
 
GEER/EERI/ATC Cephalonia, Greece 2014                          List of Figures 
Report Version 1                                                                                                                            ix 
 

 

List of Figures 

Figure 

 

Chapter 2 Page 

2.1.1 Natural beauty of Cephalonia island (photo from web). 

 

2-1 

2.1.2 Maps showing Cephalonia island (a) in Europe and (b) in Greece 

(nationsonline.org); and (c) map of the island showing the capital Argostoli 

and the town of Lixouri (kefallonia.gov.gr). 

 

2-2 

2.1.3 Image of King Kefalos from the Greek mythology (keffyroots.com, left). Map 

of the hypothesis that present-day Cephalonia was two islands and that the 

Paliki Peninsula was ancient Ithaca (odysseus-unbound.org). Names shown are 

hypothesized ancient names used by Homer (right). 

 

2-3 

2.1.4 Old Argostoli port sketch from book of travels by Andre Grasset de Saint-

Sauveur (1800). 

 

2-4 

2.1.5 St. George’s castle from 12th century A.C., standing today near Argostoli (web 

photo). 

 

2-4 

2.1.6 Argostoli before the 1953 earthquakes (from virtual walkthrough, Pavlidis et 

al., 2010). 

 

2-6 

2.1.7 Argostoli after the 1953 earthquakes (53vorini-gr). Social welfare stamps 

issued by Greece after the1953 earthquakes are shown on the bottom right 

insert (catawiki.com). 

 

2-6 

2.1.8 Myrtos bay beach. 

 

2-7 

2.1.9 (a) Stalagmitic cavern of Drogarati; (b) Melissani lake 

(students.ceid.upatras.gr). 

 

2-7 

2.2.1 Cephalonia locations visited by the GEER/EERI/ATC reconnaissance teams. 

Top map shows the main focus towns around the Paliki peninsula at the 

western part of the island where most of the damage was observed. Bottom 

map shows remaining towns at the eastern part, where minor or no damage was 

identified. 

2-9 

 

 

 

 

 

 

 

 

 

 

 

Note: No figures are included in Chapters 1, 3, 4 and 13. 

  



 
GEER/EERI/ATC Cephalonia, Greece 2014                          List of Figures 
Report Version 1                                                                                                                            x 
 

 

Figure 

 

Chapter 5 Page 

5.1.1 Key seismotectonic features of the broader Aegean area. The Cephalonia 

Transform Fault (CTF) is shown within the black rectangle (modified after 

Scordilis et al., 1984). 

 

5-1 

5.1.2 Seismic hazard maps of Greece published in: (a) 1939; (b) 1995; and (c) 2001 

(referenced in current Greek Seismic Code). Cephalonia region shown in 

dashed green rectangle. 

 

5-2 

5.1.3 Epicenters of strong (M≥6.0) earthquakes at the broader area of Cephalonia 

since 1469. Historical events in gray circles and instrument-based epicenters in 

colored circles. 

 

5-5 

5.1.4 Effects of the earthquakes of June 1759 (from Albini et al., 1994). 

 

5-9 

5.1.5 Localities damaged by the whirlwind of 31 May [square] and by the 

earthquake of July 1766 [circle] (from Albini et al., 1994). 

 

5-10 

5.1.6 Damage to Argostoli waterfront after the 1953 earthquakes (kefalonitikanea.gr, 

2013). 

 

5-14 

5.1.7 Massive collapse of Cephalonia housing stock following the 1953 earthquakes 

(web). 

 

5-14 

5.1.8 Temporary tents used to house thousands of homeless and serve as hospitals 

for the injured under very difficult conditions after the 1953 earthquakes 

(ionian-island.co.uk/greece). 

 

5-14 

5.1.9 Damage to the Argostoli obelisk monument “Kolona” (GPS coordinates 

38°10'26.25"N, 20°29'45.59"E) following the 1953 earthquakes (ionian-

island.co.uk/greece). The monument was rebuilt. Its upper drum toppled after 

the 2
nd

  event of 2014 (see Bridges Section 8.5 of this report). 

 

5-15 

5.1.10 Photograph of mother and child at Argostoli port following the 1953 

earthquakes (t53vorini-gr.blogspot.com). 

5-15 

 

  

http://www.kefalonitikanea.gr/2013/08/9.html#.U4wjDGcU82w
http://www.ionian-island.co.uk/greece/index.php/en/kefalonia/history/18-ionian-island/kefalonia/history/84-1953-earthquake
http://www.ionian-island.co.uk/greece/index.php/en/kefalonia/history/18-ionian-island/kefalonia/history/84-1953-earthquake
http://www.ionian-island.co.uk/greece/index.php/en/kefalonia/history/18-ionian-island/kefalonia/history/84-1953-earthquake
http://t53vorini-gr.blogspot.com/2014/02/1953-2014-slideshow.html


 
GEER/EERI/ATC Cephalonia, Greece 2014                          List of Figures 
Report Version 1                                                                                                                            xi 
 

 

Figure 

 

Chapter 6 Page 

6.1.1 Geological zones of Greece including the External Hellenides zone which 

includes the island of Cephalonia (modified from Himmerkus et al., 2007). 

 

6-1 

6.1.2 Simplified active plate tectonic activity. Black arrows indicate plate motions 

relative to Eurasia and small white arrows show direction of internal extension 

over the greater Aegean area (modified from Papazachos and Papazachou, 

2003; also in GEER Report No. 013). 

 

6-2 

6.1.3 Generalized map of geotectonic units of Greece. In general, the zones are 

younger moving towards West. The bedrock of Cephalonia consists of Ionian 

and Pre-Apulian Units (IGME, 1985). 

 

6-3 

6.1.4 Neotectonic map of Cephalonia and Ithaca islands (modified from Lekkas et 

al., 1996). 

 

6-4 

6.1.5 Topographical map of Cephalonia and Ithaca Islands, showing the main thrust 

separating the Ionian (IU) and Pre-Apulian Units (PU). The brown-shaded area 

(Pl-Pt) approximately marks the area covered by post-alpine (Lower Pliocene 

to Holocene) sediments in Paliki peninsula (IGME, 1985). 

 

6-5 

6.1.6 Cephalonia and neighboring islands: (a) slope map and (b) slope direction map. 

 

6-6 

6.1.7 Main seismotectonic properties of the Aegean and surrounding regions. The 

study area is indicated by a rectangle. CTF = Cephalonia Transform Fault 

(modified from Karakostas et al., 2004). 

 

6-7 

6.1.8 Seismogenic sources (i.e., active fault zones) in Cephalonia and surrounding 

areas, as mapped by the Gre.Da.S.S. team (Greek Database of Seismogenic 

Sources, gredass.unife.it). Yellow rectangular shapes represent surface 

projection of fault zones, and the arrows indicate the fault rake. 

 

6-8 

6.1.9 Argostoli port in 18
th
 century (ionian-island.co.uk). 

 

6-9 

6.1.10 Argostoli port in 1901 (modified from Pavlidis et al., 2010) 

 

6-9 

6.1.11 Topographic map of Argostoli in 1948 (from Pavlidis et al., 2010) 

 

6-10 

6.1.12 Argostoli aerial photos in: (a) late 1940s (Pavlidis et al., 2010), (b) 2013 

(Google Earth). 

 

6-10 

6.1.13 Lixouri port following the earthquakes of: (a) 1953 and (b) 2014. 

 

6-11 

 

  

file:///C:/GEER-GREECE/REPORT/LIST%20FIGURES/done/gredass.unife.it
http://www.ionian-island.co.uk/forums/threads/old-kefalonia-postcards.2858/


 
GEER/EERI/ATC Cephalonia, Greece 2014                          List of Figures 
Report Version 1                                                                                                                            xii 
 

 

Figure 

 

Chapter 7 Page 

7.1.1 Epicenters of 1/26/14 1st mainshock (Mw7.1, red star), aftershock (Mw5.5,    

yellow star) and 48-hour aftershocks (M ≥4.0) (source: Geophysical 

Laboratory, AUTH). Instruments: EPPO-ITSAK accelerographs (yellow 

squares); seismographs (pink triangles). NOA-IG accelerographs (green 

squares) and permanent station VLS (green triangle). Focal mechanisms 

(source: Columbia University) and preliminary seismic fault (by Dr. 

Papaioannou, ITSAK) shown in red line. 

 

7-2 

7.1.2 Observed macroseismic intensities of the 1
st
 mainshock event of 1/26/14    

(EMSC, 2014). 

 

7-3 

7.1.3 Permanent accelerographic stations installed by EPPO-ITSAK, NOA-IG and 

UPATRAS at epicentral distances up to 200 km. The epicenter of the 1
st
 event 

is shown in red. 

 

7-4 

7.1.4 Shakemaps for the 1
st
 mainshock event of Mw7.1 in Cephalonia. 

 

7-5 

7.1.5 Acceleration, velocity and displacement time histories recorded at Argostoli 

(ARG2) station (top). Corresponding response spectra of pseudovelocity PSV 

and acceleration SA (bottom) for the 1
st
 mainshock event of 1/26/14, 13:55 

GMT (Mw7.1). Structural damping ζ = 5%. 

