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SEISMIC UPGRADING OF EXISTING R.C
AND MASONRY STRUCTURES
BY MEANS OF METAL SYSTEMS

- BRACING SYSTEMS

- SHEAR PANELS
- APPLICATIONS TO HISTORICAL BUILDINGS

« FULL SCALE TESTS




BRACING SYSTEMS
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“Case Baraccate”(Calabria, Italy)







Contr. a croce di S. Andrea Controvento a K
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Bracing systems for masonry structures




Montemarano Church (Avellino, Italy)
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“Rione terra” in Pozzuoli
(Italy)




Steel bracing schemes




steel mill (Naples, Italy)
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Mexico City, 1992
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Mexico City, 2011
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Mexico City, 2011
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_TESSALONIKI (GREECE)




FACE OF 24"
SQ. CONC. COL.
(N) STIFF. R

C.P. SPLICE LOCATION
TO BE DETERMINED BY
THE CONTRACTOR, TYP,

University Hall (Berckeley, California)
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University Hall (Berckeley, California) [ -l




Apartment building (Berckeley, California)







Autosylos (Berckeley, California)




Capodimonte district

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




Bracing in the arches




Details of
connections
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Detaliu montare stalp

Zidarie de
caramida existenta

Grinzi metalice ?
UPN 300 jta\p metalic
Grinda de \ _~~ IPE 300

lemn existenta

Zidarie de
caramida existenta

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

_‘E‘“’ -

Details of
connections




Horizontal braces

Beam
reinforcement

Perimetral
frame

> Steel
columns




Roof structures




Steel cores:
details of
connections




DISSIPATIVE BRACING SYSTEMS







METALLIC-YIELDING APPROACH
THROUGH DIAGONAL BRACING SYSTEMS




METALLIC-YIELDING APPROACH THROUGH
DIAGONAL BRACING SYSTEMS

Cross Chevron Cyclic behaviour
bracing bracing

Traditional
bracing

Dissipative
bracing




DIAGONAL BRACING SYSTEMS BASED ON
METALLIC-YIELDING
/

Y-braced eccentric braces

honeycomb Torsional

device

Conventional steel link




DIAGONAL BRACING SYSTEMS BASED
ON VISCOELASTIC DAMPERS




DIAGONAL BRACING SYSTEMS BASED ON
VISCOELASTIC DAMPERS

damping is provided by shear
deformation of a special
rubber compound

(E = 20%), induced by the
interstory drift

e 18 viscoelastic dampers type 1
F~ 80 kN
K=19.8 kN/mm (s.s. 100%)

e 7 viscoelastic dampers type 2
F=~ 60 kN
K = 14.8 kN/mm (s.s. 100%)

PR Retrofit of Gentile-Fermi
’ school building (Italy)

K=7.4 kN/mm (s.s. 100%)




Dissipative braces in one school in Fabriano




Dissipative braces in two schools in Potenza




Buckling Restrained Braces
(BRBs)




Buckling Restrained Braces (BRBs)

Unbonded BRBs

BRBs are special advanced braces, which exhibit the same
response in tension and compression with stable hysteresis
loops and large energy absorption capacity
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The Tokyo Institute of Technology
(Japan)




Seismic upgrading by
Buckling Restrained Braces (BRBs):
the University of Ancona




Buckling Restrained Braces (BRBs)

Five full-scale tests on two RC buildings equipped with novel
“all-steel” BRB prototypes have been carried out by DIST.




METAL PANELS




T' Channel
Wertical T Channel
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Metal shear panels
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WITH DISSIPALTIVE' PANELS~




BASIC ENERGY DISSIPATION MECHANISMS
FOR SHEAR PANELS

— A
Tension field mechanism Pure shear mechanism
(elastic buckling) (no-buckling)

SLENDER PANELS COMPACT PANELS




TWO PRATICAL WAYS OF USING
METAL SHEAR PANELS

May be used also as fagade walls of the building

May provide a significant stiffening and strengthening
contribution

Have a poor dissipative behaviour

Mainly conceived as damping devices

Provide an excellent hysteretic behaviour

Have a very low yield strength and relevant initial stiffness
(useful for damage control)




