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Abstract

The city centre of historic cities are densely populated and the inhabitants mostly live in historic
buildings. Most of these buildings are made of brick or stone and their structure were designed following
the traditional techniques without taking into account the seismic hazards. Accordingly, seismic risk
assessment of such masonry structures is an important issue nowadays. This study focuses on the
conception of methodology, which implies all the steps for fragility assessment of historic building. City
center of Budapest was selected as a typical study area and investigation has been done for one of the
historic building.

The research focuses on the building vulnerability assessment of one selected building. The study
included in the first step the identification of the building archetype, construction technology and
condition of the structure and structural elements. To obtain all these parameters, on site survey was
made for the existing building, which also included the measurements of the building geometry and the
structural components.

After gathering the information and the new measurements of the building, modifications were made
for the old construction plans, which were obtained from archives. The volumes and the weights of the
structural elements of the building were calculated.

The extracted data was used to create a numerical model of the building. Linear and non-linear analysis
were made for the entire structure to find the capacity curve. According the capacity and fragility curve
the seismic hazard was estimated.

Presented methodology is useful tool for the assessment of seismic hazard of historic buildings, not
only in Budapest but at other parts of the world, too.



1. Introduction

Buildings are the most important structures when the earthquake occurs. From last 10 years earthquake
events, such as the Japan earthquake (2011), the Chile earthquake (2010), the Afghanistan earthquake
(2015) and the Nepal earthquake (2015), plenty of buildings were totally collapsed and a lot of them
were demaged. Field surveys have shown that the buildings in a poor condition are main cause of human
fatalities and property losses. Seismic fragility estimation for existing buildings has become significant
issue, especially for last decades, when the frequency of disastrous earthquakes is increased.

Hungary is a country, where the Komarom and the Dunaharaszti earthquakes happened and more than
thousand houses were totally collapsed. The buildings in the city centre of historic cities are made by
brick masonry. Masonry walls have enough compressive resistance to transmit vertical forces without
failure. However, their load bearing capacity against horizontal loads (wind, earthquake) and
deformation capacity is low. With the introduction of the new European earthquake standard the
design requirements of Eurocode 8 must be fulfilled [1]. Existing building was designed in 1907 year and
it is obvious that seismic analyses was not made to estimate seismic fragility and seismic hazard.

Hence, the presented research is relevant and apposite. The case study represents building vulnerability
assessment of selected historical (masonry) building in Budapest to estimate seismic fragility.

For shear wall structures, Hwang and Jaw (1990) recommends to show a simplified analythical method.
Many researchers use different methodologies to develop fragility curves. These methodologies and
the importance of the fragility curve are demonstrated in the research paper [2].

1.1 The aim of the study

e Development of the concepts for building vulnerability assessment according to the site survey.

e Seismic Fragility assessment of historic building due to the building vulnerability estimation.

e The methodology of seismic fragility assessment of historic buildings to be usable for any part
of the world. It finally reduces the human fatalities after the natural disasters and will be an
economical benefit for the country, too.

1.2 Postulates of the methodology to solve the problem

e Site survey for the existing building; Data collection, required for vulnerability assessment, for
experimental and numerical model analysis of historical building;

e Compilation of the building vulnerability assessment sheet according to the site survey.

e Estimation of mechanical properties of the building materials;

e Procure old drawings of the selected building and renew by new measurements;

e Data calculation of the volumes and the weights of the building and its structural elements;

e Design of 3D model and nonlinear static analysis in finite element software Sap2000



e Modeling the methodology of seismic fragility assessment of the existing building;
Determination of capacity (Force - displacement) curve;
Definition of IDA (Incremental Dynamic Analysis) curve;

Representation of seismic fragility and seismic hazard curves.

1.3 Historic value and importance of the structure

Research work was done for brick masonry historic building, located in the heart of the Budapest, on
Bartok Bela street 10/12 (Fig. 1,2,3). The front facade of the existing building overlooks the Bartok Bela
street, the back facade — Budafoki street, right side facade from Bartok Bela street is located on Csiki
street and from left side facade has a border with adjacent building.

The place was perfectly selected. Almost all the Hungarian traditional Buildings , located in the city
center are dated in XX century and represents the face of the city. Therefore to protect the historic
buildings against the unpredictable earthquake events, has a vital role for the Country.

[T]

Figure 1. Existing building photo from google map
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Figure 3. Selected structure top view with adjacent buildings



2. Site Survey

2.1 Steps required to fulfil during the site survey for building vulnerability

assessment

e Visual investigation of the building vulnerability;

e Photos have to be taken for both throughout the building and its individual elements; For any
special details and damaged structural elements;

e Sketches of the building with it's geometrical measurements, which includes: the height of the
storeys, openings; Dimensions of the courtyard, cellar, walls, staircase, balconies, roof;
Thickness of the slab, beam and any of significant structural elements;

e |dentification of building archetype;

e Define the age, importance and usage of the structure;

e Estimation of construction configuration and construction technology;

e Define the condition of the structure and structural elements;

2.2 Completed work during the site survey

Existing structure is residential building, located in the city center. It was built in 1907. Shape of the
structure is rectangular and has vertical irregularity. 5-6 storey building (with additional cellar) is
surrounded by courtyard and inner round balconies for each floor (Fig. 4. a,b). Northern and eastern
part of the building has 5 storeys, with additional cellar and loft construction (Fig. 5), while the South
and western part has 6 storeys with cellar and on the top with flat roof.