 

7-9 

7.1.6 Acceleration, velocity and displacement time histories recorded at Vasilikades 

(VSK1) station (top). Corresponding response spectra of pseudovelocity PSV 

and acceleration SA (bottom) for the 1
st
 mainshock event of 1/26/14, 13:55 

GMT (Mw6.1). Structural damping ζ = 5%. 

 

7-10 

7.1.7 Lixouri (LXRB) station recordings of acceleration (left), velocity (middle) and 

displacement (right) time histories for the 1st mainshock event of 1/26/14, 

13:55 GMT (Mw6.1).  

 

7-11 

7.1.8 Acceleration response spectra from the Lixouri (LXRB) station recordings of 

Figure 7.1.7 (1
st
 mainshock event of 1/26/14, 13:55 GMT, Mw6.1). Structural 

damping 5%. 

 

7-11 

7.1.9 Sami Town Hall (SMHA) station recordings of acceleration (left), velocity 

middle) and displacement (right) time histories for the 1
st
 mainshock event of 

1/26/14, 13:55 GMT (Mw6.1). 

 

7-12 

7.1.10 Acceleration response spectra from the Sami Town Hall (SMHA) station 

recordings of Figure 7.1.9 (1
st
 mainshock event of 1/26/14, 13:55 GMT, w6.1). 

Structural damping 5%. 

 

7-12 

7.1.11 Peak Ground Acceleration (PGA) of the two horizontal components recorded 

by all stations in the Greek network from the 1
st
 event versus epicentral istance. 

Blue lines show median and +one standard deviation (σ) of Ground Motion 

Predictive Equation (GMPE) for Greece by Skarlatoudis et al., (2003). Red 

circles are L(N) components and open circles are T(E) components. 

 

7-13 

 

  



 
GEER/EERI/ATC Cephalonia, Greece 2014                          List of Figures 
Report Version 1                                                                                                                            xiii 
 

 

Figure 

 

Chapter 7 Page 
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8.2.30 Cracks behind the wall and sand remnants of liquefaction ejecta (GPS 
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20°26'21.73"E): (a) Before the 2 events, from 2011 archives 

{http://www.panoramio.com/photo/59409701?source=wapi&referrer=kh.googl

e.com}; (b) After the 2nd event (38°12'5.02"N, 20°26'21.73"E). 

 

8-47 
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8.2.44 Vertical settlement behind the wall of photo 8.2.43 (GPS coordinates: 

38.201397, 20.439511). 
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8.2.45 Southern side of the main pier, the only side where damage was observed. At 

the northern side, the presence of large monoliths likely had a positive effect, 

restricting lateral movement (GPS coordinates: 38.201666, 20.440000). 
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8.2.46 Lateral movement is greater behind the narrower wall of the main Lixouri pier. 

(GPS coordinates: 38.201466, 20.440158). 
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8.2.47 Cracks along main Lixouri pier dock surface (GPS coordinates: 38.201486, 

20.441266). 
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8.2.48 Rotation and lateral movement of main pier. Prof. G. Gazetas of NTUA shown 

on top photo (GPS coordinates: 38.201269, 20.440977). 
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8.2.49 Vertical displacement of main pier marked with yellow arrow (GPS 

coordinates: 38.201269, 20.440977). 
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8.2.50 Panoramic views of the eastern-most section of Davraga pier.  
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8.2.51 Main pier: (a) opening of horizontal joint; (b) monolith breakers constraining 

lateral movement; (c) concrete slabs settlement; and (d) detail of vertical 

settlement in yellow arrows (GPS coordinates: 38.201611, 20.442094). 
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{http://www.panoramio.com/photo/49466386?source=wapi&referrer=kh.googl
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after the 2nd event (38°12'6.14"N, 20°26'32.08"E). 
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8.2.53 E-W cross section of eastern-most section of main pier of Lixouri Port. Data 

collected by Kostas Rouchotas of NTUA team. Sketch by Adam Dyer of 

MRCE.  
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8.2.54 N-S cross section of eastern-most section of main pier in Lixouri Port. Data 

collected by Kostas Rouchotas of NTUA team. Sketch by Adam Dyer of 

MRCE.  
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8.2.55 Detailed drawing of the sketch of Fig. 8.2.53 developed from data by Kostas 

Rouchotas of NTUA team showing E-W cross section of eastern-most section 

of main pier of Lixouri Port.  
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8.2.56 Detailed drawing of the sketch of Fig. 8.2.54 developed from data by Kostas 

Rouchotas of NTUA team showing N-S cross section of eastern-most section 

of main pier in Lixouri Port.  
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8.2.57 State of lighthouse at Lixouri breakwater tip: (a) from 2011 archive photo 

{http://www.panoramio.com/photo/50853069?source=wapi&referrer=kh.googl

e.com}, and (b) after the 2
nd

 event (38°12'3.70"N, 20° 26'35.41"E). 
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8.2.58 View of breakwater with the lighthouse (left: 38°11'53.97"N, 20°26'22.06"E; 

right: 38°12'4.90"N, 20°26'37.09"E). 
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8.2.59 Detailed view of the light-house’s settlement (a) From an online picture dated 

5/8/09; and (b) after the 2nd event (GPS coordinates: 38.200897, 20.443222). 
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8.2.60 Light house settlement views (GPS coordinates: 38.200897, 20.443222). 8-61 

   

8.2.61 Southern part of Lixouri port that experienced only minor cracks (GPS 

coordinates: 38.197944, 20.441044). 
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8.2.62 Land reclamation on the outer side of the southern marina prevented lateral 

displacements of the shallow quay wall. The ejected liquefied soil on the 

reclaimed land is abundant (GPS coordinates: 38.197944, 20.441044). 
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8.2.63 Settlement of the coastal road and cracks on road surface (GPS coordinates: 

38.198372, 20.439483). 
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8.2.64 Detailed views of the south part of Lixouri port: (a) and (b) minor cracks 

behind the wall, (c) shallow water level (GPS coordinates: 38.198158, 

20.442222). 
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8.2.65 Sidewalk, pavement cracks and road settlement (GPS coordinates: 38.201102, 

20.438855). 

 

8-64 

8.2.66 Liquefaction zones observed along Lixouri port (GPS coordinates 38.20
o
, 

20.44
o
). 
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8.2.67 Old painting of Argostoli port, ca. 1757 (ref: Wikipedia). 
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8.2.68 Argostoli port after the 1953 earthquake, looking west from above the town 

bridge (Bittlestone, 2005). 
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8.2.69 Argostoli quay wall damage after the 1953 event (Papathanassiou & Pavlides, 

2011). 
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8.2.70 Panoramic view of the Argostoli port following the two 2014 seismic events. 
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8.2.71 Examples of soil craters and ejecta along the waterfront of Argostoli port [GPS 

coordinates a-(38.18105
o
, 20.48955

o
), b-(38.118118

o
, 20.48954

o
), c-

(38.180752°, 20.489990°), d-(38.17118
o
, 20.49600

o
)]. 

 

8-67 

8.2.72.  Ejecta material outside the Customs Building of Argostoli where the UPatras 

Geotechnical Engineering Laboratory strong motion station is located. [GPS 

coordinates: a: (38.18010
o
, 20.48993

o
), b: (38.17998

o
, 20.48996

o
)] 
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8.2.73 Evidence of ejecta in the Port Authority building area at Argostoli 

(38°10'47.85"N, 20°29'24.42"E). 
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8.2.74 Evidence of maximum height of ejected soil-water mixtures against the wall of 

a Port Authority building at Argostoli (38°10'47.50"N, 20°29'23.43"E). 
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8.2.75 Rigid body rotation of a single story R/C frame building (at left) due to 

differential liquefaction-induced settlements at Port Authority complex in 

Argostoli (38°10'47.91"N, 20°29'23.47"E): (a) view towards the south, (b) 

view towards the north. 
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8.2.76 Google Earth photo of the central dock of Argostoli port. Red arrows indicate 

development of excessive cracking and lateral spreading. 
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8.2.77 Quay wall at dock of Argostoli port: (a) wall outward movement and (b) cracks 

due to lateral spreading dated 2/9/14. GPS coordinates: a-(38.17955
o
, 

20.48987
o
), b-(38.17955

o
, 20.49011

o
). 
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8.2.78 Outward movement of quay wall and vertical displacement in front of the main 

Argostoli port dock measured by Tasos Batilas of UPatras (GPS coordinates 

38.18024
o
, 20.49034

o
, 9/2/2014). 
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8.2.79 (a) Photograph of lateral movement and (b) settlement of ground behind the 

quay wall (GPS coordinates 38.18137o, 20.48980o, 9/2/2014). 
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8.2.80 Argostoli port cumulative horizontal displacement vs. distance from A (see 

Fig. 8.2.75). 
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8.2.81 Liquefaction observations at Argostoli coastal area (GPS coordinates 38.17
o
, 

24.49
o
). 