THE USE OF PURE ALUMINIUM FOR METAL SHEAR PANELS

Comparison of Stress-Strain Relationship
between Steel and Aluminium

~Mild Steel

o
®)

—~~
|
A
2
n
9s]
v
=
+J
9p)

__ LowYield Steel

| | | |
30 40 50 60 70

Strain (%)

Tensile properties of pure aluminium
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BRACING TYPE PURE ALUMINIUM-SHEAR-PANELS

DIFFERENT ARRANGEMENTS IN THE FRAMEWORK

——-h__ | | | |
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— Full bay type — " Partial bay type — 'V Bracing type —




PANELS ARRANGEMENT IN FRAMES

A R R A B R L RN R

MRF+Shear Panels
(Dual Structural System)

]
B

P ST P N S R N R S RO
Pinned frame+Shear Panels
(Standard Structural System)

Shear Panels as dissipative
bracing system
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TEST ON ALUMINIUM SHEAR PANEL

1000mm




response

Preliminary numerical

COMPARISON BETWEEN
EXPERIMENTAL AND NUMERICAL RESULTS
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Experimental
response
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METAL SHEAR PANELS




BRACING TYPE PURE ALUMINIUM SHEAR PANELS
Geometrical configurations

: i : BTPASP configuration 1
© 60 0 0 0 0 0 O 0 O (b/t=100)

SHEAR CYCLIC TESTS BY
DIAGONAL COMPRESSION

BTPASP configuration 2
(b/t=50)




BRACING TYPE PURE ALUMINIUM SHEAR PANELS
Testing apparatus




BRACING TYPE PURE ALUMINIUM SHEAR PANELS

| BRACING TYPE PURE ALUMINIUM |—— - / | BRACING TYPE PURE ALUMINIUM
i | SHEAR PANELS-configuration 1 i : BRACING TYPE PURE ALUMINIUM SHEAR PANELS-configuration 2

| BRACING TYPE PURE ALUMINIUM
i| SH

SHEAR PANELS-cenfiguration 2

Force[kN]

2000 4000 8000 i 10000 12000 14000 16000

000 1500 2000 2500 3000 300 4000 8000
Time [sec] ] — ime [sec

E 0 20 > ¥ 2 0 20
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From welded to bolted stiffeners
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Test on timber portal retrofitted with metal panel
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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

OHITELH




METAL PANELS FOR MASONRY WALLS

- - J . — -

Steel shear plates (SSP)




METAL PANELS FOR MASONRY WALS

3, Mises ¥4 g, Mises
{Awe. Crit.: 75%) ! R |Bve., GEig.: TER)
+1.882e+00 ! %3 ,350e+02
+1.732e+00 X
+1. 582=+00
+1, 432400
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2

L ODB: Zidarie tragfiunsNSSed A0 Sion 6.3-1 Sat Jun i
3 1

Step: Orizontal

Increment 36: Step Tame = 0.1845

Primary Var: 35, Mises

Deformed Var: U Deformation Scale Factor: +4.014s8+01

Simulation of connecting systems in masonry walls
reinforced by metal panels




METAL PANELS FOR MASONRY WALS

e Chemical anchor
e Prestress ties

DIAGONAL TESTS ON SMALL SPECIMENS




METAL PANELS FOR MASONRY WALS
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CYCLIC TEST APPARATUS




METAL PANELS FOR MASONRY WALS

TEST RESULTS



APPLICATIONS TO

HISTORICAL BUILDINGS
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TRANSVERSAL SECTION

The seismic retro-fitting system

5750 _ 6000 _ 6000 _ 6000 _ 6000 _ 5500 | 4750 4750 5000 = 6000 _ 5750 _ 5500 |
67000

HEE ® e 6 e




Connection details
of the system




2 INew steel roof with a bottom grid
(diafragm effect)
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Historical buildings retrofitted with
passive control metal systems




Y 1990 St.Giovanni Carife Shock block
Battista (Avellino) transmitters

Y 1996 University Napoli -shock block
“Federico II” transmitters
New library - Neoprene 34
bearings

