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BRACING SYSTEMSBRACING SYSTEMS



“Case “Case Baraccate”(Baraccate”(Calabria, Italy)Calabria, Italy)



OldOld and and newnew bracingbracing systemssystems



Bracing systems for masonry structuresBracing systems for masonry structures



MontemaranoMontemarano Church Church (Avellino, Italy)(Avellino, Italy)



Electrical power station       Electrical power station       
(Hungary)(Hungary)



“Rione terra” in Pozzuoli       “Rione terra” in Pozzuoli       
(Italy)(Italy)



Steel bracing schemesSteel bracing schemes



ILVA steel ILVA steel millmill ((NaplesNaples, Italy), Italy)



Engineering Faculty (Naples, Italy)Engineering Faculty (Naples, Italy)



Mexico City, 1992Mexico City, 1992



Mexico City, 2011Mexico City, 2011



Mexico City, 2011Mexico City, 2011



Mexico City, 2011Mexico City, 2011



Mexico City, 2011Mexico City, 2011



Mexico City, 2011Mexico City, 2011



TESSALONIKI (GREECE)TESSALONIKI (GREECE)

SANTA SANTA MONICA  (MONICA  (CaliforniaCalifornia--USAUSA))



UniversityUniversity Hall Hall ((BerckeleyBerckeley, California), California)



UniversityUniversity Hall Hall ((BerckeleyBerckeley, California), California)



ApartmentApartment building building ((BerckeleyBerckeley, California), California)



AutosylosAutosylos ((BerckeleyBerckeley, California), California)



AutosylosAutosylos ((BerckeleyBerckeley, California), California)



CapodimonteCapodimonte districtdistrict
(Ancona,Italy)(Ancona,Italy)



Capodimonte district (Ancona,Italy)Capodimonte district (Ancona,Italy)



Capodimonte district (Ancona,Italy)Capodimonte district (Ancona,Italy)



Capodimonte district (Ancona,Italy)Capodimonte district (Ancona,Italy)



Capodimonte district (Ancona,Italy)Capodimonte district (Ancona,Italy)



Capodimonte district (Ancona,Italy)Capodimonte district (Ancona,Italy)
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Steel bracing 
types



Bracing in the arches 



Details of 
connections



Armaturi de conlucrare cu zidaria
dispuse la 50 cm pe inaltimea stalpului

Stalp metalic
IPE 300

300.5

30
0.5

25
0

1

1

2

2

Detaliu montare stalp

B

2

Grinzi metalice
UPN 300

Grinda de
lemn existenta

Zidarie de
caramida existenta

Zidarie de
caramida existenta

Injectare cu
mortar de ciment

Completare cu
beton C18/22,5

NOTA:
Grinzile metalice UPN 300 se
vor fixa in zidarie cu
conexpanduri M14 Gr. 8.8

Details of 
connections



Steel 
columns

Perimetral
frame

Horizontal braces

Beam 
reinforcement



Roof structures



Steel cores: 
details of 

connections



DISSIPATIVE BRACING SYSTEMS





METALLIC-YIELDING APPROACH 
THROUGH DIAGONAL BRACING SYSTEMS



METALLIC-YIELDING APPROACH THROUGH 
DIAGONAL BRACING SYSTEMS

Traditional
bracing

Cyclic behaviour
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Y-braced eccentric braces

Conventional steel link

Added Damping And Stiffness elements 
(ADAS)

X-shaped
E-shaped

U-shaped

Ω-shaped
honeycomb

-shaped
Torsional 

device

Added Damping And Stiffness elements 
(ADAS)

X-shapedX-shaped
E-shapedE-shaped

U-shapedU-shaped

Ω-shapedΩ-shaped
honeycomb

-shaped
honeycomb

-shaped
Torsional 

device
Torsional 

device

DIAGONAL BRACING SYSTEMS BASED ON 
METALLIC-YIELDING



DIAGONAL BRACING SYSTEMS BASED 
ON VISCOELASTIC DAMPERS



DIAGONAL BRACING SYSTEMS BASED ON 
VISCOELASTIC DAMPERS



Dissipative braces in one school in Fabriano



Dissipative braces in two schools in Potenza



Buckling Restrained Braces 
(BRBs)



BRBs are special advanced braces, which exhibit the same
response in tension and compression with stable hysteresis
loops and large energy absorption capacity

UnbondedUnbonded BRBsBRBs

All-steel BRBs

Buckling Restrained Braces (BRBs)



Unbonded BRB bracings



The  Tokyo The  Tokyo InstituteInstitute ofof TechnologyTechnology
((JapanJapan))



Seismic upgrading by 
Buckling Restrained Braces (BRBs): 

the University of Ancona



FiveFive fullfull--scalescale teststests onon twotwo RCRC buildingsbuildings equippedequipped withwith novelnovel
“all“all--steel”steel” BRBBRB prototypesprototypes havehave beenbeen carriedcarried outout byby DISTDIST..

