface concrete from the subsurface mass. It occurs because of
improper construction practices or freezing and thawing of permeable concrete (Figure 13). High water
content of the concrete mix can cause a concentration of fine aggregates and water at the surface. If
finishing techniques are carried out while excess bleed water is still on the surface, delamination of the
surface layer can later occur.

Flow (Lift) Lines

The placement of successive batches of concrete creates flow lines. An excessive passage of time
between pours within the same member can cause flow lines (also known as cold joints). The cold joint
between concrete batches permits water penetration that can cause damage due to freezing and (hawing.
Flow lines can also result from an excessive drop distance where material separation can occur during the
placing of the concrete. Flow lines are primarily a construction-related deficiency.

20
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Figure 12. Exudation on a wall.

Honevcombing
Honeycombing is usually found in vertical rather than in horizontal surtaces and can occasionally
cxtend completely through, resulting in a structurally unsound member (Figures 14 and 15
Honcycombing is caused by blced waler carrying fine aggregates to the surfuce, creating voids in the
concrete mass.  Bleed water will carry fine aggregates to the surface 1if the formwork ix removed
prematurely or if the concrete has an excessive water content. The surface can be rough with cavities up

to several inches deep.
Pecling
Prematurcly removing the formwork during construction can causc Hakes of morntar (o peel off the

surface of the concrete, leaving coarse aggregates exposed.
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Figure 13. Flaking of a concrete wall.
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Figure 15. Major honevcombing of a wall.
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Pitting
Small cavities in the surface of the concrete can result from corrosion or localized disintegration.

Popouts

Inadequate provision for structural movement can cause popouts (Figures 16 and 17). Restraining
movement creates internal stresses that can result in conical depressions in the surface as the concrete
relieves these stresses. Intemal stresses caused by corrosion of reinforcement, cement-aggregate reactions,
or intemal ice crystal formations (from freezing water trapped within the concrete mass) can cause
popouts. The shallow conical depressions in the surface of the concrete are classified by diameter: small
is 0.4 in. (10 mm), medium is 0.4 to 2.0 in. (10 to 50 mm), and large is greater than 2 in. (50 mm).

Plastic Shrinkage Cracking

Plastic shrinkage cracks (Figure 18) are due to differential volume change in plastic concrete. Rapid
water loss during hardening is the primary cause for cracks of this type. The surface layer of concrete
will crack when moisture evaporates faster than it is replaced by bleed water. As concrete dries, it shrinks,
and the subsurface material restrains the surface, causing cracks as the surface shrinks more rapidly than
the subsurface concrete. Plastic shrinkage cracks are typically shon, shallow cracks running in all
directions over elements with large surface areas. Plastic shrinkage cracks range in length from onlv a
few inches to several feet. They may be only a few inches or many feet apart. They may be only a few
inches deep or extend the full depth of the member. Only in the worst cases is plastic shrinkage cracking
a structural deficiency.

Sand Streaking

Bleed water can cause streaks to appear in the surface of concrete. As the bleed water moves
upward in the forms, it carrics sand upward, leaving a vertical trail on the surface.

Structural Deficiencies
Chemical Deterioration

Chemical deterioration is the scparation of the material components of concrete as a result of
chemical interaction. Including reactive aggregates in the concrete mix can cause chemical deterioration,
as can attack by cxterior chemicals. Sce Table 1 for a description of concrete deterioration resulting from
action of chemical agents.

Corrosion Cracking
Corrosion of reinforcement in concrete can cause major cracking in concrete members (Figure 19).
Rusting steel expands, causing cracks in the restraining concrete mass. When corrosion worsens, the

concrete bond to the steel is lost. Tensile forces acting on such a deteriorated member can cause collapse
(Figure 20).