“Basilica Assisi (Perugia) -shape memory 47

Superiore” alloys (SMA)

of St.Francisco -shock block 34
transmitters

St.Feliciano Foligno Shape memory
cathedral (Perugia) alloy devices

Basylic of L’Aquila Elastoplastic
Santa Maria di dissipators
Collemaggio

Y 2003 RCM industrial Sarno (Salerno)  -shock block
building transmitters
-steel dampers

2008 Cathedral of Siena Fluid spring
Siena dampers




SHOCK BLOCK TRANSMITTER: oleodynamic device

Pistan rod guides

Steel cylinder Piston

External rod

Internal rod

Inspection and filling holes

0 ) 0
-3000

-3000

-6000 -6000

-5000 -9000
-12000

-12000

- -15000 -
P S 52520 -15-10-5 0 5 10 15 20 25 30 35 -35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35

Spostamento (mm) Spostamento  (mmd

low velocity test high velocity test




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

o 8. GIOVANNI BATTISTA CHURCH
AT \S. GIOVANNI BATTISTACHURCH| | AT W\\\\\\\\\\e, - CARIFE (AV) -
aQ - CARIFE (AV) - ' VAR
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The Church of St. Giovanni Battista in Carife
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|

The original r.c. structure




The New Library of the University of Naples

i E i I e e I T e L o O W e o o T i e P
it il I ‘ [ B i =T

Design drawings

SEZIONE WoW i s cnccin w0 « ves) son o NRTICOLARE " A"

i I U e s vy il SEZIONE A-A
-,J;, LI‘ITI;;lLIIIilHILIYJJIT ,

33 TRAVI ALVEOLARI IN ACCIAIO,

SMOUTURE A COWPLETA PRCTRAZONG | | §

TRAVE N COMPOSIZIONE
SALDATA ¥ ACY
(OTTENUTA B4 MEY; mz

24 shock transmiters =4 J P
34 neoprene bearings




i/

o é,é.
! “ \%

G

\Eﬁ
?&w&

/3 {
%
A

™10 ra | — _:_

ity of Naples

ivers

ibrary of the Un

The New L



The New Library of the University of Naples




The restoration of the Church of St. Francesco in Assisi
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Shape Memory Alloy Devices (SMADSs):
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Shape Memory Alloy Devices
can be used in series with
horizontal conventional
steel ties to improve

the out-of-plane behaviour
of masonry elements, in
particular to prevent rocking
and pounding of

gable-end walls




The restoration of the Church of St. Francescoin Assisi

SMA i /4

devices S75 /8
Shock transmitters installed
between nave and transept




The restoration of the Church of St. Francescoin Assisi
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Cathedral of San Feliciano
(Foligno - Italy)




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

consolidation intervention
on the tympanum of the
main facade
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Cathedral of Siena

-~ Y | consolidation intervention
A | on the tympanum of the
main facade

One of the two fluid
spring dampers




RCM
Industrial building
in Sarno (Salerno)

Industrial archeology
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RCM Industrial building
in Sarno (Salerno)




RCM Industrial building in Sarno {(Salerno)

N

North side device : 12 shock transmiters




RCM Industrial building in Sarno (Salerno)

South side device : 12 steel dampers
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Consolidation of wooden floors

60

net of steel rebars @6

r.c. slab
polystyrene blocks

connection element

100

CONNECTION ELEMENT

1.5

T E Y=y M8
steel sleeve S Yo

N

(40)

o WOODEN BEAM CLASS C14

¢ COLD FORMED STEEL PROFILE
STEEL S275 GALVANIZED
THICKNESS 7 mm

o VULCANIZED NATURAL RUBBER
GLUED TO THE STEEL PROFILE

THICKNESS 5 mm

o STEEL BOLT CLASS 5.6
LENGHT 4 cm




Consolidation of woden floors: steel connectors

Wooden stock Steel sleeve Steel sleeve and glued rubber

i | P w = 6omm = w = 60-80 mm
| Vg t = 6mm t = smm

2 bolts M8

MATERIALS
Wood: Chestnut
Rubber: SISMI 60
Steel sleeves: S275
Bolts: Class 5.6

Glue: Adesilex Gig




Test on consolidated timber floor

Mohr Federhaff machine

= o FEDERICO M. MAZZOLANI — University of Naples “Federico 1I”




