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After reading this article, you should be able to:
✔  Discuss various methods of concrete repair and restoration 

that can contribute to the durability and sustainability of 
existing buildings.

✔  Describe assessment methods for evaluating existing 
concrete structures.

✔  Explain how reconstruction and restoration methods vary for 
vertical, horizontal, indoor, and outdoor concrete structures 
and how these such techniques can be used to add to the 
functional life and sustainability of such structures.

✔  List several conventional and novel technologies for restoring 
and repairing damaged concrete and thereby contribute to 
longer building life and sustainability.

Learning Objectives

Paul Rudolph’s Art & Archiecture Building is known for 

its ribbed “corduroy” appearance and exposed slabs.

Driven by both current economic conditions and sustainable building 
trends, Building Teams are looking more and more to retrofits and 
reconstruction as the most viable alternative to new construction. In 

that context, large-scale concrete restoration projects are playing an impor-
tant role within this growing specialty.

“The ultimate sustainable aspect of a reinforced concrete structure is the 
ability to reconfigure and reinforce the structure for future reuse,” notes 
Lawrence C. Novak, SE, SECB, FACI, LEED AP BD+C, director of engi-
neered buildings for the Portland Cement Association (www.cement.org), 
Skokie, Ill.

From high-profile concrete renovation projects such as the Pentagon 
and New York’s Guggenheim Museum, to parking garages and school 
buildings, and from inspection and evaluation all the way through to ac-
tual concrete repair or replacement, a high level of expertise is essential to 
preserve the structural integrity and long-term viability and sustainability 
of existing buildings.
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ASSESS AND TEST FIRST
Getting started with a concrete building retrofit means undertaking 
a thorough evaluation of the structure’s condition, beginning with a 
review of available original design and construction documentation, 
reports on any repair work done, and archival photographs. In the 
absence of such drawings, firms will sometimes consider laser-scanning 
the building to produce accurate CAD drawings, says Pamela Jerome, 
partner for preservation with the full-service A/E firm WASA/Studio A 
(www.wasallp.com), New York, N.Y.

Included in this process is a structural review of the building to iden-
tify the load path, critical connections, and redundancy of the structural 
systems and elements. “This document review will assist the practitioner 
in the development of background documents for the purpose of record-
ing significant findings during the visual assessment,” explains Chuck 
Larosche, PE, a principal in the Austin, Texas, office of Wiss, Janney, 
Elstner Associates (www.wje.com), a firm that specializes in structural 
evaluation, historic preservation, and repair/rehabilitation.

The next step is a walk-through with the people who use the build-
ing every day. This exercise helps familiarize the Building Team with 
the structure’s history, use, demands, and expectations. In addition, the 
walk-through “provides a better understanding of the level of deteriora-
tion and helps establish the level of testing necessary for the most effective 
assessment—visual, nondestructive testing (NDT), or destructive testing. 
This also helps inform the budget before moving forward with the inspec-
tion,” says Steven P. Osborn, PE, SE, president of CE Solutions (www.
cesolutionsinc.com), a structural engineering firm based in Carmel, Ind.

While some will proceed directly to testing at this point, others 
perform a hands-on visual inspection. Based upon accessibility, this may 
involve utilizing a pipe scaffold, two-point suspended scaffold, manlift, 
or rope access while looking for things like cracks, spalls, exposed rein-
forcing bar depth, and failed patches.

“Once the document review and visual assessment are complete, 
distress mechanisms are noted and locations are identified for further 
testing,” notes Larosche, who specializes in the preservation and restora-
tion of historic and existing structures.

Then, based upon the needs assessment, the Building Team will be in 
a position to select from a number of testing methods to learn what they 
need to know about the structure. In the realm of nondestructive testing 
(NDT), Narendra K. Gosain, PhD, PE, senior principal in the structural 
diagnostics services group of Walter P Moore (www.walterpmoore.com), 
Houston, delineates the following:

• Ground-penetrating radar can be used to evaluate the location and 
size of the reinforcing bars embedded in the concrete.

• Ultrasonic pulse velocity will identify flaws and defects in the con-
crete elements.

• Half-cell potential evaluates corrosion.
• Tension meters assess tension in the cable structures.
Other NDT methods include load testing, impact echo, acoustic 

emission, impulse response, and ferro-magnetic instrumentation.
One welcome advance for diagnosing structural stability is a new 

technology that replaces tedious strain gauges. By measuring the build-
ing’s vibrational signature, engineers can determine the structure’s 

real-time movements within a much shorter period of time. For more 
information on this technique, see: www.straam.com.

