Assessment and retrofitting
— a holistic approach

Juraj Pojatina, dipl.ing.grad.



Education / Expertise

University of Zagreb /

Faculty of Civil Engineering

SAHC - Structural Analysis of Monuments and
Historical Constructions / SA5 - Repairing and
Strengthening Techniques

Building Seismic Assessment Expert / U.S.
Department of State

Research, Documenting and Renovation of
Historic Structures / Croatian Ministry of Culture
Heritage buildings Seismic Consultant /
Croatian Centre for Earthquake

Engineering CCEE

Experience

20 years of structural engineering experience:

Structural design in steelwork, concrete,
timber and masonry

Special structures

Building performance

Assessment & renovation

Refurbishment, re-modelling and
renovation of historic and listed structures

* Seismic assessment & rehabilitation

Foundation design, including deep
basement for urban sites



Heritage buildings

Specific Issues in Structural
Assessment / Intervetion Approach

Interdisciplinary approach (wide range of involved
competences: engineers, architects, material experts,

conservators, restorers, art historians, archaeologists, e R P .=

lab technicians, ...) ZV s \’ s
Historical information (sources: owner archives, |

conservatory department, literature, field research) o emmeriesmeerie —. W/ \
Investigative field research (in-situ and laboratory | B \

testing): timber, masonry, steel, concrete, foundation -
soil / Material and geometric characterisation of the : 1
—1] o
structure
Structural Analy5is / Numerical mOdelling Naglavna greda za prihvat kotvi za prednapinjanje G _th ka injekt: tapna sidra-
|dentification of potential vulnerabilities -> bAoAl bt

understanding of structure behaviour
Intervention Design



When it comes to heritage building structural interventions, a thorough

assessment Is everything.

... the retrofitting measures just follow.



Steps in the retrofitting process

Earthquake or another disaster

Rapid assessment

Urgent measures

Assessment with investigative works
Retrofitting project / design

Construction / Execution works and supervision

Monitoring and maintenance ( facility management)
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14th Century City Wall
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19th Century Public Building




19th Century Public Building

2.1.1.2.

Pozicija K0O-M4

laminat + XPS ~1 cm

parket 24 mm

daska 24 mm

Suta 0-16 cm + Stafli
—— opeka na kut, d = 13 cm; Celicne traverze 1260 ili 1280
— Zbuka

~145 |

2.1.3.1. Pozicija P1 - KP-M1

opeka - 28x13x6,5 cm
ocitanje pri slomu: 220 bar

Dimenzija opeke 28x13x6,5 cm
Ocitanje pri slomu: 220 bar
f = 0,59 N/mm®

fu0 = 0,50 N/mm’

KP-ML

.......




19th Century Public Building

2.6.1.1.

Pozicija K5-Mé

23.1.2.

Pozicija K2-M2

2 34

, 20 44

102,2

— parket 24 mm

— ljepilo + glazura 1 cm

—— AB tlacna ploc¢a 5 cm

— blokovi ispune + nosiva rebra 18 cm
— bitumenski sloj 2 cm

— daska 24 mm

drveni grednik b/h = 20/20 cm

— Zi€ani nosaci 47 cm

—— daska + trstika + Zbuka ~4,4 cm

— parket 15 mm
—— OSB ploce 22 mm
— daska 24 mm

Suta 18 cm
daska 24 mm

grednici oslonjeni na ¢eliéne traverze

p_—

~— drveni grednik bih = 12/20 cm (duZi smjer, paralelno ulici)
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19th Century Public Building

RAZINA 2:
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19th Century Public Building
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19th Century Public Building

4 x HBS 100x8

drveni grednik

4xHBS 120/8 uZe za naknadno prednapinjanje

/ BBR CONA CMI 106 (&16), 2 kom

/
kontinuirani profil — 1 - -——— 4xHBS 120/8

L 100x100x8 mm 3 kontinuirani profil
L 100x100x8 mm

L 100x100x8 mm

postojeci slojevi

B N | I3
drveni grednik postojeci slojevi 7 L 70 L
‘ L promjenjivo L ‘ = 7~ |celicni profil

UPE 240, I=100 cm

promjenjivo

‘8—8

kontinuirani profil
L 100x100x8 mm
M16 e=160 cm

4% HBS 120x8 R -~

L promjen;jivo v 100

|

71

/ celiéni profil

/ pogled izvana UPE 240, I=100 cm

-
)
al
2

L 100x100x8 mm
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Early 20th Century Viewpoint Tower

ARHNG

— Maksimir, Maksimicski perivc 1, Zagreb Cznska
Vikovac. k& 3047 § 3048, k0. Maksimir projekta

ELABORAT OCJENE POSTOJECEG STANMA
INSKE KONSTRUKCLE o 1821

ARANG

Jana wstancva - partecy 1, Zagreb Cznaka
v k& 30073048 . Nt ety SR

ELABORAT OC.ENE POSTOUECEG STANJA
GRABEVINSKE KONSTRUKCLE

Zagrob, prosnac 2020.

