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Goal

To investigate the influence of fiber volume fraction and fiber

orientation on the uniaxial tensile behavior of rebar-reinforced
UHPC
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Mechanics of strain-hardening rebar-reinforced UHPC

under tension
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Uncracked

Fiber bridging

Multiple matrix cracking due to strain hardening
Macro cracking due to matrix softening

Multiple macro cracking due to rebar hardening
Rebar failure/softening
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Stress (MPa)

1700

Ductility criteria

reinforced UHPC yd Rebar UHPC
(2% parallel fiber- <——7  —— - —» Fiber
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c/ F A -
| A1035bar @#— Tz 77 77777 —_— -
500 l
| F., = Force in fiber-reinforced UHPC matrix, F, = Force in rebar
~ ~
- - From equilibrium, F = Fy, + F,
40
30 = ° .
. @ Ductility -
A (2% parallel
w0 b / fiber) .
N
_— strain at peak stress
° 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01
Strain
If |AE,| < |AF,.| - formation of multiple macro cracks = increase in ductility (1)
If |AE,,| > |AF,.| - formation of one macro crack = loss of ductility (2)
AF,= Ao, X A, (3)
where, A= Ao, X A, @
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Modeling approach - UHPC

/

1 Discrete fiber model | |

|

» Captures anisotropic behavior of UHPC \ /

|
» Time consuming ’ / ‘
» Lot of computational power ‘ ‘

J Alternative modeling approach proposed
» Fibers modeled as smeared reinforcement
» Captures anisotropic behavior of UHPC
» Computationally efficient
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Smeared fiber reinforcement

* FE program — ATENA (v. 5.6.11)

— ‘Reinforced Concrete’ material model

— Concrete matrix — volume element

— Fibers (smeared) — 1D element

— Perfect bond between smeared reinforcement and concrete

* D =D, + Xy Dy

* o-¢ curve of fibers calibrated to correctly simulate the actual
effect of discrete fibers
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Fiber calibration - uniaxial te

= Experimental (2%-par) - FEA (2%-par)
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Roy et al. 2017 222 700 1102
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A1035 bars
Data from f,
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E, (GPa) fy (MPa) (MPa)

Pullout test — bond-slip calibration

Force-slip data converted to bond strength-
slip relationship
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lljo slip considered for side bar and support
ar

No slip in pullout bar inside elastic volume
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Bond-sli
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Bond-slip (etfect of fiber volume fraction)

—FEA (0%-rand) FEA (1%-rand) =——FEA (2%-rand) =—FEA (3%-rand)
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Uniaxial test simulation

@9.5 (typ.) 205 205

102 406 __L_ 1020 __|__ 406 __|

Note:
All dimensions are in mm unless otherwise specified.

© Yimodel due to
symmetry
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Uniaxial test

@ Fiber data from tensile test on UHPC

@ Bond-slip data from pullout test of rebar

S @ No slip considered for side bar

A1035 bars F
Data from £, @ o — Tpeak
ult = comp — 2
E(GPa)  f,(MPa) o P nrp

Roy et al. 2017 259 700 1102 @ No slip in rebar inside elastic volume
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—EXp (2%-para) =——Exp: Rebar
—FEA (2%-para)
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Tensile test (effect of fiber orientation)
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Tensile test (effect of fiber volume fraction)

FEA (0.5%-para) =——FEA (0.75%-para) FEA (0.5%-ran) =——FEA (0.75%-ran)
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Stress (MPa)

FEA-UHPC-2%-par
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Stress (MPa)

1700
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Rebar UHPC
/ /I:ibe\
Fn  Fur —t—
n = Force in fiber-reinforced UHPC matrix, F, = Force in rebar
From equilibrium, F = F, + F;
If |AF,,| < |AE.| - formation of multiple (1)
macro cracks = increase in ductility
If |AF,,| > |AF.| - formation of one macro )
crack = loss of ductility (2)
AFE,= Aoy, X A, (3)
Where/ AF,-Z AO_T % A‘r (4)

 Seemen | RN AF, NP [ cakWidthmm)
1%-par-A1035
1%-par-A1035

2%-par-A1035

2%-par-A1035

28.5
28.5
28.5
28.5

12.5
22.9
21.9
42.9

0.15¢ |AE,| < |AE.| (Equation (1))
0.44 |AE,| < |AE.| (Equation (1))
0.15¢ |AE,| < |AE.| (Equation (1))
0.44 |AE,,| > |AE,.| (Equation (2))

3AF. = (f; — fy)Ar. P AE, = (ff — 0w)An; 0y is the stress in UHPC at a specific crack width (w). ¢ seawater; wetting and
drying, 9 Dry air or protective membrane (Exposure data from ACI 224R-01).
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Recommendation for ductility

@ RC design — min. 0.5% strain for rebar (tension controlled)

@ Reinforced UHPC — 1% strain

—&—parallel fibers =4=random fibers - 1% strain line
1.2
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® (0.5% fibers recommended
for ductility
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Conclusions
* A computationally efficient method of modeling UHPC

proposed
* Fiber modeled as smeared reinforcement
* Bond between UHPC and rebar investigated

o Effect of fiber volume fraction and fiber orientation on uniaxial
tensile behavior of reinforced UHPC investigated

e Recommendation on fiber volume fraction made based on
ductility criteria
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