Figure 4. a,b Exterior photos of the selected building



Figure 5. loft construction

Site visit had begun by visual check of the cellar and the photos were taken throughout the whole
building and its individual structural elements. The major part of the cellar is located under the ground
level. Its interior part has 3.5m as total height (Fig. 5). Main load-bearing wall thickness of underground
level is 0.95m, meanwhile some of them has 0.5m thickness. The material, used for the wall is brick
masonry.

The cellar is represented as corridor system structure (Fig. 6.a) with small, separated rooms from left
and right hand side. Brick arches are used as a slab (Fig. 6.b). Inside part of the cellar is dry and there is
no water seepage.

There was no possibility to verify the type of the foundation by visual investigation.

Figure 6. a,b Cellar



The structure has two brick masonry cores with main staircase with elevator (Fig. 7.a,b) and secondary
staircase, made by stone. Last floor staircase is not in a good condition and requires more detailed
investigation. There is an elevator in the corner of south eastern part.

Figure 7.a,b Internal Staircase

Ground level is highest level of the building with height of 5.15m, but the floor construction is installed
on 1.38 m above from the ground with narrow balconies around the building, surfaced by stone
material. The entrances, located on the balcony are connected to the ground by separate, external
stone staircases. Some of the upper level balconies have material loss from the bottom part (Fig. 8a,b).
Main load bearing brick masonry wall has 0.85m thickness and on the same level 0.5m and 0.4m load
bearing and 0.3m secondary walls are represented. Walls around the courtyard have a lot of openings,
which is the considerable part for seismic analysis.

The height of the first floor is 4.14m and the above level height - 4.16m. Typical level height is 4m. Only
the last storey height is around 3.5m. Wall thicknesses varies from 0.65m to 0.3m.

Figure 8.a,b Material loss, illustrated on the bottom part of the balconies

During the survey, Schmidt hammer was used to check the type of the material of structural elements
and in case of concrete segments to define the quality of material.



The crackes discovered in the walls and in the other part of the structural elements are not significantly
valuable.

Steel beams with 20cm in height are represented on the edges of the floor and balcony slabs.

The building has seven individual balconies from the front facade from Bartok Bela street, but it could
not be available to check.

Due to the Komdrom earthquake (1763) it is obvious that the roof part of the buildings are very
important and sensitive part during the earthquake event. Houses with displaced roofs and overturned
gables are illustrated in the literature [3].

The existing building has two type of the roof construction. From southern side it is an open gable and
from western side a shed roof is presented. Major part of the loft construction consists of timber beams,
columns and rafters (Fig. 9.a,b,c). Maximum height of the roof is around 6.5-6.7m from the bottom.
Some of the walls are continuing until the top of the roof. There are several chimney constructions, too.

Figure 9.a,b,c Loft constructions

Visual investigation of the loft constructions shows that the materials (Fig. 9.a,b,c) are relatively new, in
good condition.

Quality and the condition of the whole building might be rated as moderate.
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3. Compilation of the building vulnerability assessment sheet

After the searching of Hungarian building vulnerability assessment form, It was revealed that the form
does not exist in Hungary. Based on the above mentioned problem for new Hungarian building
vulnerability assessment sheet formation, Indian [4] and American [5] forms were selected as a
sample. All the items were discussed and modified according to the specifics of Hungarian buildings
and its individual characteristics.

To become the process obvious, American (Fig. 10) and Indian forms (Fig. 11 and Fig. 12) are illustrated
on this research paper.
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Building built on the slope | If *YES" / Slape Angle o E E 52 gﬁ pé £ 2| g5 23
YES FI ild (0-15%
- oo L olo|o|o|lolo|alo|o
. Medium (15300 [
O D For stone masonry, size of the stone > 300 mm YES D MO I:I
Steep (=307) [
Ratio of wall kength/height and thickness
;ummma Buikling Vulnerability Assessmens Yer 30 Fq::i:l :RUMBDM.A Buikling Yulneability Assesasent Ver 30 Pq:-lml