 

8-73 

8.2.82 Quay wall view south of the Argostoli Port Authority building complex: (a) 

from 2011 archives  

{http://www.panoramio.com/photo/57109645?source=wapi&referrer=kh.googl

e.com} and (b) after the 2nd event (38°10'45.96"N, 20°29'22.51"E). 
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8.2.83 Minor displacement of quay wall (GPS coordinates: 38.176938, 20.490008). 
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8.2.84 (a) Vertical settlement of the backfill soil and (b) signs of liquefaction on the 

road surface (GPS coordinates: 38.179525, 20.489597). 
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8.2.85 Underwater view of a 30-cm gap between blocks in Argostoli quay wall. 
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8.2.86 Underwater view of 20-cm gaps between blocks in Argostoli quay wall. 
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8.2.87   Underwater view of scour under base block in Argostoli quay wall. 
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8.2.88.   Visible evidence of soil liquefaction at southeast part of Argostoli port (GPS 

coordinates: 38.171197, 20.495725). 
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8.2.89 Sand boils on the free surface, southeast part of Argostoli port (GPS 

coordinates: 38.171100, 20.495930). 
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8.2.90 Sand boils on the free surface in the southeast part of Argostoli port (GPS 

coordinates: 38.171166, 20.496000). 
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8.2.91 Port of Sami. Detailed damage shown on Fig. 8.2.92 for the area in lower 

annotated circle, and in subsequent figures for the upper circle area which 

experienced more significant damage. 
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8.2.92 Post-earthquake damage observation in the lower annotated circle area of Fig. 

8.2.91 at the Sami port. 
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8.2.93 Crack following the 2nd event at Sami port main pier (38°15'14.97"N, 

20°38'50.56"E). 

 

8-81 

8.2.94 Joint opening between blocks at Sami port pier with possible ejected sandy soil 

material at the deepest water area of the pier. This was the only location where 

these questionable sandy ejecta were identified (38°15'14.93"N, 

20°38'51.60"E). 
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8.2.95 Evidence of liquefaction in Soulari (38,18996; 20,41198). 
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8.2.96 (a) Evidence of liquefaction in Kounopetra (38,15726; 20,38534). (b) Ground 

cracking with limited evidence of sand boils in a field between Atheras and 

Livadi (38,298547; 20,418600). 

 

8-82 

8.3.1 Geographical distribution of 36 retaining wall failures following the 1st and 

2nd events. Original figure shows stone masonry retaining walls (to be updated 

in next version). 
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8.3.2 Retaining wall and historical church at Havriata village: (a) before the 2 events, 

(b) following the 1
st
 event; and (c) following the 2

nd
 event; (38°10'57.52"N, 

20°23'13.61"E). Photo (a) is from 2007 archives: 

http://www.panoramio.com/photo/57109645?source=wapi&referrer=kh.google

.com. 
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8.3.3 Schematic of the Panayia Agriliotissa Church, prepared by S. Valkaniotis 

(modified from Papathanasiou et al., 2014). 
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8.3.4 View of the retaining wall and church (a) from the southwest; and (b) from the 

south following the 2nd event (38°10'57.52"N, 20°23'13.61"E). 
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8.3.5 Closer views of the damaged wall (GPS coordinates: 38.182500, 20.387222). 
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8.3.6 View of the masonry retaining wall, just downhill of the three-tiered plastered 

masonry wall in Havriata (38°10'57.52"N, 20°23'13.61"E). 
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8.3.7 Extensive failure of stone masonry retaining wall followed by road 

embankment sliding failure with horizontal and vertical displacement. This 

major failure is on the roadway connecting the villages of Vouni and Havriata 

(38.177692°N, 20.397458°E). The reinforced concrete retaining wall shown in 

yellow dotted circle suffered no damage although adjacent to the collapsed one. 
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8.3.8 a) Collapse of lower two levels of a three-level stone retaining wall supporting 

the bearing soil of a Vouni village church (38.177578
o
 N, 20.403477

o
 E) after 

the 2
nd

 event, and (b) partial collapse of the same wall following the 1
st
 event. 
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8.3.9 Single-story building close to Kouvalata village (38.234484° N, 20.419554° 

E): (a) failure of stone masonry retaining wall followed by local landslide of 

the supporting bearing soil after the 1
st
 event, and (b) progression of failure 

after the 2
nd

 event.  
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8.3.10 Damage at Kourouklata village church. (a) cracked ground in foreground with 

wall to the right and church in background; (b) ground deformations taken by 

Prof. Athanasopoulos, V. Kitsis and O. Theofilopoulou; (c) damage at 

cemetery behind the church; (d) concrete wall adjacent to masonry wall from 

lower elevation; and (e) view of wall damage (38°14'31.72"N, 20°28'25.40"E). 
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8.3.11 Lateral soil movement, at Kourouklata’s church frontyard (38.242113, 

20.473955). 
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8.3.12 Vertical settlement of 20 cm behind the retaining wall (38.242113, 20.473955). 
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8.3.13 Masonry wall damage towards Kourouklata village. (38°14'26.29"N, 

20°28'35.14"E) 
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8.3.14 Another masonry wall damage towards Kourouklata village (38°14'26.29"N, 

20°28'35.14"E). 
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8.3.15 Retaining wall failures at several locations in Kourouklata village 

(38.241075N, 20.475602E). 

 

8-95 

8.3.16 Collapse of stone retaining wall in Kourouklata village. (38.241797, 

20.473677). 
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8.3.17 (a) Extensive failure of stone masonry retaining wall followed by road 

embankment settlement close to Atheras Village (38.293224°N, 20.45217°E) 

after 1
st
 event; (b) failure at 3

rd
 wall location after 2

nd
 event with adjacent 

concrete sections undamaged; (c), (d), (e) failure details.  
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8.3.18 Failure of a short masonry wall near Argostoli (38°10'50.76"N, 0°29'54.01"E). 
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8.3.19 Failure of masonry wall supporting roadway outside of Lixouri 

(38°12'21.05"N; 20°24'54.89"E). 
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8.3.20 (a) View of stone/masonry retaining wall failure at the cemetery of Livadi 

village. (b) Close-up photo showing rotation of the wall face and tension cracks 

in the backfill (GPS coordinates: 38.255833, 20.420833). 
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8.3.21 Collapsed retaining wall at cemetery of Lixouri with close up (b-c) side views 

(GPS coordinates: 38.192400, 20.438725); (d-e) top views (38.192433, 

20.438725). 
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8.3.22 Failure of a small retaining wall at the back yard of the Lixouri cemetery’s 

church (GPS coordinates: 38.192911, 20.438625). 
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8.3.23 Partially failed small retaining wall in the backyard of the Theotokos 

Kipouraion Monastery (38.203194, 20.348219); (b, c): View from the 

backyard: collapse of retaining wall marked with red circle. (38.203327, 

20.347747). 
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8.3.24 Retaining wall collapse in front of the “new” Aghia Thekla church (GPS 

coordinates: 38.245202, 20.384422). 
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8.3.25 Damage of stone walls in Aghia Thekla village (GPS: 38.245202, 20.384422). 
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8.3.26 The old Aghia Thekla church (GPS coordinates: 38.244894, 20.386097). 
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8.3.27 A small retaining wall failure at the old Aghia Thekla church cemetery (GPS 

coordinates: 38.244944, 20.386433). 
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8.3.28 Failure of concrete retaining wall along a cold joint. The upper and lower 

portions of the wall appear to have been built at different times (38°11'0.07"N; 

20°22'54.18"E); (a, b) side views; (c, d) top view with tensile cracks of soil 

surface at hill top where the strong motion station is located. 
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8.3.29 Cracked pavement due to wall movement with retaining wall on the left. 

(38°10'57.83"N, 20°23'9.40"E). 
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8.3.30 Tilted cantilever retaining wall of variable height on the roadway between 

Havdata and Lixouri (38°12'21.05"N, 20°24'54.89"E). 
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8.4.1a Locations investigated (AT: Mt. Ainos Thrust, AEF: Aghia Ephymia Fault). 
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8.4.1b Cephalonia path on 2/8/14 (black), 2/9/14 (red) of Paliki Peninsula and 

Argostoli Bay by UPatras team. Geographical distribution of rock falls (yellow 

points) and road embankment settlements (blue points). 
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8.4.1c Cephalonia path on 2/8/14 (black), 2/9/14 (red) of Atheras (south of Paliki 

Peninsula) and Myrtos Bay by UPatras team. Geographical distribution of rock 

falls (yellow points) and road embankment settlements (blue points). 
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8.4.1d Cephalonia path on 2/17/14 (green) on the eastern part of Cephalonia by 

UPatras team. Geographical distribution of rock falls (yellow points). 
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8.4.2. Rock slope failure in limestone in Monastery of Theotokou Kipouraion 

(38.202517° N, 20.348083° E, (a) UPatras team,2/9/14, (b) NTUA team, 

2/10/14). 
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8.4.3. Numerous weathered rock landslides/rock falls along the shore near Monastery 

of Theotokou Kipouraion. (38.203327° N, 20.347747° E, NTUA team, 

2/10/14) 
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8.4.4. Rock fall with debris slide in steep cliffs in Platia Ammosbeach (38.213883°N, 

20.353017° E, UPatras team, 2/9/14). 
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8.4.5 Rock failure of conglomeratic or breciatic limestone on a cut slope between 

