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Kameni stupovi
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Stup iz jednog kamenog bloka Stup iz vise kamenih blokova
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1. Uvod

Slobodnostojeci stupovi

Niz povezanih stupova — “kolone”

Dio konstrukcijske cjeline

e

http://johnapgnt.com/inside-st-peters-basilica/

http://www.goddess-athena.org/Museum/Temples/Nashville2/IMG_0008.html
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1. Uvod

Dioklecijanova palaca - Split

Knezev dvor - Dubrovnik
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1. Uvod

Visedijelni kameni
stupovi

Sljubnice

SloZzene kompozitne
konstrukcije — specifi¢an
oblik zidanih konstrukcija

Trnovi

(suha, kameno brasno,
mortisl.)

(drvo, olovoisl.)
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1. Uvod

Na ponasanje i granicnu nosivost visedijelnih kamenih stupova utjeCu mnogi vazni

parametri, kao sto su:

Geometrija, vitkost i rubni uvjeti stupa
* RjeSenja vrha (kapitela) i dna stupa

* Svojstva materijala i preciznost izrade kamenih blokova, te preciznost obrade
spojnih ploha blokova u sljubnicama

* Vrstaisvojstva materijala u sljubnicama izmedu kamenih blokova

* Brojni parametri eventualnih trnova u sljubnicama

* Vrsti opterecenja (staticko, dinamicko, udar) i njihovim karakteristikama

* Interakciji s ostalim nosivim elementima konstrukcije (zidovi, grede, svodovi,

temeljiisl.)iitd.
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2. Postojece spoznaje

* Istrazivanja vezana za ponasanje i nosivost

kamenih stupova pod opterecenjem su jos uvijek

vrlo rijetka

* Najvedi broj istrazivaca s podrucja Grcke i Italije

* Ostaliistrazivaci uglavnom s podrucja Mediterana
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3. Cilj i svrha istrazivanja

Utjecaj nekih parametara na ponasanje i granicnu nosivost visedijelnih

kamenih stupova pri statickom opterecenju i potresu
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4. Metodologija istraZivanja &
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» Eksperimenti provedeni na temelju prethodno detaljno izradenih planova i programa

istrazivanja.

* Zasebno istrazivanje odredenih parametara visedijelnih kamenih stupova, pri cemu su

svi ostali njihovi parametri zadrzani konstantnim (jednakim).

* Visoka pouzdanost primjene dobivenih rezultata na umanjenim modelima za

visedijelne kamene stupove u stvarnoj velicini u praksi.
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o Dinamicka ispitivanja

https://twitter.com/hashtag/accelerogram

FEE PRI

mogucnost ispitivanja stvarnih gradevina

njihovih modela tlocrtnih izmjera do 4 x 4 m
* najveca masa do 20 tona

* najvedi pomaci +150 mm,

* najveca ubrzanja +3g
najveca frekvencija 30 Hz
najveca visina uzorka do g m

m = 500 kg

330

~ 1200
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* Quantum-x mx 840A i racunalni program Catman easy (HBM) za kontinuirano snimanje i

prikupljanje podataka sa svih senzora

» Davac (senzor) pomaka - LVDT (HBM) za pracenje horizontalnog i vertikalnog pomaka stupa
» Elektro-otporne mjerne trake za pracenje deformacija (HBM)
» Davac (senzor) pomaka (Uni Measure) za pracenje horizontalnog pomaka stupa

Akcelerometar (Measurment Specialties) za mjerenje ubrzanja.
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5. Akcelerogrami koristeni u dinamickim QWW// ”
ispitivanjima Mv ;M.
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* Potresi dugog trajanja s relativno duzim
predominantnim periodom

Ubrzanje a
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1. Introduction

Stone columns are

are important structural
baiidings. They are primartly intended to carry the vertical koad, but
be

A. Buzov', J. Radni¢, N. Grgié, G. Baloevi¢
1 versty o S, Favsty of ol Engimeering, Archiecturs and Coodiry, 21000, Sple, Orvesia

ABSTRACT

Fffect of the drum height on the bearing capacity of composite multi-drum gy
column under static load

NTERNATIONAL JOURNAL OF ACHTECTURAL HEATAGE
018,V 12,00, 1, 137-152
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1 EFFECT OF THE JOINT TYPE ON THE SEISMIC BEHAVIOUR OF A
2 FREE-STANDING MULTI-DRUM COLUMN
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static load

