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Moftivation

= Hot fopic
= Not well known in Czech Republic

» Passion for architectural heritage

» Cooperation on real project




Alm of thesis

The aim of this master’s thesis is to perform a seismic evaluation before and
after retrofitting of an historical masonry building located in seismic zone based on
Italian code NTC 2008.

The chosen historical building is the “Palizzi” Castle located in the Reggio
Calabria Province, Italy. The “Palizzi” castle is composed of a ground floor, first floor
and under-roof level. The structure of the castle is mostly brick masonry with poor
quality materials.

The Finite Element Model (FEM) of the structure has been built using SAP2000
software (Computers and Structures, Inc.), in particular it was performed a response
spectrum analysis and also pushover analysis by using Etabs software (Computers
and Structures, Inc.) of the structure. Results were verified and compared.

The outcome of this thesis will be comparison of linear and non-linear analysis
on existing masonry structure with and without retrofitfing.



Study case — ,,Palizzi* castle

» Adress: Via Sant’Angelo, 14 Regio
Calabria (RC) Palizzi, 89038, Italy

= Name of building: ,,Palizzi* castle

®» Permanent parcel:st. 113, 114

» Building use: Historical monument

= Owner: Municipality of Palizzi



(%]
o
Chieti
Wasto
a
®Roma
o
Fiumicino [E45 |
oFrosinone
Latina B
o gg
Andria
o .
{EB42 | Bgn
N agcﬂ[
N it Matera
Pompei 0Salermno F'o_rénz;. X
Taranta
o
Corigliano
Calabro
a
Cosenza
o
Lamezia Crotone
Terme =
a
o
Catanzaro
Reggio
Palermo ¥
jlizpani ° Cefali al
o
Marsala TaU'OITII -
o
Ma;ara Sicilia Catgnla
del Vallo .
Agr %entn
Gela Siracusa

Q
Ra qusa Ayola
a

S

Brindisi
o
Lecce
o

. Otranto
Gallipoli &
o

Leuca
o

Map of Italy with location of Palizzi town
https:.//www.google.cz/maps/)

Study case — ,,Palizz

Cadastral

castle

showing the location of the castle






iy : Fan

SEZIONE A-A

Sections:



Photo-documentation

]

|

L
il
Al

F=1%
i




S AVAVS WAV WY
IR
' e LT = Sy A
A = = ‘M\.‘“{ drﬁnl:*l‘”//

=3

Finite Element Model (FEM)

/

SAP 2000 v.19.3.

Archicad 21.




Mo’reriol Proper’ries

M t | .
= Suggested properties based on
Brick masonry and 2,52 0,60 1654 hISTorICO.l sources Ond
mortar CompOrISOﬂ

Masonry of brick and 491 1.16 3225 768 18 » SuggeSTed in.l.ervenﬂon
mortar (retrofitted) p ro p er _I_I es

S P P P
N/mm? N/mm? (N/mm?) | (N/mm?) | (kN/m?)
Mixed masonry and 1,2844 0,0238
mortar

Sugges-l:ed InTervenTlon Masonry of brick and 2,10 0,137 2497.5 999 19
properTleS mortar (retrofitted)

aterial properties based on
on-site experiments and tests.



Analysis 1.: Response spectrum

Response Spectrum Italian NTC2008 Function Definition . LG_I_i_I_Ude —_ 37’9677’ Longi_l_ude —_ -| 5’9875

Function Damping Ratio

Function Name SLC-H 0,05

Topography Category =TI

L] L]
Parameters Define Function - L I m I 1- S 1- G lI-es
(@ ag, FO and Tc* - by Latitude/Longitude Period Acceleration
() ag, FO and Te* - by Island . . .
o Collapse prevention Limit State (SLC)
Site Longitude (degree) 15,9875 0:5327 0:3295
Site Latitude (degree) 37,9677 E?:;; EI:E?: D I_ i .1- 1-. S 1- 1- S I_ D
amage Limitation State (SLD)
0,9327 0,4738
Limit State sLe v 1,0327 v |0.4279 hd . . .
v s L o Operating Limit State (SLO)
Nominal Life 75,
Peak Ground Acc., aglg 0,3098 L'f -S - L' 't St t (S LV)
Magnification Factor, FO 24362 s I e le n g I m I G e
Reference period, Tc* 0,404 I N
Spectrum Type Elastic Horizor w - U Sc ge CI OSS —_— I I
Soil Type B
Topography T W EEnes= _— H H —
hiH ratio 1, » N0m|n0| Llfe - ]00
Spectrum Period, Th 01776
A » Spectrum Type = Elastic Horizontal
Spectrum Period, Td
Damping Percentage, Xi 5, .
Cance » Soil Type =B
Convert to User Defined
»
»

Peak Ground Acceleration, ag /g - - = 0,263569




Load Combination Name

Notes

Load Combination Type

Options

Analysis 1.: Loads

Load Combination Data

(User-Generated)

Define Combination of Load Case Results

Load Case Name

Load Case Type

COMBA1

WModify/Show Notes...

