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ANALIZA POTRESNE OTPORNOSTI ANTICKIH GRAPEVINA

. h SeismoNuMod: Razvoj numeri¢kih modela armirano-betonskih i
.‘1‘ rzz kamenih zidanih konstrukcija izloZzenih potresnom opterecenju
v

Hrvatska zaklada za znanost

zasnovanih na diskretnim pukotinama

Sep.29 2016 13:25:33

|

Numeri¢ko modeliranje i ispitivanje kamenih
zidanih konstrukcija (model konstrukcije
Protiron)
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_ PMO-GATE: Preventing, Managing and Overcoming Natural-
o Gare i E— Hazards Risks to mitiGATE economic and social impact

Eurnpean Begonal Developrant fund
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Klasifikacija zgrada prema njihovim konstrukcijskim i materijalnim karakteristikama
(razdoblje izgradnje)

PronalaZenje postojece tehni¢ke dokumentacije u arhivima

Snimak postojeceg stanja za zgrade bez tehnicke dokumentacije: terensko istraZivanje,
arhitektonski snimak, utvrdivanje karakteristika konstrukcije i svojstava materijala (vizualni
pregled, infracrvena termografija, procjena temeljem razdoblja izgradnje)

Google map, Street view, Snimak podrucja do 1968. godine
Formiranje baze podataka o zgradama

Geodetski snimak podrucja
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TIPICNE ZGRADE
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OCUVANOST, STANJE OSTECENJA
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Metoda indeksa ranjivosti za zidane zgrade
= Benedetti, Petrini, 1983; GNDT 1993 s modifikacijama (SAVE project)
= Utjecaj propisa za protupotresnu gradnju u Hrvatskoj

* Primjena: zgrade gradene od nepravilnih i pravilnih kamenih blokova, zidane zgrade od betonskih i
glinenih blokova s i bez serklaza

1 |VRSTA | ORGANIZACUA KONSTRUKCIISKOG SUSTAVA | 0 5 20 | 45 | 150
2 KVALITETA KONSTRUKCIJSKOG SUSTAVA 0 5 25 45 0.25
3 |NORMIRANA OTPORNOST 0 5 25 | 45 | 150
4 [POLOZAJ ZGRADE I TEMELII 0 5 25 | 45 | o075
5  |STROPNE KONSTRUKCUE 0 5 15 | 45 | 100
6 |TLOCRTNIOBLIK 0 5 25 | 45 | o050
7 |ViIsINSKA PRAVILNOST 0 5 25 | 45 | 1.00
8 |NAJVECA UDALENOST IZMEDU ZIDOVA 0 5 25 | 45 [ o025
9 [krov o | 15 | 25 | 45 | os0
10 |NEKONSTRUKTIVNI ELEMENTI 0 0 25 | 45 | o025
11 |STANJE OCUVANOSTI 0 5 25 | 45 | 1.00
11
INDEKS POTRESNE RANJIVOSTI : I, =D PW, | 59.0
i=1
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Home v Kastela buildings seismic vulnerability Modify Map & Sign In

[E] Details ‘ ESBasemap ‘ @9 Share i3 Print v | & Measure nd address or f 3 @

O About [E] Content  §= Legend
Legend

Kastela buildings seismic vulnerability
Seismic vulnerability
W >06-08

>0.45-0.6

>0.3-0.45

>0.2-03
h >o0.1-02
W o-o1
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0

T (s) 4

Ground type S Ta(sy 1 _1:(s) (_ Tp(s) |

A 1,0 0,15 04 2,0 5

B 12 0.15 05 2,0 Geofizicko istrazivanje -

c 115 0.20 0.6 2,0 Nacionalni institut za

D 135 0.20 08 20 oceanografiju i

E 14 015 0.5 20 eksperimentalnu geofiziku,
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HRN EN 1998-3 — Projektiranje potresne otpornosti konstrukcija — 3. dio: Ocjenjivanje i
obnova zgrada

NELINEARNE METODE PRORACUNA
= Nelinearni stati¢ki proracun

= Nelinearni proracun primjenom vremenskog zapisa
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NELINEARNI STATICKI PRORACUN

d

STVARNA I BILINEARNA KRIVULIA KAPACITETA
NOSIVOSTIU AD FORMATU

VY

/

e Krivulja

nosivosti za JS

= Bilinearna krivulja
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kapaciteta
nosivosti za JS