The resubsc the
drum column under axial compression keve and lateral hociaoatal

with two, four, six and tweive drumt wore tested. 1t was concluded!

bearing capacity, flexursl and shear stiffaess, and increases
The reanon s the: simultaneos increae of the joints mamber.

columa loaded by axial force oaly had o britthe failure, and by
Boctte taisere

like the rest of the drums, but it
found that the damper could

elements in masonry

ihey can also carry & smaller horizontal load. Stome columns may

nmlmnmdnkhkn.mtmm--umn(mulm
e ultl-drum columa). Therefore, varios heights of stone blocks and
¢ Merent solutions of horimntal joints between the stone blocks (dey
int, stone powder, various mortars and similar) have been used.

resistant.
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“The results of a shake-table study on the effect of the drum b
free-standing multidrum columas are presented. Columns of

 shake table. The colismns test

Druan and Anastasopoulos
anchent Greek temple using a s}
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Free-Standing Multidrum Column

Ante Buzov (), Jure Radnié, Nikola Grgié @, ai
Faculty of Civil Engincering. Architecture and Geodesy, Unive
Correspondence should be addressed to Ante Buzov; ante buz

Recefved 8 March 2018; Accepted 24 May 2018; Published 19

ABSTRACT
The results of an
of a multi drum

Effect of the joint type on the bearing capacity of a multi-drum column under

A Buzov @, ). Radni¢, N. Grgi¢, and G. Baloevic
if aculty of Civil Engineering. Architecture and Geodesy. University of Split, Spiit, Croatia

Mummaummuwm”u
column loaded

mmmmummnmmmum»ummmm
hinge at the top and another hinge at the bottom. Four types of joints
considered: a dry joint (column C-DJ) and joints with stone powder (column C-5PJ), lead (column
<mmm«mcanmwmmmmm

051. The bearing capacity of the tested

strains in the middle of the column height, as
Mnﬁmﬂmdhdﬂmmmmw
ultimate load bearing capacities of tested columns were C-EPJ G- C-SPE C-PBJ = 1: 068: 059
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ffects of several bolt parameters on the bearing capacity of a composite L]
multi-drum stone column under an earthquake
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KEYWORDS
‘bearng capaaty;
vertcal force and horizontal  deormablty.jont eec. study of the effects of the: frebiroe

etemn the blocks were alti-drum column are p

}

peeseried
own weight and with add
ratios between the gt

ms. The leration ampll

were considered for the case of their elf.weight only and for o

columns were exposed 10 a horizontal base acceleration of
failure. nd

an increase i the number of blocks in the colum can vignific
on the type of the applied accelerogram. It is expected that the;
sumerscal awdels for the dynamic analysis of multidrum co

1 el

column

Stone columns are important structural clements in
historical stone buildings. Lower stone columns are o
usually built from a single monolithic stone block,
nd higher stone columns are usually built from several

In general, previous studies on the behaviour and
numerical modeling of stone columns under different
loads  (static, dynamic) and actions (temperature
hanges) are still quite rare. The largest number of
recent research studies is related to the effect of an
arthquake on the stone columns in historic buildings.
Some studies regarding multi-drum stone columns are
shown below. Some of them are related 10 the experi-
mental studies on the behaviour of columns under
static and dynamic/seismic load. Also, some studies
onsider numerical analysis of single-block and multi-
drum columns under static and dynamic/seismic load.

Atali¢, Lazarevic, and Fresl (2008) investigated the
influence of the rotational stiffness between column
Jements on the global stability of historical construc-
tions.  Lazarevi¢ et al. (2010) experimentally and

=55 luded that both the joint The e of bolts for connecting 1one blocks in numerous historic
rims Volliog lane 8 . Th. st sppinicn o the bk
. : s been im the construction of multi part stane columas and
rand bearing capacity of | \—duuuum'u-mmnnamummm
1. Introduction with the possible retrofit concept. Atalié, Urod, and brcause they contribute to the greater resistance of stone structures,

Savor (2012) studied the influence of contact stresscs:an be useful in validatin
on the bearing capacity of traditional stone column.
hi (2017) and (2016) provided
scientific contributions about the structural behavior
of stone columns under vertical loads and stone ek

ments in masonry buildings. Those papers prove that
past architects had the ability of choosing between brick,
and stone according to the specific condition:
Foraboschi and Vanin (2014) studied the behavior of
masonry columns under vertical loads, and Foraboschi
and Vanin (2013) proposed a method for nonlinesr
static analysis of masonry buildings based on a strut-
and-tie modeling. Krstevska et al. (1996) performed
experimental dynamic testing of a model of the
Antonina column in Roma. Experimental investigation
of the earthquake response of a model of a marble
classical column was performed by Mouzakis et al

