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IS GFRP LIMITED TO 

NON-SEISMIC ZONE?

Advantages:

• high strength

• corrosion resistance

• lightweight

• durability

Limitations:

• brittle behavior

• low stiffness

• lower workability 
(folding)

Extending GFRP Rebar Use to Seismic Zones: Hybrid RC Design and Code Modifications
Federico Tuozzo, Gennaro Magliulo, Danilo D’Angela, Chiara Di Salvatore, Antonio Nanni 



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

CASE STUDY 
OVERVIEW

PROPOSED 
DESIGN 

APPROACH

ANALYTICAL 
VALIDATION

FINITE 
ELEMENT 
ANALYSIS

KEY 
CONCLUSIONS 

Extending GFRP Rebar Use to Seismic Zones: Hybrid RC Design and Code Modifications
Federico Tuozzo, Gennaro Magliulo, Danilo D’Angela, Chiara Di Salvatore, Antonio Nanni 



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

CASE STUDY 
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KEY CHARACTERISTICS

• moment resisting frame

• regular in both plan and elevation

• high seismic hazard site (~SDS= 0.8g) 

• code-conforming
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ACI 

318

ACI 

440

KEY 

CHARACTERISTICS

• same cross-section

• same bending capacity

RC-G RC-S RC-H 
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RC-H 

Quantity

Equations in the Codes and Proposed

RC-G

(ACI 440.11)

RC-S

(ACI 318-19)

RC-H

(Proposed)

Strength reduction 

factor for tension-

controlled section

0.55 0.90 0.90

Extending GFRP Rebar Use to Seismic Zones: Hybrid RC Design and Code Modifications
Federico Tuozzo, Gennaro Magliulo, Danilo D’Angela, Chiara Di Salvatore, Antonio Nanni 



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Quantity

Equations in the Codes and Proposed

RC-G

(ACI 440.11)

RC-S

(ACI 318-19)

RC-H

(Proposed)

Strength reduction 

factor for tension-

controlled section

0.55 0.90 0.90

Strain CE*εfu
1 0.005 0.005

Minimum 

reinforcement area

0.41 𝑓𝑐
′

𝑓𝑓𝑢
𝑏𝑑

0.25 𝑓𝑐
′

𝑓𝑦
𝑏𝑑

0.25 𝑓𝑐
′

𝑓𝑦
𝑏𝑑

Balanced 

reinforcement ratio

0.85𝛽1𝑓𝑐
′

𝑓𝑓𝑢

𝐸𝑓𝜀𝑐𝑢
𝐸𝑓𝜀𝑐𝑢 + 𝑓𝑓𝑢

0.85𝛽1𝑓𝑐
′

𝑓𝑦

𝜀𝑐𝑢
𝜀𝑐𝑢 + 𝜀𝑦

0.85𝛽1𝑓𝑐
′

𝑓𝑦

𝜀𝑐𝑢
𝜀𝑐𝑢 + 𝜀𝑦
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Quantity

Equations in the Codes and Proposed

RC-G

(ACI 440.11)

RC-S

(ACI 318-19)

RC-H

(Proposed)

Shear strength 𝑉𝑐 + 𝑉𝑓 𝑉𝑐 + 𝑉𝑠 𝑉𝑐 + 𝑉𝑓

Concrete 

contribution to shear 

strength

𝑚𝑎𝑥 ൞
0.42λ𝑠𝑘𝑐𝑟 𝑓′

𝑐
𝑏𝑑

0.066λ𝑠 𝑓′𝑐𝑏𝑑

0.17λ𝑠 𝑓′𝑐𝑏𝑑 0.17λ𝑠 𝑓′𝑐𝑏𝑑
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Quantity

Equations in the Codes and Proposed

RC-G

(ACI 440.11)

RC-S

(ACI 318-19)

RC-H

(Proposed)

Strength reduction factor 0.55 0.90 0.90

Strain CE*εfu 0.005 0.005

Minimum reinforcement 

area

0.41 𝑓𝑐
′

𝑓𝑓𝑢
𝑏𝑑

0.25 𝑓𝑐
′

𝑓𝑦
𝑏𝑑

𝟎. 𝟐𝟓 𝐟𝐜
′

𝐟𝐲
𝐛𝐝

Balanced reinforcement 

ratio

0.85𝛽1𝑓𝑐
′

𝑓𝑓𝑢

𝐸𝑓𝜀𝑐𝑢

𝐸𝑓𝜀𝑐𝑢 + 𝑓𝑓𝑢

0.85𝛽1𝑓𝑐
′

𝑓𝑦

𝜀𝑐𝑢
𝜀𝑐𝑢 + 𝜀𝑦

𝟎. 𝟖𝟓𝛃𝟏𝐟𝐜
′

𝐟𝐲

𝛆𝐜𝐮
𝛆𝐜𝐮 + 𝛆𝐲

Shear strength 𝑉𝑐 + 𝑉𝑓 𝑉𝑐 + 𝑉𝑠 𝐕𝐜 + 𝐕𝐟

Concrete shear strength max൞
0.42λ𝑠𝑘𝑐𝑟 𝑓′

𝑐
𝑏𝑑

0.066λ𝑠 𝑓′𝑐𝑏𝑑

0.17λ𝑠 𝑓′𝑐𝑏𝑑 𝟎. 𝟏𝟕𝛌𝐬 𝐟′𝐜𝐛𝐝
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RC-H 

Z. Hussain, F. Tuozzo, G. Magliulo, A. Nanni, Hybrid Reinforced Concrete Cross-section Using Fiber-Reinforced Polymer and Steel Bars. 

International Journal of Concrete Structures and Materials. 2024 (under review)
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µχ,𝐶 = 
χ𝑢

χ𝑦

CAPACITY

𝑞0 ≈
𝑅

𝐼𝑒

𝑞0 behavior factor (EC8);

𝑅  response modification coefficient (ASCE7); 

𝐼𝑒   importance factor (ASCE7). 

χ𝑢 = min χε𝑠𝑢, χε𝑐𝑢,𝑐 , 𝝌𝜺𝒇𝒖

χ𝑦 = χε𝑠𝑦

µχ,𝐷 = 2 𝑞0 − 1

DEMAND
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χ𝑢 = min χε𝑠𝑢, χε𝑐𝑢,𝑐 , 𝜒𝜀𝑓𝑢

χ𝑦 = χε𝑠𝑦

µχ,𝐶 = 
χ𝑢

χ𝑦
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SECTIONAL ANALYSIS

RC-H  
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µχ,𝑪 µχ,𝐷

RC-S RC-G RC-H
6.2

9.3 1.1 8.2
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SECTIONAL ANALYSIS RESULTS
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µχ,𝑪 FEM µχ,𝐷 µχ,𝑪 SECTIONAL

RC-S RC-G RC-H
6.2

RC-S RC-G RC-H

8.2 1.2 7.6 9.3 1.1 8.2

• Both sectional analysis and finite element models indicate that the hybrid 

section is suitable for use in seismic regions.

• The inclusion of steel reinforcement significantly enhances the ductility of 

the section compared to GFRP-only reinforcement.

• While the curvature ductility of the steel-only section remains higher than 

that of the hybrid sections, the performance of the latter is still comparable.

• Differences between the sectional analysis and finite element results are 

primarily due to the distinct material properties considered in each 

approach.

IS GFRP LIMITED TO 

NON-SEISMIC ZONE?
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