Buckling Restrained Braces (BRBs)



METAL PANELSMETAL PANELS



Metal Metal shearshear panelspanels



Tokyo bayTokyo bay



INNOVATIVE SYSTEMINNOVATIVE SYSTEM

WITH DISSIPATIVE PANELSWITH DISSIPATIVE PANELS



BASIC ENERGY DISSIPATION MECHANISMS
FOR SHEAR PANELS

Tension field mechanism
(elastic buckling)

SLENDER PANELSSLENDER PANELS

Pure shear mechanism
(no-buckling)

COMPACT PANELSCOMPACT PANELS



TWO PRATICAL WAYS OF USING TWO PRATICAL WAYS OF USING 
METAL SHEAR PANELS METAL SHEAR PANELS 

Unstiffened steel shear panels 
May be used also as façade walls of the building 
May provide a significant stiffening and strengthening 
contribution
Have a poor dissipative behaviour 

SLENDER PANELSSLENDER PANELS

COMPACT PANELSCOMPACT PANELS

Low-strength metal shear panels
Mainly conceived as damping devices
Provide an excellent hysteretic behaviour 
Have a very low yield strength and relevant initial stiffness 
(useful for damage control)
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THE USE OF PURE ALUMINIUM FOR METAL SHEAR PANELS



Pillar typeBracing typePartial bay typeFull bay type

DIFFERENT ARRANGEMENTS IN THE FRAMEWORK

BRACING TYPE PURE ALUMINIUM SHEAR PANELS



PANELS ARRANGEMENT IN FRAMES

Full bay type Partial bay type Bracing typePillar typeFull bay type b) c) d)Partial bay type Pillar type Bracing type

 

MRF Steel 
frame

Metal 
Plate Shear

Wall

 

Pinned Steel 
frame

Metal 
PlateShear

Wall

MRF+Shear Panels
(Dual Structural System)

Pinned frame+Shear Panels
(Standard Structural System)

Shear Panels as dissipative 
bracing system



FEM MODELLING

RIB ARRANGEMENT OF TESTING SPECIMENSRIB ARRANGEMENT OF TESTING SPECIMENS

Collapse mechanism



TEST  ON ALUMINIUM TEST  ON ALUMINIUM SHEAR PANELSHEAR PANEL

 



COMPARISON COMPARISON BETWEEN BETWEEN 
EXPERIMENTAL AND NUMERICAL RESULTS EXPERIMENTAL AND NUMERICAL RESULTS 

Experimental 
response

Preliminary numerical 
response 

TEST  ON ALUMINIUM TEST  ON ALUMINIUM SHEAR PANELSHEAR PANEL



SOME EXAMPLES: FULL BAY TYPE AND BRACING TYPE 
PURE ALUMINIUM SHEAR PANELS

panel type F

 



Full bay type

Partial bay type

Bracing type

Dissipative Pure Aluminium Shear Panels



SEISMIC RETROFITTING OF R.C. FRAMES BY MEANS OF SHEAR PANELS : SEISMIC RETROFITTING OF R.C. FRAMES BY MEANS OF SHEAR PANELS : 
THE THE “ILVA“ILVA--IDEM” PROJECTIDEM” PROJECT

METAL SHEAR PANELS METAL SHEAR PANELS 



BTPASP configuration 1
(b/t=100)

BTPASP configuration 2
(b/t=50)

SHEAR CYCLIC TESTS BY SHEAR CYCLIC TESTS BY 
DIAGONAL COMPRESSION DIAGONAL COMPRESSION 

BRACING TYPE PURE ALUMINIUM SHEAR PANELS
Geometrical configurations



BRACING TYPE PURE ALUMINIUM SHEAR PANELS
Testing apparatus



BRACING TYPE PURE ALUMINIUM SHEAR PANELS
Test results



Evolution of the system to avoid residual stresses negative effects 

From welded to bolted stiffeners



Special devices using metal panelsSpecial devices using metal panels

Metal panels for retrofitting timber houses

FEDERICO M. MAZZOLANI – University of Naples “Federico II”



A A

B
B

All dimensions are in mm.

