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This report identifies practices for evaluating the physical properties 
of concrete in existing structures. Although general knowledge of 
the structural design used for the principle structures of a project is 
essential for determining procedures and locations for evaluation 
of the concrete physical properties, analysis for the determination 
of structural capacity is not within the scope of this report. This 
report recommends project design, operation and maintenance 
records, and in-service inspection data to be reviewed. Existing 
methods of making condition surveys and nondestructive tests 
are reviewed; destructive phenomena are identified; methods for 
evaluation of tests and survey data are presented; and preparation 
of a final report is discussed.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction
Accurate information on the condition of concrete in 

a massive structure is critical to evaluating its safety and 
serviceability. This information is required to determine 
if repair or replacement is necessary and to select 
optimum repair techniques. Guidelines for evaluating the 
serviceability of concrete described herein apply to massive 
concrete structures such as dams and other hydraulic 
structures. The principles in this document can be applied to 
the mass concrete of bridge foundations and piers, building 
and reactor foundations, and other applications that qualify 
as mass concrete. Mass concrete is any volume of concrete 
with dimensions large enough to require that measures be 
taken to cope with the generation of heat from hydration 
of the cement and attendant volume change, to minimize 
cracking. The practices described pertain to concrete placed 
either by conventional means or by roller compaction. In 
addition to this report, other documents such as ACI 201.1R, 
ACI 201.2R, ACI 224.1R, ACI 228.1R, ACI 228.2R, ACI 
437R, and ASTM C823/C823M address evaluation of 
concrete in existing massive structures.

1.2—Scope
This report focuses on practices used to evaluate concrete 

in existing massive structures. Design considerations, 
evaluation of existing operating records and past 
inspection reports, condition surveys, maintenance reports, 
determination of in-place conditions, instrumentation, 

identification of damage, and final evaluation of concrete 
are principal subjects that are covered. The objective of this 
report is to present methods for evaluating the capability 
of mass concrete to meet design criteria under service 
conditions, and to present procedures to detect the change in 
physical properties of concrete that could affect the capability 
of the concrete to meet future performance requirements.

CHAPTER 2—NOTATION AND DEFINTIONS

2.1—Notation
E	 =	 modulus of elasticity
k	 =	 stress concentration constant
P	 =	 applied load
ε	 =	 strain
σ	 =	 stress

2.2—Definitions
arch dams—concrete dam that is curved upstream in 

plan so as to transmit the major part of the water load to the 
abutments and to keep the dam in compression; most likely 
used in a narrow site with steep walls of sound rock.

borehole gauge—device for measuring the strain of holes 
dug into concrete.

feeler-gauge—thin metal strip or wire of known thickness 
used as a gauge.

gravity dams—dam that relies on its weight and internal 
strength for stability.

petrographic examination—description and systematic 
classification of concrete through a microscopic examination.

CHAPTER 3—PREINSPECTION AND IN-SERVICE 
INSPECTION

Before an inspection, arrangements should be made 
to obtain or have access to all available records and data 
pertaining to the structure. Data to be reviewed should 
include design criteria and memoranda; construction progress 
reports; instrumentation records; operation and maintenance 
records; and preconstruction data, if available. Information 
on adjacent projects, additions, repairs, or modifications that 
may have affected a change in the service conditions should 
also be reviewed.

3.1—Preconstruction and post-construction 
evaluation

Engineering data relating to design criteria, design site 
conditions, purpose of project, and construction planning 
and procedure should be collected and arranged for ease of 
information retrieval. Documents that are readily available 
can be assembled first. Data that are missing but deemed 
necessary for evaluation should be identified. A suggested 
list of data to be reviewed is as follows:

a) Project description documents
i. The applicable license(s)
ii. For a nuclear plant, the preliminary safety analysis 
report
iii. All formal design documents and final completion 
reports
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b) Contract documents
i. Technical specifications and drawings, including 
modifications or addendums
ii. As-built drawings
iii. Original issue drawings