Moussata & Vlachata villages on the Poros- Argostoli road axis (38.126874° 

N, 20.616777° E, DUTh, 2/22/14). 
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8.4.6. Rock slides in red consolidated conglomerate formations recorded at (a)  

Northern part of Argostoli bay close to Kardakata Village (38.280957°N, 

20.445637°E) and (b)road network between Argostoli and Sami village 

(38.205687° N,20.607155° E, ITSAK team, 1/28/14). 
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8.4.7. Rock slides in cracked limestone formations recorded atNorthern part of 

Argostoli bay following the (a) 1st event(38.287065° N, 20.448024° E) and (b) 

2nd event (38.287018° N, 20.448027° E). Photos by ITSAK team on 

1/28/14(a) and 2/10/14(b). 
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8.4.8. Disaggregated slides with debris flow observed at the Petani shoreline 

(38.261705° N, 20.380166° E). Photo by NTUA team, 2/9/14. 
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8.4.9. A shallow rock slide of a weathered and fragmented limestone with debris flow 

(38.251408° N, 20.466813° E, (a) Date of picture taken by DUTh team is 

2/22/14, and (b) by UPatrasteam is 2/8/14)along the local road from 

Kourouklata to Kontogourata). 
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8.4.10. Rock failures (mostly planar slides along limestone’s bedding and only 

occasionally wedge failures) along roadcuts on the way from Kardakata to Zola 

village in Aghia Kyriaki bay area (from 38.287181° N, 20.457548° E 

to38.310356° N, 20.469258° E, DUTH team, 2/22/14). 
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8.4.11.  Northern cliffs and eastern slopes of Myrtos Bay. Major wedge failure, shallow 

rockslides and raveling; detachment and rolling down of the two major rock 

blocks with the associated road pavement damage (38.337833° N, 20.532317° 

E,UPatras, 2/10/14). 
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8.4.12.  Roll paths A and B of the two rock blocks of estimated volume of 500 m3 each 

at Myrtos Bay (38.337833°N, 20.532317°E, ITSAK team, 2/19/14). 
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8.4.13.  Possible trajectory of a limestone boulder of about 2 m3 that rolled over a 

natural slope and bounced at least 3 times, passing through a tile roof of a 

house in Athera village. Tracks of striking points where boulder bounced also 

shown (38.317365° N, 20.418548° E, DUTh team, 2/22/14). 
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8.4.14.  Shoreline of Xi area (from 38.159537° N, 20.410148° E to 38.160405° N, 

20.413083° E) south of the Paliki peninsula where an extended slide (almost 

250 m long) of a sandy marl escarpment was observed (ITSAK team, 

02/19/2014). 
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8.4.15.  Rock slope failure in road cut with gabions in fractured/weathered limestone. 

Detached rock block crossed the road. (eastern part of island: 38°11'33.51"N, 

20°40'39.04"E, UPatras, 2/19/14). 

 

8-118 

8.4.16.  Rock slope failure in a road cut with gabions in weathered fractured 

limestones. (eastern part of island, 38°11'52.99"N, 20°40'21.80"E, UPatras 

team, 2/19/14). 
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8.4.17.  Major earth landslide in Soulari (38°11'5.66"N,20°24'57.82"E, UPatras, 

2/17/14. 
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8.4.18 Plane view of the incipient landslide failure. 
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8.4.19.  Area showing signs of incipient earth landslide failure. (a) Cracks on upper 

road pavement (UPatras) and (b) stone retaining walls destruction after the 1st 

and 2nd events (ITSAK), and soil displacements at the toe (coordinates 

38.293224°N, 20.45217°E, date 2/8/14). 
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8.4.20.  Crest of circular type of slope movement on a 15 m high hill near Soulari 

village (38°11'19.73"N, 20°24'45.10"E), with slippage towards the East 

direction, (date 9/2/14). 

. 
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8.4.21.  Small landslides in stiff-clayey slopes, 400 m outside Soulari village. 

(38.184444° N, 20.411388° E, NTUA team, 2/10/14). 
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8.4.22 Road embankment settlement near bridge in Havdata (38.2028° N, 20.40445° 

E, U-Patras team, 2/9/2014) 
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8.4.23.  Road embankment settlement in Chavriata (38.182733°N, 20.384067°E, date 

2/9/14). Measurements by UPatras team members Eva Agapaki, Elpida 

Katsiveli, and Costas Papantonopoulos. 
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8.4.24.  Road network connecting Havriata and Vouni villages at the south part of the 

Paliki peninsula (38.17856° N, 20.40081° E); extensive road cracking and road 

embankment failure observed, respectively, after the: (a) 1st and (b) 2nd 

events. Photos by ITSAK team on 1/28/14 (a) and 2/5/14 (b). 
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8.5.1 Locations of bridges inspected during reconnaissance and described in this 

section; the figures referenced correspond to the figure numbers of this section 

(for example, Figure 2 stands for Figure 8.5.2).  
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8.5.2 Havdata bridge (38°12'10.30"N, 20°24'16.05"E): (a) western access 

embankment and (b) eastern access embankment. 
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8.5.3 Havdata bridge (38°12'10.30"N, 20°24'16.05"E): Side view of outward 

(downstream) displacement of southern retaining wall of western access 

embankment. 
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8.5.4 Havdata bridge (38°12'10.30"N, 20°24'16.05"E). Side view of connection of 

southern pier to deck-beam sections of the bridge. 
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8.5.5 Debosset bridge connecting the Drapano and Argostoli shorelines (GPS 

coordinates 38°10'26.25"N, 20°29'45.59"E). Photo taken prior to the 1953 

earthquakes  (Poulaki-Katevati, 2009).   
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8.5.6. (a) Geotechnical and geophysical test locations along Debosset bridge, and (b) 

geologic section revealing soil profile along the line B1-B2 shown in (a) 

(sketch created by Adam Dyer of MRCE based on Pitilakis et al., 2006). 
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8.5.7 (a) Debosset bridge (38°10'26.25"N, 20°29'45.59"E); (b) Rehabilitated bridge 

with no observed damage following the major events of 2014; (c) Multi-drum 

obelisk (Kolona) monument intact after the 1st event; and (d) Toppling of 

upper drum of the obelisk induced by the 2nd event. 
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8.5.8 Obelisk “Kolona” monument (GPS coordinates 38°10'26.25"N, 

20°29'45.59"E) in early 1900’s sketch (Poulaki-Katevati, 2009). The upper 

drum toppled after the 2nd 2014 event (Fig. 8.5.7d). 
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8.5.9 Observed failures adjacent to the Debosset bridge: permanent lateral 

displacement of the quay wall and settlement of the backfill induced by: (a) 1
st
 

event and (b) 2
nd

 event.  
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8.6.1 Locations of road embankments inspected during reconnaissance and described 

in this section. Figures referenced correspond to section figure numbers (e.g., 

Fig. 2 stands for Fig. 8.6.2). 
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8.6.2 Location A (38°10'42.84"N, 20°24'2.96"E) on the road connecting the Havriata 

and Vouni villages. (a) Circular type of sliding observed after the 1st event. (b)  

Embankment failure that affected the whole width of the road after the 2nd 

event. 
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8.6.3 Location B (38°10'39.79"N, 20°23'50.90"E) on the road connecting the 

Havriata and Vouni villages. Severe road embankment damage was observed. 

Photos taken after the 2nd event. 
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8.6.4 Off-Kardakata road embankments at an inter-distance of 160 m after 2nd 

event: a) masonry wall collapse in NS direction (38°17'34.61"N, 

20°27'8.16"E), b) masonry wall  collapse in EW direction (38°17'30.81"N, 

20°27'11.80"E).  
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8.6.5 Overview of the broader area of the off-Kardakata road embankment failure of 

Figure 8.6.3b (38°17'30.81"N, 20°27'11.80"E): a) after the 1st event and, b) 

after  the 2nd event. 
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8.6.6. Cracks and settlements on the road embankment between Aghios Dimitrios 

and Livadi villages (38°14'17.17"N, 20°25'44.30"E): (a) after the 1st (left) and 

(b) the 2
nd 

(right) event. 
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8.6.7 North of Soularoi road embankment sliding, as viewed from the pavement 

(38°11'21.51"N, 20°24'45.80"E). 
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8.6.8 South of Soularoi road embankment failure due to slope sliding 

(38°10'43.69"N, 20°25'13.87"E). 
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8.6.9 Pavement cracks and settlement at the edge of the road embankment located at 

38°17'8.28"N, 20°27'8.25"E close to Katochori village. Photo was taken after 

the 1st event. 
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8.6.10 Kourouklata road embankments: a) lower altitude masonry wall collapse 

(38°14'23.77"N, 20°28'30.29"E), b)higher altitude masonry wall collapse 

(38°14'28.20"N, 20°28'24.87"E) (also visible in a, is the failed bell tower of 

Kourouklata.) 
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8.6.11 The location of the two adjacent Cephalonia landfills (38°10'57.52"N, 

20°23'13.61"E).  
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8.6.12 View of the (a) unlined landfill (vegetated, in the background; 38°18'33.15"N, 

20°26'30.44"E) and (b) lined landfill (38°18'36.94"N, 20°26'29.02"E). 
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8.7.1 Locations of the 10 structures inspected during reconnaissance for SSI and 

settlement effects. Additional cases documenting structural damage are 

presented in the Chapter 11. 
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8.7.2 Case 1: 3-story structure at the corner of Nestoros and Megalou Alexandrou 

Streets (GPS Coordinates 38°11’45.50”N, 20°26’18.84”E, 2/18/2014). 
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8.7.3 Typical 2-story building with no damages due to settlements. The pavement 

suffered significant displacements (GPS Coordinates: 38°12’7.47”N, 

20°26’12.99”E, 2/18/14). 
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8.7.4 Case 3: Lixouri Branch of Piraeus Bank (38°12’7.65”N, 20°26’19.70”E, 

2/18/14). 
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8.7.5 Case 4: St. Nicholas Church Bell tower location (GPS coordinates 

38°12'9.43"N, 20°26'17.63"E, 2/18/2014). 
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8.7.6. Case 4: St. Nicholas Church Bell Tower differential settlement (38°12'9.43"N, 

20°26'17.63"E, 2/18/14). 