C
o
lu
m
n
10
0X
12
0

C
o
lu
m
n
10
0x
12
0

Detail-A

1201760120

11
8
0

12
0

12
0

14
2
0

Beam100x120

Beam100x120

33--D viewD view
AA--A sectionA section

4
0

4
0

4
0

40 4040

3
.8

100

6
0

404040

4
0

6040

4
0
4
0
4
0

Test on timber portal retrofitted with metal panel

FEDERICO M. MAZZOLANI – University of Naples “Federico II”
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KOLETTI BULDING (Athens)
Six storey building with two basement levels
Plan dimensions 41,00 m x 33,00 m
Building height 26,50 m, tower height 20,00 m
Construction year 1979

FEDERICO M. MAZZOLANI – University of Naples “Federico II”



Steel shear plates (SSP)

Steel Wire Mesh (SWM)

METAL PANELS FOR MASONRY WALLS 



SSimulationimulation ofof connectingconnecting systemssystems in in masonrymasonry wallswalls
reinforcedreinforced byby metal metal panelspanels

METAL PANELS FOR MASONRY WALS



l Chemical anchor
l Prestress ties

METAL PANELS FOR MASONRY WALS

DIAGONAL TESTS ON SMALL SPECIMENSDIAGONAL TESTS ON SMALL SPECIMENS



METAL PANELS FOR MASONRY WALS

CYCLIC TEST APPARATUSCYCLIC TEST APPARATUS
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APPLICATIONS TO APPLICATIONS TO 
HISTORICAL BUILDINGSHISTORICAL BUILDINGS



Seismic retro-fitting of 
the Captain Palace in Mantova



The seismic retro-fitting system 



Connection details
of the system 



New steel New steel roofroof withwith a a bottombottom gridgrid
((diafragmdiafragm effecteffect))

SOLOFRA SOLOFRA 
(AVELLINO)(AVELLINO)



Historical buildings retrofitted with 
passive control metal systems



year building location Type of evices N°

1990 St.Giovanni
Battista

Carife
(Avellino)

Shock block 
transmitters

18

1996 University
“Federico II”
New library

Napoli -shock block    
transmitters
- Neoprene  

bearings

24

34

1999 “Basilica 
Superiore” 
of St.Francisco

Assisi (Perugia) -shape memory
alloys (SMA)
-shock block 
transmitters

47

34

2000 St.Feliciano
cathedral

Foligno 
(Perugia)

Shape memory
alloy devices

2000 Basylic of
Santa Maria di 
Collemaggio

L’Aquila Elastoplastic
dissipators

2003 RCM industrial
building

Sarno (Salerno) -shock block
transmitters

-steel dampers

12

12

2008 Cathedral of
Siena

Siena Fluid spring
dampers

2



SHOCK BLOCK TRANSMITTER: oleodynamic device

low velocity test high velocity test



The first application in Italy : 
The Church of St. Giovanni Battista in Carife



The Church of St. Giovanni Battista in Carife



The Church of St. Giovanni Battista in Carife



The Church of St. Giovanni Battista in Carife

40 
ton



The Church of St. Giovanni Battista in Carife



The Church of St. Giovanni Battista in Carife



The New Library of the University of Naples

The original r.c. structure



Design drawings

24 shock transmiters
34 neoprene bearings

The New Library of the University of Naples



Erection phases

The New Library of the University of Naples



The New Library of the University of Naples



The restoration of the Church of St. Francesco in Assisi



The restoration of the Church of St. Francesco in Assisi







SMA 
devices 

Shock transmitters installed 
between nave and transept

The restoration of the Church of St. Francesco in Assisi



The restoration of the Church of St. Francesco in Assisi





Fluid spring dampers for the seismic 
protection of the Cathedral of Siena 

consolidation intervention 
on the tympanum of the 
main facade 



consolidation intervention on the tympanum of the main facade 

Cathedral of Siena 



One of the two fluid
spring dampers

consolidation intervention 
on the tympanum of the 
main facade 

Cathedral of Siena 



RCM 
Industrial building
in Sarno (Salerno)

Industrial archeology



RCM Industrial building
in Sarno (Salerno)



North side device North side device : 12 : 12 shock shock transmiterstransmiters

RCM Industrial building in Sarno (Salerno)