CASE STUDY THE ROYAL PALACE OF NAPLES
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oz FEDERICO M. MAZZOLANI — University of Naples “Federico II”
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Tz FEDERICO M. MAZZOLANI — University of Naples “Federico II”
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THE TIMBER ROOFING STRUCTURES OF THE ROYAL
APARTMENT :

Structural identification

1: self-bearing vault 2: vault linked to the floor beams

3: vault linked to “ad hoc” structure

5.8 6.3

Factor scale=15

1,20 Factor scale = 10

1,00 4

0,80 4

0,60 4 —+— Model 1: Structure erection

— Model V1: Erection structure — Model V1: Vault structure -2.2 1 l N .
ew

—— Model 2B: Complete structure + metallic links
0:40 1 — Model V2: Complete structure] NEW WOOD - Model 4: Complete structure b wood

. Model V3: Complete structure -+ Model 5: Serviceability condition 7 7 Model 2 Co_mplet_e_s""cmr_e_
}ANCIENTWOOD > Model 6: Complete structure —=— Model 3: Serviceability condition

000 -+ Model 7: Serviceability condition "2 Model 4: Complete structure
000 020 040 060 08 100 120 140 160 180 *‘Selsmlc‘ effects . i i i i -3.7 + —=—Model 5: Serviceability condition

0,20 4
— Model V4: Seismic effects

Ancient
wood

— Seismic effects

0,0 1,0 2,0 3,0 4,0




DIPLOMATIC HALL.: retrofitting interventions

improvement of the complex vault-floor system: stiffness and strength (Mazzolani et al., 2005-2009)

collar connector parts

rimary beam  _B
/ 16%@0
6[[| 7 8 Q/K/ 12, 1 ’ 15| 16/ 17|

single beam

MATERIALS
= concrete: C25/30
= steel bars: Feb 44k

= galvanized steel: S275
= natural rubber: SISMI 60

| timber-r.c.

connector

=
174
{

steel sleve |

@




DESIGN OF THE CONSOLIDATION SYSTEM

&

The Royal _
“old wooi
compositE=ta s
An exam =

material

ber table

Tz FEDERICO M. MAZZOLANI — University of Naples “Federico II”




THE TIMBER ROOFING STRUCTURES OF THE ROYAL APARTMENT : Interventions

GLOBAL II




FULL SCALE TESTS




Jo\ll The buldings belong to
the former ILVA steel
mill in Bagnoli (Naples),
B which has been recently
_1dismantelled.

1 ¥ wargFaTTT

Reinforced concrete framed
structures infilled by masonry
walls, which were designed for
gravity loads during the 70s,
when the area was not yet
included in seismic zone.

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




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

Al i - 4
b ""’1“‘

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




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

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

N - W view

|L\E

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 B

CroyRd QA RSEEEAON scale 1:100

1850

(1O AN
\TI.49)

OFFICE AIR CONDITIC

ENTRANCE

Qﬁ;@

| — |

g

OFFICE




Building B

Ground Floor Second (Top) Floor

1850 1850

<

ENTRANCE 4

OFFICE OFFICE ||WIRING, PLANTS OFEICE OEFICE OEFICE

AN

DEPOSIT +

OFFICE OFFICE

OFFICE OFFICE OFFICE
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Building B

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

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

INTERNAL PARTITION WALLS EXTERNAL CLADDING DETAIL
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Building B

FIRST FLOOR TECHNICAL SECTION h .
17 Columns: 30x30cm; 12 rebars with diameter

of 14mm; stirrups 8mm spaced at 20mm
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BUILDING B: Dynamic identification

Excitation system

e ™

- Structural weight of frame: 500Kg

- Maximum number of masses placed in each counterrotating flat basket:
4x33Kg and 3x27Kg

