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~_oefinitionof strengthening

» Strengthening is the action of reducing the vulnerability of a building to the expected
seismic action before the occurrence of the probable earthquake?

» Survey assessment and analysis are needed to identify weaknesses and determine
priorities

» Local or global intervention might be appropriate.
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DEFINITION OF VALUE IN BUILT HERITAGE

» Cultural significance means aesthetic, historic, scientific, social or spiritual value for past,
present or future generations. Cultural significance is embodied in the place itself, its
fabric, setting, use, associations, meanings, records, related places and related objects. 2

» CULTURAL SIGNIFICANCE, HERITAGE SIGNIFICANCE AND CULTURAL
HERITAGE VALUE ARE CONSIDERED AS SYNONIMOUS and are directly related
to the AUTHENTICITY of the site which can be articulated in the following attributes:

v’ Location

v’ Design

v Setting

v’ Materials
v"Workmanship
v Feeling

v Association

2. Australia ICOMOS Burra Charter 1999.
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PHYSICAL
DAMAGE

REPAIR/RESTORATION i

: COST I

| PRE-/ POST-

: EVENT

' INTERVENTION
L

|
'AUTHENTICITY !
LOSS !

Lc :S| *(1_ RI)
+ Where
R, = f(d;,c,1,e)

+ Restorability depends on
availability of:
+ Original building materials;
+ Original documentation;
+ Traditional craftsmanship or skills
+ Sophisticated technologies;
+ Financial support.

= = High damage sensitive UB

High damage sensitive Mean

= - =High damage sensitive LB

Restorability Index (%)

3
Damage Level

D Avala, D. F..etal.(2006). A conceptual model for Multihazard assessment of the vulnerability of historic buildings. SAHC 2006, M{\W.
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» Resilience is the ability of a system to resist, adapt to, and recover
from exposure to damaging events:

A\

Recovery Is defined by time and cost needed or prescribed to go back to
pre-event functionality level

STRUCTURAL RECOVERY
» Robustness 6o
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» Resilience is the ability of a system to resist, adapt to, and recover
from exposure to damaging events:

» Recovery is defined by time and cost needed or prescribed to go back to
pre-event functionality level

VALUE RECOVERY
» Robustness 120
> Rapidity 100
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Process of recovery

» Tagging

» Debris clearance, documentation and storage IEIEIRLATE
» Shoring / Demolition

» Documentation + Monitoring +Analysis = SHORT TERM

Understanding

Review and definition of new/continued function
Preliminary Design of restoration and strengthenin
Approval process + Funding MEDIUM TERM
Detailed design

Site construction and modifications on site

ViV V Y|V V

Monitoring LONG TERM

v
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CONSERVATION PRINCIPLES

* Preservation of Structural Authenticity and Integrity
» searches for significant data and information
* identification of the causes of damage and decay
« choice of remedial measures
« implementation and monitoring of effectiveness

« Enforcement of Structural Reliability

« Optimal Intervention: one that balances the safety
requirements with the protection of character-defining
elements, ensuring the least harm to heritage values”,
(ISO/TC96/SC2, 2010)

« Design should be a direct consequence of the safety
judgement

* Remedial measures should address root causes

« Compatibility, durability, reversibility, monitorability of
interventions
« Act as sacrificial elements
« Extend the life of the building
* Be retractable
* Be possible to observe the +/- effect on original and amend

+ ICOMOS/ISCARSAH Recommendations for the Analysis and Restoration of Structures of Architectural Heritage, (ICOMOS/ISCARSAKI, 2003)

* Annex on Heritage Structures of ISO/EDIS 13822, (ISO/TC96/SC2, 2010)
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How to strengthen?