(2002) Drosos and Anastasopoulos (2015) experimen-
tally investigated the seismic response of classical tem

ple columns. Drosos and Anastasopoulos (2014))
performed shaking table tests of multi-drum columns]
and portals. Papalou and Strepelias (2015) analyzed the!
dynamic response of classical columns with defects

Stability of slender masonry columns with circular =

ome structures with and without bolis. Unfortunately, 10 the best of

1 the effcacy of the application of boits in stome buskdings, which is
o the motivation of the presented study, Bebow some such available
(restigations are briefly mentioned.
To reinstate the original timber pole and empolia at tnterfaces be-

nn, effect of joint type,

Apal howed
inat installation of 2 single pole at the Interface between the capital and
e wppermost drum leads 1 limited seduction of mavimem and re-
bual defoemations of the colama under stzong earthquakes. Further-
are, poles located a4 every columa interface emure sipnificant lim-
tation of the colum: residual deformation. The main aspects of the
design of pew titanium poles and empolias were verified through spe-
ally designed experiments.

Koestantinidis and Makris 2} sumerically investigated the seismic
cspoese of multi-drum columa with motivation to understand the

Coevesponding suthor
Feemail oddvess: wnie buzor (grmdat b (A, Busowh.

b e/ /o4 0rg/10.1016) comporitesh 2018 10,104
i -crtved 18
online 02 Navember 2018

vailable.
1459 K368/ © 2018 Dhevier Lid All rights reserved.

analysed traditi

cross-section under their own weight and :«mln:;

ancient col

depends on numerous parameters, such as the number of
blocks, boundary conditions at the top and bottom of the
column, the type and processing of joints, the level of

stresses, uo« i with possible

ealls, slend precision of
eformability, local d[mn. and earthquake type.

Because of the great importance of historical buildings,
the studies regarding the seismic behaviour of stone
st ructures, especially multidrum stone columns, are still up
it date.

Unfortunately, only a small number of numerical and
c-pecially experimental investigations of multidrum stone
columns under an carthquake have been conducted to date.
In doing so, only some parameters that affect their seismic
icsponse and bearing capacity have been investigated.
\m.l of these studies are Iyneﬂy listed below.

behaviour
jof muludmm culumm are mainly based on the discrete -
jcment method. Using this method, Sarhosis et al. [1]

wll An

umns; Konstantinidis and Maksis [4] considered a multidrui
classical column; Psycharis et al [5] analysed part of the
Parthenon Pronaos; e al. [6] amalysed
classical columns; Sarhosis <t al [7] performed three
dimensional modelling of ancient colonnade structural sys
tems subjected to harmonic and seismic loading: and Astens
et al [8) analysed historic masonry structures.
Contemporary experimental studies regarding the
seismic behaviour of multidrum columns are based on
shake-table testing. Thus, Drosos and Anastasopoulos [9]
studied a free-standing reduced-scale multidrum column:
Drosos and Anastasopoulos [10] investigated an ancient
Greek temple; Mouzakis et al. [11] analysed a marble mod. |
of a classical column; and Krstevska et al. [12] analysed
a model of the Antonina column in Rome, The above
mentioned numerical and experimental studics have not
been described more closely because they are not considercd
in this article.

“This paper presents the experimental study results re-
ling the effect of the number of blocks in & multidrun
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aper geesonts some revalts of 4 shake-1able study oa the effects of severall bt paramesers 0n the boars §
capacity of  componite (roe-scanding mults drues stone columa wadcr a carthquahe. 10 each test, 4 samall-ca =
columa per beight was exponed 1o different beociosatal

collapued. Finly, the effect of five @ifferent materials for the bolts were |1vestigated on the column hearsc ¢
‘capacity. Then, the effects of bobt lengih, bols &

the colume bearing capacity were ivestipaced. Rased on the test results, the main conclushons of the study <.