c) Regional data
i. Land-use map showing location of structure and its 
relationship to surrounding localities
ii. Topographic map of site and drainage area
iii. Geologic plans and sections
iv. Seismic data
v. Reservoir volume versus elevation curve for dams

d) Site subsurface data
i. Logs of borings, core photographs, or both
ii. Geological maps, profiles, and cross sections
iii. Soil investigation and availability of test results
iv. Foundation treatment reports
v. Water table elevation
vi. Geohydrologic data

e) Site surface data
i. Control elevations

1) For buildings: finished grade, basement, floors, and 
roof
2) For dams and spillways: crest, maximum and 
minimum reservoir surface, outlet works, and 
maximum and minimum tailwater

f) Drainage
i. Detail of drains in structure and foundation
ii. Drainage flow measurements, pumping records, or 
both

g) Environmental
i. Temperatures: daily maximum, minimum, and mean 
for the region
ii. Precipitation: records of daily precipitation, maximum, 
and mean annual
iii. Average humidity and range
iv. Number of sunny days and subfreezing days
v. Exposure to sulfates; organic acids; deleterious atmo-
spheric gases; chlorides (deicing salts); and high or low 
pH, including seepage water for a dam or stream, and 
groundwater.

3.2—Design criteria
The design criteria should include the following:
a) Design memorandum or report
b) Values of static and intermittent loadings, wind, 

temperature, impact, and any other live and dead loads
c) For hydraulic structures: hydrostatic and hydrodynamic 

loads
d) Type of analysis: static or dynamic
e) Placement sequence

3.3—Concrete laboratory records
The records from the concrete laboratory should include 

the following:
a) Materials used

i. Cement
1) Certified mill test records

2) Physical and chemical properties tests
ii. Pozzolan

1) Certified test records
2) Physical and chemical properties

iii. Aggregates
1) Type and source(s)
2) Grading
3) Summary of physical properties
4) Results of tests for potential reactivity
5) Report of petrographic examination

iv. Mixing water
1) Source (municipal, well)
2) Summary of chemical properties

b) Concrete records
i. Mixture proportions
ii. Yield quantities per unit volume
iii. Water-cementitious materials ratio
iv. Slump or, for roller-compacted concrete, Vebe time
v. Design and in-place density and air content
vi. Date placed
vii. Temperature records, including complete thermal 
history, if available
viii. Records of strength tests
ix. Lift placement drawings
x. Concrete placement drawing
xi. Admixtures brands; types; and dosages, including 
air-entraining admixtures, target air content, and percent 
air entrained

3.4—Batch plant and field inspection records
Batch plant and field inspection records should include the 

following:
a) Storage and processing of aggregates

i. Condition of stockpiles
ii. Rinsing and finish screens for coarse aggregate
iii. Bins or silos
iv. Frequency of moisture and grading tests

b) Cement, pozzolan, and admixture storage and handling
c) Forms

i. Type and bracing
ii. Time interval for stripping
iii. Method of finish or cleanup of unformed surfaces

d) Preparation and condition of construction joints
i. Formed joints
ii. Unformed joints

e) Mixing operation
i. Type of batch plant and rated capacity
ii. Type of mixing equipment and mixing time
iii. Condition of equipment
iv. Monitoring and control practices
v. Calibration frequency and results
vi. Any unscheduled interruptions due to plant break-
down or weather
vii. Any scheduled seasonal interruption

f) Method of transporting concrete: pumps, chutes, 
conveyor belts, trucks, and buckets

i. Equipment used
ii. Crew size
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g) Method of consolidation, compaction, or vibration
i. Where vibrated: lift heights, vibrator types and 
frequencies, and number
ii. Where roller compacted: layer thickness and roller type
iii. Lift placement drawings

h) Concrete protection
i. Curing methods: water ponding or spray, curing 
compounds, shading, starting time and duration, quanti-
ties used, and quantities specified
ii. Hot-weather protection; type, duration, and method 
of monitoring
iii. Cold-weather protection; type, duration, and method 
of monitoring

