=« European Council

European Council

OT . . ’ , » : of Engineers Chambers
Civil Engineers

REPUBLIC OF BULGARIA
Minister of Regional Development and Public Works

Building Engineering Forum, .., .
20-21 October 2021, Sofia, Bulgaria ~=fdis+{if ':}lImHL'i_'"{p,.' MR senssectens
International Conference on Earthqué e Engineering

Renovation of public cultural heritage
buildings after the Zagreb earthquake
In 2020. — example of design

Kresimir Tarnik, Mag.ing.Aedif.



| s T L LR & '
7 I f ) ‘ 3
3 i 4 ‘.'I ity f 1‘ i
=1 8 | {1k SHTE N
m‘” it | ’ il §
i1 1 AR

2021 | International Conference oh Eartdua’ e ngmeermg

Faculty of Medicine, University of Zagreb, Dean’s building.

The building in question is located within the
complex of the Faculty of Medicine in the
area of Salata ( Zagreb upper town) that
spreads over an area of 110,316 m2. The
building is located southwest of the existing
reception building. Construction of the first
building of the Dean's Office began in 1911
and was completed in 1913. It was designed
by Ignjat Fischer, as a two-story building with
an asymmetrical U-floor plan.

Southern facade

Northern facade
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Faculty of Medicine, University of Zagreb, Dean’s building.

According to available archival blueprints dating from 1911, the building was constructed with
concrete slabs and beams. The vertical load-bearing structure is made out of brick walls

Regarding the degree of conservation protection, the building is within the cultural and historical
ensemble of the City of Zagreb and is listed as cultural heritage building.
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Below is a 3D view of the structure to better understand the vertical and horizontal load-bearing system.
The vertical elements are made of masonry elements characteristic of the time of construction such as
solid brick in lime mortar, while the main horizontal bearing elements of the floor structure are made as
thin reinforced concrete slabs load-bearing in one direction between raster of directed beams resting on
the walls of the transverse direction. The floor slabs are d = 16 cm thick.
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FIRST STEP
1. Damage to load-bearing structures - Visual inspection of the condition of
the structure

The following was observed:

» According to HRN EN 1998-3; Eurocode 8: Design of earthquake resistance of structures - Part 3:
Assessment and reconstruction of buildings

The building complied with the "Requirement that there should be no demolition”, ie there was no local or
global demolition and the building retained structural integrity and remaining load-bearing capacity after
the earthquake.

* The building did not fully comply with the "Limited Damage Requirement" in accordance with, ie there
was damage and associated restrictions on use that will cause the cost of repairing load-bearing
structures and construction works.

* No damage was noticed that would indicate the sagging of the foundation, ie the collapse of the soil
under the foundation.

* No cracks were noticed in the load-bearing walls of the basement or in the mezzanine structure above
the basement.

» The mezzanine structures above the floors did not suffer any damage, except in the mezzanine structure
on the floors at the junction with the building marked 3b.
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* The roof structure has suffered damage, especially to the cornices and gable above the great hall which
has been completely demolished.

» Cracks 1-3 mm wide appeared in a large number of lintels (especially lintels in load-bearing walls).

» The walls of the staircase are damaged in terms of damage to the plaster and cracks in the masonry
columns and in the arches that support the tendons of the stairs.

» Minor cracks appeared on the stair treads and landings, but their stability and load-bearing capacity were
not endangered. The undercuts of some stair slabs have in several places a visible line of connection of the
elements caused by seismic deformations.
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Faculty of Medicine, University of Zagreb, Dean’s building.

2. Damage to non-load-bearing parts of the building

The following was observed on non-load-bearing structures:

« Significant cracks (1-2 cm wide) appeared in part of the partition walls made of slag-concrete and foam
concrete with slag infill, and cracks several millimeters wide appeared on most other partition walls.

« Certain partition walls have detached from the base structure and are swaying to the touch. These
elements have been removed for security of use.