S/em

ELASTICNI | NEELASTICNI ZAHTIJEVANI SPEKTRI, SPEKTAR NOSIVOSTI |

S./g
KRIVULIA KAPACITETA NOSIVOSTI U AD FORMATU
1.20
0,32¢
oo L. N
I e==Elasti¢ni spektar
0.80 0,22g 5 '.'3 Krivulja kapaciteta
A : nosivosti
."'. e Neelasticni spektar
0.60 +
\S \ e Spektar nosivosti
020 — : i
d, :dy
0.00 r = : . . . . r . )
0 5 10 15 20 25 30 35 10 a5 5o Sefem
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NELINEARNI STATICKI PRORACUN ODABRANIH ZGRADA

Kula Cambi
Building name: Cambi tower
Building type: Public
Structure type: stone walls, wooden floors, wooden roof
Construction period: XV century
Changes of the Residential part on the north side added in the XVIII
structure: century
Period of changes: XVII
Data collection Visual inspection, architectural measurments, standards
methods: at the time of construction, iphotos, google maps,
geoportal.dgu
Location: c.p. *32; c.m. Kastel Kambelovac

*TREMURI software, S.T.A.DATA, Professional version, Torino, 2019.
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Ground floor plan:
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Section cut:
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Rendered model:
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REZULTATI ZA JEDNOLIKU, LINEARNU | MODALNU RASPODJELU

No. Insertin Seism dir. Seismic load Eccentricif dtNC dm NC dtsD dm SD d*y DL dm/dt
report T . fm fm) oM e et i L
2 ] 4X|static forces 0,00 2,882 2,81| 0,428 3043 g
3 z X Uniform 0,00 4,007 3,057 0,764 4,777
4 % X | static forces 0,00 2841 2,1%%| 0,319 295
5 = + | Uniform 0,00 3227| 24| o072 329
5 [ 4 |static forces 0,00 0,365 0273| 0,726 0,34
7 ¥ Uniform 0,00 0,672 0555| 1,092 0,580
8 & ¥ | static forces 0,00 0,48 0324| o580/ 0,382
9 & X Uniform 75,90 3,955 3,034 1,074| 5057 Insert all analysis in
10 = 4X | Uniform 75,90 4,173  3,206| 1,155 553
11 & X |static forces 75,50 2,781 2,104| 0,417] 2922
12 = X |Static forces 75,90 2,969| 2,248 0,4% 3,155
13 [ X Uniform 75,90 3828 2913 064 4407
14 % X |Uniform 75,90 4,534 3,467| 0899 51| Colourlegend
15 = X static forces 75,90 20| 209| o271 27| [ St
16 g x Static forces 75,90 3,238 2450| 0,376 3443 . Not satisfied
17 = 4 Uniform 62,43 3,177 2,383| 0684 3,180
18 = 4| Uniform 62,43 1253 036 08%| 17283 ] Fakre todecay
19 & ¥ |static forces 62,43 0357 o0288| o711| 0,357
20 [~ Y |Static forces 62,43 0,360| 027| 0716 0,30 |:| Self weight not
21 =] ¥ | Uniform 62,43 0635 0521 0,98 0,55% convEreng
22 = ¥ Uniform 62,43 0,825 0,689 1,317 0,75 D Maost significative
3 =] ¥ | Static forces 62,43 0,360 0,285 0,%3| 0,322
24 E Y Static forces 62,43 0,411 0,334 0,657 0,344

dtNC  dmNC  dtSD  dmSD  dWDL . oo oo :I:gjdt

[cm] [am] [cm] [em] [am]
12 M +X Modal distrit 0,851 0,754 1,477 0,722
15 M X Modal distrib 0,992 0,863 1,581 0,980
16 = X Modal distribution 0,725| 0650 | 1,258| 0,523
19 ~ + Modal distrib 1,471  L,113| 0,651| 1,489
20 ¥ + Modal distrit 1,118 0870 0,754 1,136
23 & & Modal distrib 1,450 1,105 0,710 1,485
24 =] ¥ Modal distribution 1,230 0955| 0,822 1,263
( interreg
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NELINEARNE V-d KRIVULJE

