
 

USE OF FIBER-REINFORCED POLYMER 
(FRP) BARS IN SEISMIC DESIGN OF 
BUILDING STRUCTURES 
 
PROBLEM 
Fiber reinforced polymer (FRP) material has emerged as an alternative for producing 
reinforcing bars (rebars) for reinforced-concrete (RC) structures. FRP rebars are 
noncorrosive and provide a suitable solution for construction of RC structures in 
highly corrosive environments, e.g., salt storage structures as envisioned by NDOT. 
Nevertheless, since mechanical behavior of FRP material is different from steel, 
unique procedures on the analysis, design, and construction of RC structures with 
FRP rebars are necessary. Design and construction guidelines for FRP-reinforced 
concrete (FRP-RC) structures have been established in other countries such as 
Japan, Canada, and Australia. In the U.S., ACI 440 provides general information and 
guidelines for the design and construction of structural concrete members 
reinforced with FRP bars, based on the worldwide state-of-knowledge. This guide, 
however, is limited to non-seismic applications. It, therefore, eliminates FRP-RC 
applications in most of the western U.S., including virtually most of Nevada, due to 
the high seismicity of the region. There is a need to advance research and to provide 
engineering guidelines that can enable application of FRP rebars in seismic design 
of RC structures. 

 
OBJECTIVE 
The objective of this study is to develop new design approaches which can be used for the employment of 
FRP bar in structures which are designed to sustain seismic loading. The ultimate goal is to petition the ACI 
440 committee to accept the procedures as a part of future editions of the 440.11 manual.  
 
METHODOLOGY 
The proposed research program includes complementary experimental testing and numerical modeling. 
The experimental research is designed to address critical scientific questions from the component-level to 
member-level behavior, and to provide essential data for building and validating numerical models. 
Through numerical analyses, extensive parametric studies will be performed to understand the effects of 
different design assumptions on the member- and system-level seismic behavior of the FRP-RC structures. 
The resulting design assumptions and guidelines will finally be validated through shake-table testing of 
structural assemblies. Glass FRP rebars manufactured commercially in U.S. will be focused on for this 
research, while other FRP types may also be considered depending on the NDOT’s preference. Materials 
that are domestically available will be targeted to facilitate future application and adoption by NDOT. 
Researchers will also reach out to the handful of U.S. FRP rebar manufacturers and invite them to participate 
in the research progress, to benefit from their technical and practical knowhow, and moreover, to facilitate 
the future buy-ins and adoption of the research outcomes by the broader industry. 
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IMPLEMENTATION POTENTIAL 
There will be implementation opportunities for the proposed research outcomes in actual new salt 
barn/storage and other structures across Nevada. The results will be translated into step-by-step design 
procedures and examples to help facilitate their implementation by NDOT in design of new barn and 
storage structures.  Another major aspect of facilitating future implementation of the results of this project 
is the Research Team’s representation at the ACI to join the efforts of ACI Committee 440 such that the 
research outcomes can make their way to the future ACI 440 design guides. Co-PI Moustafa is an active 
ACI member and has been working with several ACI committees, such as ACI 239 on ultra-high-
performance concrete, to develop ACI design guides. This expertise and capacity will be leveraged to 
ensure a seamless outreach to the FRP-concerned ACI community in general and ACI 440 committee, in 
particular. A successful pathway for integrating seismic design guidelines of FRP-RC structures is another 
means of facilitating future implementation. 
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