* Local cracks have appeared in the plaster on partition walls, joints of partition walls with load-bearing
walls and mezzanine structures, in lintels, at the site of installation and the like.

» The plaster from the underlayment of the ceilings and walls and the corners at the joint with the walls was
damaged and patrtially fallen off.

» Damaged ceilings of corridors and individual rooms

» Damaged almost all parapets and lintels above the window
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3. Analysis of the existing condition and forming an opinion on the
reasons for particular cracks.

* Cracks formed in the zone of openings in load-bearing walls

* Cracks formed at the junction of the ceiling structure and walls

+ The main load-bearing walls without openings are the most damaged because they took on the
greatest shear force from the earthquake. Cracks in the load-bearing walls are formed correctly in full
X-cracks from the foundation to the cornice without eruption of the load-bearing structure outside the
plane of the wall.

* The masonry pillars between the windows remained undamaged (!!!)

« Cracks in stair arches and columns

* The gable of the great hall - collapsed because it was built on a reinforced concrete beam resting
upon masonry pillars without connecting to the concrete structure. The shift of the flexibly "soft"
element at the top of which is the unbound mass is the cause of the catastrophic demolition of the
most recognizable element of the building in question, which is also on the faculty logo.

NEXT STEP
Mapping the damage
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Faculty of Medicine, University of Zagreb, Dean’s building.
NEXT STEP - ASSESSEMENTS

Location assessment — in accordance
with HRN EN 1998-3

E. 1!l Lokacija

Prema seizmiékej karti RH, gradeving se nalazi u Zagrebu u zoni seizmidkog intenziteta s wiSnim ubrzanjem tla:

VrEno ubrzanje tla prema ssizmitkoj karti RH za pradmetnu gradevinu:
za povratno rezdoblje od 473 godina (TNCR =473 g.) R 0.26
za povratao razdoblis od 225 goding (THCR =225 q.) - ErLE 018

za pavraing razdoblie od 93 godina (TNCR =93 9.) - ErLE 013
E.2 Il Razred vaznosti gradevine
Teeblicn 4.3 - Razred waincef i fokdon -:i:\-cdiz:mgmd:
Rezred ynincsli Faldlor vednash
I ﬁr&nﬂpmﬂdnjﬂusﬁmﬂ,ppﬁpﬁdﬂqﬂkﬂ 03
I C&&Eqmthrmm 10
dnuigim b
I Zgrade: fijn je poire=sna oipomest vaing 3 chzisom ne posljedice vezane s 12 |
niSenjem{3kole ducrans sfume invitucie | b
W Zgrade Gz = cjeloviioat Bcom polneza od Zncine vadnosh ze civins zsiiy [bolnice ercgaane 14
pezisjz snsrgane i g
E.3 Il Temeljno tlo:
+  Tlo kategorije C
* rijednosti parametara koje opisuju preporuéeni elasiiéni spekiar odziva tipa 1
Tiebliza 3.2 - Vrjednoxt parametars koji opisuju eleeiini spekisr cdzies tipe 1
Tip t=meinag fa 3 Te (8] Tc(s) To (5]
A 1,00 [RH] 040 2,00
B 1,20 0,15 0,50 2,00
| i 1,15 0,20 [ 2,00 |
[ 1,35 0,20 0,80 2,00
E 1,40 08 0,50 2,00

E_4 /f Faktor ponasanja:

Smijer ¥
Mearmiranc zide
u skladu = namem HRMN EM 1928-1:201 1M A2011
g =1.5 - faktor ponaSanja koji == usvajs

Smjer X
Mearmirano zide
u skladu = namem HRKN EN 1928-1: 201 1MNA2011
0 = 1.5 - fakfor ponaSanjs koji 5= usvajs

Prathodno prikazani ulazni podaci za proradunski spekiar ée se koristiti kod kvazistatitkog proraduna gradevine.
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8.b/d=6070 [l