24




Figure 16, Popont,




Figure 18. Plastic shrinkage crack.
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Table 1

Effect of Various Chemical Agents on Concrete*

MATERIAL

Acetic
Acid waters

Carbolic
Humic

Hydrochloric
Hydrofluoric
Lactic
Muriatic
Nitric

Oxalic
Phosphoric
Sulfuric
Sulfurous
Tannic

MATERIAL

Carbonates of
Ammonia
Potassium
Sodium

Chilorides of
Calcium
Potassium
Sodium
Strontium

Chlorides of
Ammonia
Copper
Iron
Magnesium
Mercury
Zinc

Fluorides

ACIDS

EFFECT ON CONCRETE

Disintegrates slowly

Natural acid waters may erode
surface mortar, but usu-
ally action then stops

Disintegrates slowly

Depends on humus material,
but may cause slow dis-
integration

Disintegrates

Disintegrates

Disintegrates slowly

Disintegrates

Disintegrates

None

Attacks surface slowly

Disintegrates

Disintegrates

Disintegrates slowly

SALTS AND ALKALIES (SOLUTIONS)

27

EFFECT ON CONCRETE

None

None, unless concrete is
alternately wet and dry
with the solution

Disintegrates slowly

None except ammonium
fluoride




Table 1 (Cont’d)

Hydroxides of None
Ammonia
Calcium
Potassium
Sodium
Nitrates of
Ammonium Disintegrates
Calcium None
Potassium None
Sodium None
Potassium
permanganate None
Silicates None
Sulfates of
Aluminum
Calcium Disintegrates; however, concrete
Cobalt products cured in high
Copper pressure sleam are
Iron highly resistant to
Manganese sulfates
Nickel
Potassium
Sodium
Zinc
PETROLEUM OILS
MATERIAL EFFECT ON CONCRETE
Heavy oils**
below 35 °Baume MNone
Light oils** None—Require impervious con-
above 35 °Laume crete to prevent loss
from penetration, and
surface treatments are
generally used
Benzine None—Require impervious con-
Gasoline crete to prevent loss
Kerosene from penetration, and
Naptha surface treatments are
High octane generally used
gasoline

28




Table 1 (Cont’d)

MATERIAL

Alizarin
Anthracene
Benzol
Cumol
Parafin
Pitch
Toluol
Xylol

Creosote

Cresol
Phenol

MATERIAL
Cottonseed
Rosin

Almond
Castor

China wood***

Coconut
Linseed***
Olive
Peanut
Poppy seed
Rape seed
Soybean***
Tung***
Walnut

Turpentine

MATERIAL
Fish oil

Foot oil

Lard and
lard oil

Tallow and
tallow oil

COAL TAR DISTILLATES

EFFECT ON CONCRETE

None

None

Disintegrates slowly

VEGETABLE OILS

EFFECT ON CONCRETE

No action if air is excluded;
slight disintegration if
exposed to air
None

Disintegrates surface
slowly

None; considerable
penetration

FATS AND FATTY ACIDS (ANIMAL)
EFFECT ON CONCRETE

Most fish oils attack con-
crete slowly

Disintegrates surface
slowly

29




Table 1 (Cont’d)

MATERIAL

Alcohol
Ammonia
water
(ammonium
hydroxide)
Baking soda
Beer

Bleaching
solution

Borax, boracic acid,
boric acid

Brine (salt)

Buttermilk
Charge water

Caustic soda

Cider
Cinders
Coal

Com syrup
Cyanide solutions

Formalin

Fruit juices

Glucose

Glycerine
Honey

MISCELLANEOUS

30

EFFECT ON CONCRETE

None

None

None

Beer will cause no progressive
disintegration of con-
crete

Usually no effect

No effect

Usually no effect on imper-
vious concrete

Same as milk

Same as carbonic acid; slow
attack

No effect on calcareous ag-
gregate concrete

Disintegrates (see acetic acid)

May cause some disintegration

Great majority of structures
show no deterioration;
exceptional cases have been
coal high in pyrites (sulfide
of iron) and moisture
showing some action but
rate is greatly retarded
by deposit of an insolu-
ble film; action may be
stopped by surface
treatments

Disintegrates slowly

Disintegrates slowly

Aqueous solution of
formaldehyde disintegrates
concrete

Most fruit juices have little,
if any, effect as tartaric
acid and citric acid do
not appreciably affect
concrete

Disintegrates slowly

Disintegrates slowly

None




Table 1 (Cont’d)

Lye
Milk

Molasses

Niter
Sal ammoniac

Sal soda
Saltpeter
Sauerkraut
Silage
Sugar

Sulfite liquor
Tanning liquor

Trisodium phosphate
Vinegar

Washing soda

Whey

Wood pulp

See caustic soda

Sweet milk should have no
effect, but if allowed
to sour the lactic acid
will attack concrete