South side device : 12 steel dampers 

RCM Industrial building in Sarno (Salerno)
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steel hook Ø6
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R=2steel sleeve

natural rubber
wooden beam

VULCANIZED NATURAL RUBBER

STEEL BOLT CLASS 5.6

STEEL S275 GALVANIZED
COLD FORMED STEEL PROFILE

GLUED TO THE STEEL PROFILE

THICKNESS 7 mm

LENGHT 4 cm

M8

M8

Ø9

6

39

3
2

CONNECTION ELEMENT

WOODEN BEAM CLASS C14

planks

r.c. slab
polystyrene blocks

net of steel rebars Ø6/25cm

steel rebars Ø8/25cm

4
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240
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connection element

Consolidation of wooden floors

TimberTimber--steelsteel--ligthligth concrete composite systemconcrete composite system

FEDERICO M. MAZZOLANI – University of Naples “Federico II”



MATERIALS
Wood: Chestnut 

Steel sleeves: S275
Bolts: Class 5.6

Rubber: SISMI 60

Wooden stock

dm= 150 mm
L= 400 mm

Steel sleeve

Rough sleeve surface

w = 60mm
t = 6mm

2 bolts M8

w = 60-80 mm
t = 5mm

Wood-rubber separation

Glue: Adesilex G19

Steel sleeve and glued rubber

PushPush--out test on circular sectionsout test on circular sections

FEDERICO M. MAZZOLANI – University of Naples “Federico II”

Consolidation of woden floors: steel connectors



Mohr Federhaff machine

Test on consolidated timber floor
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FEDERICO M. MAZZOLANI – University of Naples “Federico II”



CASE STUDY: THE CASE STUDY: THE ROYAL PALACE OF NAPLESROYAL PALACE OF NAPLES

FEDERICO M. MAZZOLANI – University of Naples “Federico II”



THE ROOF STRUCTURES OF THE ROYAL THE ROOF STRUCTURES OF THE ROYAL PALACE OF NAPLES  PALACE OF NAPLES  ––
Roof structuresRoof structures

Old wood (1600Old wood (1600--1700)1700) ReinforcedReinforced concrete (1960concrete (1960--70)70)

Steelworks (1970Steelworks (1970--80)80) LaminatedLaminated timbertimber (1990(1990--2000)2000)

FEDERICO M. MAZZOLANI – University of Naples “Federico II”



The The woodenwooden structuresstructures ofof the the RoyalRoyal ApartmentApartment ofof NaplesNaples: : 
the the DiplomaticDiplomatic HallHall

FEDERICO M. MAZZOLANI – University of Naples “Federico II”
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WOOD

ANCIENT
WOOD

Factor scale=5

THE TIMBER ROOFING STRUCTURES OF THE ROYAL 
APARTMENT :

Structural identification

UniversityUniversity ofof NaplesNaples “Federico II”“Federico II” F.M. Mazzolani

2: vault linked to the floor beams1: self-bearing vault 3: vault linked to “ad hoc” structure
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improvement of the complex vault-floor system: stiffness and strength (Mazzolani et al., 2005-2009)
q beam floor steel-timber-concrete composite structure

1 2 3

16.80
primary beam

4 5 6 7 8 9 10 11 12 13 14 15 16 17

14
.2

0

timber-r.c.
connector B

A

B

MATERIALS
§ concrete: C25/30
§ steel bars: Feb 44k
§ galvanized steel: S275
§ natural rubber: SISMI 60

rubber

plancks

r.c. slab polyst. block

steel sleve

10
10 3

polyst. block
steel sleeve

r.c. slab

plancks

rubber

single beam

DIPLOMATIC DIPLOMATIC HALL: HALL: retrofittingretrofitting interventionsinterventions

rubber

steel sleeve

bolt

bo
lt

bo
lt

bolt
10

bo
lt

collar connector parts

multiple beam

10
10 3

r.c. slab

plancks

steel sleeverubber

polyst. block

UniversityUniversity ofof NaplesNaples “Federico II”“Federico II” F.M. Mazzolani



r.c. slab
Light material

Timber  table

Double net  F8 every 15 cm

The Royal Palace of Naples :
“old wood“old wood--stainless steelstainless steel--light concretelight concrete--timbertimber
composite system”composite system”
An example of mixed reversible technology

Stainless steel

rubber

DESIGN OF THE CONSOLIDATION SYSTEMDESIGN OF THE CONSOLIDATION SYSTEM

FEDERICO M. MAZZOLANI – University of Naples “Federico II”



