
Center for Integration of Composites into Infrastructure (CICI) 
Formerly Repair of Buildings & Bridges with Composites - RB2C

West Virginia University, Hota GangaRao, 304.293.9986, ghota@wvu.edu

Rutgers University, Perumalska Balaguru, 732.445.2232, balaguru@rci.rutgers.edu

University Miami-Florida, Antonio Nanni, 305.284.3391, nanni@miami.edu

North Carolina State University, Sami Rizkalla, 919.513.4336, sami_rizkalla@ncsu.edu

Center website: http://www.cemr.wvu.edu/cfc/cici/index.php

Fabric-Reinforced Cementitious Matrix (FRCM)

Fabric-Reinforced Cementitious Matrix (FRCM) is a
composite material consisting of a sequence of one
or more layers of cement-based matrix reinforced
with dry fibers in the form of open single or multiple
fabrics. When adhered to concrete or masonry struc-
tural members, FRCMs form an externally bonded
strengthening system. 

The repair, retrofit, and rehabilitation of existing con-
crete and masonry structures has traditionally been
accomplished using materials and construction tech-
niques including fiber-reinforced polymer (FRP) sys-
tems, steel plates, reinforced concrete overlays, and
post-tensioning. The primary reasons for considering
FRCM as a suitable strengthening material stems from
the cementitious matrix that has the advantages of:
inherent heat resistance; compatibility with the sub-
strate (i.e., allows vapor permeability and application
on a wet surface); long-term durability; ease of instal-
lation and cleaning of equipment and tools; and,
absence of constituents hazardous to workers and
environment.

This breakthrough technology has resulted in a product line for Ruredil that has obtained certification from
ICC Evaluation Services (ICC-ES), according to AC434-13 “Acceptance Criteria for Masonry and Concrete
Strengthening Using Fiber-reinforced Cementitious Matrix (FRCM) Composite Systems.” AC434-13 estab-
lishes guidelines for the necessary tests and calculations required to receive a product research report from
ICC-ES. Thus, this product can now be accepted by code officials under Section 104.11.1 of the International
Building Code, which allows research reports to be used as a source of information to show building code
compliance of alternative materials.

Economic Impact: Fabric-Reinforced Cementitious Matrix is a new tool in the toolbox of the con-
struction industry to address sustainability challenges and make repair and rehabilitation of exist-

Fabric reinforcement for a concrete surface.
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ing structures not only safer but also economically viable. By using FRCM, engineers and
contractors can make repair more economical and durable. Since the tool does not require spe-
cial training or expertise outside of what is already possessed by construction workers, this tech-
nology results in substantially lower labor costs. This benefit added to the ease of installation and
the absence of hazardous components is beneficial to owners and more importantly the overall
public.

For more information, contact Antonio Nanni at the University of Miami-Florida, 305.248.3391,
nanni@miami.edu. 

Extending the Service Life of Bridges with Composite Wraps

Bridge infrastructure in the
United States is aging.
Bridges show their age
through crumbing concrete
and rough roads due in large
part to foregone and/or poor
maintenance. Repairs and
upgrades are often necessi-
tated because of increasing
traffic loads and heavier vehi-
cles. Traditionally, the only
way to remedy these prob-
lems has been to close all or
part of a highway and replac-
ing the entire structure. This
process results in huge
replacement costs, compli-
cated traffic re-routings and
long delays. Researchers at
the Center for Integration of
Composites into Infrastruc-
ture (CICI) have developed
tools that allow highway
departments to design struc-
tures that save costs by using innovative materials to rehabilitate, rather than replace failing bridges. 

Composite wraps, consisting of fiberglass or carbon fiber fabrics saturated with a resin and bonded to con-
crete members, are being used to repair bridge members that are deficient due to corrosion, decay, or even
accidents. At CICI, these composite wraps have been demonstrated to be highly effective on a number of
projects. CICI is working with the West Virginia Department of Transportation, Division of Highways to
develop standard details and specifications to allow practicing engineers to design, install, and inspect
composite wraps. 

Before and after composite wrapping.
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Composite wraps can also increase the strength of an otherwise good member. This can enable existing
structures to carry higher and heavier loads than they were originally designed to accommodate. Installa-
tion of the wraps can be done very rapidly with minimal traffic interruption. 

