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Seismic and Energy issues: Italian perspective

Seismic Risk Energy Demand
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Reinforced concrete buildings are old (structural and energy performance)
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Seismic and Energy issues: Italian perspective



LEARNING FROM EARTHQUAKES

Recent earthquakes in Italy, damage to RC structures

➢ L’ Aquila Earthquake – 3:32 a.m,  April 6, 2009 (Mw=6,3)

➢ Central Italy Earthquake – 3:36 a.m,  August 24, 2016 (Mw=6,0-6,2)



Seismic and Energy issues in Italy

August 2016 Central Italy earthquake
August 2016 Central Italy earthquake

Many cases of buildings recently retrofitted only in terms of energy

consumption, no care to structural capacity

Recent earthquakes confirmed the need for a concurrent approach that

combine and optimize seismic and energy consumption upgrade



Reduction of seismic risk and sustainability

Human health and Safety
Life cycle management
Environmental issues
Emissions reduction

Structural Robustness
Social progress 

Risk Management
Innovations

Maintainance
Durability

Resources efficiency
Protection of products

Flexibility

Energy 

efficiency

Safety

Durability

Entire life cicle→ Potential critical events

t=t0 t=tend
Therefore, Sustainability (economic, environmental, quality of life) should

be pursued by aiming at requirements of energy efficiency, safety, 
durability based on the activities and functions that people play in the 

relevant buildings

triple-bottom-line
(TBL) 



EFFECTIVNESS OF LOCAL STRENGTHENING

Effectiveness of local strengthening interventions



‘AS BUILT’: TEST 0.20g FRP RETROFITTED: TEST 0.30g

➢ FRP intervention does not change the structural mass (seismic demand unchanged)

➢ Global ductility increase (123%) without changing the strength hierarchy

➢ Seismic actions increased of  50% without structural damages

‘FRP RETROFITTED’ 

structure: 0.30 g input 

TEST
Adsorbed Energy Base Shear Max top displ.

[KJ] [KN] [m]

’as-built’

0.20g
65.00 276 0.1031

FRP retrofit

0.20g
68.66 287 0.1125

FRP retrofit

0.30g
104.38 281 0.1266

EFFECTIVNESS OF LOCAL STRENGTHENING



Pushover

Minimum Safety level

preventing brittle failure mechanisms

SAFETY INDEX INCREASE PROVIDED BY LOCAL STRENGTHENING SOLUTIONS

Rehabilitation

Frascadore R., Di Ludovico M., Prota A., Verderame G.M., Manfredi G., Dolce M., Cosenza E. (2015) Local Strengthening

of Reinforced Concrete Structures as a Strategy for Seismic Risk Mitigation at Regional Scale. Earthquake Spectra, vol.

31(2)

EFFECTIVNESS OF LOCAL STRENGTHENING



CODE AND TECHNICAL GUIDELINES

Freely downloadble on website: www.reluis.it

✓ Laboratory tests

✓ Exp. Validation

❖ Exterior joint FRP strengthening

GUIDELINES AND CALCULATION EXAMPLES

REPAIR AND STRENGTHENING OF STRUCTURAL 

ELEMENTS, INFILLS, AND PARTITIONS

L’Aquila Earthquake

✓ Theor. prediction equations



CODE AND TECHNICAL GUIDELINES

2004 - CNR-DT 200/2004 – Guide for the Design and 

Construction of Externally Bonded FRP Systems for 

Strengthening Existing Structures

2013 - CNR-DT 200 R1/2013

https://www.cnr.it/en/node/2636

and…revised version

2018 - CNR-DT 215/2018 - Guide for the Design 

Execution and Control of FRCM Systems for 

Strengthening Existing Structures

Masonry buildings

FRCM….Fibre-Reinforced 

Cementitious Matrix…..

https://www.cnr.it/en/node/12827



2008 – Italian building code (NTC) 
revised in 2018

Local strengthening 

is defined

CODE AND TECHNICAL GUIDELINES



2019 – fib bulletin 90 – Externally applied 

reinforcement for concrete structures

https://www.fib-international.org/news/378-fib-bulletin-90.html

Local strengthening 

is defined

retrofitting through FRP jacketing is considered a local intervention 
in seismic rehabilitation of RC structures (local interventions are those 
that increase the deformation capacity of deficient components – by 
suppressing shear failures – without affecting the overall structural 
stiffness which controls the seismic demand). 

2008 – Italian building code (NTC) 
revised in 2018

Local strengthening 

is defined

CODE AND TECHNICAL GUIDELINES



EFFECTIVNESS OF LOCAL STRENGTHENING

Earthquake evidence have confirmed how FRP can to avoid collapse (and save lives)

Collapsed portion 

(unstrengthened)
Collapsed portion 

(unstrengthened)



EFFECTIVNESS OF LOCAL STRENGTHENING

But this is not enough!