Figure 11. Indian building vulnerability assessment form [4]
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Wall Types Thickness of wall [ Lengih of wall beiween | Height of wall from Maierial of the Statrcase:
(inch) cross wall (ft) floor to cxiling {ft) Brick 1] stone 0 |'Wm-d 0 |:’.‘m¢:m O |5ml [ |
Type-1
Type-2 5. Present Condition of the Building
Opening in any wall (for Masonry construction} Is there any structural crack in the building? YES O NO [
1* Stosey (>50%) YES O |wo O
If YES,
2 g 0% YES NO
ot C-00%) ] ] Building Elemeat Horizontal Vertical Diagonal
s 3 YES NO
porey s shone 6 zf’h ) O Mi Mz M1 M2 M1 Mz
ing near corner of i
el (<15 1) YES i O Beam Ol olololol o
Openings are oo chose 1o
each ather (<20 f1) VES O |ro O Column O O [ [ O a
Roof Details: Wall J O OJ O O O
Roof Type Roofing Materisl P of T Size of Crack: M1 = Minor crack (0-5 mim):; M2 = Majos erack (=5 mem)
e —— O Concrels 0 | ves "Tfn‘LEng.‘.jlru:u Type aof Building Distress:
L GL Metal, Asbestos Shees [ | WALL:
Open Gable 0 ~o |STEEL []
[ Stane/Slate O
Box Gable 0 | ween O Q O O
-~ [ | Waod (] D 4
S
Misd D Wi rre— Corner crack in wall Selthement crack
Shed Roal @ | . anchored to the beam
Bumit Brick D ar wall:
Hip Roof @ YES
LT s | g 0 (| O
Can't be Specified O | matchvBamboo [ o O
Wi A : Vertical cracks in full
all overtuming Partial wall collapse h of the wall
Materials Used in Mortar:
Mud O ICemem O |NoMomr O |
O O
| Propontion of mix |Cuvl=nl: Sand = H I
Diagonal cracks near opening | Venical cracks above
_ (door & window) dooriwindov
Sraircase;
by Staircase:
Separaled O |Cnnu1ccl|:d (] | Enclosed O |
TARUMPSDMA Buikdisg Vulnerability Assessment Ver 30 ) Page T TARUMPSDAMA Buiking Vulnersbility Assessment Ver 10 P.F‘Io
ROOF: 6. Vulnerability factors for specific hazard types:
Earthguake:
m| m] o
SHAPE OF THE BUILDING:
Rool sag Roaf coll  s— ]
Rl e O ] | o |
MN: ) L
CoLy Rectangular Circular L-Shape T-Shape
iz
/ N Al
= /o Uja| =] o =l e
i I ve
H U-hay H-Shape Plus Shape
Shear cracks in column Calumn sw VERTICAL LLA t
Presence of sethacks YEs [ o [
BEAM:
Presence of step hack vEs [ o O
[ppE— A —— STRUCTURAL IRREGULARITIES:
Shicar cracks in beamn [ | eoricontat cracksin beam [ Tensile cracks in beam L- ‘,.,mm.‘“,';m Presence of soft | Prosence of short | Presence of Presence of heavy
height SOy | ey column reenirant comers | averhangs
OTHER DEFICIENT PARAMETERS: YES [ (vEs [ [YB8 [ VES ] YES ]
g s No [ v [QJiwe [ (v O o O
g E
% E S PRESENCE OF HORIZONTAL BAND (MASONRY CONSTRUCTION):
g E B ] § Horizontal band st plinth level YES  [J|wo  []|Cantbeidentified  []
5 = = z
z g 3 E 3 Horizontsl band at lintellevel | YES  [][NO [ Can'tbe identifics [
YES YES Poor Poor Undertak TR
] 0 [ [ e ] Hortzontal band atsill level YES  []|N0 []|Cantbeidentified [
NO 0O [we [ |Moteraie [7] |Moderste [] |No [
Underaken Hori 1 band at roof level YES 18] Can't be identified
16 YES, severity | Ciood [ |Goed [l o s - L -
of cormasion
Misr ] POUNDING:
o [ | Building susceptible o pounding ‘ YES O ] KO O
:MPSWA Bulldiag Vilnershality Assessment Ver !-.11 I'ugg‘h:{_'u 'I_AIN.I.MPSIIMA Hulkliag Vulnerbiliny Assesssrent Ver ;u Page ol 1)

Figure 12. Indian building vulnerability assessment form (continuation) [4]
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After the deep discussion and comparison, related to the Building vulnerability assessment form for
Hungary, new form was created (Fig.13, Fig.14).

2. Description of the building

Building Vulnerability Assessment Form ‘Construction date:

1. General Information Dimension of the building (m)

Length: width: Height:
Address: GP5 Coordinates:
Number: District: Morth-scuth pasitian:
Exst-west pasition:
Usage of the Building: Number of stories:
shape of the building Irregularities:
Rectangular O vrtical i1y
Image of the building circular O
L-shape O Flan (typa):
T-53hpe (]
u-shape O
H-shape O Floor plans
Fuls shape O
Mone of the abave O
3. Construction Technology
Prefabricated O
Traditional O
Reinforczment O
Refurbishment / Restoration O
New technologies O
4. Information about buijding and building elements wall Details
Foundation Thickness of wall (m] ‘wall Material
Type of Foundation 1solated [ ] | combined [] |Raft [] | Pile ] | Spread [ Height of £t 2
wallfrom | 2FoEl | o £
Depth of Feundation {m) Floor mainwall | secondary | foorte | BEEVEER E . g =
Material of Foundation [m} wall {m) | ceiling [m} wl:arl‘lalssml A A =
5| o I
HEEREE:
B o . HEEERS
Building elements [Dimension, Material) FEaTar
Building element ) ) Material FEreund Tioor
{Location snd quantity if [m)
necessary) Stone | Masonry RC steel Wood 1" tloor
Beam General floor
Top floor
Column
Dilatation between the buildings:
Type, number and size of the openings [door/window) in any wall
Balcony Level [ Type, | | 2| SEE Double Triple Single Double Triple
number and g § door door door window window window
size of the H
apening OB NEHEIBEAE IENEEDNEEEBEEEERES
Ground level
istance (m]
Opening near
Parapet comer of the
- wall
Chimnay Openings are
toa close to
each other

of opanings: N
- & —zmall, M —hedium, L— large, XL — Extra large

Figure 13. Building vulnerability assessment form for Hungary
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Type and material of staircase

Type [ Material Stone RC steel wood
External
Connacted
Enclosed
Roof Details
Roof Type Material Presence of truss
Fat
Concrete Stes
O ! O
‘Open Gable
Metal ‘Wool
O ! o O
Box Gable : s anchoured
1f truss is anchour
O Shone/skfe To the beam O
Shed ro
i If truss is anchoured
O To the wall O
Hip roof
“ [ | Bumt Brick
Other ] |Tile