KNOWLEDGE FRAMEWORK FROM SEISMIC CODES
LEVEL OF KNOWLEDGE |» CONFIDENCE FACTOR

B RN e N N - =R

SEISMIC INTENSITY MEASURE

Peak Ground Acceleration

E Non linearFE. models /pushover

I 0

I I

I 0

I I

I I

0 I . o .
! Linear spectra B ' ElasticFE. models /[static analysis
I I

' Nonlinear spectra :

I I

0 I

|:| . Ll .
Accelerogrammes : Non linearFE. models/ time history
e U 1 e s s s 5 s o

RISK | INTERVENTIONS I
Ratio of demand/capacity

“ Strength

Performance based criteria, drift Ductility

Energy dissipation/
Damage control

Life cycle analysis
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KNOWLEDGE
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DAMAGE STATISTICS

Earthquake Magnitude
\YAW

Pisco, Peru’, 2007 8.0

L'Aquila, Italy, 2009 6.3

Maule,Chile, 2010 8.8

Christchurch, 7.1

NewZealand, 2010 -2011

Great East Japan 9.0

Earthquake, 2011

Emilia, 2012 59 +5.8

Bohol, Philippines 2013 7.2
Nepal 2015 7.7

% of historic Losses
buildings severe

damaged

80% 240 ML$ ?
54% 16 BLE?

75% 290 ML $ ?
40% 15BL$ ?

744 US$235 billion,
27% 1965M€

60% 89.4 ML$

700 200ML$ (heritage only) WB
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VALUE OF DESIGN ACTION FOR RESTORATION

» Concept of improvement
» Concept of upgrading

» NZ Guidelines indicate that for building that have capacity
<1/3 of normal building they should be designed for 0.75 of
design action

» Reuvision of Italian standards voted by Consiglio superiore
Lavori Pubblici (14/11/2014)

» Improvement: for buildings in class 2 & 3 the capacity to
demand ratio should be >0.10

» In the reconstruction in L’ Aquila the capacity to demand ratio
upper threshold was set = 0.6

Ministero LL.PP..Bozza di Revisione per le Norme Techniche delle Costruzioni . November 2015
NZSEE Guidelines for the Assessment and Improvement of the Seismic Performance of Buildings in Earthquakes —Section 3 — November 2013
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FIELD: WHAT DOES NOT m

ORK
» Poor performance of shotcreting : Chile
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CE OF RING BEAMS AND STIFF
DIAPHRAGMS . L’AQUILA
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- TO TOTAL COLLAPSE OF FACADES

Chile New Zealand Philippines
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R A DIAGNOSTIC APPROACH

Ay  Collaborative & interdisciplinary

 Visual interaction

 Easy-to-use

Onsite data collection @ Archival research

Preliminary Diagnosis

<~
Testlng

—_
kMateria%racterisation

Structural Aw

Detailed Dlagnosis

O
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ERIA

Connections  Masonry Deterioration
Fabric

Interaction

Resilience
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Tie Beams
Walls Floors

Roof

Base course

v/
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Preliminary Diagnosis

Aims to give direct testing/modelling strategy

For each macroelement we look in MACROELEMENTS VARIABLES
i . Resili Defterioration | Interaction | C fi M

turn at each variable: e5|\|/e]nce eenv02ro ion ner\(/Jézion onn\ii:ions o\s;;nry
« Relevance (how influential is the—uecase—s, 8_ +

variable?) P
« Nature of the variable (positive TieB@/

negative) i
» Level of confidence (percentage)/ Roof

In this jJudgement i

D C B A

Influential
but not
significant

Negligible

influence Significant Critical

A
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lagnosis Casa Arones

VARIABLES
MACROELEMENTS | pecilience | Deterioration | Interaction | Connections | Fabric
v V2 N V4 Vs 100% -
B +| D -l A - B
90% |
Base Course 70 80 70 80 confdence (%)
A +| C - B - A n 80% -
Arcades Level af v
T0 60 40 40 confidence (%) & 70% -
Tie B B +| D - A w | €+ L
1€ beams vel o
80 60 60 60 ey o 60% |
- A -] ¢ - |B o
oor %0 75 70 e © 0%
A - D - B - B H- L=
S 40% -
Roof 80 75 75 40 E T B
A - D - | c A B+ = 30% -
Adobe Walls —_— 7] ?
80 80 80 70 80 confidimee (60 ()
= —— — = — — . 20% -
10% -
0% -

