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ANALYSIS AND INTERVENTION ON AGGREGATES OF
HISTORICAL CENTERS: A CASE STUDY IN LAQUILA

Speaker: Prof. Francesca da Porto
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e Carry out a pilot case study of an
aggregate building in LAquila historic
centre, to give an operational
methodology that allows working
according to the ord. 3820;

* The work has been carried out by the
“Working group for the evaluation of
seismic safety and intervention
strategies on masonry buildings in
historic centres”.

- Department of Civil Defence
- ReLUIS consortium
- Vice-commissioner for cultural heritage
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METHODOLOGY OF ANALYSIS

[ 1 IDENTIFICATION OF THE AGGREGATE

HYPOTHESYS ON THE FORMATION AND EVOLUTION OF
THE AGGREGATE

[ 3 GEOMETRIC SURVEY

[ 4 COSTRUCTIVE — STRUCTURAL SURVEY

[ 6 INSTRUMENTAL TESTS — ON SITE TESTS

[ 7 STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY

]
]
]
]
]
]
]

[ 8 DEFINITION OF INTERVENTION
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METHODOLOGY OF ANALYSIS

LINEE GUIDA PER IL RILIEVO, L*ANALISI
EDIL PROGETTO DI INTERVENTI DI
RIPARAZIONE E CONSOLIDAMENTO SISMICO
DIEDIFICT IN MURATURA IN AGGEEGATO

- offretusic—

Ufficio del Vice-Commissario Delegato per la
Messa in Sicurerza dei Bend Culturali

Strutiura Tecnica di Missione

BOZZA — Ottobre 2010
Versione 3 (Capitolil, 2, 3 e 4 - Appendici A e B)
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www.reluis.it
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KNOWLEDGE PHASE
IDENTIFICATION OF THE AGGREGATE BUILDING

o \ - r an Loy (’ D
B A e i .
y PEUN 2 -
INGEGMERIA CIVILE, T b e
EDILE E AMBIENTALE -
CIVIL, ARCHITECTURAL AND
FAARONAFN TAL FRGAWEFRING Fh s
#



KNOWLEDGE PHASE
STUDY OF THE SITE MORPHOLOGY
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1 - Morphological
development of the

aggregate

Zona K16 (giallo):

L% limi teneri, ghiaie, sabbie, Dr=30-
(| 50% :

' Zona K8 (verde):

brecce cementate e luoghi in
matrice limosa bianca

.

2 - Preliminary geotechnical analysis of the

soil: microzoning map
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KNOWLEDGE PHASE
ANALYSIS OF HISTORIC SECTIONS AND ARCHIVE MATERIAL

Historic section of 1500. Historic section of 1700. Historic section of 1703.

The earthquake-induced damages

are highlighted
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KNOWLEDGE PHASE
STUDY OF THE EVOLUTION OF THE AGGREGATE | I,

] e

- OPENINGS ALIGNMENT

- IDENTIFICATION OF NON
ORIGINAL OPENINGS
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KNOWLEDGE PHASE
HYPOTHESIS ON THE EVOLUTION OF THE AGGREGATE
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SURVEY PHASE: Geometric survey

IDENTIFICATION OF THE PLAN AND ELEVATION CHARACTERISTICS OF THE CONSTRUCTION ELEMENTS

PROSPETIO PAZIA Z2Z
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SURVEY PHASE: Structural survey
ANALYSIS OF THE LOCAL CONSTRUCTION TECHNIQUE SUMMARY TABLE OF THE ANALYSIS OF:

-VERTICAL ELEMENTS

- HORIZONTAL ELEMENTS

PIANTA PIANO TERRA
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SURVEY PHASE: Critical survey
ANALYSIS OF THE CRACK PATTERN
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SURVEY PHASE: Critical survey
IDENTIFICATION OF THE ACTIVATED MECHANISMS

] (T — SIMPLE OVERTURNING
r/,'.f,"./:‘.'.”.‘ & o :';'.?.] . s
o WY 0l
, | |

OVERTURNING
WITH
INVOLVEMENT OF
THE WEDGE
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SURVEY PHASE: Critical survey
IDENTIFICATION OF THE VULNERABILITIES