base scceberations wntid the colun 1

possible advantages or disadvantages of retrofitting columns with m-
tallic shear links that replace the wooden poles that were installed in
ancent times. Vintzileou and Toumbakari 1) experimentally studicd
the dowel action of titanium bars connecting marbie

it displacements. However, it was found thit
titanium dowels between the column drums do not improve sis-
nificantly the behaviour and, in some cases, they are unfavourable 10
the safety of the structure. Zambas ¢t al. ls]upn—--diyu--dw

Below are some experimental and mumerical studies that have been
related 1o the analysis of the influence of some other important par--
meters on the hehaviour and bearing capacity of multi-drum stone
columns under static and setsmic loads.
Bz et al. investigased the effects of drum beight (6) and joirt
.yp.m..m- bearing capacity of the multidrum column undes siat e
load. Moreover, Buzov et al. [5] investigated the effect of drum heigls
on the seiamic behaviour of & free-standing multi-drom column. A
clooe ct al. 19) numerically analysed the lood carrying capacity of 213
FRP/strengthened masonry structures. DAmbrish <t al, [10) exper
mentally and analytically investigated the bond between Carbon-FRC\
materials and masoery. Alecei et al. [11) performed experimental i1
vestigations of brickwork columns confined with CFRP composit:.
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6. Istrazivanje utjecaja broja blokova u visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri
statickom opterecenju

Composites Part B 148 (2018) 243-251

Contents lists available at ScienceDirect soHs
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Effect of the drum height on the bearing capacity of composite multi-drum = /&)

Check for

column under static load ke

A. Buzov’, J. Radnié, N. Grgi¢, G. Baloevié¢

University of Split, Faculty of Civil Engineering, Architecture and Geodesy, 21000, Split, Croatia

ARTICLE INFO ABSTRACT

Keywords: The results of a experimental study on the effect of the drum height on the bearing capacity of composite multi-
Multi-drum column drum column under axial compression force and lateral horizontal force were presented. Small scale columns
Bearing capacity with two, four, six and twelve drums were tested. It was concluded that an increased number of drums reduces

Effect of the drum height

StatiE Toad bearing capacity, flexural and shear stiffness, and increases horizontal and vertical deformability of columns.
atic loa

The reason is the simultaneous increase of the joints number, which are the weakest point in column. The
column loaded by axial force only had a brittle failure, and by combined axial force and lateral force more
ductile failure.

1. Introduction like the rest of the drums, but it is hollow and contains particles. It was
found that the damper could reduce the motion of the column up to

Stone columns are important structural elements in masonry 40%.
buildings. They are primarily intended to carry the vertical load, but Drosos and Anastasopoulos [3] experimentally studied the seismic
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6. Istrazivanje utjecaja broja blokova v visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri

statickom opterecenju
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6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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Horizontalna sila H [KN]

6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo

ponasanje i nosivost pri statickom opterecenju
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Ante Buzov , Jure Radni¢

8 8 8 3

Horizontalna sila H [kN]

nN
S

=)

V =100 kN

C1

c3
c4

V =300 kN

5 10 15 20 25 30 35 40
Horizontalni pomak u [mm]

40

30

Horizontalna sila H [kN]

20

23 @
=} S

Horizontalna sila H [kN]
»
5

V =200 kN

5 10 15 20 25 30 35 40
Horizontalni pomak u [mm]

V =800 kN

C1

C2

C3

N\

5 10 15 20 25 30 35 40

Horizontalni pomak

Veza horizontalna sila (H) — horizontalni pomak (u)

=l An

u [mm]

SVEUCILISTE U SPLITU
FAKULTET GRADEVINARSTVA,
ARHITEKTURE | GEODEZIJE

5 10 15 20 25 30 35 40
Horizontalni pomak u [mm]

UNIVERSITY OF SPLIT
FACULTY OF CIVIL ENGINEERING,
ARCHITECTURE AND GEODESY

5 10 15 20 25 30 35 40
Horizontalni pomak u [mm]

=4

HKIG — Opatija 20109.

C1
v

-

C2
lv
'!.F
713
H
O
)92,
i'h

v

o

=

=

o

e e ot . e

|
u

C4

’T\I 4

<4

25



)
K
m l. 1 ’| 7
:
','_t.:l?
™ . |
-r

I

Il

I

] © ! : v

7 0
© rd =
+ T t
- — _- "J U C
c =
i~ E===t =
g = LENE S
'l_J L et C
c i miae & S
o 0 U
7 I
I
5 v
O

5

Cius
Ante BUZOV , Jure Radmc -‘ IA1 ?X;ﬂl':'l!l'rLERHIS!F;I-II::ISTVA. E:éniﬁ';vr ?:IFV?:LEILGIIEIRIIG.