Resilience Interaction  Connections Masonry Fabric

Distribution of influential classes and
their nature for Casa Arones

Interaction between floor

beams and adobe wall W
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Using data from;

Numerical models;
Analytical methods;
Experimental tests;

Non-
destructive/Semi-
destructive testing;

On-site observations.
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Detailed Diagnosis

L ocal criteria

Global criteria

1. Regularity in elevation;
2. Regqularity in plan;

3. In-plane and out-of-
plane drift.

f

Resilience

1.

2.

Stability of the elements®—— Resilience

Maximum stresses and
strains at interfaces;

Occurrence of crackirg< Resilience
Interaction
Layout of masonry fabri
\ Quiality of

Failure of Co% e Tl oy i
Connections

Interaction

SR,
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gularity in elevation & plan

TABLA N° 4

. P e ru S e iS m i C STRUCTURAL IRREGULARITIES IN HEIGHT
L C O d e E . 0 3 O Stiffness Irregularities — Soft Floor

08 In each direction the sum of the transversal sections of the vertical elements
' resistant to shear in any story, columns and walls, is lower than 85% of the
corresponding sum for the superior story, or is less than 90% of the average

] 1 I ] sum for the three consecutive stories. It is not applicable to basements. For
27 buildings which have different story heights multiply the values mentioned
37 - 2]7 2[7 217 above by (h/hg), where hy is the different story height and hi is the typical

story height.

F1.84 17 1.6~ =17 81

Mass Irregularity
It is considered that mass irregularity exists when a story mass is higher than
150% of the mass of the adjacent fioor. It is not applicable to basements.

Vertical Geometric Irregularity
F E M A 3 6 5 The dimension in plan of the structure resistant to lateral loads is higher than

130% of the corresponding dimension in an adjacent floor. It is not applicable

273 i A S C E 4 1 _ O 6 to basements or rooftops.

Discontinuity in Resistant Systems.
Qut of line in vertical elements, due to orientation change or by a
displacement with a higher magnitude than the element dimension.

44 1.7 1.7+

4.2.3.2 Criteria for regularity in plan

(1} For a bullding to be categorised as being regular in plan, it omms sewary en e
conditions listed in the following paragraphs.

(2} With respect to the lateral stiffness and mass distnbution, the building strecture

shall be approximately symmetrical in plan with respect to two orthogonal axes. N Z E E U R M

(3} The plan configuration shall be compact, e, each floor shall be delmmited by a Code 2006
olygonal convex line. [f in plan set-backs (re-entrant corners or edpe recesses) exist,

ft;ﬁliityhuplmmystiﬂlfcmnsi' ( T S '] !

backs do not affect the floor in-pla Table 3.4: Guide to S“ar".? of critical structural weaknesses

between the outline of the floor and |

not excesd 5 % of the floor area.

Effect on strucharsl perfomancs

: . Critical atructural wesknass Suvare | Significan Ingignificant
(4} The in-plan stiffness of the 0
the lateral stiffness of the vertical g |70 reguiante
floor shall have a small effect on | |L-s@oe, T-shape, E-shape Two or morn wings lergty’ | O wing lengthiwdth = 3.0 Al wings lengthfsidin
. 1 L width = 3.0, or cne wing =30
structural elements. In this respect, th angthiwidih =4
Mm!‘lﬁd, n.utahl}' a8 cone the « Lorg rafiony Duiding whans = 4 s bidg, Width = I limas bidg, Widih 401 bidg widin
) i o uiding f b A 1 il S mes b
mmpu.ra]:lllc to that U!jﬂ“ central part | ;pac s o fateral inad resising
The application of this paragraph sh | semerts s ..
building. Tarskon [Gormer Buikdng) Massicerire of figidty offset | Massicentre of rigdity offset > | Massioerire of rigidiy
= (1.5 wichih 0.3 wichih el < 02 widih o
erfiociive forsonal

resstanos avallatie

EN 1998'1, ;ﬁ:-:ﬂm
2004 T

et | Glearly grovped, cleary an | Apparent colective influence Mo ar siight influence
T Fearrgn, alaies, wals, 287 |influans

prarlifiors

Vaortical irnsguilanity

Eoft storey Lateral stitness vanes Lateral siffress vares 100 Lateral stiffness vanes
= 150% 150% = 1005%
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Global Criteria: in-plane and out-of-plane drift