WEAKENING OF MASONRY

COLLAPSE OF THIN VAULTS

R.C TIE BEAM
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SURVEY PHASE: Critical survey
IDENTIFICATION OF THE VULNERABILITIES
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GLOBAL BEHAVIOUR OF

THE AGGREAGATE

TRANSVERSAL
DIRECTION:

OUT-OF-PLANE
OVERTURNING

LONGITUDINAL DIRECTION:

IN PLANE FAILURE
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SURVEY PHASE: Critical survey
STUDY OF THE DAMAGE PATTERN AND OF THE INTRINSIC VULNERABILITIES

ELEMENTS VULNERABILITIES LOCALIZED VULNERABILITIES

i

LACK OF CONNECTIONS IRREGULAR DISTRIBUTION OF OPENINGS

INSUFFICIENT MASONRY QUALITY PRESENCE OF NON ORIGINAL ELEMENTS

LACK OF CHAINS
INSUFFICIENT STATIC BEHAVIOUR

« PRESENCE OF PUSHING ELEMENTS INGEGMERIA CIVILE,
EDILE E AMBIENTALE
« VARIATION OF THE RESISTANT AREA AMONG ( : EA CIVIL, ARCHITECTURAL AN

FNVMTAARN AT PGSR RTINS
FLOORS
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ON SITE TEST FLAT JACK TESTS

e  SINGLE: STATE OF STRESS

TEST CAMPAIGN *  DOUBLE: IDENTIFICATION OF MECHANICAL PROPERTIES

1. SONICTESTS

Martinetto Platto Singelo

Martinetto Petto Depoe

TOMOGRAPHIC TESTS

SINGLE AND DOUBLE FLAT JACK TESTS
INJECTABILITY TESTS

i & W N

VERIFICATION TESTS WITH SINGLE AND DOUBLE FLAT JACK

SONIC TESTS
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
VERIFICATION THROUGH SIMPLIFIED MODELS: VULNUS

1) SUBDIVISION OF THE AGGREGATE INTO 12 STRUCTURAL UNITS (U.S.)

2) OUTLINE OF THE RESISTANT SYSTEM
-WALLS 4
-NODES

U.S 1392 14

5

1
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY

VERIFICATION THROUGH SIMPLIFIED MODELS: VULNUS OBJECTIVE

IDENTIFICATION

I OF MOST VULNERABLE
:SHEAR STRENGTH OF MASONRY WALLS PARALLEL TO SEISMIC ACTION MECHANISMS FOR EACH U.S.

I12: OUT-OF-PLANE STRENGTH OF MASONRY WALLS PERPENDICULAR TO SEISMIC ACTION

0.4

0,35

0.3
025 l
02 -1
. CAUSE:
0,15 | -GEOMETRY OF THE AGGREGATE
01 - MATERIAL

0,05 -

0 —
I 1380 1379a 13794 1382 1381 1385 1385b 1386 I1387 1389 I 1392 1392b|

"LOW VALUES OF |1 AND 12 FOR TALL BUILDINGS OR BUILDINGS
AT THE ENDS OF THE AGGREGATE

" LOW VULNERABILITY FOR SQUAT OR INTERNAL BUILDINGS
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
VERIFICATION OF THE LOCAL COLLAPSE MECHANISMS: ¢ — SISMA 3.0 PRO

P ; OUT-OF-PLANE MECHANISMS
Wi&.._ el }‘.
UNIVERSITA' DEGLI ;uo| DI PADOVA
FACOLTA' DI INGEGMNERIA

DIPARTIMENTO DI COSTRUZIG“ E TRASPORTI
via Marzo 5121 Padea

C - Sisma 3.0 PRO

Procodurs sulorralica per i calools o coofconk 0 0 10 verhoa o pasel v rouvidura
FOURINATa e Norms Tecnkens per ks Costrunom v &l DM 14 01 2008

