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Introduction

Current research at PUC-Rio

Mechanical behavior of FRC under fatigue loading
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structures
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interface 
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Bond-slip behavior 
under fatigue 

loading



Experimental program

Materials
Materials Composition

Aggregate (kg/m³) 492

Sand (0,15<A1<0,85 mm) (kg/m³) 826

Sand (0,85<A2<4,80) (kg/m³) 100

Silica #325 (kg/m³) 70

Cement (kg/m³) 360

Fly ash (kg/m³) 168

Silica flour (kg/m³) 45

Water (kg/m³) 164

Superplasticizer  (%) 5,5

Viscosity Modifier (%) 0,75

Water/cement 0,50

Steel fibers

Dramix 3D 45/30

30 mm

0,62 mm

20 kg/m³C20SF

C40SF

C60SF

40 kg/m³

60 kg/m³

Fiber mass 

fractions

fc = 50 MPa



Experimental program – Material Level

Mechanical tests (material level)

• Beam pre-crack until reaching 0.50 mm of CMOD

• Fatigue test until reaching 1,000,000 cycles or 

beam rupture

• Pre-notched beams in accordance with EN14651

• Load level (S) = Pupp/P0.50mm

• CMOD monitored by clip-gauge

• Mechanical degradation along the cycles

Frequency = 6hz

Load controlled at 70%, 80% and 90% of 

P0.5mm (fR,1)



Discussion and analysis 

Weibull distribution for fatigue failure probability

Three-parameter Weibull distribution

𝐹 𝑥; 𝜆; 𝑢; 𝛼 = 1 − exp −
𝑥 − 𝜆

𝑢

𝛼
Two-parameter Weibull distribution

𝐹 𝑥; 𝑢; 𝛼 = 1 − 𝑒
𝑥
𝑢

𝛼

Monteiro, V. Cardoso, D. Silva, F. International Journal of Fatigue (2023)



Discussion and analysis 

Material pre-crack and fatigue test

• Stiffness as hysteresis cycle slope

• Stiffness degradation along the fatigue test

• Proposal of damage evolution empirical equations

• Influence of fibers on the stiffness results

• Damage ratio = 1 −
𝑘𝑛

𝑁

𝑘0

Monteiro, V. Cardoso, D. Silva, F. International Journal of Fatigue (2023)



Structural Analysis

Mechanical tests (structural level)

• Beam pre-crack until reaching rebar strain level of 1900 μm/mm 

(80% of the rebar yielding strain)

• Beam pre-crack until reaching 12.16 kN (equivalent to the force of 

80% of the rebar yielding strain for the RC beam)

• Fatigue test until reaching 5,000,000 cycles or beam rupture

• Stress ratio (Fmin/Fmax) = 0.3

Monteiro, V. Cardoso, D. Silva, F. Materials and Structures (2024)



Structural Analysis

Longitudinal rebar strain evolution

RC beam

80% of the rebar yielding strain (1900 μm/m)

R/SFRC beam

Reached 12.16 kN (5% of the rebar yielding strain)

R/SFRC beam

80% of the rebar yielding strain (1900 μm/m)



Structural Analysis

Strain evolution along the cycles

Stress level of 80%

Stress steel range (Δσs ) = 225 MPa

Stress level equivalent of 5%

Stress steel range (Δσs ) = 50 MPa



Structural Analysis

Fatigue Model Development

Model workflow from defining the FRC quasi-static response until its mechanical degradation under 

flexural fatigue for structural beams.

Material Constitutive Relationship

Fatigue life and mechanical degradation of structural beams

Strain Compatibility in the Concrete and Steel Reinforcement

Progression of Rebar Steel Strain, Residual Strength, Moment and Curvature



Structural Analysis

Fatigue Life and Material Constitutive Relationship

Material Constitutive Relationship

Rebar S-N curve

Concrete SFRC Steel rebar



Structural Analysis

Quasi-static results 

Force x deflection Moment x curvature

RC beamR/SFRC beam RC beamR/SFRC beam



Structural Analysis

Steel rebar strain evolution under fatigue flexural loading

Master curve evolution law

Rebar strain evolution for different stress level and stress range 

(S = 80% and preload at 5%)

Model Application

Rebar Strain Evolution Law

RC S80%

𝛥ɛ𝑠 = −𝑅𝑠
1.25 ln −0.149 ∗ ln

𝑛

𝑁
R/SFRC S80%

𝛥ɛ𝑠 = −4.20 ∗ 𝑅𝑠
1.02 ln −0.170 ∗ ln

𝑛

𝑁
Uncracked state

𝛥ɛ𝑠 = −2030 ∗ 𝑅𝑠
1.02 ln −0.08 ∗ ln

𝑛

𝑁

Legend

𝑅𝑠 =
𝛥𝜎

𝜎𝑦
=

𝑠𝑡𝑟𝑒𝑠𝑠 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒

𝑦𝑖𝑒𝑙𝑑𝑖𝑛𝑔 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

n/N - referred cycle number



Structural Analysis

Mechanical degradation under fatigue flexural loading – Pre-crack stage (monotonic) and fatigue

RC beam

80% of the rebar yielding strain (1900 μm/m)

R/SFRC beam

80% of the rebar yielding strain (1900 μm/m)

R/SFRC beam

Reached 12.16 kN (5% of the rebar yielding strain)



Structural Analysis

Nonlinear Moment–Curvature model for Hybrid reinforced beams under fatigue

YieldingYielding Yielding

RC beam

80% of the rebar yielding strain (1900 μm/m)

R/SFRC beam

80% of the rebar yielding strain (1900 μm/m)

R/SFRC beam

Reached 12.16 kN (5% of the rebar yielding strain)



Structural Analysis

Curvature model evolution for Hybrid reinforced beams

RC beam

Stress level (S) of 50% and preload at 5%

R/SFRC beam

Stress level (S) of 80%



Structural Analysis

Crack width oscillation with DIC

Monteiro, V. Cardoso, D. Silva, F. Materials and Structures (2024)



Conclusions

• There is a positive influence on the fiber addition on fatigue life of the fiber reinforced

concretes;

• The evolution of dynamic properties allowed to verify how damage affect the mechanical

parameters in the fatigue life of SFRC;

• Steel fiber reinforced concrete structural beams reported much lower rebar strain values

along the fatigue test;

• The fatigue life of rebars is a critical determinant in the fatigue behavior of structural beams;

• The addition of fibers will significantly modify the fatigue life of structural elements.
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