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Development of proper design procedures for 昀椀ber-reinforced 
concrete (FRC) materials requires use of material tensile and 

compressive stress strains that re昀氀ect the contribution of 昀椀bers to 
the post-cracking behavior. While uniaxial tension tests provide 
the most fundamental material properties, conducting closed-loop 
tension tests are dif昀椀cult to accomplish; therefore, methods based 
on indirect measurement of tensile properties using 昀氀exural tests 
are typically used.

This report presents the methodologies that are used for data 

reduction and presentation of the 昀氀exural test results in terms of 
an equivalent tensile stress-strain response for FRC materials. 
Existing methods for estimating uniaxial tensile stress-strain 
response of strain-softening and hardening FRCs from 昀氀exural 
beam-test data are introduced. Different approaches applied to 
beam tests based on elastic equivalent, curve 昀椀tting, or back-calcu-

lation of 昀氀exural data are introduced. These are divided into two 
general categories: elastic equivalent approach or inverse analysis 

method. In the elastic equivalent approach, a summary of available 
test methods by various code agencies are presented.

Using back-calculation methods, tools based on the 昀椀nite 
element method and analytical closed-form solutions are presented. 
An approach is presented that uses closed-form moment-curvature 
relationships and obtains load-de昀氀ection responses for a beam of 
three- or four-point loading. The method is used to obtain equiva-
lent parametric tensile stress and strain relationships for a variety 

of FRC materials. The methods are compared against the available 
residual strength and also elastically equivalent residual strengths 

obtained by different specimen geometries.
Results for a range of FRC materials studied show the back-

calculated post-peak residual tensile strength is approximately 30 
to 37 percent of the elastically equivalent 昀氀exural residual strength 
for specimens with different 昀椀ber types and volume fractions.

Keywords: 昀椀ber-reinforced concrete; inverse analysis; tensile stress-strain 
diagram.
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ACI Committee Reports, Guides, and Commentaries are 
intended for guidance in planning, designing, executing, and 
inspecting construction. This document is intended for the use 
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and limitations of its content and recommendations and who 
will accept responsibility for the application of the material it 
contains. The American Concrete Institute disclaims any and 
all responsibility for the stated principles. The Institute shall 
not be liable for any loss or damage arising therefrom.
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by the Architect/Engineer.
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