Structural assessment— in accordance
with HRN EN 1998-3

Ploga / Zid
1.d=016m[ |

Setovi numerickih podataka Plo¢a/Zid
Greda (3)

etovi numerickih podataka
PI &a/ Zid (1)

SN ECEEEE B

Setovi numeritkih podataka
Plota/ Zid (2-12)
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F-'Ih_' B ]
Rough analysis of seismic resistance - : Pazdody 1 || !
shear surface .| e
------ - "—" - l oo | .. —a ]
| el e
Tloorina povrsina etaze prizemia: A busio = 1891 m " N — b J ] "1
Plstnazidova x-smjera A saonix = 134 n PA,ﬂdB‘l’I,X : : E— ! ] " l .
Plostna zidova y-smjera A saniy = 183 P | _' . ¥ | = : I L]
e . & a ]
Pastotak zidova u x-smieru Pa zidovix = 7,09% | L ’ ’
Postotak zidova u y-smieru Ph zidoviy = 9,68% - | H [ L | ' e 4 R ] I o
Proraéun mase kontrukcije : s 8 » = = : - ! : I " = @ :
Okvirna tezina po stropnoj kontrukcij Qea= 15 KN/ | == __ L & = & & 1 l =1 ._ g & BB (]
Broj efa?a s punom masom n= 4 1 Lo e L n | b=l a a2 » » I (]
Masa konfrukcje M= Apatts - Qga - N= 113460 kN | R — .—-—ﬁ - I Y. 3 ] I
Proragun seizmicke sila za svaki smjer [ 1 ] )
Vr3no ubrzanjemtemeljnog fa za predmetnu lokaciu = 0,26 L l . =
Faktor ponasanja za nearmirano zide Mgz 15 masssad==; ' chrtet # A b ]
Faklor ta 5= 115 Ll F——— LK1 o
Seizmicke sia x - smjer. Sax(T)=a; S-25/q= 56540,90 kN
Seizmike sia y - smjer Sy [TJ a5 25/q= 56540,90 kN
Proraéun prosjeéng p \ja zida za svaki smjer
Tedxl T) = Sax{ T} pax = 0.30 kNﬁ'[m‘ = 7,98 MPa
Teay(T) = Say(T) | pay = 0,58 KNiaw® = 5.84 MPa
Proragun karakteristiéne posmicna évrstota zida
Karakierisicna poceina posmicna cursibca prema lieraturi fwg= 01 MPa
Proraéunsko tlacno naprezanje Og= 0,358 MPa
fe=fuo+04 0s= 0,024 KN /et
Proraéunska nosivost postojeceg zida na posmiéno naprezanje
Koef. za paresnu proradunsku situaciju prema HRN 1998-1[9.6.3] = 16
Tra= folym= 0,016 KNJemt
Omijer zateéene otpornosti prema HRN EN 1998 (Tucz =4750.)
Tral Tea = 0,0203
Tral 4= 00277

Zakljucak: Seizmicka otpornost postojece gradevine u x-smjeru je 2503% uodnosu na EC-

7 akljucak: Seizmicka otpornost postojece gradevine u y-smjernu je 2!77% uodnosu na EC-
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Masonry resistance analysis - Unbounded masonry

PRORACUN POSMIENE NOSIVOSTI POSTOJECEG ZIDA PREMA HRN EN 1998

Proracunska nosivost poslojeceg Ada na poprecne sile

Yu-
RZ-
FPgz -

OKVIR
[Mower]

H1

H_2

H9

H_10

H_19

H_20
H22

Vg =fu-Le -t/ (yw- FPrz)

D
[Tower]
Zx101
X102
ZX103
X104
X105
ZX106
Zx107
ZX108
ZX1091
ZX109/2
X1
X
oz
X122
X123
X113
X141
X142
X115
X161
ZX11612
xur
X118
X119
X120

0.1
150
RZ2: uobiéajeno znanje
120

Nea
()]
5655,26
890,15
410.%
454,68
B5.49
2386,18
143,45
20,65
1300.51
1556.84
822,93
501,87
3478.75
1805,01
7663.58
2351.23
813,74
7%
167,44
345,06
513,97
486.2
406,19
%777
166757