ARHITEKTURE | GEODEZIJE ARCHITECTURE AND GEODESY H KI G - Opatija 2019 . g 2 6
yr



e C3 — ekscentricni tlak
- V =300 kN +H

s SVEUCILISTE U SPLITU UNIVERSITY OF SPLIT -
Ante BUZOV , Jure Radnic g Ay i st s o ot e HKIG — Opatlja 2019. g 27
P



6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju

Glavni zakljucci
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6. Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju

Glavni zakljucci
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7. lIstrazivanje utjecaja broja blokova v visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri
potresu
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The results of a shake-table study on the effect of the drum height on the seismic behaviour and bearing capacity of small-scale
free-standing multidrum columns are presented. Columns of equal height with one, three, and six drums through their height
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7. lstrazivanje utjecaja broja blokova u visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri
potresu
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7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

t=2.8s t=3.4s t=3.8s

-
A
{=5.68 =T t=6.4s t=6.7s

Polozaj stupa S6 za akcelerogram Ston pri a,, = 6.0 ms

s SVEUCILISTE U SPLITU UNIVERSITY OF SPLIT .
Ante BUZOV , Jure RAGNC g A mg st s ol e HKIG — Opatija 2019. g 35
P



7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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7.

ponasanje i nosivost pri potresu
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Istrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

Glavni zakljucci

= Broj blokova u visedijelnom stupu znacajno utjeCe na njegovu krutost, otpornost i granicnu
nosivost pri potresu.

= Stupovi optereceni samo vlastitom tezinom i jednaki stupovi dodatno optereceni masom na vrhu
imali su slicnu zakonitost utjecaja broja blokova na njihovu granicnu nosivost.

= Utjecaj broja blokova u stupu na njegovu granic¢nu nosivost ovisio je o apliciranom akcelerogramu

(tipu potresa).
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7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

Glavni zakljucci
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7. lIstrazivanje utjecaja broja blokova u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

Glavni zakljucci
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8. Istrazivanje utjecaja tipa sljubnica v visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri
statickom opterecenju

INTERNATIONAL JOURNAL OF ARCHITECTURAL HERITAGE T. | & F ¢
2018, VOL. 12, NO. 1, 137-152 e aylor & Francis

https://doi.org/10.1080/15583058.2017.1396380 Teylor&Francls Group

W) Check for updates
Effect of the joint type on the bearing capacity of a multi-drum column under
static load

A. Buzov @, J. Radni¢, N. Grgi¢, and G. Baloevi¢

Faculty of Civil Engineering, Architecture and Geodesy, University of Split, Split, Croatia

ABSTRACT KEYWORDS
The results of an experimental study on the effect of the joints between the blocks on the bearing capacity;
ultimate bearing capacity of a multi-drum column loaded to centric vertical force and horizontal deformability; joint effect;

force in the middle of its height are shown. The column is approximately 2.5 m high, with one multi-drum column; static
hinge at the top and another hinge at the bottom. Four types of joints between the blocks were load

considered: a dry joint (column C-DJ) and joints with stone powder (column C-SPJ), lead (column

C-PBJ), and epoxy (column C-EPJ). The applied vertical and horizontal forces, horizontal displace-

ment, vertical strains, and horizontal circumferential strains in the middle of the column height, as

well as shortening of the column, were measured. Under axial compression, ratios between the

ultimate load bearing capacities of tested columns were C-EPJ: C-DJ: C-SPJ: C-PBJ = 1: 0.68: 0.59:

0.51. The bearing capacity of the tested columns with regard to the horizontal force depended on

the level of the applied centric compression force. Columns with soft joints (C-PBJ, C-SPJ) had the

largest shortening and the largest horizontal displacements for the equal forces.

