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Procjena: Gradevinski inzenjeri su odgovorni za izgradenu okolinu. lzuzev projektiranja novih
gradevina, odgovorni su i za odrzavanje pouzdanosti postojeCih gradevina. Procjena stanja
ukljuCuje sve aktivnosti vezane uz potvrdivanje pouzdanosti postojeCih konstrukcija za buducu
uporabu

Pregled i ispitivanje Nadogradnja Verifikacija
Pregled i ispitivanje: ispitivanja gradevine na licu mjesta. Prilikom detaljnog pregleda prikupljaju se

informacije o gradevini, nakon ¢ega se provode i ispitivanja materijala u laboratorijima te se na
temelju tinh podataka odreduje osnova za analizu konstrukcije i potvrdu njezine pouzdanosti.

Nadogradnja (updating): Svi novi podaci vezani uz ponasSanje konstrukcije, djelovanja na
konstrukciju, uvjete okoliSa ili svojstva materijala moraju se koristiti prilikom svake iduce analize
konstrukcije kako bi se dobili pouzdani rezultati.

Verifikacija: Na temelju analize provedene na postojeCim gradevinama potrebna je odgovarajuca
potvrda da je konstrukcijsko ponasanje i pouzdanost na zahtijevanoj razini
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Preliminarni
vizualni
pregled

Istrazivanje

Mijerenje

dokumentacije geometrije

Procjena stanja

Detaljan
pregled
spojeva

Preliminarni
izvjestaj /
Snimka stanja

postojece
. Provjera meh. konstrukcije

otpornosti i
stabilnosti

Detaljan
pregled
prethodnih
rekonstrukcija

Glavni projekt

Detaljan

projekt

buducih
intervencija

Stepinac, M., Raj¢i¢, V., Barbali¢, J.: Inspection and condition assessment of existing timber structures, GRADEVINAR, 69 (2017)
9, pp. 861-873, doi: htips://doi.org/10.14256/JCE.1994.2017
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assessment of existing timber structures, GRADEVINAR, 69
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Vizualni pregled
Pregled dokumentacije
lednostavne provjere
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InZenjer

Pogreske
uocene

Detaljan pregled
Analize
Buduca ispitivanja

lzvjestaj br. 2

MNE

v

Nisu potrebne
intervencije

Pouzdano?

Pojacani
monitoring

Velike
posljedice

Specijalizirani laboratorij
Ekspert
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Ugovorbr. 3 | 3. faza

InZenjer s
timom
eksperata

Detaljan pregled
Posjet objektu
Dogovor s ekspertnim
timom

lzvjestaj br. 3
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Smanijiti
opterecenja

Ojacati
konstrukeiju

Srusiti
konstrukciju
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Stepinac, M.; Kisicek, T.; Reni¢, T.; Hafner, |.; Bedon, C. Methods for the
Assessment of Critical Properties in Existing Masonry Structures under

Seismic Loads—The ARES Project. Appl. Sci. 2020, 10, 1576.
https://doi.org/10.3390/app10051576
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e Temelj je za odredivanje stanja zgrade
 Besplatan je, dok je nalaz na teret podnositelja
e |zraduju ga ovlasteni inzenjer gradevine ili sudski vjestaci.
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Zahtijevani ulazni podaci

e

KONSTRUKCLJA

Identifikacija  konstruktivhog
sustava

Razrada detalja (nepravilna?)

Nekonstruktivni dijelovi

MATERIJAL

Identifikacija materijala
Nedostaci materijala

Mehanicka svojstva

UPORABA

Opis uporabe

Ponovna identifikacija
uporabnih opterecenja

GEOMETRIJA | ARHITEKTURA

Dimenzije
Presjeci
Vrijednost zgrade

Bastina + umjetnine

IZVORNI PRORAGUN

|zvorni kriteriji proracuna

Q faktor ako je moguce

0STECENJA

Podaci o ostecenjima i
proslim popravcima
Prosli potresi i ponasanje
zgrade

10
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OGRANICENO RZ1

Razina znanja

UOBICAJENO RZ2

GEOMETRIJA 0
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MATERIJALI e
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OGRANICENO RZ1

