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Opportunities in use of FRC in Structural 
Applications

 The phenomenal growth of the market for fiber reinforced 
concrete market is a key motivator for addressing sustainability

 Economy, labor, time, materials characteristics and 
performance

 ACI 544 has played a significant role in developing documents 
to showcase the performance of FRC materials

 Design opportunities:
– Ductility, durability, crack width, stiffness, cracked section modulus.  
– Shear
– A hybrid approach of combining reinforcement and fibers is the key to 

addressing sustainability
– Minimum reinforcement requirements.



Materials characteristics

 Ductility
 Toughening
 Improved tensile strength
 Increase level of energy absorption
 Fatigue life, impact/explosive loading 
 Seismic resistance
 Steel work, labor, construction time.
 Corrosion damage
 Long-term repair and maintenance. 

 

200 µm 

(d) 



Seismic Design, Coupling beams, ACI-318 provisions

Eliminate a substantial amount of reinforcing bars by using a highly flowable, steel 
fiber-reinforced concrete where the fibers are introduced during the concrete mixing 
process.



Canal lining, WWF, or rebar replacement

Fiber Reinforced Concrete Mix

Photo Courtesy: Pima-Maricopa Irrigation 
Project, Sacaton, Arizona

Traditional #5 rebar layout

Photo Courtesy: Rick Shelly, Pulice
Construction



Spillway: high density of REBARS   



Precast Tunnel lining for Rio de Janeiro Metro 
Line #4



Tunnel Lining

 Fiber-reinforced concrete can be used in tunnel lining segments.
 Macro steel fibers and macro synthetic fibers are mainly used for this type 

of application. 
 Using fibers can reduce or even eliminate the steel rebar reinforcement 

which results in faster and cheaper production. 

M. Moccichino et al., 2010 world 
tunnel conference, Italy
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FRC Engineering Applications
Ductility, Durability, Sustainability

 The type and volume fraction of fibers affect the 
level of energy absorption

 increased energy absorption, fatigue life, 
impact/explosive loading conditions, and seismic 
resistance

 Pavements/slabs,Precast components, Shotcrete



Structural Design with FRC Materials: testing, modeling, 
analysis and Design

Shotcrete applicationsElevated slabs Precast  panels

Design with Strain 
Softening materials



Safety, mobilization, and Cost savings due 
to reduced section sizes



Analysis of Precast Wall Panels

 Assume continuous wall, pin connection at 
the bottom and free at the top

 Lateral water pressure in ultimate and 
serviceability limit states



Wind Turbine Foundation



ACI related International Committee Reports

ACI 544.5R-10 “Physical Properties and Durability of Fiber-Reinforced Concrete,” 
Report, ACI Committee, p. 31, (2010). 

ACI 544.6R-15 Report on Design and Construction of Steel Fiber-Reinforced 
Concrete Elevated Slabs (2015)

ACI 544.7R-16 Report on Design and Construction of Fiber-Reinforced Precast 
Concrete Tunnel Segments (2016)

ACI 544.8R-16: Report on Indirect Method to Obtain Stress-Strain Response of 
Fiber-Reinforced Concrete (FRC), ACI Committee 544 ACI 544.8R  (2016)

ACI 544.9R-17: Report on Measuring Mechanical Properties of Hardened Fiber-
Reinforced Concrete, (2017)
https://www.concrete.org/Portals/0/Files/PDF/Previews/544.9R-17_preview.pdf

ACI 544.10R-17: Report on Measuring Properties of Fresh Fiber-Reinforced 
Concrete, (2018)

ACI 544-4R  ACI 544.4R-18: Report on Structural Design with Fiber-Reinforced 
Concrete (2018)

https://www.concrete.org/Portals/0/Files/PDF/Previews/544.9R-17_preview.pdf






FRC 2014 Joint ACI-fib International Workshop
Fibre-reinforced concrete: From design to 
structural applications, Montreal, Quebec

FRC 2018, Joint ACI-fib-Rilem International 
Workshop, Lake Garda, Italy

Members of ACI 544 and fib TG 4.1 have been 
involved in writing code-based specifications for 
the design of FRC structural members.

Model code has been using Fibers for Structural 
Design for several years now

fib Model Code 2010 includes specific sections 
for design of FRC elements.



Model Code Provisions for use of FRC

 The design rules (for reinforced concrete – RC – and fibre-reinforced 
concrete – FRC) are present in the Model Code 2010 (2012). 

 The safety factors of materials adopted are γc =1.5 for concrete in 
compression, γF = 1.5 for FRC in tension, and γs= 1.15 for steel rebars.

 Moreover, fundamental and characteristic load combinations were 
considered at Ultimate Limit State (ULS) and Serviceability Limit State 
(SLS), respectively. 

 The FRC used to exemplify the comparison in the design has a class 3c 
(Section 5.6.3 of MC 2010) which, as an example, can be obtained 
quite easily with a concrete C30/37 and an amount of steel fibres
ranging between 30 and 40 kg/m3.

di Prisco, G., Plizzari, G., Vandewalle, L. (2009), Fibre reinforced concrete: new design
perspectives, Materials & Structures, 42(9), 1261-1281.