- Flat basket diameter: 90cm

- Power input: 2kw

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




BUILDING 2: Dynamic identification

accelerc
dth: DC
le range
ity: 10V,
[y: < 100t
'SIS: < 0.1
XiS sensi

the R et , T
vibrodyne and alsgs 2 S hnels, two
"reference” sensorf S S b

Accelerometers 7 and Accelerometers 8 and 10

Arrows define the positive direction of each measure




BUILDING B: Dynamic identification

15t mode in X direction, F % R 2" mode in Y direction,
frequency = 1.84 Hz, x = 1.84% frequency = 2.00 Hz, £ =1.37%

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

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




Building B APPLICATION OF HORIZONTAL FORCES
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Test equipment

EXTERNALACTIONS
 Vertical loads: weight of the building

» Horizontal loads: applied by means of 6
hydraulic jacks with an inverted triangular
pattern

BUILDING TO BE TESTED

Structure for
distributing loads
between floors

Loading jacks

Containers ™ [
N

[E—

Reacting frame

EXPERIMENTAL APPARATUS

*-Reacting steel frame stabilised by soil placed
in containers

e Triangulated steel structure for distributing
loads between the two floors

e Hydraulic jacks: displacement capacity 60 cm;
load capacity 496 kN in compression, 264 kN

Structure for distributing forces

petween 11I00ors

BUILDING TO BE TESTED

T ] r
ol eoc’ring frame




Test equipment

Building B
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Building B Test equipment

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

Prof. FM. Mazzolani - UNIVERSITY of NAPLES “FEDERICO I1”




Building B Experimental results

First-story diaphragm deformation
(pre-peak response)

+2501.35 kN
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Building B

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

T1(13.530, 0.440, 6.370) T2 (7.530, 0.440, 6.370) R RN R LB T4 (- 4.685, 0.440, 6.370)
T7(7.530, 0.017, 2.160) T6(1.390, 0.017, 2.160)

i A R S VA R 0 M#ﬁm

e e " 3

T8 (13.530, 0.017, 2.160) O =~ T5 (- 4.685, 0.017, 2.160)

;! !*I !E

honzontal plane
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; Building B

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

i

=3

Y-direction displacements at the point of
maximum deformation
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Building B

DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

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




DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

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

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




DISPLACEMENT MEASUREMENT BY LASER SCANNEWM
T1 (13.530, 0.440, 6.370)

T4 (- 4.685, 0.440, 6.370)

rizontal plane Undeformed Model
T4 (- 4.685, 0.440, 6.370)

UNDEFORMED §

MODEL | Model at maximum

| deformation

J T4 (- 4.683, 0.625, 6.366)
|

i Undeformed Model

T8 (13.530, 0.017, 2.160) Bl X | NN ; 1_
o ; B ! | Model at maximum
17 (7.530, 0.017, 2.160) | e |
“  vertical plane ‘ deformation

autocad polyworks
Undeformed Model

T1 (13.530, 0.440, 6.370) — — T4 (- 4.685, o44o 6.370)

Model at maximum deformation

Cross sections of the 3D model at the target location




Building B R

~ DISPLACEMENT MEASUREMENT BY LASER SCANNER SYSTEM

Undeformed Model o T4 (- 4.685, 0.440, 6.370)

Model at the end of the test T4 (- 4.685, 0.564, 6.370)

Model at maximum deformatic; T4 (- 4.683, 0.625, 6.366)

Cross section of the 3D model at the target location




DISPLACEMENT MEASUREMENT-BY_LASER SCANNER SYSTEM

O Laser scanner

B Topographical measure

Average error = 4.1%

* The scatters of measurements between the topographical station
and the laser scanner range from 2.5% to 5.9%.

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




Building B testing apparatus
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Building B Experimental results of test #1
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Building B Experimental results of test #1
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Building B: Experimental results of test 1

., FM2 Baseshear | [ [ [ | |
il A Y
IV /4 T T e i
/A
iy § | /A N
. _ Y/ T
Diagonal Flexural plastic | IR
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Local crushing Shear plastic

of masonry Point E
2 (d/h), = 0.030, (d/h), = 0.0010
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Building B: Experimental results of test #1

Point B Point F
(d/h), = 0.0048, (d/h), = 0.0025 (d/h), = 0.030, (d/h), = 0.0010

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




Building B: Experimental results of test #1

Base Shear (kN)