While much can be accomplished by means of NDT, often partially 
destructive tests are also necessary. For example, it may be necessary to 
take concrete core samples to test for chloride contamination. Another 
technique is petrography, the process of microscopically analyzing the 
concrete, which can detect problems such as alkali silica reaction, delayed 
ettringite formation (a damaging expansive reaction that leads to cracking), 
or sulfate-related issues, says Gosain, a veteran of 37 years in this field.

Petrography can also identify the ratio of water to cementitious mate-
rial, entrapped and entrained air content, coarse aggregate gradations, 
crack types, and age and other material-related aspects important to the 
durability of the material, adds Larosche.

Some additional means of testing include chain dragging, hammer 
soundings, and the application of a rotary percussion tool to help locate 
voids and delaminations, according to Osborn, who has worked on 
structural projects for the past 32 years. A pachometer helps locate the 
as-built placement and cover over the embedded reinforcing steel, notes 
Osborn. Where conditions dictate, he says, exploratory excavations, in 
addition to coring, may be necessary to verify conditions of the embed-
ded reinforcing steel and underlying concrete.
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To determine the cause 
of concrete distress:
Step 1:  Identify the structural load.
Step 2:  Determine if the distress is due to torsion, bending, or shear.
Step 3:   Check the drawings to see if the existing size/reinforcement are adequate 

for imposed loads.
Step 4:   If adequate, perform a nondestructive evaluation to verify that the element 

 was constructed in accordance to the drawings.
Step 5:  Determine whether there was a change in usage from the original intent.
Step 6:       If the issue is deterioration from deferred maintenance and age, test for
 corrosion of reinforcement from chlorides.

The Art & Architecture Building at Yale University recently underwent a thorough 

reconstruction, including structural girding and decorative concrete repair.
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One of the most closely watched concrete reconstruction proj-
ects in recent years has been the repair of more than 300,000 sf 
of cracking and other concrete deficiencies at the world’s largest 
office building, the Department of Defense headquarters, the 
Pentagon.

Tasked with diagnosing the cause of widespread spalling and 
coming up with a long-lasting repair solution, a Building Team 
that included structural engineering firm Tadjer Cohen Edel-
son Associates (TCE, www.tadjerco.com), Silver Spring, Md., 
addressed the project in a methodical and analytical way. The 
project team began with site inspection and laboratory testing of 
core samples, which led to the discovery that carbonation was 
causing corrosion and, ultimately, spalling.

“Once concrete’s natural pH of 13 drops to below 11, its protec-
tive layer breaks down, allowing corrosion [of the rebar] to occur,” 
explains Rick Edelson, PE, a TCE vice president who led the proj-
ect’s concrete repair team. “As the steel rusts, it expands to four to 
10 times its original size, and that expansion cracks the concrete.”

The extent of the damage was mind-boggling, as 30% of the 
wall surface inside the structure’s light wells had suffered spalling 
damage. Surveys and testing showed that active corrosion was occurring in 
almost every other section of the walls.

Edelson, past chairman of the International Concrete Repair Institute’s 
technical activities committee, compares the actual repair work to a dentist 
drilling into a decayed tooth, cleaning it out, and then filling in the cavity—
“except that we use jackhammers and new concrete,” he quips.

By drilling into the concrete, the rusting reinforcing bars were exposed and 
then sandblasted clean. To meet the Pentagon’s renovation program require-
ment that all repairs be invisible from distance of 30 feet, which is the viewing 
distance between every wall in the light wells, the team developed a special 
color-matching, low-shrinkage, pumpable repair concrete. For hand patching, a 
trowel-friendly mix was developed; for deeper repairs, a polymer-modified, plas-
ticized, bagged material was mixed on-site and then pumped into the cracks.

In addition to color matching, the texture of the old formwork had to 
be matched as well. “Today we use plywood, but back in 1944 when the 
Pentagon was built, they used two-foot by 12-foot boards to create a rough 
texture,” Edelson explains. For that reason, the concrete repair subcontractor 
decided to go with the same 2X12 formwork system to perfectly match the 
original finish.