Figure 14. Building vulnerability assessment form for Hungary

Other deficient parameters

5. Condition assessment

Prasent condition

New 7] TWaoderately O | Foor [
Detailed description
Horizontal Vertical Dingonal
Location of Crack E . | p—
ML | M2 | M3 ML | M2 | M3 ML | M2 | M3
[mm)
Beam
Column
Wall

Mear openingz

Balcony,

Parapet

Thimney

Size of Crack: M1 = Minor crack (0-33%], M2=hoderately crack (33-85%), M3=Major Cracl

Type / Condition o evidente Location Minor Major

Water seepage

Corrosion

Loss of material

Quality of concreting

Bulging or sag of building element

Overturning of building element

Collapse of building element

Other
Settlernent, Displacement

Name MO evidence Location Type Size (mm] |
| Settlament
| Displacement
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Since the required parameters was defined from site survey of the existing structure, the building
vulnerability assessment form was filled (Fig. 15, Fig.16).

Building Vulnerability Assessment Form NG
2. Dascription of the bullding
1. General Information o et 2007 it
Dimension of the building jm)
Address: Bartok Bela ut. GPS Coprdinates:
Number: 10-12 District: X1 North-szuth pazitisn: Length Arsund 46 Al -1 ‘WW““":::.mi’;
Ezst-west position:
Uisage of the Bullding:
Residental Busld Number af stories: 5+1
shape of the building wreguiarities
o Rectangular E weertical (type/severity): _Half part of the bullding
FEAgS of Min huding Cireulsr E has 4 stories and half part - 5 stories
L-Shape O Pl {rype):
T5ahpe O
U-Enape |
Heshape O Ficor plars
Fuls shape H|
Hane of the abeve Ll
| Prefubricated &
| Teacitional ]
| Reinforcement O
+ Refurbishmant [ Restomation | t
| ew technologies O ¥
H
4, Information about building and building elements Wall Details
Foundation Thickness of wall {m] ‘wall Material
. - . - Length M
Type of Foundation tsolated [] | combined [ | maft [ | Pile [ ] | Spread ] Heightof | 5
wall from
‘Depth of Foundation [m] Floor il | ss00ndid | “omin Mcnr;:n i g ?
Material of Foundstion {m} wallim) | ceiling [m} il ) & E g
HEEEL
Building elements |Dimension, Material) Cellar 555 62 35and 2.6
Building element Material " Ground fioor 0.85; 0.5; XYY
(Lecation and ey il | {m) 0.4; 0.3
necessary) Stone | Masonry|  RC steel | Wood T Tloor 085, 0.5 i
Beam [ 200476 mm % n.ﬂ?z
General oot y ' 4
Ground fioor o7 m:‘s“
Eret Roor 07 Top floor CEAE] L]
Seeond floos 107 Dilatation between the buildings: Csiky ut. 1-3 - 0.17m; Bartok Bela ut, 10-12 - 0.011m.
Third floor 107 Type, number and size of the openings [ i ) in amy wall: , Bortok Bela wt. 10-12
Fourth flooe 1] Level / Type, =] Single Gouble Triple Single Double | Trple
door door door window window window
number and
Balcony mnf the
opening
m-lln!h — :N!“lll!:l‘ﬂsﬂlrsﬂl MEDODEBEEEDE
yard (inide] Tievel ] T E
First fioor — L circular in T3 bevel z| 7 Z| T 3
the yard (inside] | Tewel I[E El 3] T [
S=cond floor— L aroulsr in
the yard (inside] and 2
from Bartok Bels ctr,
Third fiar - L circular in Type, number and size of the openings [door/window] in any wall; Sde facads, Ciky wt. 3
the yord (inside) and 2 Level / Type, x| Single Double | Triple Single | Double | Tnple
; mambes and g §| door door door window | window | window
Fourth floor - 1 circular m size of the =
:‘:.:“!"“:;:“" opening R W[ W LA S MmO A S
LS [Greund HE T 1
Feéth fioor — L circular in el
the yord (inzide] for half L heved 5 3 1
of the building 28 tevel 7 5 z
Parapet B 1[6 1] 5 T
Chimnay Firound 0.4XL0

Figure 15. Filled building vulnerability assessment form
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Type, number and size of the opanings (door/window] in any wall: Girular facade in the yard
Goutle

