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Introduction

Mechanical behavior of FRC under fatigue loading
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Experimental program

Materials

Materials Composition
Aggregate (kg/ms?) 492
Sand (0,15<A1<0,85 mm) (kg/m3) 826
Sand (0,85<A2<4,80) (kg/m3) 100
Silica #325 (kg/m?) 70
Cement (kg/m3) 360
Fly ash (kg/m3) 168
Silica flour (kg/m3) 45
Water (kg/ms3) 164
Superplasticizer (%) 5,5
Viscosity Modifier (%) 0,75
Water/cement 0,50

Steel fibers

Dramix 3D 45/30

Iy

s

"\

fc = 50 MPa

Fiber mass
fractions
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Experimental program — Material Level

Frequency = 6hz

-

FAkN) Piow = lower fatigue load
& Posmm = reference load

Po.5mm
Pror

Pupp

Plow

Pre-cracked FRC

\ Load controlled at 70%, 80% and 90% of
Pyop = Upper fatigue load P05mm (fR,l)

Pre-crack

Fatigue test

Failure
or
Test end (~10°)

>

CMOD (W

CMODi CMODt

Beam pre-crack until reaching 0.50 mm of CMOD Load level (S) = Pupp/P0.50mm

Fatigue test until reaching 1,000,000 cycles or
beam rupture

CMOD monitored by clip-gauge

« Mechanical degradation along the cycles
Pre-notched beams in accordance with EN14651
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Discussion and analysis
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Discussion and analysis

Residual strength

fR, 1
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Stiffness as hysteresis cycle slope
Stiffness degradation along the fatigue test
Proposal of damage evolution empirical equations

Influence of fibers on the stiffness results
kn

Damage ratio =1 — k—”
0

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

P (kN) Run-out or
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+  Beam pre-crack until reaching rebar strain level of 1900 um/mm
(80% of the rebar yielding strain)

*  Beam pre-crack until reaching 12.16 kN (equivalent to the force of Poy brmmmmme oA
80% of the rebar yielding strain for the RC beam)

*  Fatigue test until reaching 5,000,000 cycles or beam rupture
+  Stress ratio (Fpi/Fra) = 0.3 Time (s)
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Structural Analysis
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Structural Analysis

Steel strain (um/m)
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| Steel strain evolution under fatigue a)
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Structural Analysis

Material Constitutive Relationship

Tension o Compression Steel rebar
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Fatigue life and mechanical degradation of structural beams

—)

Strain Compatibility in the Concrete and Steel Reinforcement

Material Stationary
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Curvature q: Cycles n

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

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

flexural fatigue for structural beams.
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Structural Analysis

¢ 350}

200

100

Steel rebar stress ran

Rebar S-N curve
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0=-66.8In(N) + 1132

106 <N <108
Ao =-18.5 In(N) + 465

= = = = Model code [46]
@ ®® RC beam

®®® R/SFRC

®®® R/SFRC-N

©® ®® R/SFRC-HR

Papakonstantinou et al. [33]

@0 ® Gaoetal. [19]
©® ® ® Parvez et al. [34]

©® ® ® RC beam - Monteiro et al. [28]
® ® ® R/SFRC - Monteiro et al. [28]

Compressive stress (MPa)
o
o

Material Constitutive Relationship

o
T

[ Compression
model

T T T T T

Tension model ]

1 1 I 1 1

-1.2 -0.6 0 0.6 1.2
Strain (%)

O B N W b~ WU

Tensile stress (MPa)

Concrete

Compressive stress (MPa)

u B W N
O O O ©O O O

[ Compression

model

T T
Tension model |

-1.2 0.6

0

06 1.2

Strain (%)

SFRC

O R N W b 0

Tensile stress (MPa)

Stress (MPa)
w
o
o

600

wv
o
o

IN
o
=)

N
o
o

=
o
o

T

— Steel rebar model

T T T T T

0

04 08 12 16 2
Strain (%)

Steel rebar

--- Laboratdrio

de Estruturas
| E Me Matenms _

-



Structural Analysis

Force x deflection
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Structural Analysis
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Structural Analysis

40 M T v T T T 40 T v T v T 40 T v T v T
" Fatigue test - Conventional R/C beam b) T [ Fatigue test - Hybrid reinforced beam a) ] [ Fatigue test - Hybrid reinforced beam
35F s-80%-R=03 (Current research) 7 35T s-80%-R=03 (Current research) 7 35T s-5%-R=03 (Current research) 7
" —— Pre-crack - Model 1 [ - - - Experimental data ] [ = Pre-crack - Model
30F — Rebar steel strain - Model 7 30 - —— Rebar steel strain - Model ’ 30 - — Rebar steel strain - Model ’
[ - - - Experimental dat : | | — Pre-crack - Model : o | - - - Experimental data : .
= 251 xperimental data : i = o5} — Pre-crack-Model = 25 :
X T : = | X _ T '
o 20F : 1 o020 1 o 20} : i
O . O [ O i :
Llo_l _E_______- 815 T 815' : N
10 : 4 10 4 : .
X 'Yielding : Yielding  Yielding
; - 5 . : .
) ) ) ! ) 0 . . . . 0 . N . N . : .
0 800 1600 2400 3200 0 800 1600 2400 3200 0 800 1600 2400 3200
Steel strain (um/m) Steel strain (um/m) Steel strain (um/m)

RC beam R/SFRC beam R/SFRC beam

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

80% of the rebar yielding strain (1900 um/m) Reached 12.16 kN (5% of the rebar yielding strain)

-- - Laboratdrio

de Estruturas
L E M e Mater|a|s

I, UG - Fio




Structural Analysis
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Structural Analysis
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Structural Analysis
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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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