Broj slike

Siika 61. 052

Opis oitecenja

Pukameuzom(sluepi\)wmnajugmmmproeew Vidijive su tri pukotine:

pukotina Lz tieme polukruznog luka koje se proteZe preko profilacija na progelju,

homnalnapﬁonnanaﬁewqmmmnawsmodwﬁe%modwda
te kosa pukotina na j strani vrati

Slika 62. 053

Opis o3tecenja

Horizontaine i vertikalne pukotine u dnu jugoistoénog zida tomja. Uz pukotine su
uotena i cdlamanja i odvajanja sokla zida. Pukotine se protezu od ruba zida do
srediSnjih ulaznih vrata.

Siika 75.
065, na
Opis oitecenja
Slika 76. 067
Opis oitecenia Kosa i vertikaina pukotina na unutradnjem zidu tomja na strani stubista koje vodi s

2.na3 kat.

Siika 85. 076

Opis ostecenja

anzmnlverﬂtdlmpumumwguzapaangmakxma s obje strane
vrata i prozora. UoZene su i kose i horizontalne pukotine u razinama nadvoja, te

dvije pukotine blizu iemena polukruznog luka malog prozora iznad vrata, koje se

protezu do profilacija na vrhu etaZe.

Slika 86. o7

Broj slike | Oznaka

Opis ostecenja

Popredna pukotina u parapetu prozora na stubidtu izmedu 2. i 3kata, na
s F s

Jvna ustanova - Maksimir, Maksimirckd par 1, Zagyeb Qanska
VAGROVAC. h.2. 3047 | 3048, k0. Maksimir projekta SR
FOSTI
N

(SKE KONSTRUKCLE 101821 47
peosnac

Broj slike

Slika 63.

Pukumeuvﬂmzapam\ogugawwgmpa Pukumesepqamusm»eunmw
sfrane st krecu od vrha udubljene pruge na stupu, dijagonaino preko pilastera

Slika 64.

Pukotina na unutraénjoj strani jugozapadnog zida toma koje se proteze od gomjeg
ugla ulaznih vrata do stropa.

Folograia oS



Early 20th Century Viewpoint Tower / 'i

Glika 103. Prikaz jugezapadnog zida tormja

Slika 104. Prikaz odte<enja na jugozapadnom zidu fornja
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Early 20th Century Viewpoint Tower
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DETALJ SIDRENJA UZETA ZA NAKNADNO

PREDNAPINJANJE
EeliEni "L” flah M.1:20
d=25 mm . 0 L

postojedi opetni zid

o uFe za naknadno prednapinjanje
BBR COMNA CMI 106 (216), 2 kom

uFe za naknadno prednapinjanje
BBR COMA CMI 106 (216), 2 kom

postojedi opeéni zid

DETALJ SIDRENJA CELICNIH FLAHOVA | L PROFILA

profil sidro M16
150/150/18mm

Eeliéni flah
G=25mm /




18th Century Church Tower

1904

[[ 1 Apsida (1610. g)

1 Brod (1610. g)

T Ulazni prostor i kor (1682. g.)
1 Aneks (1899, g)

=1 Zvonik (1750. g.)

\
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18th Century Church Tower
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18th Century Church Tower
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18th Century Church Tower