Lokalne provjere

Linearni modeli dopusteni

=
Wewp mER 47

Norway granits —

GEOMETRIJA

DETALJI

MATERLJALI

|z jednostavnog snimka ili arhivskih nacrta

Ako postoje odstupanja potrebno detaljno provjeriti geometriju

Konstrukcijski detalji nisu poznati iz nacrta

Detalji se pretpostavljaju prema stilu i vremenu gradnje

Ne postoje saznanja o mehanickim karakteristikama materijala

Karakteristike se pretpostavljaju prema stilu i vremenu gradnje

12



l N,zEB  RZ2

== TRENING CENTAR
-?”

UOBICAJENO RZ2

Provjera konstrukcije

Linearni i nelinearni modeli
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GEOMETRIJA

DETALJI

MATERIJALI

|z opseznog snimka ili arhivskih nacrta

Ako postoje odstupanja potrebno detaljno provjeriti geometriju

Konstrukcijski detalji su poznati iz opseznog in-situ pregleda

Provesti ogranicen pregled kriticnih detalja

In-situ ispitivanja mehanickih karakteristika materijala

Ogranicen broj ispitivanja

13
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Iz sveobuhvatnog snimka i arhivskih nacrta
GEOMETRIJA Ako postoje odstupanja potrebno detaljno provjeriti geometriju

POTPUNO RZ3

Konstrukcijski detalji su poznati iz sveobuhvatnog in-situ pregleda

DETALJI

Provesti ogranicen pregled kriticnih detalja

Provjera konstrukcije

Linearni i nelinearni modeli MATERIJALI

In-situ sveobuhvatnih ispitivanja mehanickih karakteristika materijala

Ogranicen broj ispitivanja

i Pl Norway grants
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Materijalni podaci:
Vizualni snimak, potpuni snimak, detalji, ogranieni, opsezni i sveobuhvatni pregledi in-situ

Tlacna, posmicna i vlacna Cvrstoca te moduli elasticnosti i posmika.

Preporuceni najmanji zahtjevi za razliite razine pregleda i ispitivanja

Pregled (detalja) Ispitivanje (materijala)
Za svaki tip primarnih elemenata (greda, stup, zid)
Razina pregleda i ispitivanja Postotak elemenata za kontrolu detalja Uzorci materijala po katu
Ogranicena 20 1
Opsezna 50 2
Sveobuhvatna 80 3

'i_E|Hp 'Lai.;’::“‘”’[EL rr

Norway grants
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Materijalni podaci:
SREDNJE VRIJEDNOSTI MATERIJALA dobivene in-situ ispitivanjem dijele se s FAKTOROM POVJERENIJA (FP)

FP., =135
FP., = 1.20

FPr,; = 1,00.

.i_EIHP wwarlls

Norway grants
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Metode procjene stanja i istrazni radovi

NDT Method Devices/Test What Is Measured? How Is It Measured? References
Cuality of masonry
Visual (mechanical parameters, Without a device, using a
inspection ! dimension, shape), base/set of rules (ie, Masonry Borriet al. [27]
pec mortar and wall quality index-MQI)
connections
. A predefined number of testsis ~ Breysse and
x::;::x“&i?: of Rebound hammer E]Z;t?\isﬂ;;:mﬁ:;f conducted in both horizontal Martinez-
hardness (Schmidt hammer) and built masénrv and vertical direction (with a Fernandez [258],
N calibration needed) Sykora et al. [29]

The device is placed on the

measured surface and moved
Measurement of  Ground Location (depth) of along a linear axis (witha Agred, Klysz
reinforcement Penetrating Radar oca ion (depth) o calibration needed), and Balayssac

X reinforcement . X . - N

location (GPR) transmitting radio wave signals ~ [30]

into a structure and detecting

echoes

UPV-two transducers are placed

Ultrasonic Pulse on two sides of the specimen

Stress wave Velocity test (UFV) Compressive strength of after which the time of wave

transmission

test/Resonant
frequency test
(RF)

concrete or masonry

travel is measured RF-a
piezometric sensor is used with
different attachment techniques
to obtain resonant frequency

Sajid et al. [31]

Ultrasonic
velocity testing

Impact hamnmer
and accelerometer

Characterization of
masonry wall
homogeneity and
variability

On opposite sides of the wall, an
impact hammer and an
accelerometer are placed. The
mechanical impulse is generated
by the hammer striking the
material and the signn]' is then
received by the accelerometer.