GLOBAL INTERVENTIONS: Floor and vault strengthening and stiffening

floor beam cable Ø3

UPN100

vault elements

longitudinal beam

THE TIMBER ROOFING STRUCTURES OF THE ROYAL APARTMENT : Interventions

University of  Naples “Federico II”University of  Naples “Federico II” F.M. Mazzolani

MATERIALS
Concrete: C25/30  
Steel bars.: Feb 44k    
Galvanized steel: S275
Natural rubber: SISMI 60

§ Realization phases

after the 
cast



FULL SCALE TESTSFULL SCALE TESTS



The The twotwo BUILDINGSBUILDINGS

ReinforcedReinforced concrete concrete framedframed
structuresstructures infilledinfilled byby masonrymasonry
wallswalls, , whichwhich werewere designeddesigned forfor
gravitygravity loadsloads duringduring the 70s,the 70s,
whenwhen the area the area waswas notnot yetyet
includedincluded in in seismicseismic zone.zone.

The The buldingsbuldings belongbelong toto
the the formerformer ILVA steelILVA steel
millmill in Bagnoli (in Bagnoli (NaplesNaples),),
whichwhich hashas beenbeen recentlyrecently
dismantelleddismantelled..

UNIVERSITY of NAPLES “FEDERICO II” – Prof. F.M. Mazzolani

A

B



UNIVERSITY of NAPLES “FEDERICO II” – Prof. F.M. Mazzolani

FULL SCALE TEST ON MR STEEL FRAME (1963FULL SCALE TEST ON MR STEEL FRAME (1963--1966)1966)



FULL SCALE TEST ON MR STEEL FRAME (1963FULL SCALE TEST ON MR STEEL FRAME (1963--1966)1966)

UNIVERSITY of NAPLES “FEDERICO II” – Prof. F.M. Mazzolani



ITALY (Napoli, Chieti)ITALY (Napoli, Chieti)
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Coordinator Federico M.Mazzolani



BASIC DATA

- Construction period: end of ’70s
- Plan dimensions: 18.50m x 12.00m
- Floor area: 222 mq
- N° of floors: 2
- Total height on ground: 8.85 m
- Total volume: 1965 mc

Building BBuilding B
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EXTERNAL CLADDING DETAIL

light concrete

cement plaster

24

bricks of clay
with a 50% of voids in volume

bricks of

1 10 5 12

beam

flooring

• External claddings: two parts
internal part: hollow light-concrete tiles (t = 10 cm)
external part: hollow clay tiles (t = 12 cm)

• Internal partitions: hollow light concrete tiles (t = 10 cm)

1101

INTERNAL PARTITION WALLS

cement plaster

ground floor

light concrete
bricks of

Building BBuilding B



FIRST FLOOR TECHNICAL SECTION
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• 17 Columns: 30x30cm; 12 rebars with diameter 
of 14mm; stirrups 8mm spaced at 20mm

• Beams: 15x60cm; 20x60cm; 25x60cm
• First floor slab: mixed RC-hollow tiles d = 20+4 = 

24 cm
• Second floor slab: mixed RC-hollow tiles d = 

18+4 = 22 cm

Building BBuilding B



Excitation systemExcitation system

-- Dimensions 200cmx100cmx100cm (length, height, depth)Dimensions 200cmx100cmx100cm (length, height, depth)
-- Structural weight of frame: 500KgStructural weight of frame: 500Kg
-- Maximum number of masses placed in each Maximum number of masses placed in each counterrotatingcounterrotating flat basket:flat basket:
4x33Kg and 3x27Kg4x33Kg and 3x27Kg

-- Flat basket diameter: 90cmFlat basket diameter: 90cm
-- Power input: 2kwPower input: 2kw

BUILDING BUILDING B: B: DynamicDynamic identificationidentification
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Type of accelerometer: Force balance
Bandwidth: DC – 200 Hz
Full scale range: ± 1g
Sensitivity: 10V/g
Linearity: < 1000µg/g
Hysteresis: < 0.1% of full scale
Cross-axis sensitivity: < 1% (including misalignment)

Acceleration transducers Acceleration transducers 

1

3

0

5

4

6
P17 P16 P15 P14 P13 P12

P11 P10 P9 P8 P7 P6

P5 P4 P3 P2 P1

 +5.10

Y
15

14

12

13

11

29

7

8

10

P17 P16 P15 P14 P13 P12

P11 P10 P9 P8 P7 P6

P1P2P3P4P5

Y

X

 +9.45

The plan disposition of accelerometers on the two floors

Arrows define the positive direction of each measureArrows define the positive direction of each measure

InIn orderorder toto havehave aa goodgood samplesample ofof thethe accelerationacceleration signalssignals inducedinduced byby thethe sinusoidalsinusoidal forceforce ofof
thethe
vibrodynevibrodyne andand alsoalso toto controlcontrol thethe measuresmeasures takentaken atat otherother datadata acquisitionacquisition channels,channels, twotwo
"reference""reference" sensorssensors (number(number 1414 andand 1515)) werewere placedplaced nearnear thethe vibrodynevibrodyne..

