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On-site campaign in Thessaloniki, Greece 

Building of the Faculty of Philosophy Administration building 

AUTH, September-October 2015 

5-story RC frame with masonry walls 
and elevator shaft 

8-story RC frame with a RC shaft 
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On-site campaign in Cologne, Germany  
(November-December 2015) 

NN School  General information 

1 Humboldt-Gymnasium 

Year of construction - 1956 

Number of schoolchildren - 1200 

Structural system – mixed, RC, masonry  

2 Alfred-Müller-Armack Berufskolleg 

Year of construction - 2007 

Number of pupils – 3000 (800) 

Structural system – masonry shear walls 

3 Henry-Ford-Realschule 

Year of construction – ca. 1965 

Number of schoolchildren - 850 

Structural system – mixed, RC, masonry 

4 Berufskolleg Ehrenfeld 

Year of construction – ca. 1960 

Number of schoolchildren -  not specified 

Structural system – mixed, RC, masonry 

5 Otto-Lilienthal-Schule 

Year of construction - 1969 

Number of schoolchildren – not specified 

Structural system – mixed, RC, masonry 

6 Gymnasium Thusnelda-straße 

Year of construction -  1960s 

Number of schoolchildren - 843 

Structural system – mixed, RC, masonry 

7 Gymnasium Kreuzgasse 

Year of construction – not specified 

Number of schoolchildren - 979 

Structural system – mixed, RC, masonry 
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School buildings, Cologne, Germany 

RC frame, masonry in-fill and shear walls 

Masonry shear walls 

Mixed: RC, masonry 

Mixed: RC, masonry 
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Mixed: RC, masonry 

RC frame, in-fill walls, shear walls 

Mixed: RC, masonry 

front side back side 

shear wall, masonry 

well-structured “strange” 

School buildings, Cologne, Germany 
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On-site campaign in L‘Aquila, Italy 
  (May-June 2016) 

Partly damaged  building  since 2009 
RC frame, in-fill walls 
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Data needed for the modelling and vulnerability assessment 

No. Data type Ranking 

1 Lateral load-resisting system and material of bearing structures 1 

2 Overall dimensions and shape of the building 1 

3 Presence and location of separation lines 1 

4 Presence of irregularities (physical or geometrical / in plan or in elevation) 1 

5 Dimensions and location of structural elements (columns, walls, slabs)  1 

6 
Cross-sections of the structural members and their material properties 
(strength, elastic moduli, specific density) 

1 

7 Year of construction (modification) 2 

8 Occupancy of the building 2 

9 
Non-structural elements and other building components, which can 
contribute to the stiffness and/or mass distribution  

2 

10 State of the preservation of the building (structural system)  2 

11 Depth and type of foundation 2 

12 Local soil conditions 2 

13 Position of the building with respect to the neighboring buildings  2 
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Typical structural members 

Structural members 
 
 Columns 
 Girders 
 Walls 
 Slabs 
 Shafts (lift, stairs) 
 
with their 
 
 Position 
 Dimensions 
 Material properties 
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Data collection tools 

Laser distance meter on tripod 

Reinforcement  detector Schmidt hammer Rule / Measuring tape 

Engineering sketches On-site pictures 

Separation  line 
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Ambient vibration measurements 

Geophone + data logger 

sensor positioning on the roof 

Separation line 

Measurement  time = 30-60 min 
Time intervals of 1-2 min + filtering 

Result: Natural frequencies and mode shapes  

f
1
  [Hz] f

2
  [Hz] f

3
  [Hz] 
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Data input in MS Excel 

1st sheet = user interface 
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Linear model check and tuning in MS Excel 

Frequency difference < 20%  => OK, green 
Frequency difference > 20%  => modify, red 

uncertainties 



 13/ 37 Y. Petryna, TUB, SIBYL final meeting, 07.12.2016 

Earthquake loading and capacity 

F I =  m Sd =  FI
k 

Total earthquake force 

Shear Load Shear capacity 
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Force-based limit state assessment 

LS1: cracks (IO = immediate occupancy)  
LS2: yielding (DL = damage limitation) 
LS3: collapse (NC = near collapse) 

Considered limit states: 

story 

Sh
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Limit states are determined individually  
for each story by comparing the 
EQ shear force with corresponding limit state force. 

LS occurs, red 

no LS, green 
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Simplified integral structural model (SISM) 
 

Stiffness matrix 

Mass matrix 

Modal analysis: 

Linear model check and improvement is done 
by comparison of measured and calculated 
eigenfrequencies and mode shapes. 

Each story will be replaced by an equivalent beam beam element with stiffness ki  and 
mass  mi . Both bending and shear deformations are taken into account. 
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Linear SISM: Frame part 
 

Stiffness relation 
with 3 coupled DOF 

Solution 

Integral equivalent  
story stiffness 

shear 

bending 

coupling 
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Linear SISM: shear walls and shafts 
 

h:  wall thickness 

Wall: 

Shaft: 
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Nonlinear SISM 
 

LS1: cracks    (IO = immediate occupancy)  
LS2: yielding (DL = damage limitation) 
LS3: collapse (NC = near collapse) 

Considered limit states: 

Wall: 

Frame 
Shaft: 

Moment-curvature 
relationship 

Force-displacement 
relationship 

Mechanical model 

Empirical model 
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Case study: The building of the Faculty of Philosophy, AUTH 

separation lines 

RC frame with masonry walls 
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Original design drawings 

Central unit Side unit Side unit 

separation lines 

Central unit 
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Faculty building AUTH 

Central unit 
Separation line 

Masonry Wall   
(Y-direction) 

Masonry Wall   
(X-direction) 

RC columns 
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In-situ structural survey and data collection 

One additional 
story detected 

Considerable changes in cross-sectional dimensions of structural elements 
(columns 50 x 75 cm instead of 40 x 60 cm) 

Structural modification 
20 years after construction 
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Main structural members of the central unit 

  1st floor 
- 4th floor 

ground floor 

no walls 

elevator  shaft 

Masonry       walls 

columns 
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Summary: main structural elements 

slabs 
columns 

walls 

elevator shaft 

soil 

Basement  is not considered 

soil 
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Spatial arrangement of sensors 

x 
y 

z 
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1st mode (f=1.60 Hz) Software MACEC 
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2nd mode (f=1.72 Hz) Software MACEC 
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3rd mode (f=1.76) Software MACEC 
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Model check by use of vibration monitoring 

measured calculated 

Input AUTH, GFZ 
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Vulnerability assessment 
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X-direction Y-direction 

The design value of PGA is taken from the response 
spectrum according to AUTH investigations on-site. 
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Case study: Technical school, L‘Aquila, Italy 

Partly damaged  building   
unoccupied since 2009 
RC frame, in-fill walls 
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Main structural elements 

Simplified 
model 

x 

y 
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Model check by use of vibration measurements 

measured calculated 
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Vulnerability assessment at Sd = 0.2 
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X-direction Y-direction 

weak earthquake 
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Response Spectrum for L’Aquila 

L. Petti, I. Marino (2009), Preliminary comparison between response spectra evaluated at close source for 
L’Aquila earthquake and elastic demand spectra according to new seismic Italian code (v.1.00), available at 
http://www.reluis.it 

T1 = 1/1.65 = 0.6 s 

School building 

Code: Sa = 1.0 

Sa = 1.0 

Record:      Sa = 0.5 
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Vulnerability assessment at Sd = 0.5 (record) 
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X-direction Y-direction 

Record acc. to Petti, Marino (2009)   
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Thanks for your attention 

http://www.sibyl-project.eu/ 