Mesquita et al.
[32]

Sonic velocity
testing

Impact hamnmer
and accelerometer

Location of
heterogeneities, voids or
inclusions of other
materials in masonry
elements

On opposite sides of the wall, an
impact hammer and an
accelerometer are placed, after
which the mechanical impulse is
generated by the hammer
striking the material and the
signal is then received by the
accelerometer

Martini et al.
33
Valluzziet al.

[34]

The device is placed on the

Location (depth) of - Martiniet al.
Surface Ground reinforcement, thickness :;Eisuﬁfn::[::fs CE:‘: tEI?Ed [33]
penetrating Penetrating Radar  of elements, position of ‘alibgmtion l-ed) transmittin Wai-Lok Lai,
radar (GFR) voids and moisture e - . & Dérobert and
tent radio wave signals into a Annan [35]
con structure and detecting echoes o
Iceland Lry r
Liechtenstein l-
Norway grants e

applied
e SCiences
Review
Methods for the Assessment of Critical Properties in
Existing Masonry Structures under Seismic
Loads—The ARES Project

by

Mislav Stepinac 1*(, Tomislav Kisicek 1, Tvrtko Reni¢ ', Ivan Hafner ' and Chiara Bedon 2

1 Faculty of Civil Engineering, University of Zagreb, 10000 Zagreb, Croatia;

tomislav. kisicek@grad. unizg.hr (TK.); tvrtko.renic@grad.unizg. hr (T.R.); ivan.hafner@grad.unizghr (LH.)
Department of Engineering and Architecture, University of Trieste, 34127 Trieste, Italy;
chiara.bedon@dia.umts.it

*  Correspondence: mislav.stepinac@grad.unizg.hr

check for
Received: 12 December 2019; Accepted: 19 February 2020; Published: 25 February 2020 updates

Abstract: Masonry structures are notoriously vulnerable to horizontal actions caused by earthquakes.

Given the high seismicity of the European region, and that the European building stock comprises a lot
of masonry buildings, knowledge about their structural response to seismic excitation is particularly
important, but at the same time difficult to determine, due to the heterogenous nature of materials
and/or constructional techniques in use. An additional issue is represented by the current methods
for mechanical properties assessment, that do not provide a reliable framework for accurate structural
estimations of existing buildings characterized by different typological properties. Every structure,
in other words, should be separately inspected in regard to its mechanical behaviour, based on
dedicated approaches able to capture potential critical issues. In this review paper, an insight on the
Croatian ARES project is presented (Assessment and Rehabilitation of Existing Structures), including
a state-of-the-art of the actual building stock and giving evidence of major difficulties concerning
the assessment of existing structures. The most commonly used techniques and tools are compared,
with a focus on their basic features and field of application. A brief overview of prevailing structural
behaviours and Finite Element numerical modelling issues are also mentioned. As shown, the general
tendency is to ensure “sustainable” and energy-efficient building systems. The latter, however, seem
in disagreement with basic principles of structural maintenance and renovation. The aim of the
ongoing ARES project, in this context, is to improve the current knowledge regarding the assessment
and strengthening of structures, with a focus on a more reliable design and maintenance process for
existing masonry buildings.