Accelerometers 8 and 10 Accelerometers 7 and 9 

reference sensors: Accelerometers 14 and 15

BUILDING BUILDING 22: : DynamicDynamic identificationidentification



Stability diagram

2nd mode in Y direction, 
frequency = 2.00 Hz, ξ = 1.37%

1st mode in X direction, 
frequency = 1.84 Hz, x = 1.84%

3rd mode torsional, 
frequency = 2.52 Hz, x = 1.71%

BUILDING BUILDING B: B: DynamicDynamic identificationidentification
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APPLICATION OF HORIZONTAL FORCESAPPLICATION OF HORIZONTAL FORCES

UNIVERSITY of NAPLES “FEDERICO II” – Prof. F.M. MazzolaniProf. F.M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”
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1820,0

11
70

,0

BUILDING TO BE TESTED

Loading jacks
364,0364,0364,0 364,0 364,0

Containers

Reacting frame

Structure for 
distributing loads 
between floors

166.1

88
6.

1

73
0.

6

Reacting frame

Containers

BUILDING TO BE TESTED

Structure for distributing forces 
between floors

Test equipment
EXTERNAL ACTIONS
• Vertical loads: weight of the building
• Horizontal loads: applied by means of 6 

hydraulic jacks with an inverted triangular 
pattern

ÙNord

EXPERIMENTAL APPARATUS
• Reacting steel frame stabilised by soil placed 

in containers
• Triangulated steel structure for distributing

loads between the two floors
• Hydraulic jacks: displacement capacity 60 cm; 

load capacity 496 kN in compression, 264 kN
in tension



Test equipment

Prof. F.M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”
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5

4

6

3

8

1
2

7

Total Station Zeiss-Trimble S10

Target points

LOAD AND DISPLACEMENT MEASUREMENT
• Load measuring: monitoring total load by a digital manometer (precision: 1 bar (4-2 kN))
• Displacement measuring: monitoring of 8 points

floor 1: points 1, 2, 3, 4
floor 2: points 5, 6, 7, 8
Zeiss-Trimble S10 total station

Test equipment

Prof. F.M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”
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Experimental results
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T1 (13.530, 0.440, 6.370) T2 (7.530, 0.440, 6.370) T3 (1.390, 0.440, 6.370) T4 (- 4.685, 0.440, 6.370)

T8 (13.530, 0.017, 2.160) T5 (- 4.685, 0.017, 2.160)

T7 (7.530, 0.017, 2.160) T6 (1.390, 0.017, 2.160)

horizontal plane

Target points’ coordinates

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM
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Y-direction displacements at the point of 
maximum deformation
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DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM
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Y-direction displacements at the point of 
residual deformation
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DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

Building BBuilding B
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Cross sections of the 3D model at the target location

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

Building BBuilding B
Prof. F.M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”



Cross sections of the 3D model at the target location

T8 (13.530, 0.017, 2.160)
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T2 (7.530, 0.440, 6.370)

T3 (1.390, 0.440, 6.370) T4 (- 4.685, 0.440, 6.370)

T1 (13.530, 0.440, 6.370) T2 (7.530, 0.440, 6.370) T3 (1.390, 0.440, 6.370) T4 (- 4.685, 0.440, 6.370)

T4 (- 4.685, 0.440, 6.370)
horizontal plane

vertical plane

UNDEFORMED 
MODEL

T1 (13.548, 0.645, 6.368) T2 (7.548, 0.656, 6.367) T3 (1.368, 0.634, 6.367) T4 (- 4.683, 0.625, 6.366)

T4 (- 4.683, 0.625, 6.366)

T5 (- 4.679, 0.206, 2.162)

Undeformed Model

Model at maximum deformation

Undeformed Model

Model at maximum 
deformation

Undeformed Model

Model at maximum 
deformation

T5 (- 4.685, 0.017, 2.160)
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horizontal plane

vertical plane
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Undeformed Model

Model at maximum deformation

Undeformed Model

Model at maximum 
deformation

Undeformed Model
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deformation