Mea
[Nm]
187626
3100,06
655,95
15213
9.2
211945
351,99
25427
2779.34
375677
B
69493
4420 56
145719
233364
9293.02
468198
124,68
625641
26392
281557
318,56
996,38
120471
4562,28

Karaklerisiéna posricna évrsioca ada
fu=fae+04-04

foro-

Gu -

Duljina faZno naprezanog diela za neomedeni zid

Lo=3-[L/2- (Mea/ Negmin)] SL

PRORACUN NEOMEDENOG ZIDA - X SMJER

[MPa]

4219,19
2364,98
186,76
24,36
382,72
3870,84
2,18
166,09
262,05
1629,51
178,52
567,74
3024,13
130,66
762,63
5508,39
172,08
27,11
422356
7,9
1882,54
2496
531,32
1269,99

1634,97

2273
216
25
306
32
178
3

@

512
1953
1

101
1051

2882888828

1953
501

101
1051

Ta
Kem?]
0,031
0,025
0.036
0,045
0,047
0015
0,022
0,024
0,047
0,061
0,066
0,055
0,054
0045
0,056
0,033
0,016
0,052
0018
0,055
0022
0,088
0,051
0.024
0,038

fox
[Nem]
0,02
0,020
0,024
0.08
0.0®
0.016
0,019
0.020
0.0
0.0%
0.038
0.032
0,02
0.08
0.0%2
0.0
0.016
0,031
0,017
0,032
0,019
0.037
0.030
0.019
0,05

113

VRd > VEd

Nije zadovoljenc
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljeno
Nije zadovoljeno
Zadovoljeno
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljenc
Nije zadovoljeno
Nije zadovoljenc
Nije zadovoljenc

Nije zadovoljenc

VadVes

185%
501%
120%
143%
476%
4%
408%

66%
502%
335%
%
9%
267%
310%
315%
601%
1%
122%
693%
249%
689%
169%
304%
1068%
268%

H_24

H_26
H_29
H_32

H_46

H_a7
H_52
H_54
H_55

a2
X122
ZX123
ZX124
ZX125
X126
X121
ZX128
ZX129
ZX130
ZX131
ZX132
X133
ZX134
ZX135
ZX136

517,35
428,88
229313
719,24
992,85
798,02
1659,41
609.44
149,34
204.78
952,46
367.56
1345,9
246,91
2307,86
623,88

3140,32
1358,82
11826,9
3042,99
7349,9
286,35
6524,36
33921
132,26
350,09
328134
129,22
6650,48
2660,23
187293
5634,37
)2

Srednja vrijednost nosivost -

1663,98
941,28
31343

201,82

204352
115,06

2376,58

165331

217
69,76

172842
98,03

141372

1655,14
5120,8
2063,2

748111

425
182
1384
762
363
168
502
634

100
340

527
527
1131
527

60
60

425
182
1384
762

0,020
0,039
0,024
0,031
0,034
0,079
0.047
0.021
0.039
0.041
0.031
0.051
0,043
0,010
0,026
0,017

0,018
0,026
0,019
0,023
0,024
0,042
0,029
0.019
0,026
0,026
0,022
0,030
0,027
0,014
0,020
0,017

Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Zadovoljeno
Zadovoljeno
Nije zadovoljeno
Zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljeno
Nije zadovoljeno

Y VEd/ 3V,

648%
603%
299%
T01%
%
49%
421%
562%

51%

95%
453%

81%
298%
887%
504%
862%
381%
402%

rezultata:

vrdno ubrzanjem temefjnog tia za predmetnu lokaciju

ZakljuCak: Seizmicka ofpornost postoje¢e gradevine u x-smjeru je

026

6,47%

u odnosu na EC-8

OTPORNOST ZIDA NA HORIZONTALNU POSMICNU SILU X-SMJER

.|_“|.‘.l_;|\_;.,_\..,.|.|.||_.