Keywords: structural assessment; masonry buildings; earthquakes; seismic loads; existing structures;
reliability; rehabilitation; risk
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Sklerometar

NDT Method Devices/Test ‘What Is Measured? How Is It Measured? References
Caality of masonry
Visual (mechanical parameters, Without a device, using a
inspection ! dimension, shape), base/set of rules (i.e., Masonry Borriet al. [27]
mortar and wall quality index-MQI)
connections
. A predefined mumber of tests is ~ Breysse and
ﬁ':ﬁ“m';m&: °f " Rebound hammer E‘;‘;’gﬁ”ﬂ'ﬁ:ﬁ“ﬁf conducted In both horizontal  Mattincz-
hardness (Schmidt hammer) and built mas.c;nry and vertical direction (with a Fernandez [28],
calibration needed) Sykora et al. [29]
1
measured surface and moved
Measurement of  Ground Location (depth) of along a linear axis (with a Agred, Klysz
reinforcement Penetrating Radar minforuem:fl calibration needed), and Balayssac
location (GFR) transmitting radio wave signals 30]

into a structure and detecting
echoes

Stress wave

Ultrasonic Pulse
Velocity test (UFV)
test/Resonant

Compressive strength of

UPV-two transducers are placed
on two sides of the specimen
after which the time of wave
travel is measured RF-a

Sajid et al. [31]

fransmission Cconcrete or masonry . . . .
frequency test i piezometric sensor is used with
(RF) different attachment techniques
to obtain resonant frequency
On opposite sides of the wall, an
Characterization of impact hammer and an
. accelerometer amre placed. The .
Ultrasonic Impact hammer masonry wall A . Mesquita et al.
. ) - mechanical impulse is generated
velocity testing and accelerometer  homogeneity and . [32]
N Lo by the hammer striking the
variability o P
B material and the signal is then
received by the accelerometer.
O opposite sides of the wall, an
Location of impact hammer and an
heteropeneities, voids or accelerometer are placed, after Martiniet al.
Sonic velocity Impact hammer B® . which the mechanical impulse is  [33]

testing

and accelerometer

inclusions of other
materials in masonry
elements

generated by the hammer
striking the material and the
signal is then received by the
accelerometer

Valluzzi et al.
34]

Surface
penetrating
radar

Ground
Penetrating Radar
(GPR)

Location (depth) of
reinforcement, thickness
of elements, position of
voids and moisture
content

The device is placed on the
measured surface and moved
along a linear axis (with a
calibration needed) transmitting
radio wave signals into a
structure and detecting echoes

Martiniet al.
[33]

Wai-Lok Lai,
Deérobert and
Annan [35]

19
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Sklerometar za mort

NDT Method Devices/Test What Is Measured? How Is It Measured? References
Cuality of masonry
Visual (mechanical parameters, Without a device, using a
inspection ! dimension, shape), base/set of rules (i.e, Masonry Borri et al. [27]
pee mortar and wall quality index-MQI)
connections
. A predefined number of tests is ~ Breysse and
Measurementof - gebound hammer C“‘F'e’“m‘:]?;'““ﬁﬂ‘ of  conducted inboth horizontal  Martinez-
¥ (Schmidt hammer) and b .}] m and vertical direction (with a Fernandez [28],
Y calibration needed) Sykora et al. [29]
1
measured surface and moved
Measurement of  Ground . along a linear axis (with a Agred, Klysz
reinforcement Penetrating Radar mﬁ;ﬂlh) of calibration needed), and Balayssac
location (GPR) transmitting radio wave signals  [30]
into a structure and detecting
echoes
UPV-two transducers are placed
Ultrasonic Pulse on two sides of the specimen
Velocity test (UPV) . after which the time of wave
S ‘:;:n test/Resonant E;lhpl;?-:::::::rgﬂl of travel is measured RF-a Sajid et al. [31]
frequency test ¥ piezometric sensor is used with
(RF) different attachment techniques
to obtain resonant frequency
O opposite sides of the wall, an
Characterization of ilflp':t ham;'ner am: a:;j The
Ultrasonic Impact hammer masonry wall au:e] m_rf'lel 3 ! az P ? : ted Mesquita et al.
velocity testing and accelerometer  homogeneity and 27 IMPLUSE 15 geneTa [32]
variability by the hammer striking the
material and the signal is then
received by the accelerometer.
On opposite sides of the wall, an
I . impact hammer and an
helrrtclnonrc::iries voids or accelerometer are placed, after Martiniet al.
Sonic velocity Impact hammer incha F i ti’ier which the mechanical impulse is  [33]
testing and accelerometer mcirs_mlns_ ote generated by the hammer Valluzziet al.
O striking the material and the [34]
elemen signal is then received by the
accelerometer
Location (depth) of The deviceis placed onthe  ypartin et al,
Surface Ground reinforcement, thickness along a inear axis (with a [33]
penetrating Penetrating Radar  of elements, position of 'alirl::gratiﬂn jed) transmittin Wai-Lok Lai,
radar (GPR) voids and moisture :adiu wave sienals into a B Dérobert and
content Annan [35]