Jednolika i L S— s —
linearna
raspodjela
9.63 11.24 12.84 1445 16.06
dlem]
[ Drection x [l orecton [ | | ‘ =
1.763.47
; 1.616,51
1.469,55
1.322.60
Modalna 117564 N
. 1.028.69
raspodjela ol _
734,78 P ] N R R
587,62 /s — —
440,87 /;/
ey y/ i
14595%54’
003
0.63 1.26 1.89 252 3.15 378 441 5.04 5.67 6.30 6.93
dlem)
[ Drection X I Direction ¥ | g ‘ | s
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NAJZNACAJNIJE ANALIZE

Smjer x — br.16, modalna raspodjela

interreg
Italy Croatla

Result details

Analysis parameters

NC

dt 0,86 [cm] > dm 0,45 [cm]

qu= 1,58 dm/dt = 0,52

Not satisfied verification

SD

dt 0,86 [em] > dm 0,34 [cm]

Not satisfied verification

DL

Sd 0,11 [am] <= d*y 0,14 [cm]

Satisfied verification

Limit state PGA [m/s2] ']

NC 1,559 0,725
SD 1,396 0,650
DL 1,358 1,258

Prof. dr. sc. Zeljana Nikoli¢

™[] 0,132
m* [kg] 141600
w k] 8757,83
M [kg] 892745
m*M [%] 15,861
r 2,22
F*y [kN] 446,3
d*y [em] 0,14
d*m [cm] 0,2
| code L] Bt o




NAJZNACAJNIJE ANALIZE

Smijery —br.19, linearnaraspodjela

Result details n

NC Analysis parameters
dt 5,88 [em] > dm 2,10 [cm]
2,80 dm/dt = 0,36 TH 7
qu = " = ¥ -
Not satisfied verification m* fal 171765
w [N 8757,83
<L M [ka) 892745
Not satisfied verification r 227
F=y [kN] 276,8
DL d*y [cm] 0,93
Sd 1,30 [em] > d*y 0,93 [cm] d*m [cm] 0,93
Not satisfied verification
Limit state FeAlmi=a . o s a, za T=475g — 0.22g
NC ( 0,768 ( 0,357
S0 0,576 0,268 a,=0.078¢
DL 0,768 0,711

(e 0 [ = 1@
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STATUS OSTECENJA

Smjer X

Legend

[ undamaged
Shear damage
.Srearfah'e
Bending damage
Bending failure
Compression failure
Tension failure
Failure during elastic phase

i o . ..
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STATUS OSTECENJA

Smjer x

Failure during elastic phase

- Ux Control node 6 - Use Control node displacement

( .'t'a'.segrf,i% Prof. dr. sc. Zeljana Nikoli¢
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STATUS OSTECENJA

Smjer X

Legend
Masonry
| I undamaged
| Shear damage
| Shear falure
| B Bending damage
| Bending failure
| [l Compression faiure
| Tension failure
| Faiure during elastc phase
7
- Ux Control node 6 - Use Control node displacement
i o . ..
( .&59523?3 Prof. dr. sc. Zeljana Nikoli¢ 21



STATUS OSTECENJA

Smjery
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STATUS OSTECENJA
Smjery

Masonry
+ Uy Control node 6 - Use Control node displacement
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NELINEARNI STATICKI PRORACUN - Crkva Sv. Mihovila

ildi 9 Saint Mihovil church
Building type: Public
Structure type: stone walls, timber floors, timber roof

Construction period: _[XVI century

[Eiz e Ground floor plan:
structure:
Period of changes:
Data collection Visual inspection, architectural measurments, standards RIS AT SR,
methods: at the time of construction, iphotos, google maps,
geoportal.dgu
Location: *83; c.m. Kastel Kambelovac
g
e Kon
i @ : :
o 4 3
i m
1o
8 4§
E b
E ) Fan
Structural model: E # K
o q g
&) ] 5
. i
5 e
# ’ o]
s
O S - —

w

T

as

Section cut:
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. NELINEARNI STATICKI PRORACUN - Crkva Sv.