Consideration of Residual strength Effect
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Stress distribution for a cracked material with Strain-
Softening FRC
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ASTM C1550-Round Panel 3P-support specimen



Round panel tests for evaluation of SFRC 

 Test setup
– displacement controlled, continuous 

support, center point load
 Dimensions

– D, t=  1500, 150 mm
– stroke diameter = 150 mm

Vf = 80 kg/m3 Vf = 100 kg/m3



Round Panel Continuous Support Specimens



Advantages of using SFRC elevated slab: 
Pumping Reinforcement

– Reduction in labor force and finishing personnel
– 30% cost saving vs. traditional methods
– Shrinkage cracking control
– Bay areas larger than traditional areas
– Detailing cost reduction



DittonNams-Superstore elevated slab Daugavspils, Latvia
25 ft span, 10inches slab,200psf UDL
165lbs/cu.yd Tabix 1.3/50 140ksi Steelfibers



LKS struct.engineers headoffices, 5 floors 50000 sq.ft total 
,Mondragon, Spain, 27ft span, 11 inches thickness, 140psf UDL
165lbs/cy.yd Tabix 1.3/50 140ksi steelfibers



Several full scale tests,  center span



Tallinn, Estonia , Test site Service Load, 4kNm² 
udl, (83 psf)



Center Point loading  Bissen Test



Corner span center point loading  Test



320kN 0.55 mm crack opening 
more than 3 x the first crack load!



Full scale Test Results



Modeling of Failure Mechanisms

   

   
  



Plastic analysis approach 

Distributed load on a simply supported square 
slab.  The work equations are derived as:

Where the resultant NR and rotation θ (from figure 
9a) are:

For the four segments with an NR acting at 1/3 of 
δmax :
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Use of Yield Line Analysis and Design 
procedures
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Analysis, Design and Installation of precast 
water tank panels

 Load Case1:
– Self weight + Water pressure 
– Moment in short span controls

 Load Case2: 
– 1.4 Self weight + 

1.7 Earth pressure + 
1.7 Uniform pressure due to surcharge 

– Moment in short span direction SM1



Mechanics of Fiber and Textile 
Reinforced Cement Composites

 CRC press, 2011
 E-mail: barzin@asu.edu
 http://enpub.fulton.asu.edu/cement/

mailto:barzin@asu.edu
http://enpub.fulton.asu.edu/cement/


Conclusions
 New technologies and directions are clearly available 

in our future progression in Construction industry.
 Use of materials science based and mechanics based 

approaches to obtain better ways to characterize, 
model, analyze, and design. 

 Better train, communicate, and follow through
– Design of Materials and Structures for novel construction. 

 Address specifications, quality, and long term 
performance.

 Fiber Reinforced Concrete can be effectively used as a 
technology enabler for our alternative energy 
generation, use and infrastructure development 



Fracture and plasticity models



Localized hinge



Modelling procedures

 Tension model
 Compression model
 Bond (interface) model
 Stress/strain distribution
 Moment-curvature relationship
 Normalized parameters
 Incorporations of equilibrium equations
 Moment and curvature distributions throughout the volume
 Integration, application of boundary conditions
 Data reduction and solutions for stress, strain, load, deflection 

distributions



Stress-Strain for Hardening and Softening FRC

 Material parameters are described as a multiple of the first cracking tensile strain 
(εcr) and tensile modulus (E)

Compression model Tension model



Evolution of Stress Distribution Profile

(A) (B) (C)



Material Models for Hybrid systems-
How much of the rebar may I take out and how much fiber to use for replacement?



Derivation of Moment-Curvature Relationship

Strain Stress

Incrementally impose
0 < εt < εtu

Strain Distribution
Stress Distribution

ΣF = 0, determine k

Moment:  M = ΣFciyci+ ΣFtiyti

Curvature: φ=εc/kh

Simplified
bilinear moment-
curvature

Stage : λ>ω, β>α



Moment-Curvature Distributions

 Use Static Equilibrium to get moment distribution
 Curvature distributions along the beam are generated based on simplified bilinear 

moment-curvature model



Linear elastic solutions-Steel Design Charts



Non-linear solutions

 3PB, 4PB – 3, 4 point bending
 SS – simply supported
 C - cantilever



2D Contour – Distribution loading

Normal strain 
distribution

   

I IIa IIb 

Neutral Axis 

Normal stress 
distribution



External software for moment-curvature 
analysis

SE::MC

SAP 2000
OpenSees



Experimental Verification

 Three point bending tests
 Six full scales FRC beams
 Fiber content : 50kg/m3 and 75kg/m3

Beams H500 H1000 H1500
Height (mm) 500 1000 1500
Effective depth (mm) 440 940 1440
Total length (mm) 3000 5900 9000
Span(mm) 2640 5640 8640
Width(mm) 250 250 250
Reinforcement longitudinal bars 8-ϕ14 8-ϕ20 8-ϕ24

Geometry of specimens

Parameters for current Model

Beam Type
Fiber 

Content
kg/m3

E
Simulated

E εcr η
MPa MPa μstr

H500
50 30800 30800 146 0.24
75 32100 32000 110 0.26

H1000
50 30800 29500 125 0.22
75 32100 32100 120 0.26

H1500
50 30800 29500 128 0.23
75 32100 32100 117 0.26

Minelli F., Conforti A.,  Cuenca E., Plizzari G., “Are steel fibres able to mitigate or eliminate size effect in shear?”, Materials & Structures , 
47:459–473, 2014
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