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Advantages:

¢ high strength

* COrrosion resistance
* lightweight

* durability

Limitations:

* brittle behavior
* low stiffness

* lower workability
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CASE STUDY
OVERVIEW

KEY CHARACTERISTICS

moment resisting frame

regular in both plan and elevation

high seismic hazard site (~Spg= 0.80Q)

code-conforming
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KEY
CHARACTERISTICS

* Same Cross-section

same bending capacity
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PROPOSED

CASE STUDY DESIGN

OVERVIEW
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Equations in the Codes and Proposed

Quantity RC-G RC-S RC-H
(ACI 440.11) (ACI 318-19) (Proposed)
Strength reduction

factor for tension- 0.55 0.90 0.90
controlled section

Cesty’ 0.005 0.005

T 0.41 ! 0.25 ! 0.25 !
Minimum fe b fe » it

reinforcement area fru fy fy

bd

Balanced 0-8531}%’< Erecy > 0-85,81}%’< Ecu ) o.ssﬁlfc’< Ecu )

reinforcement ratio [T R fy Ecu t & fy Ecu T &

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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Equations in the Codes and Proposed

Quantity RC-G RC-S RC-H

CASE STUDY
OVERVIEW

(ACI 440.11) (ACI 318-19) (Proposed)
Shear strength Ve + Vs V. + Vs Ve + Vs
Concrete /
0.42Xk / f' bd -
contribution to shear ygess TN e 0.17As/f'cbd 0.17As/ f'.bd

strength 0.066A4+/ f'.bd

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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CASE STUDY DESIGN

OVERVIEW

APPROACH

Equations in the Codes and Proposed

Quantity RC-G RC-S RC-H
(ACI 440.11) (ACI 318-19) (Proposed)
Strength reduction factor 0.55 0.90 0.90
Minimum reinforcement 0.41yf, 0.25/f/ 0.25,/f;
————bd ————bd ———bd
area fru fy fy
Balanced reinforcement 0.858:f¢ ( Erecy ) 0.8581f¢ ( Ecu ) 0.8584fc ( Ecu >
ratio ffu Efecu + ffu fy Ecu T & fy €cu T gy
Shear strength Ve + Vr Ve + Vs Ve + Vi -
042\ ke / f' bd :
Concrete shear strength max ¢ 0.17As/ f'cbd 0.17A/f cbd
0.0662/f"bd

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) ( aci } C O N CR ETE
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DESIGNED SECTIONS
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CASE STUDY PROPOSED ANALYTICAL FINITE
OVERVIEW DESIGN VAL IDATION ELEMENT
APPROACH ANALYSIS

« 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. FINIAI'I\ITAELI;(ESI:/ISENT DEMAND |  SECTIONAL ANALYSIS
«  While the curvature ductility of the steel-only section remains higher than e FEM lyp 1,c SECTIONAL

that of the hybrid sections, the performance of the latter is still comparable. RC.S  RC-G  RC-H rRC-s | RC.G | RC-H
» Differences between the sectional analysis and finite element results are 8.2 1.2 7.6 > 9.3 1.1 8.2

primarily due to the distinct material properties considered in each

o
approach.
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE Q@ CONCRETE
CONVENTION




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

REFERENCES:

[1] American Concrete Institute, ACI 440.11-22 Building Code Requirements for Structural Concrete Reinforced with Glass Fiber-Reinforced Polymer (GFRP) Bars—Code and Commentary, settembre
2022.

[2] J. P. Moehle, G. M. Zeisler, e American Concrete Institute, A c. di, Building code requirements for structural concrete (ACI 318-19), commentary on building code requirements for structural
concrete (ACI 318R-19): an ACI standard, First printing: November 2019. Farmington Hills, MI: American Concrete Institute, 2019.

[3] UNI EN 1992-4:2018, «Eurocode 2 Part 4».
[4] CEN, Eurocode 8: Design of Structures for Earthquake Resistance. Part 1: General Rules, Seismic Actions and Rules for Buildings, Brussels., 2004.
[5] Consiglio superiore dei lavori pubblici, D.M. 17/01/2008 (NTC2018): Norme tecniche per le costruzioni, G.U. SO n.42 20/02 2018.

[6] American Society of Civil Engineers, Minimum Design Loads and Associated Criteria for Buildings and Other Structures, 72 ed. Reston, VA: American Society of Civil Engineers, 2021. doi:
10.1061/9780784415788.

[7]1 A. Nanni, A. De Luca, e H. Jawaheri Zadeh, Reinforced concrete with FRP bars: mechanics and design. Boca Raton: CRC press, 2014.

[8] Mazzoni, S., McKenna, F., Scott, M., e Fenves, G. L., OpenSees: Open System for Earthquake Engineering Simulation. (2009). Pacific Earthquake Engineering Research Center, University of
California, Berkeley, CA, USA.

[9] J. B. Mander, M. J. N. Priestley, e R. Park, «Theoretical Stress-Strain Model for Confined Concretey, J. Struct. Eng., vol. 114, fasc. 8, pp. 1804-1826, set. 1988, doi: 10.1061/(ASCE)0733-
9445(1988)114:8(1804).

[10] D30 Committee, Standard Specification for Basalt and Glass Fiber Reinforced Polymer (FRP) Bars for Concrete Reinforcement. doi: 10.1520/D8505 D8505M-23.

[11] RINTC Workgroup, «RINTC Workgroup (2018). Results of the 2015-2017 Implicit seismic risk of codeconforming structures in Italy (RINTC) project», Rete dei Laboratori Universitari di ’
Ingegneria Sismica (ReLUIS), Naples, Italy, ReLUIS report, 2018.

[12] 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)

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE OCL CONCRETE
CONVENTION




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

o
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE ACL" CONCRETE E
CONVENTION




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