Frogramma ot C. Modeno, MR Valuzzi, M. Zenere
Contnown 4. /g G Dewwicd, Mg £ Bavdetta g M Muvan

ot 2009

o r— =N

EVALUATION OF SINGLE MACROELEMENTS BASED Rt 1 T |
ON LOCAL MODELS AND ON KINEMATIC ANALYSIS, 9 —
CALCULATION OF TIES

www.reluis.it
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
VERIFICATION OF THE LOCAL COLLAPSE MECHANISMS: ¢ — SISMA 3.0 PRO

C-Sisma 3.0 PRO allows analyzing:

S
4.4 - .5
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
VERIFICATION OF THE LOCAL COLLAPSE MECHANISMS

GLOBAL OVERTURNING

ANALISI LINEARE s
M) | W (kM) | M ] ar W 5 oy Imis?] | animied | an= [ ‘ + | Bl NOT VERIFIED
DB | 4s24 | 1107283 | 0004 | 15485 | 07488 | o040 | 1312 NO = (| il ULTIMATE DISPLACEMENT CAPACITY
ANALISI NON LINEARE = el 27%
# rad] dylm] | daim) | defm] | dfm] [ dcdgfm | iy
00204 91152 | 01538 | 00615 | 02209 NO T
7|
PARTIAL OVERTURNING
ANALISI LINEARE e  ER ST T
1M | M [kHm] | Mg [kHm] ap MY 3 ap IMVeE] | og[misd] | ag = ag _j L 1] NOT VERIFIED
LEE 3MzE1 | 514699 | 0067 26,18 | 08217 0,588 131 MO N < 4 ULTIMATE DISPLACEMENT CAPACITY
ANALISI NON LINEARE 0 ) ' 80%
B o] dedml | gl | dam] | dyfm] &z d i) .
.0eT 0,300 0,385 01481 01804 NO [l
ANALISI LINEARE o )
Em] | Ms RMm] | Mehm] | G W Py e | mmed | sza [ | (] ‘ | HIGH HORIZONTAL THRUSTS DUE TO
G041 | 17854 | 108087 | 0185 | 2804 | 0847 | 1274 2,84 NO e— 1 THRUSTING ELEMENTS
ANALISI NON LINEARE v|l ‘ l VERIEIED
[l dalml | dlml | ddel | &l Lo : o ULTIMATE DISPLACEMENT CAPACITY 120%
01648 D35T0 | 05784 | 01508 | 01245 I S| I [ ]
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
GLOBAL MECHANISMS: IN-PLANE VERIFICATIONS

LINEAR STATIC ANALISYS

2 15241 | 396.26 | 7766 | 051 |FALSO| 69.76 0,18 FALSO
X3 | 151,63 | 393,97 | 6769 | 045 |FALSO| 196,16 0,50 FALSO
X4 121,26 | 316,27 | 6168 | 0651 |FALSO| 126,31 0,40 FALSO
x5 183,47 | 477.035 | 8980 0,49 |FALSO| 194,68 0,41 FALSO
X6 180,79 | 470,06 | 8474 047 |FALSO| 228.76 0,49 FALSO

TOTALE | 955,11 46363 | 049 |FALSO

[ || Kim | kN

S N | S X1 | 102,76 | 22380 | 7271 | 071 | FALSO| 224,56 1,00 VERO
X2 9601 | 20883 | 7272 | 076 |FALSO| 214,94 1,03 VERO
PROSPETTO SUD X3 9556 | 207.85 | 7072 | 074 |FALSO| 208,12 1,00 VERO
X4 7977 | 17350 | 61,36 | 077 |FALSO| 176,03 1,01 VERO
R X5 111,72 | 243,00 | 8912 | 080 | FALSO| 287,30 118 VERO
(FASCIA RIGIDA| (SOTTORNESTRA| X6 110,38 | 240,08 | 8517 0,77 | FALSO| 276,06 1,15 VERO