1. Introduction with the possible retrofit concept. Atali¢, Uro$, and
y . Savor (2012) studied the influence of contact stresses
Stone columns are important structural elements in A R D T
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8. Istrazivanje utjecaja tipa sljubnica v visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri
statickom opterecenju
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo

ponasanje i nosivost pri statickom opterecenju
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju

Glavni zakljucci

Kvaliteta obrade spojnih ploha kamenih blokova i tip sljubnice ima veliki utjecaj na nosivost kamenog stupa
izlozenog vertikalnoj centri¢noj sili i savijanju.
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8. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri statickom opterecenju

Glavni zakljucci
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9. Istrazivanje utjecaja tipa sljubnica u visedijelnom
<amenom stupu na njegovo ponasanje i nosivost pri
potresu

1 EFFECT OF THE JOINT TYPE ON THE SEISMIC BEHAVIOUR OF A

2 FREE-STANDING MULTI-DRUM COLUMN

3 A. Buzov", J. Radnié¢*, N. Grgi¢*, G. Baloevi¢*

5  “University of Split, Faculty of Civil Engineering, Architecture and Geodesy, 21000 Split,
6  Croatia
7 *Corresponding author: Tel. +385 21 303336, Fax. +385 21 465117, e-mail:

8 ante.buzov(@gradst.hr

10 Abstract:

11  The results of a shake-table study of the effects of the joint type on the seismic behaviour of
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9. Istrazivanje utjecaja tipa sljubnica v visedijelnom
kamenom stupu na njegovo ponasanje i nosivost pri
potresu
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9. lIstrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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9. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo

ponasanje i nosivost pri potresu
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9. lIstrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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s SVEUCILISTE U SPLITU UNIVERSITY OF SPLIT .
Ante BUZOV , Jure RAGNC g A mg st s ol e HKIG — Opatija 2019. g 57
P



9. lIstrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

Horizontalni pomaci stupova C-PJ, C-DJ i C-EJ za
akcelerogram Petrovac
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0.

Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

C-PJ
80 = — g — r —
. Uy =04 ms” i 80206 ms” 1l 8;a=0.8 ms” El
o ™ u u
T ey . = —
— 40} « Ra —— p—(y ——
€ Us . = L) — Uy}
£ Uy
S 20— %
= Uy
g0 v N
8
£-20
° 40
-60
-80
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
Time t[s] Time t[s] Time t[s]
C-DJ

80 7 — z — 2 —
Uiy e =0.4 ms? ﬂl 8515,=0.6 ms? ﬂl e =0.8 ms? ﬁ:

©
N
-
L
1
)
)
QO
1
U &
~
Tz = .
E g
£ 9
(O 5
Q
cy
o Y4 2
a © ' y ‘ ‘ : : ' ‘
5 = 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
o] S Time t [s] Time t [s] Time t [s]
(V]
— D C-EJ
— 80
% E | Iu =04 ms?| [T =08 ms?| [ TTH agm=12ms” | | T
€D 0} u ;
Uyg 5
Ug U —_
v 8 —
S DY —ug
o 5 20 u“’-"—*r—»u,»“
£ Y
O 8
+ a-20
c 3
(@) -40
N
"= -60
o 80
T 5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
Time t [s] Time t [s] Time t [s]

., SVEUCILISTE U SPLITU UNIVERSITY OF SPLIT .
Ante Buzov , Jure Radnic gy AR my s cvmommmer, i ot e HKIG — Opatija 2019. g 59



9. lIstrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu
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9. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo

ponasanje i nosivost pri potresu

Glavni zakljucci

Nosivost visedijelnog stupa, osim o tipu potresa, znacajno ovisi o tipu sljubnice.

R
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~ stupa

Vece
potresne
sile

Artificial Petrovac Ston 0 Artificial
accelerogram accelerogram accelerogram accelerogram
(AA) (AP) (AS) (AA)

Ante Buzov , Jure Radni¢ r A g :X:ﬂﬂllf?n:osl:lll::HWA. FACULTY OF CIVIL ENGINEERING,

ARHITEKTURE | GEODEZIJE ARCHITECTURE AND GEODESY

Petrovac Ston
accelerogram accelerogram
(AP) (AS)

HKIG — Opatija 2019. ZE2&
-

62



9. Istrazivanje utjecaja tipa sljubnica u visedijelnom kamenom stupu na njegovo
ponasanje i nosivost pri potresu

Glavni zakljucci

= Meke sljubnice (suha, s kamenim brasnom, itd.) su najnepovoljnije za potrese koji uzrokuju velike

pomake te unose veliku energiju u konstrukciju.