In-plane drift (%) Out-of-plane drift (%)

Source Damage | Significant Near Damage Significant Near
Limitation Damage | Collapse | Limitation Damage Collapse

D’Ayala (2013) (Masonry
\FIQV:!L?I)tS for combined - ] ] 0.030- 0.099- 0.198-
behaviour of the FaMIVE 0.168 0.582 1.401
procedure.

D’Ayala (2013) Based on

) : 0.18-0.23 | 0.65-0.90 | 1.23-1.92 0.33 0.88 2.3
review of experimental work
0.011(H,/D
Eurocode 8, Part 3 Shearforce | o, 06 | o533.0g | Shearforce O-SOOS(Sf/ZD) ) to
(EN 1998-3, 2005) capacity o ' ' ranacitv ' N 1R(H_/N)

0.35

Out-of-plane response of KT walls
——
0.30
‘f' / DS of Significant
/, " 7 Damage

0.25 [ f ’ o (EN 1998-3]2005)
—_ [ [ s
5 [ rd — Wi .
- /[ ’ : DS of Significant
g 0.20 J ! Near e W2 Damage | |
ﬁ - Collapse -——=-WI3 (D'Ayala, 2013)

[ - (EN
g 015 ! 1898-3, wia ™
QO 2005) wii1
& %, e —WIiL2
P
0.10 ?f a— —  =WIL3
e WIILA
”: ps‘ ngage WIIL2
0.05 -/fr— (DAyala | ---w3
] 2013)
0.00 L L " L n . L
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Drift (%)
74 V V474
| 44 >
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. connections

Prosopis sp. / Fabaceae

{7
| ! ém{wnﬁa Seccion Transversal

OdOYIVHTV ‘ODNVIVNH

Corte Radial 40x

[mage: Universidad La\4/I/V‘
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 Homogeneity of the fabric;
« Shape ratios of units;

* Overlapping of units;

* Thickness and filling of the joints and quality of the
mortar.

ok
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Nature of the variable
ositive or negative ’
(p gative) ~—__ .'

i
Level of :
Conﬁdence \ deterioration Resilience || Resilience
+ OiR Positive || Negative
Relevance
interaction i i >— :
|
+, Ci,R -, Ci,R +, Ci,R -, Ci,R |
|
|
|
+, Ci,R +, Ci,R +, Ci,R +, Ci,R :
|
|
|

v/

g
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IS of Casa Arones

ARCADES ADOBE WALLS
BA OURSE ROOF

TIE BEAMS FLOOR
-
85%, A 85%, A

deterioratio deterioratio 100%, A
n n
100%, A _ .
ARCADES 6 65%, C
TIE BEAMS BASE COURSE

interaction ADOBE

WALLS
o ROOF
| S ADOBE FLOOR
WALL
TIE BEAMS | OO ES%:R
ARCADES r OOR
65%, C
50%, B 50%, B 85%, C
50%, B 75%, D l
\l,o 50%, B \l/ \l, \l/

| 90%, C ‘4/I/l/| |
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-IONS AND RECOMMENDATIONS

ITALIAN GUIDELINES: OPCM 2008-2011

» Out-of plane failure prevention. Ties and anchors in two orthogonal directions to connect
orthogonal walls, floors to walls, vaults to walls. Ring beams: conventionally in reinforced concrete,
but reinforced masonry or steel preferred. External wrapping and confinement using FRP can be
seen as an alternative. Anchorage is a problem.