SR35

Add
Modify

Delete

» [2. load combinations
» | envelope

» Roof and slabs — with and
without

» SRSS - Square Root of Sum of
Squares



Analysis 1.: Results - URM

Model without slabs — direct stress

» $§22: Direct stress (force per

s

9,254 N/mm?
0,587642 N/mm?
0,007884 N/mm?

1,28 N/mm?
1,28 N/mm?
1,28 N/mm?

unit area) acting on the
positive and negative 2 faces
in the 2-axis direction.

f..: Tensile strength of
masonry (N/mm?)

= §12: Shearing stress (force per

od?d’rhou’r slabs — shearing stress

Max stress
Average stress
Min stress

0.0238 N/mm?

7,516 N/mm?

0,405414 N/mm? 0.0238 N/mm?

0,0005604 N/mm? 0.0238 N/mm?

unit areqa) acting on the
positive and negative 1 faces
In the 2-axis direction and
acting on the positive and
negative 2 faces in the 1-axis
direction.

= 1,: Shear strength of masonry

(N/mm?3)



Analysis 1.: Results - RM

Retrofitted p@el with slabs — direct stress

Max stress
Average stress

Min stress

Max stress
Average stress

Min stress

11,439 N/mm?
0,433839 N/mm?

0,001775 N/mm?

S12

3,557 N/mm?
0,258344 N/mm?

0,002053 N/mm?

2,1 N/mm?
2,1 N/mm?
2,1 N/mm?

trofitted model with slabs — shearing stress

0.137 N/mm?

0.137 N/mm?
0.137 N/mm?

» $§22: Direct stress (force per

unit area) acting on the
positive and negative 2 faces
in the 2-axis direction.

f..: Tensile strength of
masonry (N/mm?)

= §12: Shearing stress (force per

unit area) acting on the
positive and negative 1 faces
INn the 2-axis direction and
acting on the positive and
negative 2 faces in the 1-axis
direction.

» 1,: Shear strength of masonry

(N/mm?2)



Analysis 1: Verification and conclusion

Percentage of verified results

S12 S 22 AFTER RETROFITTING S 12 AFTER RETROFITTING

mS22 mS§12 mS22afterretrofitting  ®S 12 after retrofitting




Analysis 2.: Pushover analysis

» Finife element model
» Hinges

i

bt » | aferal load

o

» Verification methods
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Analysis 2.: Base shear results - URM

/
Base Shear vs Monitored Displacement E+3

Base Shear vs Monitored Displacement
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Analysis 2.: Base shear results - RM

/
Base Shear vs Monitored Displacement
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NTC 2008 Target Displacement

Legend
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Analysis 2.: Target displacement - URM
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Spectral Acceleration, g

Analysis 2.: Target displacement - URM

vl

NTC 2008 Target Displacement
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Analysis 2.: Verification

FE model
Direction
reference (mm) (mm)

3,266 18,307 2917

m Y 2,283 26,002 4,67
X 5,405 23,436 4,952

“ Y 4,706 32,494 6,141

dy*: yield displacement
Fy*: yield force

dt*: target displacement




Thank you for your attention!
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| want fo acknowledge “Studio KR e Associafi” and “Studio
Associato Amaddeo-Fiumano’” for providing the blueprint R
and the design specification of the castle.

STUDIO KR e ASSOCIATI Srl
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Questions:

Supe/isor: doc. Dr. Ing. Lubos Podolka

Jak by bylo mozno pocitanou historickou stavbu zabezpedit vOc&i UCinkUm
zemétreseni 2

» Pocitd majitel objektu s ponechdnim stavby ve stavajicim stavu bez strechy a s
oSkozenymi stropnimi konstrukcemi, nebo bude n&jaokym zpUsobem staviba
opravena ¢

Oponent: Ing. Robert Sinkner, MBA.

» Jakou metodou byl objekt zamérene Laserovym skenovanim nebo klasickymi
geodetickymi metodami?

» Jak jste se dostal k takové zajimavé mezindrodni spoluprdcie



Retrofitting methods

Bamboo-Band retrofitting technique
Reinforced plaster

Shotcrete

Fiber-Reinforced polymer (FRP)

post-tensioning
Confinement
Center core

Injection




Experiment - NHERIQUCSD
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