T5 (- 4.685, 0.017, 2.160)
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T1 (13.530, 0.440, 6.370) T2 (7.530, 0.440, 6.370) T3 (1.390, 0.440, 6.370) T4 (- 4.685, 0.440, 6.370)
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horizontal plane
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UNDEFORMED 
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Model at maximum deformation

Undeformed Model

Model at maximum 
deformation

Undeformed Model

Model at maximum 
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T5 (- 4.685, 0.017, 2.160)

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM
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Undeformed Model

Model at the end of the test

Model at maximum deformation

T4 (- 4.685, 0.440, 6.370)

T4 (- 4.683, 0.625, 6.366)

T4 (- 4.685, 0.564, 6.370)

Undeformed Model

Model at the end of the test

Model at maximum deformation

T4 (- 4.685, 0.440, 6.370)

T4 (- 4.683, 0.625, 6.366)

T4 (- 4.685, 0.564, 6.370)

Cross section of the 3D model at the target location

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM
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•• The scatters of measurements between the topographical station The scatters of measurements between the topographical station 
and the laser scanner range from 2.5% to 5.9%.and the laser scanner range from 2.5% to 5.9%.
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Laser scanner

Topographical measure

Average error = 4.1%

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM
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testing apparatus
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Experimental results of test #1
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Building B: Experimental results of test 1
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Building B: Building B: Numerical modellingNumerical modelling

Equivalent shear springsEquivalent shear springsEccentric diagonal strutsEccentric diagonal struts
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Tests on masonry specimens
Tests on single blocks

Compression tests on 
sub-assemblages

Shear tests on sub-
assemblages

Prof. F.M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”



Reconstruction and strengthening of 
perimeter walls by means of 
C-FRP wires (test #2)
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Building B – Test #2



“Push“Push--pull” test #1 + test #2pull” test #1 + test #2
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“Push“Push--pull” test #2pull” test #2
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(+2.90)
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6 7 8 9 10 11

12 13 14 15 16 17

Building B – Tests # 3, 4, 5

BRBs have been mounted only at the first floor and placed at 
the perimeter in the direction of the building short side. 

In particular, in one bay the infill wall has been reconstructed, in such a way to
directly evaluate the interaction between the brace and the wall

BRB arrangement
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BucklingBuckling--restrainedrestrained brace inside brace inside ofof twotwo masonrymasonry panelspanels

externalexternal

externalexternalinternalinternal
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Experimental test on building B with BRB



FABRICATION PHASESFABRICATION PHASES
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Experimental test on building B with BRB



NE/Ny = 2.06
Lc/L = 0.4

Inner clearance:
1 mm per side
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Building B – Test # 3



ERECTION PHASESERECTION PHASES

Experimental test on building B with BRB
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Building B - Test # 3

Braces’ erection and reconstruction of infill walls

Prof. F.M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”



READY FOR TESTREADY FOR TEST

Building B with BRBBuilding B with BRB



EXPERIMENTAL RESULTS: EXPERIMENTAL RESULTS: test #3test #3
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diagonal cracking and detachment between facing walls and RC structurediagonal cracking and detachment between facing walls and RC structure
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EXPERIMENTAL RESULTS: EXPERIMENTAL RESULTS: test #4test #4



Section a-a Section b-b Section c-c 

NE/Ny = 2.06
Lc/L = 0.4

Inner clearance:
2 mm per side
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Building B – Test # 5



In this test both classic concentric braces and new BRB prototypes have been
tested.

Tube 101.6x2 (S275)

Class 2 (D/t=50.8)
λ/λy = 1.8

Building B – Test # 5
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To improve the performance of the studied devices, in case of Prototype B some local details
have been modified in such a way to increase the system “robustness”.
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“AN INTELLIGENT DEMOLITION”“AN INTELLIGENT DEMOLITION”
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BUILDING A BUILDING A ((substructuringsubstructuring))
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DynamicDynamic IdentificationIdentification TestsTests
on on the the bare bare structurestructure

Dynamic shaker (vibrodyne) test
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Falling mass Test

DynamicDynamic IdentificationIdentification TestsTests
on on the the bare bare structurestructure
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Impacting hammer test

DynamicDynamic IdentificationIdentification TestsTests
on on the the bare bare structurestructure
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DynamicDynamic IdentificationIdentification TestsTests resultsresults

Mode Frequency (Hz) Damping (%)