» In-plane strengthening and stiffening. Grouting to improve integrity and coherence of walls.
Reinforced core grouting only in extreme cases of very poor coherence of the wall’s leafs.
Shotcreting should also be avoided

» Improving diaphragm action. In timber floor and roofs by means of double layers of planks or
thin mortarcrete topping and connection of joists to walls by anchors. Vaults should be strengthened
by including spandrel walls. Extradossal use of FRP strips is acknowledge but not recommended

Connettori in fibra di acciaio J‘
\ \ 1 R =
yitsle %

ottonato a singolo fiocco T P
FIDSTEEL Connector B | N

installato con resina |/ f / fiocco sotto
epossidica FIDSATURANT intonaco
HM. li singolo connettore & T }»—wi,,,,,j———r— 'j',f} S /7
composto da 110 trefoli. e

L

Tirante in aderenza con tessuto in fibra di s ,;‘i.: S I
acciao ad altissima resistenza FIDSTEEL \— B {
3X2-B20 installato mediante resina
epossidica FIDSATURANT HMT

A
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and Improvement of the Structural 4
ldings in Earthquakes, June 2006

Relationship between strengthening and earthquake damage,

> In'plane Strengthenmg —1.e. concrete shear walls and 100 heritage buildings, Christchurch, January-June 2011

facings, concrete frames, braced steel frames, infilling \
openings, plywood faced shear walls.

»  Face-load strengthening — i.e. Floor, roof and ceiling |
ties, rosehead washers, mullion supports, parapet bracir
cantilever columns, composite fibre flexural strips, butt
or propping, helical steel through ties, concrete overlay

» Combined face-load and in-plane strengthening — i.e
Vertical and/or horizontal post tensioning, deep drilling
reinforcing of walls, grouting rubble filled walls, concre
overlay walls.

Number of buildings

»  Diaphragm strengthening —i.e. plywood overlay diap
boundary connections, chords, drag ties, steel flat overl
concrete topping overlays, roof and ceiling diaphragms,

Bracing or ties only
Partial strengthening
Earthquake strengthened

»  Chimney, towers and appendages — i.e. securing chin
and towers to diaphragms and/or walls, wire tying

Heritage Buildings, Earthquake Strengthening and Damage, The Canrerbury—\M/V\

o Earthquakes, September 2010-fanuary 2012 |
@» i UCLENGINEERING THE WORLD BANK
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OM THE FIELD: WHAT WORKS
EFFECTIVE TIES and PEGS

Philippines
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» Fabric integrity
» Diaphragm action
» Box like behaviour

» Out of plane control

PlCentre) ﬁ UCL ENGINEERING
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L’AQUILA

A
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BRACING OF ROOF DIAPHRAGM

e i
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FORCED CORE GROUTING
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Active Masonry Confinement av svsTev) [ETTToq I

» As an alternative to shotcreting,
more ductile, but very invasive,
very labour intensive and non
retractable

N
uur\a UI U LC0.0. u

Ponzo et al. 2011., Proceedlngs of the Ninth Pacific Conference on Earthquake Engineering ‘4/I/V|
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\M System implemented on site
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» Friction system

LOPED BY UCL/CINTEC

Load [kN]

A2

Displacement [mm]

—FL=17.5 kN
—FL=15 kN
—FL=125kN

= 1
o 20 =7 !
8 20 - 1l ,y
S| L lse—— e
== T t
e Il I
.
|
5 H—
1’ !
© T T T
-2.00 0.00 2.00 4.00 6.00 8.00 10.00

Displacement [mm]

12.00

{ { UCL ENGINEERING
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m
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e

Strain
Tensor Y=Y
mm/mm

0.0003802307
0.000334787

0.0002693433
0.0002428996
0.0001984559
0.0001530122
0.0001075685
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INITIAL DIMENSIONING OF TIE ELEMENTS

All fixed components are designed for Near Collapse

MIn(FsteeI’ I:a/b bond: I:b/p bond: I:masonry)>|:DU

2) Fsteel: tensile
capacity of
metallic bar at
yielding [kN]

iy
Ve
N

Fstee=71 kN (for M16 threaded bar - values
stated by producer)