 

8-147 

8.7.7 Case 5: Power transformer pillar differential settlement (38°11'55.63"N, 

20°26'20.56"E, 2/19/14). 

 

8-148 

8.7.8 Case 6: Café “Aen Plo” location and street view (38°12'3.52"N, 20°26'20" E, 

2/19/14). 
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8.7.9 NE corner of Café “Aen Plo” NE corner ground failure (2/19/14). 
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8.7.10 Case 7. Ground settlement in the perimeter of 2-story R/C building south of 

Lixouri. Location at the top part of this figure (GPS Coordinates 

38°11'36.08"N, 20°26'19.90"E, 2/19/14). 
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8.7.11 Case 8: Kechrionos Monastery. Shear failure on external gate (left) and 

rotation of exterior lights (right), both along the EW direction (38°13'26.19"N, 

20°25'43.36"E, 2/8/14).  
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8.7.12 Orientation of structural and non-structural damage relative to the EW 

direction. (38°13'26.19"N, 20°25'43.36"E, 2/8/14). Insert: the 3 components of 

spectral accelerations in the 2nd event.lined landfill (38°18'36.94"N, 

20°26'29.02"E).  
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8.7.13 Comparison of the external and main gate of the Kechrionos Monastery prior 

(left) and after the 2014 earthquakes (right). 
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8.7.14 Case 8: Kechrionos Monastery. Out-of-plane collapse of non-structural 

elements (left).  Close view of the main gate pillar dislocation together with 

diagonal cracks of the external masonry.  
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8.7.15 Case 9: National Bank of Greece, Lixouri Branch located in the front row of 

buildings parallel to the shoreline (GPS Coordinates: 38°12’7.8”N, 

20°26’19.8”E)  
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8.7.16 Case 9: Observations of deformations of the: (a) ground; (b) sidewalk 

connection to base of building; and (c) cabinets of interior EW wall. (GPS: 

38°12’7.8”N, 20°26’19.8”E, 2/9/14). 
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8.7.17 Case 9: Summary of vertical (exaggerated) deformations between base of 

building and its connection to the sidewalk along the façade of the bank. (GPS: 

38°12’7.8”N, 20°26’19.8”E, 2/9/14). 
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8.7.18 Case 10. Locations of the 3-story structures designed with the latest seismic 

code EAK2000. (GPS coordinates 38°13'48.19"N, 20°25'53.20"E, 2/9/14). 
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8.7.19 Cases of buildings designed to EAK2000 experienced no damage to their load 

bearing system due to multiple sources of over-strength. Possible beneficial 

effects of SSI could have played a factor and should be studied further 

(38°13'48.19"N, 20°25'53.20"E, 2/9/14). 
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9.1.1 Locations of 27 cemeteries inspected during reconnaissance. 
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9.1.2 Overturning of the headstone in Lixouri cemetery taken on 2/9/14 by NTUA 

team. [GPS coordinates: 38.192586, 20.438769] 

 

9-3 

9.1.3 Toppling of marble head-cross in Lixouri cemetery taken on 2/9/14 by NTUA 

team. [GPS coordinates: 38.255833, 20.421111] 

 

9-4 

9.1.4 Displacement and rotation of a marble vase, responding as a rigid body at 

Livadi cemetery taken on 2/8/14 by NTUA team. [GPS coordinates: 

38.255555, 20.421111] 

 

9-5 

9.1.5 (a) A case of “double-rotation” in the Livadi cemetery: first rotates the massive 

headstone structure and then the marble vase. (b) Sketch of the dimensions and 

displacements of the slender marble artifact. [GPS coordinates: 38.255833, 

20.421111; NTUA team, 2/8/14] 
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9.1.6 Rotation of a massive headstone in Chavriata. [GPS coordinates: 38.183219, 

20.389813]. Photo taken by NTUA on 2/10/14. 
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9.1.7 Detailed views of the previous photo taken on 2/10/14 by NTUA team. [GPS 

coordinates: 38.183219, 20.389813] 
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9.1.8 Sketch of the dimensions and displacement of rotated headstone. 
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9.1.9 Double rotation of the headstone and its base in opposite directions. The photo 

on the left is a plan view of the rotation at the base. Lixouri cemetery, dated 

2/9/14. [GPS coordinates: 38.192561, 20.438797] 
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9.1.10 Detailed views of the rotational movement located at three different interfaces 

(shown with red rectangles and arrows). Rotations occurred in opposite 

directions. Lixouri photo taken on 2/9/14 by NTUA team. [GPS coordinates: 

38.192780, 20.438486] 
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9.1.11 Detailed views of the rotated lower marble pedestal and toppling of the slender 

cross headstone. Lixouri cemetery, photo taken on 2/9/14 by NTUA team. 

[GPS coordinates: 38.192436, 20.438666] 
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9.1.12 Toppled headstone (top) and horizontal slippage of tomb panel (bottom). 

Chavriata cemetery photo taken on 2/11/14 by NTUA team. [GPS coordinates: 

38.183013, 20.389619] 
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9.1.13 Rotation of several grave ledgers at the same direction in Livadi. [GPS 

coordinates: 38.255833, 20.421111]. Photo taken on 2/8/14 by NTUA team. 
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9.1.14 Cracked marble panels, toppled artifacts and overturning headstones in 

Kourouklata. [GPS coordinates: 38.242500, 20.474166]. Photo taken on 2/8/14 

by NTUA team. 
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9.2.1 Reconnaissance of 27 cemeteries in Cephalonia. Colored dots indicate 

percentage of toppled tomb objects: red for more than 65%, yellow 30-65%, 

and green less than 30%. 
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9.2.2 Vouni village cemetery [GPS: 38.178456, 20.404778] toppled objects 

following the: (a) 1
st
 event (taken on 1/28/14) and (b) 2

nd
 event (taken on 

2/20/14). Photos by ITSAK and DUTH teams. 
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9.2.3 Objects toppled mainly towards the East: (a) Atheras [38.311280, 20.418498] 

and (b) Kontogennada East [GPS: 38.250936, 20.396137]. Photos by AUTH 

team on 2/11/14. 
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9.2.4 Cases of tomb objects toppling to the West: (a) Vouni [GPS: 38.178455, 

20.404778] and (b) Atheras [GPS: 38.311280,2 0.418498]. Photo by DUTH 

and AUTH teams on 2/11/14. 
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9.2.5 Rotation of a massive headstone, responding as a rigid body without toppling, 

toppling, at the Chavriata cemetery [GPS: 38.183219, 20.389813]. Photo by 

NTUA team on 2/10/14. 

 

9-18 

9.2.6 Headstone rotation without toppling at the south cemetery of Kourouklata 

[GPS: 38.242361, 20.474188]. Photos by NTUA team on 2/8/14. 
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9.2.7 Livadi cemetery [GPS: 38.255689, 20.421035] after the 2
nd

 event: (a) 

Displacement and rotation of two neighboring low rise marble block 

constructions (A and B) and (b) Detail of displacement and rotation of marble 

block construction B. Photos taken by UTH team on 2/8/14. 
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9.2.8 In (a) Skineas [GPS: 38.240479, 20.395151] a mere 7% of objects toppled; in 

0.8 km east at (b) Vlichata [GPS: 38.238268, 20.403932] 71% of objects 

toppled. AUTH team photos on 2/11/14. 
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9.2.9 View of total destruction view at Chavriata cemetery [GPS: 38.183013, 

20.389619]: broken marble panels, toppled artifacts, overturned headstones. 