Economic Impact: Using composite wraps can extend the lifespan of a structure by a decade or
more. Rehabilitation time can be reduced from months to weeks. The result is reduced costs and
increased structure life. The cost savings directly impact taxpayers by allowing limited transpor-
tation funding to improve more structures at substantially minimized cost. 

For more information, contact Hota GangaRao, 304.293.9986, hota.gangarao@mail.wvu.edu.

Design Guide for Reinforcing Bridge Decks and Railings with 
Longer Service Capability

Corrosion is one of the main causes of
infrastructure decay. Imagine bridge
decks that could last 75 to 100 years in
service rather than the current 25 to 40
years. Researchers at the Center for Repair
of Buildings & Bridges with Composites
are enabling a whole new industry to fill
the need for potentially high volumes of
fiber-reinforced polymer (FRP) rebar.  This
is being accomplished by developing
guidelines that will enable the use of FRP
reinforcing bars in bridge decks in the
United States. 

The recently adopted design guide is the
culmination of many years of research.
This work means that previously funded
NSF research in the field of fiber-rein-
forced polymers can now be used to make
the nation’s infrastructure more durable and longer lasting.

The document will allow fiber-reinforced polymer producers, as well as state and federal departments of
transportation, to safely incorporate well-researched design, testing, and implementation criteria to new
materials for new construction and renovations. Before these guidelines had been published and adopted,
there was little or no incentive for state Department of Transportation (DOT) engineers to consider as fiber-
reinforced polymers.  

Economic Impact:  A primary cause of bridge deck deterioration is corrosion of steel rebar. By
using noncorrosive FRP rebar the bridge decks will last many years longer and delay the costly
replacement by decades. This will save taxpayers money by not having to replace the decks and
also by reducing delays related to bridge reconstruction. By establishing these national stan-

By using noncorrosive fiber-reinforced polymers rebar,  the 
bridge decks will last many years longer and delay the 
costly replacement by decades. 
 2014 Compendium of Industry-Nominated NSF I/UCRC Technological Breakthroughs   111



Center for Integration of Composites into Infrastructure (CICI)
dards on the use of FRP rebar, state highway departments and manufacturers will have clear
specifications to provide for the widespread adoption of FRP rebar.  

For more information, contact Fabio Matta, 803.777.1917, fmatta@sc.edu.

Preformed Fiberglass Grating Panel Systems (GRIDFORM)

GRIDFORM consists of fiber-
glass grating panel systems
with fiber-reinforced poly-
mer (FRP) plate for stay in
place use. These FRP grat-
ing panels replace steel
rebar in reinforced concrete
bridge decks on vehicular
bridges. The grating panels
are shop fabricated and
shipped to the job site
ready for installation on the
steel bridge girders and the
concrete pour. Field installa-
tion time for the GRIDFORM
panels, including the concrete pouring, is approximately 25% of normal steel rebar installation and con-
crete pour. This reduced installation time results in lower field installation costs and less disruption of ser-
vice for people needing access to the bridge for travel. Additionally, reduced field installation time
translates into a lower rate of construction workplace injuries. 

GRIDFORM grating panels have become recognized as a viable alternative to traditional steel reinforced
concrete bridge decks. The use of GRIDFORM panels meets the Federal Highway Administration's (FHWA)
initiative of "Get In and Get Out." The emphasis by FHWA is to reduce the amount of construction time and
the concurrent disruption to the traveling public by utilizing new technologies and methods for rapid con-
struction of bridges and roads. The new technology will result in producing the FRP grating panels at the
manufacturing site of the FRP grating. This new breakthrough technology has resulted in a new product
line for the Strongwell plant located in Chatfield, Minnesota. Strongwell is promoting this new product line
to county and state transportation officials as a time saving alternative to traditional construction materi-
als.

Economic Impact:  By using GRIDFORM panels, contractors can reduce construction time by
25%, resulting in lower labor costs and saving taxpayer’s money through more efficient use of
transportation funding. This will also save the traveling public money directly by reducing the
closure time needed to replace or repair and existing bridge decks and the time and inconve-
nience related to associated lane closures and detours. An often overlooked economic factor is
improved safety and less work related accidents due to much shorter exposure time for construc-
tion.  The reduction of loss time accidents is a benefit to the bridge contractor as well as the over-
all economy and the public.

For more information, contact Antonio Nanni, 305.248.3391. 

Construction workers walking on GRIDFORM reinforcement while placing 
concrete GRIDFORM panels. 
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