Does not affect impervious,
thoroughly cured concrete;
dark, partly refined mo-
lasses may attack concrete
that is not thoroughly
cured

None

Same as ammonium chloride;
causes slow disintegration

None

None

Little, if any, effect

Attacks concrete slowly

Dry sugar has no effect on concrete
that is thoroughly cured;
sugar solutions attack concrete

Attacks concrete slowly

Depends on liquid; most of
them have no effect;
tanneries using chromium
report no effects

None

Disintegrates (see acetic acid)

None

The lactic acid will attack
concrete

None

*Adapted from Portland Cement Association Publication ST-4-2 "Effect of Various Substances on Con-
crete and Protective Treatments, Where Required.”
**Many lubricating and other oils contain some vegetable oils. Concrete exposed to such oils should be

protected as for vegetable oils.

***Applied in thin coats the materiai quickly oxidizes and has no effect. Results indicated above are for
constant exposure to the material in liquid form.
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Figure 19, Vertical crack in a column.
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Figure 20. Slab failure due to delamination of reinforcing steel fromn concrete.

Deflection Cracking

Deflection of concrete structural members can cause cracking in the member itself or in necarby
clements (Frgure 2D, Member depth in the plane of the active force is cnitical to prevent excessive
deflection. A detlecting concrete clement can develop flexure cracks (see Flexure Cracking below) or can
causc damage to clements adjacent to the deflecting member.  Deflection cracking can result from
construction overloads or from unanticipated loading from occupancy. Table 2 describes the maximum
permissible deflection of concrete elements in refation to their spans.

Disinteeration
Disintegration is the separation of concrets into its component parts.  Disintegration results from

chemical attack. abrasion, weathering, and crosion. Disintegration will continue to get progressively worse
as long as the cause is present,
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Figure 21. Cracking in a nonload bearing wall.
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Distortion

If reinforcement is inadequate and details of structural members are poorly designed, deformation
can result. A deformed member can lead to collapse if the distortion causes the member to be incapable
of carrying the intended load. Distortion may continue to worsen, weakening the member to the point of
collapse. The deformation of a concrete member from its intended shape can be caused by formwork
deflection or shoring settlement during the construction phase. Foundation movement acting on concrete
members from building use or from the environment can also cause distortion.

Erosion

Erosion occurs from liquids or solids coming in contact with the concrete. Continued abrasion
causes a loss of material, exposing reinforcing or reducing the mass enough to critically affect the
structure.

Flexure (.» Moment) Cracking

Structural members designed without adequate stiffness permit flexure cracking. These cracks are
also known as "moment cracks.” Flexure cracks typically run parallel with the line of force acting on the
member. In columns, flexure cracks are horizontal; in beams, flexure cracks are vertical. These cracks
can occur in the middle region of the span in simply supported members, or over the supports in
continuously supported members (Figure 22). In beams, members should have adequate depth to prevent
excessive deflection. Flexural cracking can result from construction or service overloads.

Reinforcement Corrosion

Reinforcement corrosion is the deterioration of reinforcing material by chemical or electrical action
resulting from contact with water and oxygen, and usually in the presence of chlorides. Penetrations in
the concrete mass surrounding the reinforcing steel will permit the continued deterioration of the steel and
its oxidation (Figures 23 and 24). Brown rust stains frequently appear on the concrete surface generally
at a crack or other surface penetration. As the steel continues to deteriorate, the layers of rust expand,
which causes strong intemnal forces that separate the concrete from itself and from the steel.

Adequate cencicte cover must be provided to prevent corrosion of reinforcing steel. Concrete can
be made less permeable to a certain degree, but adequate cover increases the impermeability of the
material. The minimum thicknesses of cover according to ACI 318-89” are as follows:

* Footings and other principal structural members cast against the ground, 3 in. (7.5 cm).
Concrete cast in forms and later in contact with the ground or exposed to the weather, 2 in. (5
cm) for bars larger than No. 5; 1 1/2 in. (3.8 cm) for No. 5 bars and smaller. (No. 5 bars are
5/8 in. or 16 mm in diameter.),

¢ Concrete not expos