While the diagnostics, repair, and replacement was a massive undertaking, 
the work wasn’t quite finished. “Because the carbonation process couldn’t be 
reversed, the only solution for future protection was keeping water out of the 
concrete,” explains Edelson, who also serves on the American Concrete Insti-
tute’s code committee. “So we put a protective coating on the concrete: first a 
corrosion inhibitor, then a water repellant, and finally a hard shell.” Recently 
completed, the Pentagon’s concrete walls now stand ready to serve the nation 
for the next 50-plus years.

Reconstructing the Pentagon

Finished with a protective coating, the restored Pentagon walls should weather 50-plus years. 
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Spalling caused by corrosion was identified in 

300,000 sf of the Pentagon’s inner light wells, 

covering a “mind-boggling” 30% of the surface area, 

according to the concrete repair team. 

A technical expert tests for the rate of corrosion in the 

Pentagon walls. Site inspection and lab testing led to 

the discovery that carbonation was causing corrosion 

of the rebar, which led to spalling of the concrete.

To match the texture of the original formwork used 

in 1944, the Building Team used 2X12-foot boards, 

rather than plywood forms. All concrete repairs had to 

be invisible from a distance of 30 feet.
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STRATEGIC RESTORATION
Armed with diagnostic data, the Building Team can then map out a 
strategic plan to repair the deteriorated or distressed elements. In a nut-
shell, explains Osborn, “The path to restore or reconstruct the concrete 
is influenced by the cause of the deterioration as well as the type and 
severity, expected longevity of the repair, and the project budget.”

Of  course, every project is unique and must be evaluated and ad-
dressed on that basis. In the case of existing structures, for example, 
the elements in need of repair may be under load, in use, or carrying 
operational utilities. Furthermore, access and adequate space to work 
may be tricky, cautions Matthew R. Sherman, PE, an associate principal  
with Simpson Gumpertz & Heger (www.sgh.com), Waltham, Mass., a 
firm that specializes in structural engineering, preservation technology, 
and building science.

“We also have to think about what materials to use as they need to be 
constructable, compatible, and durable,” says Sherman. “There are many 
different materials available, all with different uses, advantages, and 
disadvantages, so good rapport with different vendors is helpful to make 
them partners on the project.” 

When it comes to very complicated projects, SGH typically consults with 
contractors early on in order to gather preliminary ideas and concepts about 
how to go about restoring the structure. Sherman finds the approach of 
developing an integrated solution from the start to be most effective.

In addition to restoring the concrete to its original structural capacity, 
the repair work must also address the cause of deterioration and prevent 
it from recurring. For example, “We generally do not leave repaired and 
adjacent concrete surfaces exposed without a protective coating,” says 
Jerome. “By application of a coating, we extend the life of the repairs, as 
well as the life of the adjacent surfaces that are currently not affected.”

Preservation specialists WASA/Studio A take that concept a step fur-
ther, pursuing additional measures to conserve as much of the original 
fabric as possible. This can involve anything from changing the way the 
parapets shed water, to the application of waterproofing membranes at 
reconstructed balconies, to coating concrete wall and spandrel surfaces 
upon completion with paint, water-repellent stain, or clear water repel-
lent, adds Jerome, who serves on the board of trustees for the Interna-
tional Council on Monuments and Sites and the board of the Associa-
tion for Preservation Technology International.

In very special cases, conservators are brought on board to rigorously 
test repair materials, for example, via accelerated weathering or long-
term color retention of coatings, prior to their application. 

SGH generally approaches all projects, not just the historical pres-
ervation cases, with an eye on quality control. Sherman explains that 
all repair materials need to be properly mixed, placed, compacted, and 
cured. Prior to application, all unsound material, including any micro-
scopic surface bruising, has to be removed. In addition, the surface must 
be roughened and brought to a state of saturated surface dry where 
aggregate particle pores are filled with water, but no excess water exists 
on the particle surface.

REINFORCING THE PROJECT
As has been noted, the contractor’s early involvement in the Building 
Team is a key strategy, particularly when it comes to major structural 
repairs. For instance, rather than replacing a structural member, logisti-
cally it might be more economical to simply repair it, but expertise in 
constructability may be required to make such a determination. 

Another area where contractor and specialty subcontractors can pro-
vide expertise is in product selection. “Concrete repair products are con-
stantly being improved, with new varieties regularly being introduced, so 
having relationships with qualified and experienced specialty contractors 
can help the team make informed decisions about which repair products 
and procedures to use,” says CE Solutions’ Osborn, who recommends 
the American Concrete Institute (www.concrete.org) and International 
Concrete Repair Institute (www.icri.org) as informational resources on 
both concrete restoration and identifying qualified specialty contractors.