Type and material of staircase

Figure 16. Filled building vulnerability assessment form

Level { Type, ¥| Snge Triple Single Gouble Tripie |
e g -E door door door window window window -
size of the = Type / Material Stone RC steel Wood
opening BEIHNEDNEIHNEIDEIEE NESEENES LR IDEIBI L DS 7
Grourd level | 9 | 17 T T T T FE] I[1 External
1% level L EE EY EE] ey 7[1 Ci
2 bl 1318 DES i HE Connacted
Teuel KD I FE] i [
2 hevel EENES i[= 3 HE Enclosed
57 bevel HEIE H 1 O
Distance (m|
Ewery storey have
- SOME GpERngs NESr
O | i
S W distaace = 0.0 ™ Roof Details
and others girectly in
e corner.
Gn the & fioar,
D ity Roaf Type Material Presence of truss
too close to between the
ench other triple windows Flat
withaut say
trpeeiny EI Concrete D Steal EI
Type, number and size of the openings [door/ ) inany wall: Openings inside the building Open Gable
Level / Type, A “Double Triple Sngle Gouble Triple | } o | Metal [ | wood O
number and é b door door door window window window T
size of the = Eax cale
opening BEEHEDNEHEIDEIECEEI EE DR E IR B D ES. ¥ truss is anchoured
Stone/slate
Ground level | 13 | ) 0 Iz 3 I \ O [ | Tothe beam O
1% lewel EERIED 3 13 & £l
T bevel W[ % E] EF] T E] T shed roof
|5 fevel W[ e ] g T L] T I truss is anchoured
T vl W[ 3 FES ) ] T § ¥ [} Wood E | 1othe wal O
57 level 3 z 3 H B I
Distance m) Hip roof
Upening reee Burnt brick
comes of the i ] [
weall N
On the
| e Other il
e anewall has O g =
) - tripie goor
o0 close to BT e
ench other g
withast 2ny
distance.
Numbar of opanings: N
Zize of cpening: & —small, M —Medium, L—large, XL — Extra large
5. Condition assessment Other deficient parameters
Present condition Type / condition Mo evidence Location Minor Major
New 7] Moderately 7] | Foor ]
Water seepage
Detailed description: None of the significant chrack was appeared. Corrosion
Horizontal Vertical Tinganal 'On the bottom part of
Location of Cradk Crack size some balcony slabs;
mm) ML | M2 | M3 | ML [ M2 [ M3 | ML MZ [ M3 On the fifth storey,
5 Loss of material near the triple window
eam
‘Quality of concreting
Bulging or sag of building element
Collapse of building element
Last storey staircase Is
Tal
umn Other not in good condition
Sattlement, Displacement
Name o evidence Location Type SIIE‘IIIII
Settlement
Wall allawabie [Displacement
Hear openings llawables
Staircase
Balcony
Parapet
Thimney
Size of Crack: M1 = Minor crack (0-33%), M2=i ately crack (33-88%), ‘Crack (§8-100%)



4. Estimation of mechanical parameters for masonry walls

Mechanical parameters for masonry walls, like Young’s modulus (Modulus of elasticity), Poisson ratio,
shear modulus and compressive strength have one of the important role. It is essential to know the
characteristic of brick masonry walls in order to evaluate the responses of masonry walls for any kind of
loading. Individual bricks do possess better compressive capacity as compared to masonry walls.
Masonry walls are bound together with either mud mortar, lime mortar or by cement sand mortars of
various mixes as per strength requirements. The essential strength properties in engineering are
basically the compressive strength and the modulus of elasticity. The American Society for Testing and
Materials (ASTM) standard is the most popular for testing bricks and brick masonry for these properties
so far [6].

For the presented research paper, separate material characteristic values are illustrated from Hungarian
codes and literature (Table 1), but the mechanical parameters for masonry walls was found from studies
developed in Department of Structural Engineering, University of Naples Federico Il, Naples, Italy [7]
(Table 2).

brick wood steel reinforced stone
Parameters / Material concrete
(40-50ys
old)
Weight per unit volume 1600-1750 600- 7000-8000 | 2300-2400 2650
700
Modulus of elasticity 800-2300 4000 200000 15000- 35000-
(MPa) 30000 40000
Poisson ratio 0.263 does 0,25-0,30 0,15 0,28
not
have
Coefficient for thermal 9*10° 4*10° | 11.9 *10°® 1.3*10° 8*10°
expansion

Table 1. Mechanical parameters of material from Hungarian codes and literature

Masonry type S [MPa] Ty [MPa] E[MPa] G [MPa]
min  max min max min max min = max
Old brick masonry with lime mortar 240 400 0060 0092 1200 1800 400 600

Table 2. Mechanical parameters of old masonry wall
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5. Modification of the old drawings with new measurements

It is a necessary step to calculate the data of the volumes and the weights of the building and to detect
the structural elements of the building.

The old drawings (Fig. 17.a,b) of existing building were procured from Hungarian online archive [8] and

were modified by new measurements gathered from the site survey. Several new drawings are
illustrated in the research paper (Fig. 18,19,20.a,b).

2 e i i
3 s AR e }
§ = =g — SN | :
- e 3 : y el B
ER . yr 'T ol 223 _""r“h' i |
¥ | | ¥ - o B i
S iy ~Sray M T | !
BIELE e :| il | i - " .hl'
| | | 1
i At gl d & 14 ‘ = ﬁ &
E SR ] -
e [
X s it b
» W?"_n A
i

Figure 17. a) Samples of the typical plan and b) vertical plan (old drawings)

Second Soor plan.
1
_ﬁ# 2] I |
‘ i H “ Hotes:
& Z_s E !l [ - Door
Bl e — — -Window
?-—-—_-!?E-!i =|= !l—lu-— o
i =) |
W )
i ]
! I
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i | I{
e | — H _‘
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i [
—
[ [ I==] =] T==T =) 1 O O 4 |
= =—=T1 F— T—=—1 F—T1 | | — J
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+ i mm i ] gomT:tijia

Figure 18. Sample of the walls and openings plan of typical floor (new drawing)
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6. Calculated data of the volumes and the weights of the building and its
structural elements

After getting the new drawings, the volumes and the weights of each structural elements and finally
for the whole building were calculated.