We need to have an extensive intervention at national scale



CODE AND TECHNICAL GUIDELINES

➢ Italian guidelines for seismic risk classification of constructions

Approved by: High Council of Public Works 

20th February 2017, 

Ministry Decree n.58 28/02/2017

➢ Seismic classes from A+ to G

➢ It defines the technical principles for exploiting tax

deductions (70%-85%) in case of seismic

strengthening interventions on existing buildings

(Sismabonus). Currently (from 2020) tax deduction

up to 110%

Enhance 

the seismic 

risk class



Andrea Prota, Istanbul, 8th December, 2021

NEW CHALLENGES AND RECENT DEVELOPMENTS

Need for low impact strengthening interventions:

New challenge:

Avoid demolition of small 
portion of the infills

The challenge is:

Application only from the 
exterior of the building



EXPERIMENTAL PROGRAM



EXPERIMENTAL PROGRAM

Without stirrups in 

the joint panel



STRENGTHENING LAYOUTS

1 layer quadriaxial

CFRP 380g/m2

T_1L - 12A

CFRP spikes (anchors)

12 spikes 𝝓 10 mm



STRENGTHENING LAYOUTS

1 layer quadriaxial

CFRP 380g/m2

T_1L - 16A

CFRP spikes (anchors)

16 spikes 𝝓 10 mm



STRENGTHENING LAYOUTS

T_2L - 16A

CFRP spikes (anchors)

16 spikes 𝝓 10 mm

2 layers quadriaxial

CFRP 380g/m2



TEST RESULTS
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and failure of some 

FRP anchors

T_1L_12A
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buckling of column 
longitudinal 

reinforcements
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T_As_Built

Beam flexural yielding

TEST RESULTS



ΔT_1L - 12A 
+ = 12%

ΔT_1L - 12A 
- = 12%

T_1L – 12A

1 Layer CFRP 

12 anchors

1L – 12A

Beam flexural yielding

TEST RESULTS



ΔT_1L - 16A 
+ = 24%

ΔT_1L - 16A 
- = 23%

1L – 16A

T_1L – 16A

1 Layer CFRP 

16 anchors

Beam flexural yielding

TEST RESULTS



ΔT_2L - 16A 
+ = 17%

ΔT2L - 16A 
- = 23%

T_2L – 16A

2 Layers CFRP 

16 anchors

2L – 16A

Beam flexural yielding

TEST RESULTS



NEW CHALLENGES AND RECENT DEVELOPMENTS

New challenges and recent developments:

the Italian Department of Civil Protection within the framework of the

PE 2019–2021 joint program DPC-ReLUIS

WP5: “Fast and Integrated Retrofit Interventions” supported the research activities to develop a proper 

methodology for the integrated (E+S) retrofitting of existing buildings by using fast and innovative solutions



NEW CHALLENGES AND RECENT DEVELOPMENTS

Top column shear failure due to

infill-to-structure interaction



NEW CHALLENGES AND RECENT DEVELOPMENTS

The most damaged frame was reproduced in 
a laboratory environment

6.3 m

4.1 m

Full-scale



NEW CHALLENGES AND RECENT DEVELOPMENTS

Experimental test Actual damage detected on the building



NEW CHALLENGES AND RECENT DEVELOPMENTS

Experimental test Actual damage detected on the building



NEW CHALLENGES AND RECENT DEVELOPMENTS

FRP shear strengthening of the 

joint panel and column end

FRCM to enhance the infill 

to structure connection

Out-of-plane strengthening of 

the infills



Andrea Prota, Istanbul, 8th December, 2021

NEW CHALLENGES AND RECENT DEVELOPMENTS



NEW CHALLENGES AND RECENT DEVELOPMENTS

The FRP+FRCM strengtheing 

system allowed to:

• Increase the strength and deformation capacity

• Increase of the energy dissipation

• Reduce the observed damage at fixed PGA

Del Vecchio C., Di Ludovico M., Balsamo A., Dolce M., Manfredi G., Prota A. Low impact interventions based on 

composite materials for a diffused reduction of seismic vulnerability of existing reinforced concrete buildings. 

Structural vol. 235 (2021)



NEW CHALLENGES AND RECENT DEVELOPMENTS

Reference:
Menna C., Del Vecchio, C., Di Ludovico, M., Mauro, 

G.M., Ascione F., Prota A. (2020) Conceptual design of 

integrated seismic and energy retrofit interventions. 

Journal of Building Engineering



WE SHOULD WORK MORE AND MORE…

THIS SHOULD NEVER HAPPEN AGAIN!



Thank you

Andrea Prota

Head of the Dept. Of Structures for Engineering and Architecture

University of Napoli Federico II, Napoli, Italy

aprota@unina.it
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