When evaluating constructability for a given structural repair, Walter 
P Moore’s Gosain raises the following questions as a guide for develop-
ing the best repair strategy:

• If the work is to be done in an occupied building, will construction-
related noise and vibrations be considered disruptive?

• Is there enough clearance to provide additional depth-to-floor fram-
ing members or floor space for column augmentation?

• How will construction material be brought in to the construction 
location? Are there limitations to access?

• Will there be additional loads imposed on the existing floor framing 
due to anticipated construction equipment?

• Is cost of repair more important than the speed to restore the struc-
tural integrity? 

Structural engineers will also run models or calculations to determine 
current load, capacity, and the effect each repair strategy will have on 
the structure. In terms of strengthening techniques, Building Teams can 

Among the many concrete technologies and product innovations on the 
market these days is a high-strength product called micro-reinforced con-
crete. Designed for blast resistance and ballistic protection, MRC has been 
tested to achieve a compressive strength of 15,000-20,000 psi, which is 
the equivalent of a two-inch-thick plate of blast-resistant steel.

The self-consolidating, high-strength mixes developed for MRC include 
high-quality Portland cement, fine aggregate pozzolanic (ash) materials, and 
special proprietary additives. The concrete is typically poured into forms with 
multiple layers of quarter-inch wire mesh for reinforcement. Because the 
mixture packs so tightly, a relatively small amount of MRC goes a long way.

“Because the cementitious material itself is so refined, you get much 
closer particle packings, which is what makes the stronger concrete,” notes 
Michael Chusid, AIA, a building products consultant based in Tarzana, Calif. 

While micro-reinforced concrete technology is already being used in 
Europe, it is only just now beginning to be considered for blast-resistance 
applications in the U.S., says Chusid. These could include reinforcing the 
main structural columns in an office or government building’s first-floor 
lobby area, or putting the concrete on the floor slab above an underground 
parking garage for added bomb blast protection.

The Magic of Micro-Reinforcement
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choose from a broad range of approaches, often guided by number of 
factors such as the owner’s needs, constructability, cost, and the impor-
tance of sustainable design for the reconstruction project.

Two of the more common strategies for reinforcement, says PCA’s 
Novak, are: 1) adding reinforced concrete with rebar drilled and 
grouted into the existing structure, and 2) erecting steel beams, plates, 
cables, or column jackets for external reinforcement. These techniques 
can be used together. With regard to adding reinforced concrete with 
rebar, Novak, a structural engineer, advises: “Use best-performing 
materials for new additions and repairs, such as high-performance 
concrete and high-performance grout, and match shrinkage properties 
of repair concretes to the parent concrete as closely as possible.”

Similarly, Gosain advises choosing either cast-in-place concrete—either 
ready-mix or self-consolidating—shotcrete, or pneumatically applied con-
crete when enlarging an element’s cross-section for strengthening.

As for external reinforcement, either external epoxy-bonded steel 
plates or externally bonded carbon fiber-reinforced polymer (CFRP) 
sheets are good choices when fire rating is not a consideration and 
when the existing structure to be strengthened already has adequate 
service-load capacity. In addition, Gosain notes that both materials 
work well where there is limited headroom. However, where adequate 
headroom exists, external post-tensioning for some longer span beams 
may be a better approach.

When it comes to restoring concrete elements that have deteriorated 
from corrosion, a number of steps are recommended by Gosain and 
other experts:

• Coat the concrete surface.
• Use penetrating sealers.
• Tie galvanic anodes to existing reinforcement embedded in concrete.
• Use migrating corrosion inhibitors.
•  Use electrochemical re-alkalization to change the pH value of con-

crete around the reinforcement.
• Apply impressed current cathodic protection.
• Use sacrificial anode.  

Vertical cast concrete. Touching briefly on a few specialty repairs, 
Gosain also recommends cast-in-place concrete or shotcrete for vertical 
cast concrete walls and columns, in addition to wrapping the columns 
with externally bonded CFRP. Adds Sherman, “We use form-and-pour 
repairs for almost all of this work as it allows single placement, good 
curing, and excellent bond.”