Bartok Bela ut. 10-12

Structural element Thickness (m)| Width{m) |Length (m)| Area(m?) |Volume (m®)|Weight (ton)
Raft Foundation 0.7 1123.47 786.429 1966.073
Cellar

Load bearing wall 0.95 826.700 1438.060
Load bearing wall 0.5 17.640 31.752
Non-load bearing wall 0.12 22.610 40.698
Sum (Walls) 866.950 1560.510
Slab 0.2 1089.22 217.844 217.844
Internal Staircase - STRC-2 1.641 4.2666
Sum (Cellar) 1086.435 1782.621
Ground floor

Load bearing wall 0.85 876.294 1577.329
Load bearing wall 0.5 87.230 157.014
Non-load bearing wall 0.4 31.440 56.592
Non-load bearing wall 0.3 44.510 80.118
Sum (Walls) 1039.474 1871.053
Slab 0.2 1101.57 220,314 220,314
Balcony Slab 0.2 59.188 11.833 11.838
Sum (Slabs) 232,152 232,152
Internal Staircase - STRC-1 4.348 11.305
Internal Staircase - STRC-2 1.546 5.060
External Staircase - STRC-3 2.348 6.105
External Staircase - STRC-4 0.905 2.353
External Staircase - STRC-5 0.786 2.044
External Staircase - STRC-6 0.646 1.680
Sum (Staircases) 10.979 28.545
|StEE| Beam (200X76) 0.2 0.076 107 1.569
Sum (Ground floor) 1294.442 2145.557

Table 3. Volumes and weights of structural components of Cellar and ground floor.

First floor

Load bearing wall 0.65 561.494 1010.689
Load bearing wall 0.5 64.590 116.262
MNon-load bearing wall 0.3 29.924 53.863
Sum (Walls) 656.008 1180.814
Slab 0.2 1089.383 217.877 217.877
Balcony Slab 0.2 59.188 11.838 11.838
sum (Slabs) 229.714 229.714
Internal Staircase - STRC-1 4.705 12.233
Internal Staircase - STRC-2 1.897 4.932
Sum (Staircases) 6.602 17.165
Steel Beam (200X76) 0.2 0.076 107 1.969
Sum (First floor) 892.324 1429.663
Second floor

Load bearing wall 0.65 528.725 551.705
Load bearing wall 0.5 62.14 111.852
MNon-load bearing wall 0.3 26.034 46.8612
Sum (Walls) 616.800 1110.418
Slab 0.2 1089.383 217.877 217.877
Balcony Slab 0.2 59.188 11.838 11.838
Sum (Slabs) 229.714 229.714
Internal Staircase - STRC-1 4.685 12.181
Internal Staircase - STRC-2 1.875 4.875
Sum (Staircases) 6.560 17.056
Steel Beam (200X76) 0.2 0.076 107 1.969
Sum (Second floor) 853.173 1359.157

Table 4. Volumes and weights of structural components of 15t and 2™ floor.
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Third floor

Load bearing wall 0.5 458,275 824 895
MNan-load bearing wall 0.3 23.518 423324
Sum [Walls) 481.793 B67.227
Slab 0.2 1089.383 217 877 217 B77
IBaIcnrw Slab 0.2 59.1B8 11.838 11.838
Sum (Slabs) 220.714 220.714
Internal Staircase - STRC-1 4.685 12.181
Internal Staircase - STRC-2 1.875 4.875
Sum (Staircases) 6.560 17.056
Steel Beam (200%76) 0.2 0.076 107 1.969
Sum (Third floor) 718.067 1115.966
Fourth floor

Load bearing wall 0.5 458 275 B24 B95
Non-load bearing wall 0.3 23518 42 3324
Sum (Walls) 481.793 B867.227
Slab 0.2 554.67 110.934 110.934
Balcony Slab 0.2 20.385 4.079 4.079
Loft constr. 515488 135.067
Chimney constr. 18 4
Sum |Roof) 115.013 268.480
Internal Staircase - STRC-1 4 685 12.181
Internal Staircase - STRC-2 1.875 4.875
Sum (Staircases) 6.560 17.056
Steel Beam (200X76) 0.2 0.076 43 0.791
Sum (Fourth floor) 603.366 1153.554
Fifth floor

Load bearing wall 0.5 230.514 4149252
Slab 0.2 308.65 61.730 61.730
Loft constr. 253.65 65.945
Sum |Roof) 61.730 127.679
Sum (Fifth floor) 292.244 542.604
Total Sum 6524.840 11490.928

Table 5. Volumes and weights of structural components of 37-4™-5% floor.

Building vulnerability assessment form, new drawings of the existing building, represented data of
volumes and weights values of building and building elements, can be used either for experimental or
analytical (force-displacement) methods of seismic fragility assessment.
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7. Design of 3D model and nonlinear static analysis in finite element
software Sap2000

3D model of the existing building was designed in Sap2000. First step was to define material properties
(Fig. 19, Fig.20)

I "
¢ Material Property Da 'ﬂ_ﬁg
izt i =
Material Name Material Type Symmetry Type ‘
Brick ! Other | lzotropic
Modulus of Elasticity Weight and Mass Unite
E 1500, Weight per Unit Volume 19200,
Mass per Unit Volume 1.8579

Advanced Material Property Data

Poisson [ Honincar MaterialData. | | Material Damping Properties... |
u 0.282 | Time Dependent Properties | [

Thermal Properties... ]

Coeff of Thermal Expansion

X 9.000E-06

Shear Modulus
G |53 8242

[ ok | | cancel |

Figure 19. Material property data
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Waterial Name Material Type
| Brick Other

Hysteresis Type Drucker-Prager Parameters

orge

Dilatational Angle

Stress-Strain Curve Definition Options

Parametric [ Convert To User Defined

@ User Defined

User Stress-Strain Curve Data

MNumber of Points in Stress-Strain Curve

Strain Stress

-0.0123 -1.3004
-4.600E-03 -6.4959
-2.300E-03 -4.8749

0. 0.
2.300E-03 48743
4.500E-03 6.4998

0.0123 1.3004

Figure 20. Nonlinear material data

Shell elements were selected for wall sections (Fig. 21, Fig. 22).