structure and detecting echoes

20
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NDT Method Devices/Test ‘What Is Measured? How Is It Measured? References
Caality of masonry
Visual (mechanical parameters, Without a device, using a
inspection ! dimension, shape), base/set of rules (i.e., Masonry Borri et al. [27
pee mortar and wall quality index-MQI)
connections
. A predefined number of testsis ~ Breysse and
::;]EE:'E:: of Rebound hammer E?,:La?ii:mﬁ;:f conducted in both horizontal Martinez-
hardness (Schmidt hammer) and built masc;nrv and vertical direction (with a Fernandez [258],
i calibration needed) Sykora et al. [29]
The device is placed on the
measured surface and moved
Measurement of  Ground . along a linear axis (with a Agred, Klysz
reinforcement Penetrating Radar :::_rcaFran {de]:;rh) - calibration needed), and Balayssac
location (GFR) transmitting radio wave signals  [30]

into a structure and detecting
echoes

Stress wave

Ultrasonic Pulse
Velocity test (UPV)
test/Resonant

Compressive strength of

CrV-Tw0 MalsaUcers ane placed
on two sides of the specimen
after which the time of wave
travel is measured RF-a

Sajid et al. [31]

fransmission concrebe or masonry . . . .
frequency test i piezometric sensor is used with
(RF) different attachment techniques
to obtain resonant frequency
On opposite sides of the wall, an
Characterization of impact hammer and an
Ultrasonic Impact hammer masonry wall ﬂL'GE]lEm.I‘!'lE'lt.ET aﬁ plf:ced. Th‘;d Mesquita et al.
velocity testing and accelerometer  homogeneity and m cal mp SEIS genera [32]
' variability by the hammer striking the
B material and the signal is then
received by the accelerometer.
On opposite sides of the wall, an
Location of impact hammer and an
heteropeneities, voids or accelerometer are placed, after Martiniet al.
Sonic velocity Impact hammer Be . which the mechanical impulse is  [33]

testing

and accelerometer

inclusions of other
materials in masonry
elements

generated by the hammer
striking the material and the
signal is then received by the

accalaromatar

Valluzzi et al.
[34]

Surface
penetrating
radar

Ground
Penetrating Radar
(GFR)

Location (depth) of
reinforcement, thickness
of elements, position of
voids and moisture
content

The device is placed on the
measured surface and moved
along a linear axis (with a
calibration needed) transmitting
radio wave signals into a
structure and detecting echoes

Martiniet al.
[33]

Wai-Lok Lai,
Derobert and
Annan [35]
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Sonicna ispitivanja

r;

E, 1-v
"\ p (1+v)(1-2v)

Ortega Heras, Javier; Stepinac, Mislav; Luli¢, Luka; Nunez Garcia, Marieta; Saloustros,
Savvas; Aranha, Chrysl; Greco, Federica

Correlation between sonic pulse velocity and flat-jack tests for the estimation of
the elastic properties of unreinforced brick masonry: Case studies from Croatia//
Case studies in construction materials, 19 (2023) e02467, 18. DOI:
10.1016/j.cscm.2023.e02467
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