Applying a different tactic, WASA/Studio A likes to go with trowel-
applied patches. This involves removing both evident spalls and adjacent 
areas, explains Jerome, in order to chase the rust and expose an inch be-
hind the rebar for full-circumference cleaning and to provide a mechan-
ical grip for the repair. Next, the areas to be patched are square cut, and 
a rust inhibitor is applied to the exposed rebar, followed by a saturated 
surface-dry substrate on the concrete prior to the patch application. 
Once the patch is properly cured, a final coating may be applied.

Vertical vs. horizontal elements. Because horizontal repairs are typically 
placed without top forms, proper curing is absolutely important, says 
Sherman. As for overhead repairs, Gosain recommends shotcrete for 
two reasons: first, because the form-and-place method for beams can 
be quite time-consuming and expensive, and second, because shoring is 
required to support the concrete’s wet weight.

On the other hand, form-and-pour is the recommended way to go for 
vertical repairs. “We have found bond and interlayer adhesion problems 
with multi-lift, hand-laid materials, and a substantial risk exists when 
extending bagged repair materials with local aggregates in large or thick 
placements due to the risk of alkali-aggregate reaction,” says Sherman.

The solution: “To avoid the possible risk, we require all aggregate to be 
certified or tested for alkali-silica reactivity. The easiest way to do this is 
to specify that only materials approved for use by the local Department of 
Transportation be used,” adds Sherman. “The contractor can easily obtain 
this material by the truckload from a local concrete producer.”

Prestressed structures. Because prestressed, precast concrete buildings 
are highly specialized 
structures, they require 
expert assessment, 
structural analysis, and 
testing techniques.

Adding another 
layer of complexity, 
these systems are often 
designed by the system 
vendor, so drawings 
often cannot be found 
within the original de-
signer’s or owner’s files, 
cautions Sherman. The 
International Concrete 
Repair Institute offers 
special guideline docu-
ments to follow for 
such repairs.
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Core sample location from a 1920s-era concrete grandstand undergoing freeze-thaw 

deterioriation in its upper surface, where multiple layers of cracking are evident.

Direct-tension pull-off test on a concrete repair area.
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“We have worked on projects where improper techniques with these 
systems have caused extensive damage,” notes Sherman. “Because the 
prestressing systems are under considerable load, intermediate lock-offs 
to transfer load to other parts of the structure are needed, and specialty 
contractors are required to re-stress the system.”

RESTORING FLOORING AND SLABS
Another big area for concrete reconstruction work—and another oppor-
tunity for the sustainable reuse of existing building elements—is in the 
leveling, reinforcing, and finishing of concrete floor systems. Before any 
repair work can be done, however, the floor’s structural condition and 
overall stability must be evaluated. Most problems will find their way up 
through any new flooring, Sherman warns. “If the floor is damaged, a 
full investigation is needed to make sure that the planned use is compat-
ible with the existing floor.”

If the case of an existing slab in poor condition, a bonded or unbonded 
overlay often will have to be installed. “These are tricky to design and 
trickier to build, with particular care needed for the concrete, bonding, 
reinforcement, and jointing,” says Sherman.

On the other hand, if the floor system is in pretty good shape but needs 
to be flattened, then the application of self-leveling compounds will usually 
do the trick. However, if an increase in floor thickness cannot be tolerated, 
then some of the concrete will need to by removed by grinding, abrasive 
lasting, or hydro-blasting prior to self-leveling, says Gosain.

As for finishing the surface, grinding the floor smooth is a popular op-
tion. “By polishing the floor, this develops a like-new finished surface 
that allows the concrete floor to serve as a new wearing surface without 
any additional coverings,” says PCA’s Novak. “Polishing can also add a 
unique architectural feel, either a terrazzo-type finish if the aggregate is 
exposed, or a smooth concrete finish if no coarse aggregate is visible.”

Another valuable flooring application is a surface densifier, which hard-
ens the flooring prior to polishing. When dealing with decomposing 
concrete, it may not be possible to get a uniform shine, which is where 
surface densifiers come into play.

Building product consultant Michael Chusid, RA, FCSI, president 
of Chusid Associates (www.chusid.com), Tarzana, Calif., says that some 
densifying chemicals are slow-acting, while others can produce a caustic 
gel that has to be scraped off the surface. He describes a relatively new 
compound called colloidal silica, a suspension of silica particles in a liquid 
phase, which has been used in a number of industries. With colloidal 
silica, the nano-sized particles penetrate more deeply into the concrete 
for greater strength and additional moisture protection.