Fsteer=71 kN; calculated as:

FsteeI:fyA
with fy yielding strength of steel and A
net cross sectional area of metallic
profile (EN 1993-1-1:2005)

[MPa]
calculated
on
cylindrical
surface of
embedded
bar

3) fy an: bond strength anchor/binder

Calculated as: fb ab=Fsm bond/AsteeI
with Feb bona recorded load at failure and
Asteer CYlindrical lateral surface calculated
as: AsteeI=Tr|dpitch
with | embedment length and dpich pitch
diameter of steel bar.
For pull-out tests of M16 threaded bars
from 550 mm long grouted socks:

fb a/b:2-07 MPa (COV 4%)

fo ap=

3.4 MPa - design value suggested in
BS 5268-2 for tested binder, bar
diameter and type of bar

2 MPa — design value suggested in
EN 1996-1-1:2005 for tested binder and
type of application

4) fb bl/p- bond
strength
binder/parent
material [MPa]
calculated on

Calculated as: fb b/p:Fb/p bond/Ahole

with Fpjp bona recorded load at failure and
Anote inner cylindrical surface of drilled hole
of length |I. For pull-out tests with vertical
load on masonry specimens oy:

Calculated as:  fp pjp=fu=Tvk,0+0.40¢

with  fuo initial shear strength
(calculated through experimental
results) and oy vertical load (EN 1996-

1-1:2005).

cylindrical ¥ \ ' ‘
surface of ’ | [mm I fo bip [MP o4 [MPa fo bp [MP&
grouted socket N mm] [MPa] o [MP2] + [MPal > o [MPa]
Brick masonry, 0.70 0.67 (CoV 8%) 0.7 0.52
f.=6.7 MPa, 350
£.=0.7 MPa 0.07 0.57 (CoV 18%) 0.07 0.27
Brick masonry 0.10 0.26 (CoV 34%) 0.10 0.08
f.=3.1 MPa, 220
£-0.33 MPa 0.05 0.4 0.05 0.06
v Vv
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TEM COMPONENTS

.‘ Target perfarmance points(7)
=ntersection of copacity curve and design spectra
OL: Damage Limitation, 208 n 50 years
50 Structural Damage, 108 n 50 years
NC: Mear Collapss, 2% n 50 years

Define a prelminary Il of the | anchers on
the walls wulnerable to overbuming mechanisms

mn a meda analysis and o nen—linear time—history|
anelils of the structars reinforesd by standard anchers Structurd performance,|
= darmage stoles of the Structure
G2 light structural domage
3 moderate structural damage
G heavy structural damage

anchor according 2o main modal shape, s0 a5 to identify structure
ity (k) and siruciural response at limit states (i}