R T TOTALE | 592.21 45181 | 076 | FALSO

X1 | x2au | X34 Xa4 | x50 X650
| | |

B o s K o B A o gt Flexure

[MascaHIOH Xa4 ‘ X5l X6

%]
>
()
[Y)
=
-
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
GLOBAL MECHANISMS: IN-PLANE VERIFICATIONS
NON LINEAR STATIC ANALISYS

MACROMODEL WITH RIGID SPANDRELS MACROMODEL WITH DEFORMABLE SPANDRELS

FASCIA RIGIDA SOTTOFINESTRA NODO RIGIDG FASCIA

‘ K5l Mol

B e e e s ]
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STRUCTURAL ANALYSIS AND SEISMIC VULNERABILITY
GLOBAL MECHANISMS: IN-PLANE VERIFICATIONS

MACROMODEL WITH DEFORMABLE SPANDRELS

kN

700,00
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-—-\_______ —FPOR
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= AndiWALL
[eomp plastica)

— AndiWALL
[comp elastico)

m

CEA/

FINITE ELEMENT MODEL
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DESIGN OF INTERVENTIONS INTERVENTL

MURATURA Of NUOVA - CONSOUDAMENTD VOLTE

m"mzlg‘f‘:" [==——1 con memeruicsomp

INIEZIONE DI INSERIMENTO DY
UNDERGROUND FLOOR MISCELE LEGANT] A Jim imacowo
'
1 I M CORDOLO IN SMONTAGGIO MUSATURA
b T o | AR MURATURA ARMATA SEEET ESISTENTE E RIFACIMENTO
S & |3
—t s 2 L2

%\— AN

F A G BEANS

' ¥,

GROUND FLOOR

[ INRACO DA l ] Tmanine
COMAFTE ANTSITIO ANTRSP O
TN ACTIAK) V0N O
FIRRA 06 \ETRD) A [
"r AOCAUZZATE
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DESIGN OF INTERVENTIONS
MASONRY WALLS: NEW CONSTRUCTION

CHIMNEY

Closing of openings, cavities, chimneys and modification of the
original structural condition that may compromise the continuity
of the mansory wall and the connection between orthogonal

walls

LACK OF
CONNECTION
BETWEEN
ORTHOGONAL
FLOORS

CLOSING OF AN EXISTINC
DOOR

wa _P‘"(\'
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INTERVENTION PHASES:

DESIGN OF INTERVENTIONS 1) SURVEY

MASONRY WALLS: SCUCI - CUCI

]
:
1
l

2) SUBDIVISION IN PARTS

STONE

-
TS - e,

BRICK

i a7 X A
INGEGMERIA CIVILE, £ e =t
EDILE E AMBIENTALE .
CIVIL, ARCHITECTURAL AND y
FARCAAFNTAL FNGAWEFRTND ==




‘... . b’ » . .“' g.
1-Mitigation of CulturesHeritage Sites
IT'VU7 212709 NIdIVIAI NI2IN
Israel, Jerusalem. 1920 January 2014 TrywN 030 ‘0N

s §

DESIGN OF INTERVENTIONS

MASONRY WALLS: GROUT INJECTION
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DESIGN OF INTERVENTIONS
MASONRY WALLS: GROUT INJECTION

INTERVENTION PHASES:

1) GROUT PREPARATION

2) WALL PREPARATION

3) DRILLING AND PREPARATION OF PIPES

4) EXECUTION OF THE INJECTIONS

5) ON SITE CONTROLS

6) EFFECTIVENESS CONTROLS
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DESIGN OF INTERVENTIONS

MASONRY WALLS: ANTI EXPULSION TIES

4 B =

INTERVENTION PHASES:

1) DRILLING HOLES:
¢20-25 mm 1HOLE/1MQ

2) INSERTION OF TIES:
¢ 16-20 mm STAINLESS STEEL

3) LOCKING OF THE TIE
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DESIGN OF INTERVENTIONS
ARCHES AND VAULTS

* REDUCTION OF THRUST BY MEANS OF THE REMOVAL OF NON
STRUCTURAL MASSES

* RESET OF THE INTERNAL PRESSURE CURVE AND GLOBAL
STIFFENING OF THE STRUCTURE

CRACK AT THE SPRINGINGS
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DESIGN OF INTERVENTIONS

ARCHES AND VAULTS: FRENELLI AND FRP

Fibra di carbonio unidirezionale Piatto in acciaio inox
tipo Mac Mbrace C1-30 o equivalente 600x120x10 mm