Sections Select Section Type To Add

| shel -
Outer_Balcony_Slab i )
Siab Click to:
w20 | AddNew Section.. |
W30
Ws0 Add Copy of Section
W8S = ’ ]
wes [ Modify/Show Section... |
Wos
Wos0 | Delete Section |
Woso
WO8s L&
woss - o)

Figure 21. List of the wall sections
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Section Name

Display Color

Section Notes [

Modify/Show...

Type

() Shell- Thin
@ Shell - Thick
) Plate - Thin

() Plate Thick

) Membrane

() Shell - Layered/Monlinear

| Modify/Show Layer Definition...

Concrete Shell Section Design Parameters

| Modify/Show Shell Design Parameters...

Thickness

Membrane

Bending

Material

Material Name

| Brick

Material Angle

Time Dependent Properties

[ Set Time Dependent Properties...

Stiffness Modifiers Temp Dependent Properties

[SB'tMndiﬂers... ] Thermal Properties... |

[ Cancel ]

Figure 22. Shell section data for the wall with thickness 65 cm

Steel beams were used on balcony edges, and for loft construction timber frame elements were

defined (Fig. 23).

Properties
Find this property:

FSEC1

Filling rafter_16X3
SEC

HEZ200A

Timber Beam_20x12

Timber Beam_20x20

Timber Beam_30X30

Timber bracing_18X3

Timber Column_20X20

Timber Rafter_16X8

UPNZOD

Click to:

Import New Property...

Add New Property...

Modify/Show Property...

[
[
[ Add Copy of Property...
[
[

Delete Property

Figure 23. Frame properties
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Slab was calculated as a rigid diaphragm.

Shell elements for slab and walls were divided into 0.2 — 0.3m size finite elements. Starting points of
the wall finite elements were restrained as it is illustrated on Fig. 24.

Restraints in Joint Local Directions

Translation 1 Rotation about 1
Translation 2 Rotation about 2
Translation 3 Rotation about 3

Fast Restraints

ESNP ST IS

| ok | | Close |

Figure 24. Joint restraints

When the design of the building geometry was completed (Fig. 25), Dead, live and horizontal loads
were assigned [9].

Figure 25. 3D model of the building
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Nonlinear static load case was defined for nonlinear static analysis, which combines dead and live
loads. Then the horizontal load case was modified for nonlinear static analysis.

- -
E Load Case Data - Nonlinear Static g
Load Case Name MNotes Load Case Type
Hor-X | setDefname | [ modityishow... | [static | Design... |
Initial Conditions. Analysis Type
(71 Zero Initial Conditions - Start from Unstressed State ) Linear
@ Continue from State at End of Nonlinear Case NL hd @ Monlinear
Important Note: Loads from this previous case are included in the current case ) Monlinear Staged Construction
Modal Load Case Geometric Nonlingarity Parameters
All Modal Loads Applied Use Modes from Case MODAL - © None
@ P-Defta
Loads Applied _
TSI () P-Delta plus Large Displacements
Load Type Load Name Scale
Load Pattern + | Hor-x |1 hass Source
Load Pattern Hor-x [ ] MSSSRCY -
Other Parameters
Load Application Displ Control Modify/Show...
Results Saved Multiple States Modify/Show...
Monlinear Parameters Default Modify/Show...

Figure 26. Horizontal load case modified for nonlinear static analysis

To calculate the numerical model of the whole building by nonlinear static pushover analysis requires
too much time for masonry building with a large volume. Alternative decision was made to calculate
single floor separately and increase the vertical and horizontal loads for each floor (Fig. 27, 28, 29.a,b,

Table 6).
Dead load Live load Assumed
Floor number KN/m? KN/m? Horizontal load
KN/m?

Cellar 104 12 11.6
Ground floor 85 10 9.5
First floor 64 8 7.2
Second floor 49 6 5.5
Third floor 35 4 3.9
Fourth floor 23 2 2.5
Fifth floor 10 - 1

Table 6. Load distribution for each floor of the building
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Figure 28. Deformed shape of the single floor walls and slab

LB g
u

Figure 29.a,b 3D model for last floor and loft construction
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Maximum displacements and base shear forces were represented per floor after the nonlinear static
calculation (Table 7).

Max Base shear
Floor name displacement force
m KN
Cellar 0.002659 11500.589
Ground floor 0.003842 9439.162
First floor 0.005094 7160.744
Second floor 0.003966 5533.302
Third floor 0.004569 4014.356
Fourth floor 0.003301 2712.403
Fifth floor 0.002051 402.59

Table 7. Maximum displacements and base shear forces for each floor of the building

It is recommended to find maximum displacements and base shear force for whole building by
simplified method to estimate the capacity curve.
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8. Modeling the Methodology for seismic fragility assessment of the
existing building

e Methods of seismic fragility assessment;

e Determination of capacity (Force - displacement) curve;

e Definition of IDA (Incremental Dynamic Analysis) curve;

e Representation of seismic fragility and seismic hazard curves.

8.1 Methods of seismic fragility assessment

Fragility is the probability of exceeding a certain damage state, conditional on the ground motion
intensity [10].

There are two main components in the probabilistic seismic risk assessment: 1. information about
ground motion hazard on the site and 2. Fragility knowledge with respect to the intensity of the
ground motion.

Several methods are established for seismic fragility evaluation in different literature.