Photos by NTUA team on 2/10/14. 
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9.2.10 Two Kourouklata cemeteries [GPS: 38.243401, 20.474875] where: (a) 59% 

(north) and (b) 76% (south) of objects toppled. Photos by UPATRAS team on 

(a) 2/11/14 and (b) 2/8/14. 
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9.2.11 Cemetery reconnaissance at North Paliki peninsula. Red dots indicate object 

toppling rate greater than 65%, yellow from 30-65% and green with less than 

30%. Observations indicated that adjacent cemeteries could exhibit markedly 

different response. 
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9.2.12 Two marble statues standing opposite to each other at the entrance of Lixouri 

City Hall (38°12'3.53"N, 20°26'14.92"E). Overturned statue south of entrance 

recorded by UTH after 2
nd

 event; (b) Displaced but still standing statue north of 

entrance after 1
st
 event (ITSAK photo, 1/28/14);  Top of statue toppled after the 

2
nd

 event (Photo by ITSAK – AUTH-LSDGEE teams on 2/11/14). 
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9.2.13 Marble statue close to Argostoli Customs building (38°10'47.94"N, 

20°29'22.47"E): Slight base rotation. Photo by ITSAK – AUTH-LSDGEE 

teams on 2/11/14. 
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9.2.14 Monument of Ilias Antipas mainly rotated (38.18305° N, 20.50030°E). The 

rectangular sketch shows rotated part at its base (in cm). Photo by UPATRAS 

teams on 2/8/14. 
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9.2.15 Marble monument near Lixouri (38°13'32.85''N, 20°25'46.42''E): Lateral 

displacement without significant rotation (dimensions in cm). Photo by 

UPATRAS team on 2/8/14. 
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9.2.16 Marble monument at Lixouri (38°11'51.7''N, 20°26'17.3''E). Dislocation and 

toppling of upper two marble blocks towards S-SW direction. Photo by 

LSDGEE-AUTH team on 2/11/14. 
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9.2.17 Overturning of massive Corinthian-type capital carrying a heavy top slab in 

Lixouri. [GPS coordinates: 38.192713, 20.43]. Photo taken by NTUA team on 

2/9/14. 
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9.2.18 The house across the street of the Public Library of Lixouri. No damage is 

noticed, but a statue overturned (marked with turquoise circle). Photo by 

NTUA team on 2/10/14. 
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9.2.19 Toppling and rotation of rigid block at a shoreline road house next to Lixouri 

National Bank [38
o
12'9''N, 20

 o
 26'19.8''E]. Measurements by Diatonos 

Mechaniki; MRCE photos, 2/10/14. 

 

9-28 

9.3.1 Correlation of damage in all cemeteries inspected to the shortest distance from 

the (hypothetical) trace on the surface of the seismogenic fault of the 2
nd

 event. 

Insert:  geologic ΙΓΜΕ map showing in blue the preliminary reference line 

used to calculate the distance to the cemeteries. 
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10.1.1 EYDAP vehicles arriving from the central facilities in Athens to Cephalonia 

via ferry boat, with the investigation and repair teams members who were 

joined by local colleagues. 

 

10-2 

10.1.2 Digital Elevation Model (EYDAP, 2014). 

 

10-4 

10.1.3 Topographic map showing Lixouri water networks (EYDAP, 2014). 

 

10-4 

10.1.4 GIS mapping of a total of 36,191 m of potable water network pipes (EYDAP, 

2014). 

 

10-5 

10.1.5 Rapid network assessment at the end of the first day (EYDAP, 2014). 

 

10-5 

10.1.6 Examples of the numerous repair of leaks repaired (EYDAP, 2014). 

 

10-7 

10.1.7 Nineteen new valves were installed by EYDAP shown with red dots. 

 

10-8 

10.1.8 Progress made at the end of the first day. 

 

10-8 

10.1.9 EYDAP Personnel repairing leaks during Day 2 (EYDAP, 2014). 

 

10-9 

10.1.10 EYDAP Personnel repairing leaks Days 3 to 12. 
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10.1.11 Potable water network fully functioning at the end of repair activities. 
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10.1.12 EYDAP wastewater network mission field personnel arrived on 2/7/14 and 

worked at the island for six days. Photos by: (a) EYDAP; and (b) 

GEER/EERI/ATC reconnaissance team. 
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10.1.13 EYDAP equipment and field personnel for wastewater network. 

 

10-13 

10.1.14 EYDAP equipment and field wastewater network personnel. 

 

10-14 

10.1.15 Video inspection shots (EYDAP, 2014). 

 

10-15 

10.2.1 Main Cephalonia road network (modified from inagiaefimia.com). 

 

10-16 

10.2.2 Settlement of western embankment of Havdata bridge, recorded by 

reconnaissance team members S. Nikolaou and M. Moretti (38°12'10.30"N, 

20°24'16.05"E). 

 

10-17 

10.2.3 North of Soularoi road embankment sliding, as viewed from the pavement 

(38°11'21.51"N, 20°24'45.80"E). 

 

10-18 

10.2.4 Masonry wall collapse in NS direction of Kardakata road embankments after 

the 2
nd

 event (38°17'34.61"N, 20°27'8.16"E) 

 

10-18 

10.2.5 Rockfalls in Aghia Thekla village road (38.25°N, 20.3833°E, from 

inkefalonia.gr). 
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http://www.inagiaefimia.com/
http://www.inkefalonia.gr/oles-oi-eidiseis/item/19297-polles-oi-zimies-stin-agia-thekli.html
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10.2.6 Rockfalls at main asphalt road connecting Lixouri to Argostoli. Web photo 

from madata.gr after the 1st event. 
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10.2.7 Collapse of masonry wall at courtyard of The Virgin Mary church at Chavriata 

causing local traffic disruption (38°10'57.32"N, 20°23'14.48"E). 

 

10-20 

10.2.8 Traffic disruption due to nonstructural elements damage in Krasopatera Street, 

Lixouri (38°11'36.81"N, 20°26'11.42"E). 
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http://www.madata.gr/epikairotita/social/325633.html


 
GEER/EERI/ATC Cephalonia, Greece 2014                          List of Figures 
Report Version 1                                                                                                                            xxxv 
 

 

Figure 

 

Chapter 11 Page 

11.1.1 Areas visited by the reconnaissance teams where most of structural damage 

occurred. 

 

11-1 

11.1.2 A two-story RC building in Livadi which performed well, despite the fact that 

at this area where several buildings suffered significant damage. Evidence of 

high accelerations if the dislocation of roof tiles observed in several structures 

throughout the meioseismal area. 
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11.1.3 Damage of 2-story RC building in Aghios Dimitrios designed with older codes 

(GPS coordinates: 38.229444, 20.429722): (a,b) after 1st and 2nd events; (c,d) 

beam-column detail of (b). 
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11.1.4 Significant damage to the soft story columns of a two-story RC building in 

Aghios Dimitrios (38o14'36.51''N, 20o25'41.91''E). No damage was observed 

at the upper floor. 
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11.1.5 Collapse of the masonry ground floor of a two-story building in Aghios 

Dimitrios. The upper floor is a reinforced concrete frame, added several years 

after initial construction (GPS coordinates: 38.229444, 20.429722). 
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11.1.6 Partial collapse of a heritage masonry building in Samoli, close to Livadi 

village (see Fig. 11.1.1), which was probably built during the 17th century. The 

building had survived the 1953 earthquakes with some damage which had 

subsequently been repaired. 

 

11-5 

11.1.7 Severe damage of brick infill walls of a two-story RC building in Livadi (Fig. 

11.1.1). The frame suffered only minor damage (38°13'48.19"N, 

20°25'53.20"E). 

 

11-5 

11.1.8 Examples of nonstructural architectural components failure: (a) overturning of 

a masonry fence in Lixouri; (b) collapse of a pergola in Livadi. 

 

11-6 

11.3.1 Typical degrees of damage in vertical structural elements of Reinforced 

Concrete (RC) structures according to YAS (modified from (YAS, 2014). 

 

11-8 

11.3.2 Results of Rapid Assessment and Detailed Assessment phases. In the Rapid 

Assessment, 31% or 1505 buildings were found unsafe to occupy. The Detailed 

Assessment of the yellow-tagged buildings found 46% (1265) safe, 48% 

(1325) temporarily unsafe, and 6% (180) unsafe and pending detailed 

evaluation of whether to repair or demolish. 

 

11-9 

11.3.3 Detailed assessment of 2,770 buildings: 1,167 were RC (60, 39, 1% tagged 

green, yellow, red); 765 were masonry (29, 54, 17% tagged green, yellow, 

red); 783 were hybrid (40, 56, 4% tagged green, yellow, red); and 85 were 

other (48, 41, 11% tagged green, yellow, red). 
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11.3.4 Types of the 180 red-tagged buildings of the Detailed Assessment: 5% 

reinforced concrete, 73% masonry, 17% hybrid concrete-masonry, and 5% 

other types. 
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11.4.1 Typical single story masonry building constructed after the 1953 earthquake. 
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11.4.2 Smooth steel bars of a vertical Reinforced Concrete (RC) tie, typical for RC 

building construction during the 1950's and 1960's. 
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11.4.3 (a) Collapse of 1st story of a masonry Arogi building where a 2nd story was 

added more than two decades after the original construction. (b) Cement block 

masonry reinforced with vertical and horizontal RC ties (GPS coordinates 

38o13'49.80''N, 20o25'49.80''E.) 