fa0 = 005 Nimm? o4 =NegA Vg =1L,y fu=fubpy =18 KL= 2
f= 008 Nimm®  1qy=(fy/1.5) (1+aq /)" Veua=Cefntns  fa=fhy  C=08 CF= 12 R. = min(Vay, Vi) / Ves
|
o | Ve Neg | Mg o £ TR Lo Ve Varg AVeg
24 (elemtiemd Alm g g | o) | Nmma)| 290 g | umarty | emt | g [0 g | BV ] R RexA
X1 | 290 | 99 | 19310 | 210,6 | 1623 | 1685 | 0.144 | 0057 | 0.107 | 0061 | 126 | 287 | 7.3 | 620 540 1818 0.137 154385 g
X2 | 200 | 39 | 11310 | 1990 | 1859 | 151,3 | 0,164 | 0,066 | 0,116 | 0064 | 191 || 47,9 | 416 | 654 504 1511 0.241 272111 R
X3 | 240 | 90 | 21600 | 2155 | 2651 | 1462 | 0.123 | 0049 | 0099 | 0057 | 195 || 964 | 224 [ 1117 193 1191 0,447 965968 ;
% | 240 | 90 | 21600 | 2241 | 2747 | 1242 | 0.127 | 0051 | 0.101 | 0058 | 224 || 1132 | 198 [ 1132 198 109 0,505 10908,94 S
X5 | 150 | 90 | 13500 | 1059 | 2207 | 77,7 | 0.170 | 0068 | 0,116 | 0065 | 124 | 730 | 145 | 794 T3 329 0,689 9304.50 122 i
X6 | 150 | 90 | 13500 | 1386 | 2126 | 663 | 0,157 | 0,063 | 0113 | 0063 | 131 || 742 | 187 | 767 181 643 0,536 723159 i
X7 | 210 | 60 | 12600 | 1634 | 1674 | 451 | 0,133 | 0,053 | 0,103 | 0058 | 210 || 724 | 227 | 674 244 %64 0,410 517057 i ST s o e TG
X6 | 200 | 60 | 12000 | 47,7 | 1399 | 57,6 | 0,117 | 0047 | 0097 | 0056 | 177 || 569 | 260 | 600 242 308 0,385 462102
X9 | 70 | 60 | 4200 | 735 | 752 | 197 | 0.179 | 0072 | 0122 | 0066 | 26 || 107 | 686 | 254 782 62,7 0,146 612,15
X10 | 200 | 60 | 12000 | 1944 | 1292 | 1150 | 0.108 | 0043 | 0093 | 0055 | 33 | 103 | 1600 | 592 528 184.1 0,053 63491
SR,xA)/TA= 0392  392% 19.6%
Vg Mgy Mgy Gd fac TAd L Vrg Vapg AV
2d |L, [em]|tiem]| Afem?] | g | ) | mm?) Odg, Nimm?)| (e | fem] | g Veal Vg KN] Vel Ve N R, R xA
T | 185 | 90 | 16650 | 107,7 | 3654 | 619 | 0.219 | 0088 | 0.136 | 0072 | 185 | 1275 108.2 1,004 16720.12
Y2 | 268 | 90 | 24120 | 1421 | 4874 | 135 | 0.202 | 0081 | 0131 | 0070 | 268 || 1753 1515 1,066 2571560
Y3 | 400 | 90 | 36000 | 1519 | 6322 | 440 | 0,176 | 0070 | 0120 | 0066 | 400 || 2405 2136 1406 5061137
Yo | 300 | 90 | 27000 | 1065 | 4547 | 296 | 0,168 | 0,067 | 0117 | 0065 | 300 || 1760 151,6 1480 39954,50
Y5 | 380 | 90 | 34200 | 1530 | 6587 | 106,0 | 0.193 | 0,077 | 0,127 | 0068 | 380 | 2414 2106 1377 4707678
Y6 | 190 | 90 | 17100 | 17956 | 3945 | 647 | 0.231 | 0,092 | 0,142 | 0074 | 190 || 1352 | 1233 | 1135 158 56,1 0,632 1080353
Yo | 130 | 90 | 11700 | 439 | 932 | 11,3 | 0,080 | 0,032 | 0082 | 0050 | 130 || 532 524 1,188 1390447
Yo | 115 | 60 | 6900 | 303 | 684 | 44 | 0099 | 0040 | 0090 | 0053 | 115 || 344 334 1,003 754061
Yo | 80 | 60 | 4500 | 208 | 419 | 18 | 0087 | 0035 0085 | 0051 | 80 || 226 220 1,060 5089,16
VIO 80 | 60 | 4800 | 194 | 442 | 15 | 0092 | 0,037 | 0087 | 0052 | 80 | 232 224 1,157 5553,18
ViT| 115 | 60 | 6900 | 541 | 733 | 129 | 0.106 | 0043 | 0093 | 0055 | 115 | 355 | 153 | 339 160 203 0,626 131842
viz| 320 | 90 | 28800 | 2074 | 4289 | 1248 | 0149 | 0060 | 0.110 | 0062 | 320 || 1753 | 118 | 1602 129 472 0,772 2224099
vi3 | 430 | 90 | 38700 | 2473 | 6398 | 338 | 0,165 | 0066 | 0,116 | 0,064 | 430 | 2497 2242 1,10 231 0,907 35091,66
Yia | 570 | 90 | 51300 | 2931 | 8775 | 109,6 | 0,171 | 0068 | 0,118 | 0,065 | 570 | 3375 3012 1,028 5272042

s(R,xA)/gA= 1,002  1092%  546%



18th Century Church Tower

DAMAGET
(Avg: 75%)