X
direction
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PRORACUN POSMICNE NOSIVOSTI POSTOJECEG ZIDA PREMA HRN EN 1998 V24  ZYii6 TG547 300418 21206 724 o0 7240018001741 Nije zadovolieno  515%
V25 ZYN7 129629 TAO431 330889 72 45 | 724 0040 002 469 Nije zadovoljeno 705%
Proracunska nosivosl poskjeceg zida na popredne sile Karakterisi¢na posmicna cvrsioca ada V.26 Zviie 62361 485357 267314 467 50 467 0022 0019 294 Nije zadovoljeno  908%
V"‘”"'L“'“”"'FP“] . ff‘"‘*"fu"""‘ ZYM9 3107.38 218977 466436 1345 60 | 1345 0039 0025 1139 Nije zadovolieno  409%
'( l‘ r ' S 'u.r * sk L U IY120 791,36 41343 309058 724 60 | 724 0018 0017 417 Nijezadovolieno 741%
L . ygg DV12t 08 278 2872 130 70 139 0040 002 141 Nije zadovoljeno 1566%
V- percan ko : Duina faéno naprezancg diela za neome deni 2d ZY122 1857.62 12210 14869 1404 70 | 1404 0019 0018 989  zadovolieno  16%
FPeg- . yatevinu L. =3-[Li2- (Mea/ Neamml] SL 7123 215134 793529 331412 1123 80 | 1123 0024 0020 O Nije zadovolieno 339%
7124 37709 13767 16051 110 80 110 0043 0027 133  Nije zadovoljeno 121%
PRORACUN NEOMEDENOG ZIDA - Y SMJER V3 s 85365 4469 637112 227 8 | 227 0047 002 291 Nijezadovoljeno 185%
7Y126 328493 20203 661404 1356 80 | 1356 0030 0022 1383 Nije zadovoljeno 414%
e~ 01 [MPa] ferdur ZY127 47946 25627 27799 85 70 85 0,081 0042 140 Nije zadovoljeno 199%
Yu- 150 ko il uecjupremaHRN 19%8-1[9.6.3] 7Y128 141965 889,14 540,03 290 70 290 0070 0038 428 Nije zadovoljeno 126%
RZ-  RZZ uabicjeno znanje e o ! 7Y129 255021 283055 15045 502 70 502 0062 0035 799 Nijezadovoljeno 188%
FPrz - i faktora o jerena ko odted ju odgovarguéu raznu znana HRN 166313314 VI vt wmen mees tomer 75 | 705 0054 0 874 Nijezsdoveljeno  18%
e o e . - s ZY131 150573 138443 2067,57 362 70 | 32 0063 0035 495 Nijezadovoljeno 417%
e e e VRd > VEd = 7Y132 57997 162416 1321,8 168 70 168 0049 0030 194  Nije zadovolieno 681%
0t 2a S5 M@ Ts 70 | 76 0040 006 718 Nije zsdovoljenc  623% ygg DY199 025 11505 117906 100 0 168 0043 0027 230 Nije zadovolieno 514%
Zvioe 707 Tl 3860 203 B0 | 203 00M 007 247  Nije zadovoljenc 1435% 77 Zvi34 62136 26336 32688 130 0 130 0053 0031 203 Nijezadovolieno 161% Y
VA zvis 776 42 503 160 80 | 160 O.081 0034 244  Nije zadovolieno 207% V42 7v135 28807 202937 53859 1330 70 | 1330 0031 002 157 Nije zadovoljeno 463%
V4 75 60 1480 132 80 132 0071 0030 226 Nije zadovoljeno 654% | = 924348 YV = 2187  YVEA/YV_= 423% d' t'
IVI05 243  6a55 7861 70 | 846 0041 006 870  Nijezadovoljeno 903% ; ednost nosivost - posignut omer U odnos imosi - Y-SMUER IreC |On
V5 ZVIE 46 160 1470 30 | 584 0025 0020 196  Nijezadovoljeno 748%
VT ZYI07 10795 31740 11274 70 2605 0057 0033 347 Nije i 327%
yqp D108 4mO0 vong SeeT 23 45 8 00N 05 2 Wi 348% '":?'P"’BCU“’ZUM
0 zvie T 1765 28 T 45 | T 0021 0018 %  Nijezadovolieno 345% vréno ubrzanjem temefinog tia za predmetnu lokaciu agg= 026
TN 4079 31662 4229 143 45 | 143 0070 0088 138  Nijezadovoljeno 312%
Y102 855,59 95199 60482 207 45 | 207 0070 0038 197  Nije zadovoljeno 306% Zaklju¢ak: Seizmicka otpomost postojece gradevine u y-smjeru je 5’90% uodnosu na EC-8
vi2 ZYN3 532,20 40624 30019 138 45 136 0087 0045 182 Nije zadovoljeno  107%