-0.031 -0.021 -0.011 -0.001 0.009 0.019 0.029 0.039 0.049
Drift angle (rad)
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Building B: Numerical modelling

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



Building B: Numerical modelling

Eduivalént sh'ear sbrings'

<R
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Tests on masonry specimens

Tests on single blocks Shear tests on sub-
assemblages
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Reconstruction and strengthening of
oerimeter walls by means of
C-FRP wires (test #2)

Prof. .M. Mazzolani - UNIVERSITY of NAPLES “FEDERICO II”
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“Push-pull” test #1 + test #2
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Test #1 vs. Test #2: compa rison

Base Shear (kN)

35 30 25 20 -15 -10 5 0 5 10 15 20 25 30 35
Roof displacement (cm)
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“Push-pull” test #2

Base Shear (kN)

35 -30 25 20 -15 -10 -5 0 5 10 15 20 25 30 35
Roof displacement (cm)
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Base Shear (kN)
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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.
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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
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Buckling-restrained brace inside of two masonry panels
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Experimental test on building B with BRB

(+ 9.45)

—
600 J t
4350
3750
8950 B B
600 y e g
N it .
AT T A
4600
4000
, , (+ 0.60)
i —
IR S D R




FABRICATION PHASES

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




L/L = 0.4

M/ N, = 2.06

Inner clearance:
1 mm per side

Test # 3
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Experimental test on building B with BRB

ERECTION PHASES
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Building B - Test # 3

Braces’ erection and reconstruction of infill walls

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




Building B with BRB




EXPERIMENTAL RESULTS: test #3

Base shear vs. first story lateral displacement
relationships for the first three cycles
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1st floor displacement (cm)

diagonal cracking and detachment between facing walls and RC structure

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




EXPERIMENTAL RESULTS: test #3

Base Shear (kN)

— 'Bare RC structure

Normalized base Shear

—* Structure equipped with
BRBs




EXPERIMENTAL RESULTS: test #3
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Inner clearance:
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EXPERIMENTAL RESULTS: test #4
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EXPERIMENTAL RESULTS: test #4
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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)
A%, = 1.8
Class 2 (D/1=50.8)




Building B—Test # 5
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Building B—Test # 5

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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i \ Lateral Loading Test of the
s - b Bare RC Structure

: Composite *"* Eccentric
Buckling ¢ Materials g Braces

Restrained § |
-FRP) =5
Braces & (€ ) b4 (EB); i
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Dynamic shaker (vibrodyne) test
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Impacting hammer test
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Prof. F.M.

Frequency (Hz)

Damping (%)

144

2.7

2.20

3.0

4.63

2.5

5.56

6.3

6.85

2.6
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GEOMETRY OF THE STRUCTURE

SECOND FLOOR

TRANSVERSE SECTION

Direction of Loading

O
=
(2
=
@
=
-
A
=
—
<
Z
[

o
>
=
v
(a2
=
>
Z
m
I
kc

@)

N

N

(o]
p=
>
[
(i

@)

Y
[




LOADING AND MEASURING DEVICES

Close-up
views of
the
reacting
structure

L R - | with the
Displacement nmbm " load jacks

measuring
devices




PHYSICAL TEST RESULTS
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FRONT VIEW
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LOADING AND MEASURING DEVICES

views of
the

o |
reacting =

o, [l g e - | structure "s

DISINCETSNE - —F with the |
measuring R N—t, ™ ' ® . load jacks  *
devices e a1 3<
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damage pattern
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PHYSICAL TEST RESULTS: damage pattern

Peeling off at a wrong end detail

Local
_ bucklin
Y goffree <
length
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STRUCTURAL MODEL
3 SAP2000 - m1

Eil= Edit “iew Define Draw Select Aszsign Analyze Dizplay Deszign Option: Help
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PUSHOVER ANALYSIS

Top displacement &

Base shear H

Maximum interstorey
drift angle 0

¥

Maximum
shear strain vy
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DESIGN CRITERIA OF LINK

SHORT LINK
(Shear dissipative mechanism)

1.5°Vp-e=1.2- M,

Prof. FM. Mazzolani - UNIVERSITY of NAPLES “FEDERICO I1”




SERVICEABILITY LIMIT STATE

0

eSLS:_U:y‘V <0.004 —> e<OOO4m
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DESIGN OF LINK

Input data

- Seismic weight : W, = 604.22kN

- Peak ground
acceleration:

- —factor:

- Ultimate shear plastic strain
of link :

- Interstorey :

- v - factor: v=2

- Steel grade Fe430: f, =275N/mm?