eteirnine. dsplacement, &0, L and 1N, o, | experierced by eadh ‘

acting en ancher: Calcdate sesmic energy of wal poriion restraned by ancher:
! fo,j=Mj*e, | [ ED, j=Fo,j*dD, j= WjraD, j*do, |
! for eery limit state T and performance paint K 4 [ for every limit state " and parformenes pont k"
| M} mass of the portion of wal constraned by the anchar | | b, } harizertd displacement of anchar
H ab, ¢ herizontal gccelsration for_anchar " i o, } horizontd displocement of anchar J
1 [} I I -
| | )
: : : Fit
r
.
! N 1 ! ! Design hysterefic device: Design frictional device:
1 [ Fpield = fypieid * Ayeld [WN] Fir=n* a4+ F[]
Caleulate wrench capacity: Calealate eone pull-out capaelty | | fygeid yiddng strength of device [NPa] ne Na frietlon surfaces f=‘1}
Faranch = thya ¢ Aarench W] ; Feane = fu ¢ Aeene [1N] ; Ayis: cross section areq of devics [mm’] [ |9 = R/ Fu
! Awrench=rtr it {atb )t faiure surace [mm’] Aeoree letterad surface ares of trunk cone [mm’] " F.: pepmdicda force oo friction plated FS
- equivdent rodus cr dstance o edge [mm] fuk shear strength of parmt material [W¥a]
| e Mo of masary unfis per square metre ot wal | | 4 FAE Fudd < FDL G2 [ 5
1 wrfoce [1/mm] [ "‘ﬁ' 7
i t: val thickness [m] i F ks Clven the devee F—d earve and ossiming
| Lh: hmn:}:w h:":,::,.'.m Sl ?u';':? frm) T | | 1 that the enercy ED, | must be dissipated by Calculate dosice displacement:
! i FL. i = |a hysterstic cycle, defermine 4 0, j [mm] AL, j= Fa/ ED, j [mm]
| = —r— | | 7 Fif
! - F. i < Frrasobry = FALSE 1
! min{Frerch, Feane) [ al
| r | | »
- — - d [mm,
HE Caculate binder fparent materid bond copacity i A\ [ ]
' Fh,n'pbmd:hlouuz[u.n] 4 for eeery 17 and every K
| St aurfuce area of driled canity [mm®] | | A0 K€ Amae [mm] A0, K[ < A rar [mm]
h grood 4 ] device dspl 1, mum device b
! o FASE equul to 5% elongation fixed by mechanical stops FALE
| == 1) < P bt = TAE 5 » | | e "§|/
| THE V1 [ rebe Frem
| ¥ =N 1 | fnction of Exyl
S
| _f-";;'a | | a[q] Standard anchors
| — = [ I
1 [} - - [T i
Tdeulare arehar rol/bhds bond : T grout peam T + =, Disspative
| T S ]| pomas i T
1 Agtest surface area sted rod [mm'] byt end plate surface area [mm”] [ pal Cemand reduction I:drll:“reltmt-:funcnw Ieu:la -men:wm :}EP—
' f2_binder compressie strength [WPa] L thanks to ductitty e Tl e rhtie
| | | 0.003: limitation on drift for URM buidlings [-]
! P P, 1 < Fat band It T - SN
| e |
“-*
Calculate sted ity
: et o Hige Foit pltes. I thist r:,:.d!_ e h [m]ﬂ]f “ : :
lease, grouting ia not reeced and | : y |
| L\:» umn: Imt‘:hahw ;n: & cross sectional area of stnd[w:ilr [rm*] | |
52 erial some sariabions fo ¢ ielding strenath of sted T, 1] < 0008 * bt 4
! dnanirky presdrs dtou i < el diftetence between tno anchors =55 3
; £ wl thickness
| e e b s | <FT < FEE ) | |
1 TRUE [
— ! [ faim(an, 1) < OO0 bt 4
t level difference between two ancho
| < Tt B To T _FSE L [Fefuer by | | vl thichrass "
! diameter "




ORING

The oratory of S. Giuseppe dei Minimi in L'Aquila Italy

Existing damage

Hysteretic device

Accelerometer

A Sl —— A

?\/ ‘ ﬁ\

Grouted section of anchor Stainless steel @®): Position of strain

S

threaded bars gauges bridges
Side wall Front wall
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The earthquake engineering community has shown increased sensitivity
towards the importance of preservation promoting research in new assessment
and strengthening methods

Public cultural differences exist and cannot be ignored when devising policies.

Recent initiatives such as the ICOMOS New Zealand Charter 2010 (ICOMOS
2010) show a change in perspective and perhaps a different acceptance of risk.

Much training and education of professional engineers is needed to ensure that
the shift in design emphasis from force to energy and displacement
requirements is fully understood. Similar training is also needed for contractors

In the field still far too often upgrading is pursued in terms of increasing strength
and stiffness and some assessment criteria are far too conservative.

The economics of developing and installing dissipative devices, can be
overcome, as shown by the prototype devices which can be manufactured in
small sizes and at costs which is affordable in the retrofit of heritage buildings,

as well as more prestigious landmark.
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