= Krute sljubnice (epoksidna sljubnica, itd.) te stup iz jednog monolitnog bloka su najnepovoljniji za

potrese kratkog trajanja koji unose manju energiju u konstrukciju.
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10. Utjecaj nekih parametara trnova na nosivost visedijelnih
kamenih stupova pri potresu

Composites Part B 162 (2019) 250-258

Contents lists available at ScienceDirect composites
Composites Part B 30
e
journal homepage: www.elsevier.com/locate/compositesb —
Effects of several bolt parameters on the bearing capacity of a composite )
: Check for
multi-drum stone column under an earthquake e
A. Buzov', J. Radnié, N. Grgic¢
University of Split, Faculty of Civil Engineering, Architecture and Geodesy, 21000, Split, Croatia
ARTICLE INFO ABSTRACT
Keywords: The paper presents some results of a shake-table study on the effects of several bolt parameters on the bearing
Bolt parameters capacity of a composite free-standing multi-drum stone column under an earthquake. In each test, a small-scale
Composite multi-drum stone column column with six blocks per height was exposed to different horizontal base accelerations until the column

Bearing capacity collapsed. Firstly, the effect of five different materials for the bolts were investigated on the column bearing

Rk able capacity. Then, the effects of bolt length, bolt diameter and the ratio of the hole diameter to the bolt diameter on
the column bearing capacity were investigated. Based on the test results, the main conclusions of the study are
presented.

1. Introduction possible advantages or disadvantages of retrofitting columns with me-

tallic shear links that replace the wooden poles that were installed in

The use of bolts for connecting stone blocks in numerous historic ancient times. Vintzileou and Toumbakari [3] experimentally studied
stone buildings least to a far past. The widest application of the bolts the dowel action of titanium bars connecting marble fragments at dif-
has been in the construction of multi-part stone columns and arches. ferent angles. Psycharis et al. [4] numerically investigated a column-
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10. Utjecaj nekih parametara trnova na nosivost visedijelnih
kamenih stupova pri potresu
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova
pri potresu

Utjecaj materijala trna: - drvo
- olovo
| - guma
r . - aluminij

- InOX

Utjecaj duzine trna (olovo/inox)

¢p=12 mm, ¢, = 14 mm
h,=72 mm, hy=120 mm, h,=168 mm 96 96

Utjecaj promjera trna (olovo/inox)
¢,= 14 mm, hy=120 mm
¢p=12 mm, ¢,= 20 mm

Utjecaj promjera rupe za trn (olovo/inox)
$p=12 mm, hy=120 mm
¢r= 14 mm, ¢,= 22 mm

L
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova

pri potresu
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova
pri potresu

Utjecaj materijala trna

9
hp=120 mm g
¢b= 12 mm
@h=14 mm L7
-6
5 %
- 7))
E
-4 x
5
L 3 ©
2
1 - 1
0 - = -0
bez olovo aluminij bez olovo aluminij
tma drvo guma inox tma drvo guma inox
Umjetni akcelerogram Akcelerogram Ston
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova
pri potresu

hy,=120 mm
¢p=12 mm
¢p=14 mm

Utjecaj materijala trna

1001

drvo
== 0lovo
= guma
aluminij
= NoX
= bez trna

Pomak u [mm]

-100 -

5 10 15 20 25 30 35
Vrijeme t [s]
Horizontalni pomak vrha stupa za umjetni akcelerogram pri a ., = 2,2 ms™
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova
pri potresu

- ~ hy,=120 mm
Utjecaj materijala trna ¢,=12 mm
Pp= 14 mm
10055 ey} drvo
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60:: b — inox
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Horizontalni pomak vrha stupa za akcelerogram Ston pri agy,, = 4,0 ms™
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova
pri potresu

Utjecaj materijala trna
Glavni zakljucci

Utjecaj materijala za trn nije bio znacajan. Posmicna nosivost trna nije prekoracena — slom

stupa nastupio je u svim sluc¢ajevima prevrtanjem/rotacijom stupa, tj. izvlaCenjem trna.

= U slucaju vecih posmicnih potresnih sila, utjecaj gradiva za trn moze biti znacajan.

5"~ | hy=120mm
LB @p=12 mm
| Prh=14 mm

bez olovo aluminij bez olovo aluminij 0
tma dnvo guma inox tma dno guma inox

Umijetni akcelerogram Akcelerogram Ston
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova
pri potresu

Utjecaj duzine trna
Glavni zakljucci

= Utjecaj duzine trna je vrlo mali.