Output data

- Design baseshear: H, =96.13kN
- Plastic shear
resistance of link : 'V, =H,/2=48.07kN

PGA=0.35g
q=5.5(for EBF)

v, =10.10rad
h =3.00m

e <0.004 " _ 24cm
Yu

- Length of link :

> Link:HFEA100

Z =83000mm?
A, =480mm°

- Plastic modulus :

-Shear area :

- Length of shortlink : e=0.8 =24cm

Z
A, /3
- Shear plastic resistance : V, = 76.21kN
H,=2-V,=152.42kN
H, =15V, =228.63kN

- Plastic baseshear :
- Ultimate baseshear :

Prof. FM. Mazzolani - UNIVERSITY of NAPLES “FEDERICO I1”




ECCENTRIC STEEL BRACING SYSTEM

Y-shaped eccentric
bracing system
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EB MOUNTING
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PUSHOVER CURVES

6=0.01754 rad
7=0.20436 rad
| 1
0=0.01127 rad
1 y=0.12984 rad .
i =
I m ° {

6=0.00933rad
7=0.10684 rad

Stren th
0=0.00610 rad g
y=0.06840 rad . lncrease

|
6=0.00368 rad /
v=0.03970 rad .
: : |
. ‘.0”“"’..’ L \T' ™

0=0.00076 rad
yY=0.00005 rad

e
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Top Displacement (m)
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(test #2)
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(test #3)
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Building No. 1 - BRB test No. 1
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Building A— BRB test No. 2

Restrained local buckling of the yielding core

Plastic elongation in tension
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Building A: comparison of results (FRP; BRB; EB)
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. Cyclic test
. Free vibration (release) test
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Free vibration
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Steel panels
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Aluminium panels
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THE FINAL COMPETITION

Who will be
the winner ?
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MULTI-CRITERIA DECISIONAL ME
TOPSIS

The index C represents the position of each
solution respect the two virtual alternatives
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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 %
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This Yolume is a collection af scientific contributions dealing with a
wide experimantaltheoretical research developed during the years
2000-2005, in the former indueirial area of Bagneli {Naples, Italy).
The results of 15 full-scale tests (both static and dynamic) on real RC
structures seismically upgraded by means of different, innovative and
advanced, techniques are presented and discussed, together with the
comparison with relevant theoratical/numerical studies.

The following upgrading technigques have been considered:
1. Basa isolation

2. Buckling restrained braces

3. Composile malerials

4. Eccantric braces

5, Shape memory alloy braces

6. Steel and aluminium shear panels

The activity has beeen developed by four Institutions:
= Univarsity of Naples *Federico [I° {coordination)

- University of Basilicatla

= University of Chigli-Pescara

- ltalian Depariment of Civil Protection

Federico Mazzolani ia Professar of Structural Engineering at the Uni-
versily of Naples “Federico 117, llaly. He i3 an infernalionally recog-
nised sxpart in metal structures, seismic design and rehabilitation of
giructures, He ig the Chairman of the STESSA Conferance, which i
dedicated to tha behaviour of stesl structures in seismic areas. |n
addition, he Is the Chaijrman of the CEN Committee respansible for
Eurocode 9 on ‘Design of Aluminium Structures” and of the ECCS
Committe 13 on "Seiemic Dasign of Stesl Structures”. At national lavel,
he is the Chairman of the UNI-SC3 Committee on “Sleel and Compos-
ite Structures” (the mirror Committee for Eurocodes 3, 4, 9). Currently,
he is coordinator of the inlernational research project PROHITECH on
earthquake PROtection of Histerical bulldings by reversible mixed
TECHnologies,
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