3.5—Operation and maintenance records
The records for operation and maintenance provide the 

historical and current documentation related to the structure 
and provide information that may not be readily available at 
the time of inspection, and should include:

a) Operation records
i. Instrumentation data and photographs
ii. Seepage: amount with time, type, and location of 
measuring device
iii. Unusual loading conditions

1) Earthquake
2) Floods

iv. Extreme temperatures (temporary and prolonged)
v. Operational problems
vi. Modifications to the structure
vii. Change in operating procedures
viii. Shutdown of all or parts of the system
ix. Increased loads

b) Maintenance records
i. Location and extent
ii. Type of maintenance
iii. Dates of repair
iv. Repair materials and relevant test data
v. Performance of repaired work

3.6—In-service inspections
3.6.1 General—Most organizations monitor the 

performance of completed structures to ensure that they 
function safely and in accordance with the design. The 
monitoring may be part of the owner’s operation and 
maintenance program or may be required by law (Cortright 
1970; Martin 1971). Service records are generally more 
complete for recently constructed structures than for older 
structures, as the concern for public safety has increased 
in recent years. The scope of surveillance can vary widely 
between organizations and may depend to an even greater 
extent on the size and nature of the project or structure and 
potential hazards it may present.

To properly evaluate the existing condition of concrete in 
massive structures, it is essential to review these in-service 
records, which may include routine and periodic inspection 
records. The condition of the structure described in these 
reports should be compared with current service conditions 
as part of the evaluation process.

3.6.2 Routine inspections—A baseline inspection is 
generally performed shortly after the structure is put into 
service. Routine inspections by various organizations are 
generally made at a frequency of 6 months to 2 years after 
the baseline inspection. Additionally, inspections should be 
performed after significant earthquakes or floods. Inspections 
commonly consist of a visual examination of the condition of 
the exposed and accessible concrete in various components 
of a structure or project. Submerged structures or portions 
thereof may be visually examined by a diver or by a remotely-
operated vehicle with an on-board video camera, or they 
may require dewatering. In some cases, visual examination 
may be supplemented by nondestructive tests, as described 
in Chapter 4, to indicate certain properties and conditions 
of the in-place concrete, such as compressive strength, 
modulus of elasticity, or the presence of voids and cracking. 
Data from instrumentation embedded in the concrete may 
also be available. A comparison of the concrete properties, 
conditions, and instrumentation at each inspection interval 
is a useful analysis tool and may reveal abnormal changes. 
Immediately after placing the structure into service, baseline 
inspections are typically performed so that performance can 
be assessed and, if necessary, modifications can be made to 
design and operating practices. Inspections made thereafter 
should be directed at identifying any changes in condition 
of the concrete or concrete properties that may affect 
the integrity of the structure and its future serviceability. 
Inspections may be performed by trained technicians or 
qualified engineers, depending on the program established. 
Reports describing the findings of each routine inspection 
generally note any changed conditions, contain photographs 
of the conditions, and recommend corrective action. 
Further in-depth investigations may be initiated if problems 
within the structure are suspected. Documentation of the 
inspections and any action taken generally are filed with 
the owner. This review should include a history of as-built 
drawings and all previous recommendations for repair or 
maintenance, outcome of repairs, and those dates at which 
the recommendations were completed.

3.6.3 Periodic inspections—Periodic inspections are 
generally conducted at a frequency of 1 to 10 years. Periodic 
inspections are more detailed than routine inspections 
and are generally associated with higher-risk structures or 
projects, and supplement the routine inspections. Unless 
changes in the appearance or performance of the concrete 
or concrete structures are noted, however, extensive periodic 
inspections may not be necessary.

Periodic inspections may include considerable preparation, 
such as dewatering or arranging means for inspecting 
submerged portions of a structure and excavating inspection 
trenches. In addition, the periodic inspection may include 
sampling of seepage and reservoir water, nondestructive 
testing, and determination of stress conditions. The amount 
of investigative work necessary usually depends on the 
condition of the concrete. A periodic inspection should yield 
sufficient detailed information to provide practical guidance 
for the selection of the best method of repair or maintenance 
work. In some cases, the actual maintenance work may be 
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