» Ukoliko bi se osigurala prionjivost trna i bloka, odnosno noSenje trna na vlak, utjecaj

duzine trna moze biti znacajan.
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova

pri potresu

Glavni zakljucci

Utjecaj promjera trna

= Za potrese dugog trajanja s duzim predominantnim periodom trn veeg promjera

rezultira ve¢om krutosti stupa i generiranjem vecih potresnih sila u stupu.

= Za potrese kratkog trajanja s malim predominantnim periodom, utjecaj promjera trna je

zanemariv.
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10. Utjecaj nekih parametara trnova na nosivost viSedijelnih kamenih stupova

pri potresu

Utjecaj promjera rupe za trn

Glavni zakljucci

= Utjecaj promjera rupe za trn u odnosu na promjer trna je znacajan.

= Vedi promjer rupe omogucava vece relativne pomake izmedu susjednih blokova, sto rezultira

vecim potresnim silama i ekscentricitetima vertikalnih sila u visedijelnom stupu.
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11. Zakljucci
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11. Zakljucci
Utjecaj broja blokova

Smanjenje krutosti i
otpornosti, povecanje Smanjenje nosivosti za
deformacija.

potrese koji pobuduju

vece pomake i unose
vecu energiju

Smanjenje nosivosti
stupa pri centricnoj i

ekscentri¢noj statickoj MMWW”WW%
[s]
sili.

Umietni akcelerogram

a [m:

udarne potrese
(potresi kratkog trajanja i

kratkog predominantnog
perioda)
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11. Zakljucci

Smanjenje nosivosti
stupa pri centricnoj i

Ut.leca.l tlpa S|JUanCE ekscentri¢noj statickoj

sili

Smanjenje nosivosti
stupa za potrese koji u
njega unose vecu

energiju

”"Meke” sljubnice Smanjenje krutosti i |

(suha sljubnica, otpornosti visedijelnog A L
kamenog stupa,

povecanje deformacija Unietni akcelerogram

y'J

kameno brasno, slabi
mort, i sl.)

potresi kratkog trajanja i
kratkog predominantnog
perioda)

LBty st gt oo s s s simaees
N tfs)
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11. Zakljucci

Povecanje nosivosti
Utjecaj tipa sljubnice stupa pri centricnoj i
ekscentricnoj statickoj
sili

Povecanje nosivosti
stupa za potrese koji u
njega unose vecu

” PERTRE Povecanje krutosti i energiju
.Kr'ute SIJmeC? otpornosti visedijelnog
(jaki mort, epoksid kamenog stupa,

i sl.) smanjenje deformacija

Umjetni akcelerogram

Smanjenje nosivosti za
udarne potrese
(potresi kratkog trajanja i
kratkog predominantnog

perioda)

Akcelerogram Ston
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11. Zakljucci

Utjecaj nekih parametara trnova

Znacajno veca
nosivost

Znacajno veci
horizontalni pomaci

izmedu susjednih
blokova stupa

Preuzimanje horizontalnih

poprecnih sila;
Posebno za udarne
potrese
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11. Zakljucci

Utjecaj materijala trna

Ima veliki utjecaj kada su stupovi

optereceni potresima koji u njima Utjecaj duzine trna

generiraju velike poprecne sile, u
odnosu na momente savijanja.

Nema prakti¢nog znacaja kada trn 1

nema prionjivost s blokom, tj. kada

ne moze nositi vlak. U suprotnom
utjecaj bi bio znacajan.

Utjecaj promjeratrna |

Moze biti znacajan u slucaju
potresa koji generiraju velike — _
popreéne sile. S povecanjem promjera rupe za trn |

u odnosu na promjer trna, povecava
se horizontalna deformabilnost
stupa a time i potresne sile u njemu,
Sto je nepovoljno.
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Utjecaj promjera rupe za trn




12. Kontinuitet daljnjih istrazivanja

= Utjecaj dobivenih rezultata na umanjenim modelima pri njihovoj primjeni na

visedijelne stupove u stvarnoj velicini

= Utjecaj razlicitih rubnih uvjeta i geometrije stupova, te utjecaj razlicitih gradiva za

blokove
= Utjecaj vertikalne komponente ubrzanja potresa
= Utjecaj dodatnih tipova potresa
= Utjecaj preciznostiizrade spojnih ploha blokova
= Utjecaj drugih tipova sljubnica

= Utjecaj interakcije s drugim konstrukcijskim elementimaii sl.
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