The general equation to develop fragility is [2]:

Fragility = P[LS|IM = y]

where,

LS is the limit state or damage state (DS),

IM is the intensity measure (ground motion), and
Y is the realized condition of ground motion IM.

Relative Frequency (RF) Method - where the capacity is assumed to be deterministic, attaining
probability is approximated by the relative frequency.

Lognormal Distribution (LD) Method — Is the most popular method, when capacity is assumed to be
deterministic and realizations as some probability distribution function (Fig. 30)

B, =1-F,(C)

Where Fj is the cumulative probability distribution function [8].
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Figure 30. Fragility curve based on the lognormal distribution [11]

Maximum Likelihood (BD) Method - Capacity is assumed to be deterministic and each realization is
represented as the result of a multi-outcome Bernoulli-type experiment, which resolves a dichotomy
for a number of events. A lognormal distribution function is assumed to illustrate the fragility curves.

First-order Second-moment (FS) Method - demand and capacity are random variables and it is
assumed that they are are independent and lognormal.

Fuzzy Random (FR) Method - damage quantification is naturally fuzzy, its probability is the expectation
of the membership function YE relevant to this event [10].

For seismic fragility calculation of unreinforced masonry buildings, given formula is required to be
used by Frankie et al. (2012) [2]:

@[] = standardize normal cumulative
distribution

P(Exceedance;|IM) = CD[ 1 (Ifl\s/lﬂ (Bu); = log SD represent total uncertainty
(o) i (3) where, LS; = threshold value for ith limit state

8.2 Determination of capacity (Force - displacement) curve

To predict the force-displacement (F-8) relationship for masonry walls, it is accepted to provide either
by the analysis of experimental results of masonry wall or numerical analysis of structure.

In case of numerical analysis, Nonlinear static pushover analysis is required to use. The capacity curve
expressed by pushover analyses has to be converted into a bilinear curve. Limit- displacement values
can be identified (Fig. 31).

For the existing building to use simplified method is more rational, because of the large volume and
weight of the building, it is obvious that numerical model calculation takes a lot of time.
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Figure 31. Capacity curve (a) and capacity spectrum (b) obtained from the deterministic APA [12]

To use the illustrated model (Fig. 32) depends on both the description of the damage states on the F-
& curve, the placement of the ultimate point (Sur, Fuit) and the importance of the residual strength of
the wall [?].
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Figure 32. Idealizations of the
F-6 backbone curve for masonry walls.

8.3 Definition of IDA (Incremental Dynamic Analysis) curve

IDA (Incremental Dynamic Analysis) STUDY is a dynamic analysis study of a given structural model
parameterized by the scale factor of the given ground motion time history.

An IDA CURVE is a plot of a state variable (DM) recorded in an IDA study versus one or more IMs that
characterize the applied scaled accelerogram.

An IDA CURVE SET is a collection of IDA curves of the same structural model under different
accelerograms that are all parameterized on the same IMs and DM [13].

The IDA given the structural model and a statistical population of records is no longer deterministic; it
is a random line, or a random function DM = f(IM) (for a single, monotonic IM). Then, just as we are
able to summarize a suite of records by having, for example, mean, median, and 16%, 84% response
spectra, so we can define mean, median and 16%, 84% IDA curves (e.g., Figure 33. a,b) to (marginally)
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summarize an IDA curve set. Alternatively a parametric model of the median DM given the IM can be
fit to all the lines simultaneously [13].
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Figure 33. SPO2IDA-predicted IDA fractiles for the equivalent SDoF system (a) Sa(T1)(g) vs
Roof displacement, (b) Sa(T1)(g) vs Maximum Interstorey Drift Ratio [14]

The IDA always rises much higher than the SPO in IM terms [13].
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8.4 Representation of seismic fragility and seismic hazard curves

The IDA curve estimation give us a direct way to create seismic fragility curve (Fig. 34, 35, 36).
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Figure 34. lllustration of fragility curves [11]
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Figure 35. Family of fragility curves at 95%, 50% and 5% confidence levels [11]
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Figure 36. Fragility curve, conditional probability of failure [15]

Steps for hazard curve are given in Fig. 37.
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Figure 37. Seismic hazard analysis steps [11]
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Hazard curve is given as a probability density as a function of special acceleration (Fig. 38). It reflects
the time-dependence and frequency of occurrence of the action, that depends on the location. It is an
action-specific feature [15].
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Figure 38. Hazard curve, PDF and CDF for two sites
(Kosovo (green) and Italy (red; PGA =0.2 g) [15]

Finally, we can estimate fragility and hazard curves relationship (Fig. 39)
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Figure 39. Fragility and hazard curves [15]
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Conclusions

The present study focused on the seismic fragility evaluation based on the building vulnerability
assessment.

Research paper represents the site survey for Hungarian historic building, gathering the all necessary
information of the building for seismic analysis. Indian and American building vulnerability assessment
forms are illustrated, which was used to create a new form for Hungary.

Estimation of mechanical parameters of existed material was done according to the relevant literature,
collected as from national documents also from foreign laboratory test papers.

All the above mentioned data was used to create the 3D model in finite element software and calculate
by Nonlinear static analysis.

Detailed methodological tools are presented, to estimate the capacity (force -displacement) curve and
determine the IDA curve, which gives the possibility for seismic fragility and seismic hazard assessment.

The demonstrated methodology will be effective as for pre-earthquake, also for post earthquake seismic
hazard assessment of the buildings, which will be a significant benefit for the country.
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