As an example of the benefits of using colloidal silica for green build-
ing projects, Chusid describes the experience of fashion retailer Eileen 
Fisher. The company decided to open an experimental sustainable 
retail store nears its Irvington, N.Y., headquarters. Executives chose a 
100-year-old industrial loft building with a concrete floor that had been 
renovated a number of times over the decades.

After grinding a half-inch off the cracked surface and repairing the 
deterioration, the contractor was faced with the task of polishing the 
floor to the standards of a high-end retailer. A colloidal densifier was 
used to harden the surface so that the floor could be diamond-polished 
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A severely deteriorated 

precast, prestressed 

double tee (above), and 

the double tee undergoing 

repair at the ledger beam 

(right). Below, carbon fiber 

strengthening is used to 

restore the beam.
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Preserving and restoring the façade of the iconic Solomon R. Guggen-
heim Museum in New York City was no small undertaking. In fact, this 
Frank Lloyd Wright national historic landmark, originally constructed in 
1959, had to go through exhaustive assessment and testing prior to the 
actual commencement of any repair work.

“The most challenging aspect of the project was understanding the 
pathology of deterioration,” says Pamela Jerome, partner for preser-
vation at WASA/Studio A, New York City, whose firm led the project 
engineer/designer team. This meant more than six months of archival 
research, the production of accurate as-built drawings by means of 
interior and exterior laser scanning, field surveys, and 18 months of 
monitoring for cracks, tilt, out-of-plane shifting, and temperature and 
humidity levels.

The project team also utilized nondestructive testing (NDT) methods, 
destructive probes, and paint-stripping methods. Following this exten-
sive diagnostic process, the reconstruction experts put potential repair 
products through a battery of tests. “The various products supplied by 
competing manufacturers were subjected to an accelerated weathering 
chamber—wetting and drying, UV radiation and the like, and freeze/
thaw cycles, while performance and color stability were reviewed,” says 
Jerome. After narrowing down the products from six to two, the prevail-
ing concrete products were then applied to the buildings as mock-ups 
and allowed to weather for some time.

Finally, armed with the winning product and the results of the crack 

monitoring, NDT, and destructive probe results, the Building Team 
and peer reviewers devised a concrete system restoration strategy. The 
solution involved concealed structural reinforcement and concrete dete-
rioration repair without compromising the appearance and the original 
building envelope. 

Ultimately, all the assessment and testing paid off as the project won 
five prestigious industry awards while lending a new face to the historic 
museum.
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Façade Makeover Rejuvenate’s FLW’s Guggenheim Museum

Damaged exterior of the Frank Lloyd Wright-designed 

landmark structure, originally constructed in 1959.

The restored Solomon R. Guggenheim Museum (above). The restoration team documented the spe-

cific location of concrete deterioration using nondestructive testing and other techniques (blueprint).



to a high gloss. In addition, the speed and effectiveness of the colloidal 
densifier also helped shave time off the project schedule. 

Sitework and roadways. Touching briefly on outdoor concrete, there are 
two basic types of concrete overlays used to reinforce slabs: bonded and 
unbonded systems. A bonded system is a relatively thin overlay that ad-
dresses surface distress in cases where the pavement’s existing structural 
condition is relatively good. For more seriously damaged surfaces, the 
thicker unbonded overlay will serve as a new pavement while relegating 
the damaged slab to a stable uniform base. 

The successful performance of sitework and roadways depends on 
a few crucial factors, advises CE Solutions’ Osborn: proper subgrade 
preparation, effective drainage under slabs-on-grade, good joint layout 
and design, and effective load transfer devices at construction joints. 
SGH’s Sherman recommends keeping the joints sealed and clean so that 
they can do their jobs properly. To keep water out, Sherman likes to seal 
the slab with a breathable sealer like silane or siloxane, which also helps 
keep salt away from the slab. 

When working with outdoor concrete, Sherman also points out that 
it can be difficult to entrain air in small batches of hand-mixed concrete. 
Consequently, particularly in climates with freeze-thaw cycles, it’s impor-
tant to work with air-entrained concrete and prepackaged bag materials.

Likewise, says Osborn, “In large-scale repairs that use ready-mixed 
concrete for patching, careful design of the concrete mix is key to 
providing a durable, dense concrete that will minimize permeability and 
resist the deleterious effects of harsh chemicals and freeze/thaw action.”