 

11-13 

11.4.4 Typical bi-diagonal (shear) cracks in a masonry wall. 

 

11-14 

11.4.5 Shear failure of bearing walls and out-of-plane failure (corner of building and 

top of walls) of a single-story stone masonry building. Note the double-leaf 

construction of bearing walls and local disintegration of the outer leaf. 
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11.4.6 Typical three-leaf stone masonry construction. Damage includes separation of 

leaves, probably present before the earthquakes, and partial collapse of the wall 

due to out-of-plane bending. 
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11.4.7 Structural damage of the Virgin Mary masonry church in Chavriata 

(38°10'57.52"N, 20°23'13.61"E) after the 2nd event, affected by the stone 

masonry retaining wall collapse (Section 8.3). 

 

11-15 

11.4.8 Observed cracks possibly due to church displacement towards the failed 

retaining wall. (a) Seismic retrofit RC jacket below window; (b) absence of 

jackets (38°10'57.52"N, 20°23'13.61"E). 
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11.4.9 Typical shear and out-of-plane damage in the northeast corner of the stone 

masonry church of Aghia Thekla (38°14′41″N 20°23′06″E). 

 

11-16 

11.4.10 Collapse of intermediate story of 3-story RC building completed in 2007. (GPS 

coordinates: 38.258888, 20.424444). 

 

11-18 

11.4.11 Building of Fig. 11.4.10 (GPS coordinates: 38.258888, 20.424444): (a) damage 

of RC bearing elements on ground floor; (b) indication of different ground 

motion in main building directions. 

 

11-18 

11.4.12 Poor behavior of infill walls with disintegration of vertically perforated bricks 

observed at the building of Fig. 11.4.10 (GPS coordinates: 38.258888, 

20.424444). 

 

11-19 

11.4.13 Two-story building that experienced typical soft story damage in Aghios 

Dimitrios (38
o
14'36.51''N, 20

o
25'41.91''E). 

 

11-19 

11.4.14 Crushing of concrete and fracture of closely spaced, single rectangular hoops 

of the columns of the two-story building in Fig. 11.4.13 (38
o
14'36.51''N, 

20
o
25'41.91''E). 
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11.4.15 Damage of 2-story RC building in Aghios Dimitrios (38°13′45.6″N 

20°25′47.4″E): (a) shear cracks and separation of infills after 1st event; (b) 

failure of columns and joints after 2nd event; (c, d) detailing with single 

rectangular largely spaced hoops; and (e) detail of beam-column joint failure. 
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11.4.16 Residential 1962 "Arogi" public housing complex in Lixouri (GPS coordinates 

20.434256, 38.21159) with: (a) extensive damage of infill walls and structural 

elements; (b) failure of a column. Note large spacing of single rectangular 

hoops. 

 

11-21 

11.4.17 Single story building in the public housing complex of Fig. 11.4.16 without 

earthquake resisting frames: (a) damage to the columns; (b) detail of slab-

column joint. 
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11.4.18 (a) Two-story residential buildings of 1978 with severe damage on the ground 

floor and minor damage on the upper floor; (b, c): Details of damage 

(coordinates 38.211567, 20.434134). 
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11.4.19 (a) Failure of upper part of the RC belfry of Aghios Ioannis church in 

Kourouklata (GPS coordinates: 38.242119, 20.473977); (b) detail showing 

poor detailing of rather short columns with stiff upper part, flexible lower part. 

Failure and crushing of concrete. 
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11.4.20 Typical infill wall construction from the 1960’s that incorporates reinforcement 

with vertical and horizontal rebars that have likely contributed to satisfactory 

performance of many buildings of that time. This photo shows a building in 

Lixouri during rehabilitation. 
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11.4.21 Two-story timber residential structures in Aghios Dimitrios. The only damage 

observed was a crack at the interface of the wood frame/walls with the concrete 

base slab. 

 

11-23 

11.5.1 Current seismic zoning of Greece (EAK, 2000) for ground type A (rock) with 

zones I, II, III of reference ground acceleration ag of 0.16, 0.24, and 0.36 g. 

Cephalonia is in Zone III. 

 

11-25 

11.5.2 Cephalonia elastic acceleration response spectra for various ground types based 

on Eurocode EC-8 and the Greek seismic code EAK-2000. 

 

11-26 

11.5.3 Comparison of elastic response spectra for various ground types, based on 

current seismic codes (EC-8 and EAK-2000) with spectra of recorded motions 

from the 1st event of 1/26/14. 

 

11-27 

11.5.4 Comparison of elastic response spectra for various ground types, based on 

current seismic codes (EC-8 and EAK-2000) with spectra of recorded motions 

from the 2nd event of 2/3/14. 
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11.5.5 Typical pre-1953 masonry buildings in Cephalonia. 

 

11-29 

11.5.6 Pre-1953 masonry construction: (a) partial collapse of a Chavriata house 

(38
o
11'0.67''N, 20

o
22'54.93''E), 50 m from station CHV1; (b) collapse of 

building Chavriata; (c) collapse of 2-story house in Havdata (38
o
12'11.62''N, 

20
o
23'09.01''E); (d,e) partial collapse of secondary-use buildings; and (f,g) 

adjacent buildings with no damage in (g) that had reinforced concrete ties at 

the top. 

 

11-30 

11.5.7 Arogi-type buildings post-1953: (a) typical Arogi house in Livadi; (b) 

Chavriata old school (38
o
11'00.67''N, 20

o
22'54.93''E) with cinder block 

construction with recording station CHV1; (c) details of encased reinforced 

cinder walls with cement based mortar. 

 

11-31 

11.5.8 (a) Locations of CHV1 accelerometer in Chavriata old school building 

(38
o
11'00.67''N, 20

o
22'54.93''E) and four buildings within 45 to 52 meters 

around it; (b) three buildings east of CHV1: partially collapsed stone house, 

Arogi house, and two-story RC building. 

 

11-32 

11.5.9 Exterior (top) and interior (bottom) damage of the old school building in 

Chavriata (38
o
11'00.67''N, 20

o
22'54.93''E) where the CHV1 accelerometer is 

located. 
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11.5.10 Two-story reinforced concrete frame building next to the old school in 

Chavriata 45 m from the CHV1 accelerometer (38
o
11'0.67''N, 20

o
22'54.93''E) 

that experienced no structural damage. 

 

11-33 

11.5.11 Three-story building in Lixouri (with partial 4-story extensions) probably 

constructed before 1984 following the 1959 code (38
o
12'14.17''N, 

20
o
26'01.45''E). Collapse of some infill walls on 3rd and 4th floors 

(incomplete, no door/window frames) and cracks at column-beam joints on 4th 

floor. 

 

11-34 

11.5.12 Three-story building in Lixouri (Aravantinou Krasopatera St., 38
o
11'36.81''N, 

20
o
26'11.42''E), probably built before 1984. The two upper floors did not 

appear to suffer any structural or infill wall damage. The columns and shear 

walls (or wide columns) of the 1st floor were severely damaged (soft-story 

failure).The structure was later demolished. 
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11.5.13 (a) Three-story hotel building in Argostoli (38
o
10'80.00''N, 20

o
29'14.40''E) 

designed in 1989 using the supplementary provisions to the 1959 building 

code; (b) width of the construction join opening; (c) broadening of joint after 

the 2nd event.  

 

11-35 

11.5.14 Two-story RC frame with infills in 2nd story in Aghios Dimitrios 

(38
o
14'36.51''N, 20

o
25'41.91''E). The building plan is rectangular with one side 

twice as long as the other. 
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11.5.15 Typical buildings in the city of Lixouri designed according to the current 

seismic code EAK-2000 had no visible damage. 
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11.5.16 Two-story house in Livadi (38
o
15'24.81''N, 20

o
25'31.77''E), east of the Lixouri-

Argostoli road. (a) infill wall cracking from the exterior; (b) infill wall failures 

from the interior. 

 

11-37 

11.6.1 Two-story house in Livadi (38
o
15'26.13''N, 20

o
25'21.38''E). Damage is evident 

in every column of the 2nd floor and in some infill panels. No damage to the 

1st floor was visible from the exterior. 
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11.6.2 Top: sketch of the building plan view in Aghios Dimitrios (38
o
14'36.51''N, 

20
o
25'41.91''E) and pictures showing the structure and its connection to the 

foundation. Bottom: sketch of the building elevation.  Colors indicate the three 

phases of the construction. 

 

11-40 

11.6.3 Tilted 2-story building in Aghios Dimitrios (Arogi house on 1st floor and 1978 

RC clay-brick infill frame on 2nd floor). Failed columns and walls of the 1st 

story showed few stirrups along the columns and only 4 longitudinal 

reinforcing bars in the cross section (38
o
13'50.45''N, 20

o
25'49.78''E). 

 

11-41 

11.6.4 Public low income housing complex. Top: severe damage of the three story 

buildings built in 1962. Top right: lack of shear reinforcement. Center: public 

housing blocks/units. Buildings with red roof on the lower portion are 

undamaged two-story houses built after 2000 with the current seismic code. 

Bottom: Repairable damage at two-story buildings built in 1978. 
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11.6.5 Typical drawings collected for the 2-story RC building shown on Fig. 11.5.7, 

about 50 m from CHV1 accelerometer in Chavriata (38
o
11'00.67''N, 

20
o
22'54.93''E). Construction was done in two phases, in 1978 with an addition 

in 2000. The building suffered no visual structural damage. 
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11.6.6 The administration Lixouri building (left) and photos of instrumentation with 

special accelerometer array (right). 

