
www.bradford.ac.uk

Moment-Curvature Behaviour of 

Hybrid Reinforced Concrete T-Beams 

Hanady Almahmood

Prof. Ashraf Ashour

Dr. Therese Sheehan



www.bradford.ac.uk

Outline

 Hybrid Reinforcement System

 Aim and Objectives

 Description of the Analytical Programme 

 Sensitivity Study

 Validation

 Parametric Study

 Conclusions



www.bradford.ac.uk

Hybrid-Reinforcement System

Steel

Steel reinforcement corrosion 

is responsible for most types of 

failure in concrete structures

high maintenances cost

FRP

The linear elastic 

behaviour

The low modulus 

of elasticity

Affects the ability 

of continuous FRP-

RC structures to 

redistribute 

moment

Brittleness 

of FRP-RC 

structures

Unexpected failure occurs with a small or 

insufficient warning
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Hybrid Reinforcement System

Hybrid 

Reinforcement 

system

Steel is placed at an elevated level to protect it from corrosion

Offer improved serviceability in terms of crack width and deflection as 

compared to FRP alone, and a longer service life than steel alone 

Steel yielding guarantees ductility and the contribution of FRP increases the 

ultimate load capacity
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Aim and Objectives

Study the moment-curvature behavior 

of HRCT-beams…why?

Develop an analytical techniques 

program to find the moment-curvature 

relationship of HRCT-beams 
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Description of the Analytical Program 

Sagging moment section when N.A in 
flange

Deformed Continues beam

Hogging moment section when N.A in 
web
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The flow chart of the analytical programme
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Sensitivity Study

Effect of segments 

number in concrete 
section

Effect of concrete 

compression models (A1, 

Aiello and Ombres 2002)

Effect of tension stiffening 

behaviour (GuR-18-4.5, 

Rahman et al. 2016)

Hongested model Rüsch model
Zero LinearNon-linear
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Validation

Table 1: Sample of validation
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shape of the cross-section

slab reinforcement

tensile reinforcement ratio

concrete compressive strength

Parametric study

Parametric study
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Effect of the Flange

Details of the different cross-section 
chosen for parametric study

(T section vs Rectangular section)
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Moment-curvature relationship for 

different type of cross-section 

(sagging moment).

Moment-curvature relationship for 

different type of cross-section 
(hogging moment).

Effect of the Flange
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Effect of Tensile Reinforcement Ratio

Control specimens used in the parametric study.



www.bradford.ac.uk

Moment-curvature relationship for 

different tension steel reinforcement ratios 

(sagging section).

Moment-curvature relationship for 

different tension steel reinforcement ratios 

(hogging section).

Effect of Tensile Reinforcement Ratio
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Moment-curvature relationship for 

different tensile FRP reinforcement ratios 
(sagging section).

Moment-curvature relationship for 

different tensile FRP reinforcement ratios 
(hogging section).

Effect of Tensile Reinforcement Ratio
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Effect of Slab Reinforcement

Moment-curvature relationship for 

different slab reinforcement ratio 

(sagging section).

Moment-curvature relationship for 

different slab reinforcement ratio 
(Hogging section).
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Effect of Concrete Compressive Strength 

Moment-curvature relationship for 

different Concrete compressive strength 
(Sagging).

Moment-curvature relationship for 

different Concrete compressive strength 

(Hogging).
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Conclusions

 The difference between rectangular and T-sections is more obvious in the

sagging section, due to the effect of the flange part.

 Increasing the slab reinforcement ratio will increase the moment capacity in

the hogging sections, whereas it has a slight effect on the sagging

sections.

 Increasing either steel or FRP tensile reinforcement ratio will increase the

moment capacity in both sagging and hogging sections.
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 Adding steel to FRP-RC beams changes the mode of failure from brittle

failure to ductile failure.

 Adding steel reinforcement to FRP beams enhance the ductility and

stiffness of the beam.

 Increasing the compressive strength of concrete increases both moment

capacity and curvature of the section in both sagging and hogging sections.

Conclusions
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Thank you for listening