Zy11i4 33262 6537 46038 175 45 175 0042 0027 118  Nije zadovoljeno  383%
ZY110i5 192,65 24363 41342 117 45 17 0037 0025
YNNG 17826 7552 6586 B0 45 B0 0,050  0.030
IY 11 18463 573 196,22 €0 45 90 0,046 0028
IY112 16225 308942 167639 697 45 697 0,052 0,031
Y113 eR7 24676 81621 265 70 2656 0,050 0,030
VAS Zviind 2473 11242 1671 ] 70 66 0051 0,030 Nije zadovoljeno  202%
Y15 4472 2751 400,67 138 70 136 0,047 0029 Nije zadovoljeno  263%

72 Nije zadovoljeno  574%
60
4
636
308
Il
152
Y1116 98326 158201 167392 5277 10 527 0,027 0021 423 Nije zadovoljeno  395%
132
723
147
495
66
681

Nije zadovoljena  110%
Nije zadovoljena  309%
Nije zadovoljeno  205%

OTPORNOST ZIDA NA HORIZONTALNU POSMICNU SILU Y-SMJER

Nije zadovoljeno  265%

YT 3N9T 18723 268,43 127 L) 127 0,042 0027 Nije zadovoljeno  203%
V16  Zvi1z 7777 781919 381791 846 70 846 0030 002
V20 Zvi13 3067 12299 102196 473 30 413 0022 009
V2 72114 141383 804300 284661 724 45 724 0,043 0027
Y151 20103 501 95,12 61 60 61 0,085 0,032
IY1152 1852.54 103527 19717.11 808 60 808 0,038 0025

Nije zadovoljene  528%
Nije zadovoljenc  685%

Nije zadovoljena  575%

Irill'rl'rl"'l'tl'

Nije zadovoljena  146%
Nije zadovoljeno  200%




BEF

2021

Building Engmeermg For Im, .
20-21 October 2021, Sofia, Bulgaria =i} i

International Conference on Earthqua © gmeermg

SRl i el

Faculty of Medicine, University of Zagreb, Dean’s building.

7.00%

6.00%

5,00%

4.00%

3.00%

2,00%

1,00%

0,00%

Usporedba analize otpornost

m "Gruba" analiza x-smjer

m "Gruba" analiza y-smjer

m Analiza neomedenog zida x-smjer
Analiza neomedenog zida y-smjer
Analiza omedenog zida x-smjer

m Analiza omedenog zida y-smjer

Comparative analysis of masonry resilience as a percentage of full
"ECS8" earthquake resistance
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The concept of structural renovation of a damaged building

Predicted positions of complete structural
reinforcement with new RC structure
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What'’s next?

This study is being evaluated by the competent conservation department.
After a positive assessment, a seismic reconstruction project is to be prepared
following the conservation department conditions of design.

God willing, soon, or at least before the next earthquake.
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Thank you for your patience.
Shaken greetings from Croatia

o URED OVLASTENOG INZENJERA
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Y Visnjica 29, 10000 Zagreb
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