Walter P Moore’s Gosain further advises that any repair material used 
for exterior exposure should have a coefficient of thermal expansion 

similar to that of the existing concrete. The water-to-cement ratio used 
when forming and placing concrete outside needs to be higher than that 
required indoors, usually 0.4 to 0.45.

PRESERVING THE FUTURE OF CONCRETE
While the industry has done its best to apply safety provisions, quality 
control, and thoughtful reconstruction and repair solutions to concrete 
building systems, these actions are taking place in the absence of any sort 
of concrete repair building code. Many building professionals lament this 
fact, commenting that, for a more sustainable future, codified practices 
for preserving the integrity of concrete buildings will be important.

Fortunately, this is about to happen: The American Concrete Institute 
is working diligently on its Building Code for the Evaluation, Repair, and 
Rehabilitation of Concrete Buildings, with the final draft now going to the 
ACI technical activities committee, for publication by 2013.

Supported by the International Concrete Repair Institute, the code 
is currently being developed with input from design professionals, con-
tractors, owners, academics, testing laboratory personnel, and materi-
als suppliers. When the code is published, say its supporters, Building 
Teams and project owners with concrete buildings will begin to enjoy 
the benefits of greater restoration knowledge. BD+C
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▶ Editor’s Note  ◀

This completes the required reading. To earn 1.0 AIA/CES learning 
units, study the article carefully and take the CEU test posted at 
www.BDCnetwork.com/ConcreteReconstruction.

1. Ground-penetrating radar, ultrasonic pulse velocity, half-cell 
potential, acoustic emission, and tension meters are examples of:
 A. Types of structural documentation.
 B. Concrete construction techniques.
 C.  Nondestructive testing, or NDT.
 D. None of the above.
2.   A concrete pachometer helps Building Teams:
 A. Move poured concrete to fill all voids in concrete forms.
 B.  Ensure concrete repair mortars are compatible with 

existing concrete mixes.
 C. Test concrete for fly ash content.
 D. Locate placement of and cover over reinforcing steel.
3. Typical strategies for reinforcing existing concrete structures 
can include which of the following:
 A.  Use high-performance concrete and high-performance  

grout for new additions and repairs. 
 B.  Ensure the shrinkage properties of the repair concretes 

are different from those of the parent concrete.
 C.  Avoid adding reinforced concrete with rebar to the 

existing structure.
 D. All of the above.
4. True or false: While reactive processes such as galvanic 
anodes and electrochemical alkalization are an effective 

treatment for concrete that has deteriorated from corrosion, 
coating the concrete surface or using penetrating sealers is 
typically not recommended.
 A. True.
 B. False.
5. Form-and-place concrete restoration is recommended for:
 A. Vertical concrete repairs.
 B. Horizontal concrete beams.
 C. Overhead concrete repairs.
 D. Underside of concrete slabs.
6. Colloidal silica is an example of a surface densifier, which is 
used in concrete restoration to:
 A.  Return prestressed concrete slabs to their former 

structural properties.
 B. Harden floors and other surfaces before polishing.
 C.  Reinforce concrete slabs and columns.
 D.  Self-level existing concrete floor slabs.
7. The difference between bonded and unbonded concrete 
overlays used to reinforce slabs is that:
 A. Unbonded concrete is a relatively thin overlay.
 B. Bonded concrete is a relatively thick overlay.
 C.  Bonded concrete is used when the slab is in good  

 condition and only has surface distress.

 D.  Bonded concrete serves as a new structural slab or 
pavement, and so is ideal for slabs or pavement in poor 
structural condition.

8. To protect concrete restoration and repair work and prevent 
recurring deterioration, exposed concrete surfaces should be 
treated with
 A. Water-repellent protective coating.
 B. Waterproofing membrane.
 C. Paint only.
 D.  Colloidal silica.
9. For large-scale repairs that use ready-mixed concrete for 
patching, careful design of the concrete mix is important to
 A. Restore loads to concrete prestressing systems.
 B. Speed the curing of new concrete.
 C. Minimize permeability and resist freeze-thaw action.
 D. None of the above.
10. True or false: For concrete restoration projects, Building 
Teams can now use the American Concrete Institute’s Building 
Code for the Evaluation, Repair, and Rehabilitation of Concrete 
Buildings, which was published in 2010.
 A. True
 B. False

CONCRETE RECONSTRUCTION AIA/CES MODULE
Pass this exam and earn 1.0 AIA/CES learning units. You must go to  
www.BDCnetwork.com/ConcreteReconstruction to take this exam.