Piatto in acciaio inox
130x70x10 mm

‘ o \
| G e
___7W° ‘\\\/// N — —
> ===
| > ===
O \——
-z@ N
Nuova nervatura in mattoni —_— -
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DESIGN OF INTERVENTIONS
ARCHES AND VAULTS: FRP
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DESIGN OF INTERVENTIONS
FLOORS: IMPROVEMENT OF THE IN PLANE STIFFNESS

STRENGTHENING OF FLOORS WITH A COLLABORATIVE RC SLAB

connattore a piolo tipo pacchetto
Rete elettrosaldata @6 mm 20x20 cm in )
: Tecnana CTF 1280 o pavimentaziong
acciaio B450C (FeB 44k) s

Cappa in cis

Riempimento alleggerito

voltine in cotto esistenti

Profilo esistente in acciaio
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DESIGN OF INTERVENTIONS
CONNECTIONS:TIES

PIANTA PIANO TERRA

Piastra di ancoraggio
in acciaio inox AISI 304,

sp. 20 mm
SEZIONE A-A
300 SCALA 155
A 70 20

Tirante @30 mm
in acciaio inox AISI 304
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DESIGN OF INTERVENTIONS
CONNECTIONS:TIES

IT 1S NECESSARY A STRENGTHENIN INTERVENTION OF MASONRY IN
THE ANCHORAGE ZONE

PIANO PRIMO

NEW MASONRY WALLS:
RESET OF THE MASONRT CONTINUITY
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DESIGN OF INTERVENTIONS
CONNECTIONS: PERIMETER TIE BEAMS

RICOSTRUZION! TRATTI DI COANICIONE CROLLATD
scala 110
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DESIGN OF INTERVENTIONS
FLOORS — TO — WALLS CONNECTIONS

FLOORS-TO-WALLS ANCHORAGE IN ORDER TO AVOID THE EXTRACTION OF THE BEAMS,
REDISTRIBUTE THE HORIZONTAL ACTIONS AND PREVENT THE OVERTURNING OF WALLS
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COLLAPSE INDUCED BY THE
LACK OF CONNECTION WITH
THE FLOOR AND THE
ORTHOGONAL WALLS

L

DETACHMENT OF THE WALL FROM THE FLOOR AND THE ORTHOGONAL WALLS
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DESIGN OF INTERVENTIONS B
FLOORS — TO — WALLS CONNECTIONS
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Soluzione con tironti ol'interno della "soletta” in legno
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DESIGN OF INTERVENTIONS
TIMBER FLOORS

Interventions aimed at the in-plane stiffening of existing floors must be carefully evaluated since the horizontal seismic action is
transferred to the different masonry walls in function of the floor plane action, depending on its stiffness.

In plane and flexural floors stiffening with ‘dry’ techniques is obtained by providing, at the extrados of the existing floor, a further layer
composed by wooden planks, with orthogonal direction respect the existing.

The use of metallic belts or FRP strips, disposed in a crossed pattern and fixed at the extrados of the wooden floor or the use of
metallic tie-beams bracings, may improve the stiffening effect.
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Vista assonometrica del rinforzo conci di trave
travi del solaio

[tavolato aggiuntivo per povimentazione
~/ i
s
g \

cunei
tirante in acciaio (inchiodato ai conci)

sezione trasversale del solaio (rinforzo con conci di legno e tirante in acciaio)

INSERTION OF WOODEN ELEMENTS AND TIES AT THE
INTRADOS

spinolti i lagno 822, (=2

tavoloto di rinforzo in legnol/”

DRY TECHNIQUE

APPLICATION OF STEEL STRIPS AT THE EXTRADOS
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THANKS FOR YOUR ATTENTION
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