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Use of GFRP-RC in Construction P
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Importance of Tension Stiffening
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Tension stiffening of concrete is defined as:
the ability of concrete to carry tension between cracks and provide
extra stiffness for RC in tension.

e Serviceability often governs GFRP-RC design
e Tension stiffening is very important for the determination of
deflections and crack widths at low load levels
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Tension Stiffening in Design Codes
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Tension Stiffening for FRP Design
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* No general agreement on tension stiffening
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Tension Stiffening Study of GFRP-RC
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Reinforced concrete in tension

Typical Test Results
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Direct Tension Tests
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Testing Rig
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Schematic representation of therig



Direct Tension Measurements
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Measuring Arrangement

Transducer Concrete Displacement
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Transducer to measure slip

Experimental Set-up



Strain Softening Behaviour Concrete

Qi e
3.5
800 - x 3
T 00 = 25- — C90/13/150
o
2 s 2 — C50/13/150
§ 400 - o 1.5 -
pu C90/13/150 o
=
“ 200 - C50/13/150 n
— - —13mm Bar 0-5
O [ I I I 0 [ I I I
0 5000 10000 15000 20000 0 5000 10000 15000 20000
Strain (Microstrain) Strain (Microstrian)

Test results bar stress Vs overall strain Average stress strain behaviour of concrete



Strain Distribution during Cracking
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Post Cracking Strain Profile
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Parametric Study
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Specimen Concrete  Bar Diameter Dimension Reinforcement
strength (f.") () bxdx| ratio (o)
C50/13/100 52 12.7 100x100x1500 1.26
C50/13/150 52 12.7 150%150%1500 0.56
C50/13/200 52 12.7 200x200%1500 0.32
C90/13/100 91 12.7 100x100%x1500 1.26
C90/13/150 91 12.7 150%150x1500 0.56
C50/19/150 52 19.1 150x150x1500 1.27
C50/19/200 52 19.1 200x200%x1300 0.72
C90/19/150 52 19.1 150%150x1300 1.27
C90/19/200 91 19.1 200x200%1300 0.72

C50/19/200N 91 19.1 200x200x1300 0.72




Reinforcement Ratio e ——
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Concrete Strength -
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« Bar diameter when compared at same reinforcement ratio has no
significant influence of tension stiffening effect



Existing Model Predictions
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Existing Model Predictions
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Existing Model Predictions
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Modelling of Tension Stiffening Effect
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Conclusions
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. Existing tension stiffening models unconservative for GFRP-RC

. Deflections of GFRP-RC underestimated

. Three distinctive stages of tension stiffening behaviour corresponding to
different stages of cracking identified.

. Substantial loss of composite action and early stages of bond
deterioration in GFRP-RC

. Reinforcement ratio and concrete strength have direct influence on
tension stiffening behaviour of GFRP-RC but not bar diameter

. Strain distribution functions used for modelling tension stiffening

behaviour of GFRP-RC.