1 1.44 2.7

2 2.20 3.0

3 4.63 2.5

4 5.56 6.3

5 6.85 2.6

Mode 1 Mode 2 Mode 3

Mode 4 Mode 5



PushPush--overover test on the bare RC test on the bare RC structurestructure
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General views of the reacting structure

LOADING AND MEASURING DEVICES

Close-up 
views of 
the 
reacting 
structure 
with the 
load jacksDisplacement 

measuring 
devices

PushPush--overover test on the bare RC test on the bare RC structurestructure



Top-story 
column mechanism 

Close-up views of plastic 
hinges

PHYSICAL TEST RESULTS

PushPush--overover test on the bare RC test on the bare RC structurestructure

collapse mechanism
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Composite Composite fiberfiber reinforcedreinforced materialsmaterials
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CFRP system application

REPAIRING EXECUTIONREPAIRING EXECUTION



General views of the reacting structure

LOADING AND MEASURING DEVICES

Close-up 
views of 
the 
reacting 
structure 
with the 
load jacks

Displacement 
measuring 
devices
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Composite Composite fiberfiber reinforcedreinforced materialsmaterials



Global collapse mechanism 

Close-up views of plastic 
hinges at the column bases

PHYSICAL TEST RESULTS: damage pattern

Composite fiber reinforced materialsComposite fiber reinforced materials



Composite Composite fiberfiber reinforcedreinforced materialsmaterials
PHYSICAL TEST RESULTS: damage pattern

Peeling off at a wrong end detail

Cracking of beams in torsion

Local 
bucklin
g of free 
length 
portions 
of strips
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STRUCTURAL MODEL



PUSHOVER ANALYSIS

Base shear Η

Top displacement δ

Maximum interstorey 
drift angle θ

Maximum 
shear strain γ
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DESIGN CRITERIA OF LINK

SHORT LINK
(Shear dissipative mechanism)
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DESIGN CRITERIA OF LINK
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DESIGN OF LINK
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ECCENTRIC STEEL BRACING SYSTEM

Y-shaped eccentric 
bracing system



EB MOUNTING



EB MOUNTING
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Steel Steel EccentricEccentric BracesBraces (EB)(EB)
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No capacityNo capacity--design criterion applieddesign criterion applied
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VVj,Rkj,Rk/V/Vpp = 1.89= 1.89

Steel Steel EccentricEccentric BracesBraces (test #2)(test #2)
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VVj,Rkj,Rk/V/Vpp = 2.84= 2.84

Steel Steel EccentricEccentric BracesBraces (test #3)(test #3)
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Steel Steel BucklingBuckling RestrainedRestrained BracesBraces (BRB)(BRB)
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Building No. 1 - BRB test No. 1
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End local

Steel Steel BucklingBuckling RestrainedRestrained BracesBraces (test #2)(test #2)



Building A– BRB test No. 2

Plastic elongation in tension

Restrained local buckling of the yielding core
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Steel Steel BucklingBuckling RestrainedRestrained BracesBraces ((comparisoncomparison))

4.24.2

5.15.1

1.01.0



Building A: Building A: comparisoncomparison ofof resultsresults (FRP; BRB; EB)(FRP; BRB; EB)
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ShapeShape MemoryMemory AlloyAlloy BracesBraces
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Shape Memory Alloy BracesShape Memory Alloy Braces

c)

. Cyclic test

. Free vibration (release) test
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Shape Memory Alloy BracesShape Memory Alloy Braces
Free vibration 
(release) test



Prof. F.M. Mazzolani  - UNIVERSITY of NAPLES “FEDERICO II”

Shape Memory Alloy BracesShape Memory Alloy Braces
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ShapeShape MemoryMemory AlloyAlloy BracesBraces
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Metal Shear PanelsMetal Shear Panels
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Metal Shear PanelsMetal Shear Panels
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Metal Shear PanelsMetal Shear Panels

Steel panels
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Metal Shear PanelsMetal Shear Panels

Aluminium panels
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Metal Shear PanelsMetal Shear Panels
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Base IsolationBase Isolation



Prof. F.M. Mazzolani  - UNIVERSITY of NAPLES “FEDERICO II”

Base Base IsolationIsolation
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Base Base IsolationIsolation
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Cost of the intervention 20.83 %

Feasibility  of the system 13.90 %

Disturbance to the inoccupants 13.23 %

Functionality and aesthetic 11.88 %

Reversibility 12.39 %

Reduction of vulnerability 16,31 %

Damage protection 11.45 %

The The evaluationevaluation criteriacriteria

quantitativequantitative
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