Smjer x

Mihovila
Result details
e Analysis parameters
dt 1,23 [am] > dm 0,40 [cm]
qu= 3,03 dnydt= 0,33 ma 0rie
Not satisfied verification . 1552630
w [ 24631988
D M [kg] 2510913
a 123 [om] > dm 030 [cm] =M (%] 6303
Not satisfied verification = 12
Fry (] 3364,86
oL d*y [am] 0,19
sd 029  [m > d*y 0,19 [an] dm fom) 03
Not satisfied verification
Limit state PGA [m/s2] 3
NC 0,953 0,443 —
£y 0,808 0,3% au - 0097 g
o 0,709 0,65 |
|
e U [ = @
Legend
Masonry
| I undamaged
| Shear damage
| shear failure
| Bending damage
| |l Bending failure
Compression failure
|1 Tension falure
| Failure during elastic phase
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. NELINEARNI STATICKI PRORACUN - Crkva Sv. Mihovila

Analysis parameters

T[] 0,188
m* kg 1582630
w kN 24631,98
M [ko] 2510913
m*M [%] 63,03
r 1,21
Foy (] 3364,86
d*y [om] 0,19
d*m [om] 0,33
a,=0.091¢
(e U [ | @

Result details
NC
dt 1,23 [cm] > dm 0,40 [cm]
qu= 3,03 dmfdt= 0,33
MNot satisfied verification
sD
dt 1,23 [em] > dm 0,30 [cm]
Not satisfied verification
DL
Sd 029 fom] > d%y 0,19 [am]
a0 Not sfied verification
o o
o R Limit state PGA [m/s2) a
NC 0,953 0,443
sD 0,808 0,376
DL 0,709 0,656
Legend
Masonry
| I Undamaged
| Shear damage
| shear failure
|* Bending damage
| [l Bending failure
Compression failure
| Tension failure
| Failure during elastic phase

Eha 3]

14 Control wode 59 Use Controlnode dplacemest
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... NELINEARNI STATICKI PRORACUN

Veslacki klub

Building name: Rowing club

Building type: Public

Structure type: stone walls, concrete floors, timber roof

Construction period: XX century

Changes of the Part added on the east, concrete walls, concrete slab

structure:

Period of changes: XX century

Data collection Visual inspection, architectural measurments, standards

methods: at the time of construction, iphotos, google maps,
geoportal.dgu

Location: c.p. ¥330; c.m. Kastel Kambelovac

U interreyg
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... NELINEARNI STATICKI PRORACUN

Vrti¢

Building name: Kindergarten
Building type: Public
Structure type: stone walls, timber floors, timber roof

Construction period: XIX century

Changes of the Strenghtening floors with concrete slab

structure:

Period of changes:

Data collection Visual inspection, architectural measurments, standards

methods: at the time of construction, iphotos, google maps,
geoportal.dgu

Location: c.p. 232, c.m. Kastel Kambelovac
—J p i

i CRT . .z
3 - croate Prof. dr. sc. Zeljana Nikoli¢




... NELINEARNI STATICKI PRORACUN

Knjiznica

Building name: Library
Building type: Public
Structure type: stone walls, timber floors, timber roof

Construction period: XIX century

Changes of the Part added on the south
structure:

Period of changes: XX century

Data collection

geoportal.dgu

Visual inspection, architectural measurments, standards
methods: at the time of construction, iphotos, google maps,

Location: c.p. *48; c.m. Kastel Kambelovac

/ 7 ERR
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... NELINEARNI STATICKI PRORACUN

Baletna skola

Building name:

Balet school, Don Frane Bege 1

Building type:

Residential

Structure type:

stone walls, concrete floors, lightwieight concrete ribbed
roof

Construction period:

XIX century

Changes of the
structure:

Period of changes:

Data collection

Visual inspection, architectural measurments, standards

methods: at the time of construction, iphotos, google maps,
geoportal.dgu
Location: c.p. ¥244; c.m. Kastel Kambelovac

U interreyg
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= Metodologija za procjenu potresne ranjivosti moze se koristiti za definiranje mapa
potresne ranjivosti zgrada koje mogu pomoci pri definiranju prioriteta u sanaciji

= Daljni postupak: nelinearni proracuni, eksperimentalna ispitivanja, projektiranje

rekonstrukcijskih zahvata

» Indeks ranjivosti zgrada
= Opasnost od potresa

( ifiterrey
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IZLOZENOST
ZGRADA

IZLOZENOST
PODRUCJA

Prof. dr. sc. Zeljana Nikolié

VLASNICI /
UPRAVITELJI
ZGRADA |
PROSTORNI
PLANERI

DONOSITELJI
ODLUKA U HITNIM
SITUACIJAMA
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Hvala na pazniji!

Prof. dr. sc. Zeljana Nikoli¢
Sveuciliste u Splitu, Fakultet gradevinarstva, arhitekture i geodezije

E-mail: zeljana.nikolic@gradst.hr
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