+6.000e-01
+5.500e-01
+5.000e-01
+4.500e-01
+4.000e-01
+3.500e-01
+3.000e-01
+2.500e-01
+2.000e-01
+1.500e-01
+1.000e-01
+5.000e-02
+0.000e+00

PEEQ

(Avg: 75%)
+4.928e-02
+1.000e-03
+9.167e-04
+8.333e-04
+7.500e-04
+6.667e-04
+5.833e-04
+5.000e-04
+4.167e-04
+3.333e-04
+2.500e-04
+1.667e-04
+8.333e-05
+0.000e+00

DAMAGET

(Avg: 75%)
+1.156e+00
+7.000e-01
+6.417e-01
+5.833e-01
+5.250e-01
+4.667e-01
+4.083e-01
+3.500e-01
+2.917e-01
+2.333e-01
+1.750e-01
+1.167e-01
+5.833e-02
+0.000e+00

PEEQ
(Avg: 75%)

3
+6.667e-03
+5.000e-03
+3.333e-03
+1.667e-03
+0.000e+00




18th Century Church Tower

[
. A
[ N@\/\I
g L0 ||




18th Century Church Tower
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Varijanta 1.
Interpolirana
Celiéna resetka




18th Century Church Tower
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18th Century Castle
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18th Century Castle
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Pukotina u zidu

s - s -
} Izbocavanje izvan ravnine

(===

Pukotina u zidu



18th Century Castle

LEGENDA:
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Broj [ Pozicija istrazne
istrazne busotine Prikaz
busotine
Pod hodnika na
P1 katu.
Broj | Pozicija
istrazne | istrazne Prikaz
busotine | buSotine
Zapadno
procelje —
AT kodulaza | o 0 snue vanjska ploha
u podrum. F. 1,5 cm crijepa

4,0 cm zbuke =
32,0 cm kamena

36,0 cm Sute

32,5 cm kamena

11,5 cm zbuke

L —

Broj Pozicija
busotine busotine
Pod sobe na
k2 Katu.
2 medukatne konstrukcie
+3,0 om daska
+3.0cm zouka 1018 cm
- .
o .
8
Broj Pozicija
istrazne | istrazne Prikaz
busotine | buSotine
Sjeverno
procelje —
z18 istoéno krilo
—zid
kapele.
- Fozicla
istrazne | istrazne Prikaz
Sotine | buSotine
Sjevemo
719 procelje —
zapadno
krilo
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18th Century Castle
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18th Century Castle
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18th Century Castle
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18th Century Castle




18th Century Castle
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18th Century Castle
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18th Century Castle
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18th Century Castle
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19th Century Church




19th Century Church

- POSTOJECH ZIDANI ZIDOVI | SVODOVI

N/

STATICKA SHEMA POJACANIA TORNIA
NA HORIZONTALNA DJELOVANJA

Z

7
%

7
V.

i
%

3
VA

- = = = = =

G

KRITIENE ZONE TORNJA

(OSLABLJENJA, OSTECENJA, PROMJENE KRUTOSTI) NOVI ARMIRANOBETONSKI ZIDOVI | PLOCE

IZVORNI GABARIT CRKVE | TORNJA (1770.) CELICNE PODVLAKE [PLATFORME | ZVONA}

NADOGRADMJA (1933




19th Century Church
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19th Century Church
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Intervention
TSN Out-of-plgne P concept:
deformation of I | Closed steel
i longitudinal walls & || tension ring to

causing instability stabilize the
of the masonry bearing plane of
dome the dome




19th Century Church

Sustav Celi¢nih zatega sa sidrenim blokovima

e Celi¢ne trake debljine 8 mm na
ekstradosu kupole

Pojac¢anje FRCM
(na dijelu velike kupole)



18th Century Church Tower
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18th Century Church Tower
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18th Century Church Tower
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18th Century Church Tower
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Zagreb Cathedral
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Zagreb Cathedral
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U nastavku dan tablicni i graficki prikaz ovisnosti faktora izloZenosti o visini konstrukcije.
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Zagreb Cathedral
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Slika 2- 15 Shematski prikaz pojacanja dvostruke visulje zone krovnih kudéica
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