 

11-44 

11.6.7 Instrumentation layout of Administration building at Lixouri. 
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11.7.1 Cephalonia International Airport terminal building (ID #14, coordinates 

38°7'10.0''N, 20°30'17.7''E): (a) aerial photo; (b) nonstructural damage after the 

2014 events resulted in closing the terminal for three weeks. 
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11.7.2 Lixouri Town Hall. (ID#3 in Table 11.7.1; coordinates 38°12'3.53"N, 

20°26'14.92"E). (a) before the 2014 events; and after the 2nd event: (b) column 

damage; (c) overturning of statue. 

 

11-47 

11.7.3 Open construction joint at Argostoli Port Authority (ID#8 in Table 11.7.1; 

coordinates 38
o
10'44.8''N, 20

o
29'23.3''E). 
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11.7.4 (a) Merchant Naval Academy building (ID#10 in Table 11.7.1) in Argostoli 

(coordinates 38°11'4"N, 20°29'9"E; photo from kefalonia.net.gr); (b) 

Observation following the 2nd event of lack of shear reinforcement and 

corrosion of rebars. 
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11.7.5 Argostoli Archeological Museum (ID#11 in Table 11.7.1; coordinates 

38°10′40″N 20°29′17″E). (a)  photo taken after the 2000 rehabilitation but 

before the 2014 events (mygreece.travel); (b) concrete spalling; and (c) minor 

cracking at short columns. Both photos taken after 2nd event. 
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11.7.6 Lixouri “Mantzavinateio” General Hospital (ID #1, 38
o
10'44.8''N, 

20
o
29'23.3''E): (a) historic photo of structural frame completion prior to 1953; 

(b,c) structural and geotechnical investigations for 2004-12 seismic retrofit; (d) 

evacuation after 1st event (inkefalonia.gr, 2014). Following assessment, the 

hospital was deemed safe and operations resumed few days after the 2nd event. 

Retrofit and historic information and photos a,b,c from Barthakis (2014). 
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11.7.7 Examples of satisfactory behavior of Argostoli administrative public buildings: 

(a) Prefecture building (ID #13); and (b, c) Court House (ID #4, coordinates 

38°10'37"N, 20°29'18"E). 
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11.7.8 “Petritsio” high school, Lixouri (School ID#1, 38°12'12.87"N, 20°26'15.43"E): 

(a) prior to 2014; after 2nd event: (b) concrete spalling at external beam; (c) 

beam-column joint failure. 
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11.8.1 Façade of typical Greek Orthodox Basilica church. 

 

11-52 

11.8.2 Typical church nave and iconostasis. 

 

11-52 

11.8.3 Church locations inspected during reconnaissance efforts (top) with details in 

the western part of the Paliki peninsula (bottom). 
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11.8.4 Freestanding Tower belfry in Chavriata (38
o
10'57.47''N, 20

o
23'14.4''E). 
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11.8.5 Belfry incorporated into walls. 
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11.8.6 Collapse of masonry retaining wall at courtyard of The Virgin Mary church at 

Chavriata (ID#1 38
o
10'57.47''N, 20

o
23'14.4''E): (a) condition before the 2014 

events; (b) damage after 1st event; (c) collapse after 2nd event. 
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11.8.7 Typical damage of stone gables in the churches of: (a, b) The Virgin Mary of 

Rongoi (ID#9) – (a) shows original condition prior to the 1953 earthquakes; (b) 

The Virgin Mary at Kechrionas (ID#6); and (c) Aghios Ioannis Theologos at 

Kontogenada (ID#24). 

 

11-57 

11.8.8 Collapse of stone gable due to loss of continuity between stone wall and gable 

through installation of a RC lintel in the churches: (a) Aghios Nikolaos at 

Aghia Thekli (ID#11); (b) Aghios Vlasios (Blaise) at Dematora (ID#11). 
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11.8.9 Typical damage to Category 4 (strengthened masonry) churches to the top part 

of the walls due to inadequate overlap of the lintel reinforcment. 
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11.8.10 Typical damage in Category 5 churches: Collapse of the outer stone leaf of the 

west gable, at a church strengthened with internal RC wall. 
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11.8.11 Typical damage to Category 4 churches at top part of the walls of a 

strengthened masonry church due to inadequate overlap of the lintel 

reinforcment. 
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11.8.12 Damage in Category 7 church:  Permanent out of plane displacement of 

approximately 7 cm at the top of the walls along the long sides of the structure. 
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11.8.13 (a) Collapse of RC belfry top due to column failure (38
o
14'32.25''N, 

20
o
28'26.40''E); (b) Detail of deformed rebars. 
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11.8.14 Category 1 Church of Aghia Marina at Soulari (ID#43): (a) before the 

earthquakes (b) Collapse of bell tower (c) Partial collapse of the east stone 

gamble. 
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11.8.15 Category 6 church experienced moderate damage of the RC frame infills. The 

roof tiles located at center of the building were displaced but the ones closer to 

the edges remained intact. 
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11.8.16 Severe nonstructural damage was observed in many churches: (a) fallen objects 

and out of plain deformation of iconostasis; (b) damage due to falling stones. 
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11.9.1 Base anchorage failure at heavy stair railings in Lixouri. 

 

11-65 

11.9.2 Heavy, unbraced storage units with the potential to block means of egress in 

the National Bank branch of Lixouri. (GPS coordinates: 38°10'27.3''N, 

20°29'26.4''E). 
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11.9.3 Freestanding fences without foundations or reinforcement were damaged. 

(GPS coordinates: (a) 38°11'0.8''N, 20°22'53.9''E, (b) 38°12'41.0''N, 

20°26'1.4''E). 
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11.9.4 Glazing failure due to lack of proper design for lateral frame deformation. 

 

11-66 

11.9.5 Mitigation method for bracing interior partitions as recommended (FEMA, E-

74). 

 

11-67 

11.9.6 Lack of support for ceiling tiles and recessed light fixtures in the ground level 

of the National Bank branch of Lixouri. (GPS coordinates: 38°10'27.3''N, 

20°29'26.4''E). 
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11.9.7 Poorly anchored sidewalk lighting columns in: (a) Lixouri port (Easy Facilities 

team members George Tsalakias and Angeliki Psychogiou in the photo) and 

(b) Argostoli (GPS coordinates: (a) 38°12'7.2''N, 20°26'18.2''E; (b) 

38°12'1.0''N, 20°26'18.2''E). 
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11.9.8 Ceiling brace buckling in the Eurobank branch of Argostoli: (a) horizontal strut 

and (b) vertical brace. (GPS coordinates: 38°10'29.4''N, 20°29'28.2''E). 

11-69 

   

11.9.9 Mitigation option to provide diagonal bracing for ceiling systems in FEMA E-

74. 
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11.9.10 Roof tiles damage (GPS coordinates: (a) 38°13'46.2''N, 20°25'48.0''E; (b) 

38°13'45.6''N, 20°25'48.7''E). 
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11.9.11 Collapse of tiled roof in Livadi (38°15'29.19''N, 20°25'26.72''E). Photo by V. 

Plevris of ASPETE team. 
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11.9.12 Typical parapet gable frame failures in Lixouri. 

 

11-71 

11.9.13 Architectural marble veneer damage due to building pounding. 

 

11-72 

11.9.14 Improperly anchored gutter pipes with rigid connections. (GPS coordinates: (a) 

38°12'7.2''N, 20°26'19.8''E; (b) 38°11'0.1''N, 20°22'55.9''E). 
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11.9.15 Dislocated drain pipe at the perimeter of a 2-story R/C building located near 

the shore south of Lixouri. (GPS coordinates: 38°11'36.08''N, 20°26'19.90''E). 

 

11-74 

11.9.16 Rooftop AC unit that fell off brick supports (GPS coordinates: 38°10'27.0''N, 

20°29'26.5''E). 
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11.9.17 Mechanical external AC equipment with adequate bracing that suffered no 

damage in Argostoli. 

 

11-75 

11.9.18 Well-braced cable trays in second floor mechanical space in the Eurobank 

branch of Argostoli. (GPS coordinates: 38°10'29.4''N, 20°29'28.2''E). 

 

11-75 

11.9.19 Differential settlement in power transformer pillar (GPS coordinates: 

38°11'55.63''N, 20°26'20.56''E). See also SSI Section of Chapter 8. 

 

11-76 

11.9.20 Desktop computers and accessories without anchorage or support. Team 

member Ramon Gilsanz of GMS in the photo (GPS coordinates: 38°12'8.4''N, 

20°26'17.4''E). 
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11.9.21 Rotational movement of a heavy bank teller desk with no anchorage (GPS 

coordinates: 38°12'6.6''N, 20°26'17.4''N). 

 

11-77 

11.9.22 Overturned statues at the entrance of Lixouri City Hall. (GPS coordinates: 

38°12'3.53''N, 20°26'14.92''E). 
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11.9.23 Sliding and rotation of a heavy bank vault with no anchorage on the floor or 

ceiling. (GPS coordinates: 38°12'7.8''N, 20°26'19.2''E). 
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11.9.24 Rotational movement of heavy bank vault at the Eurobank branch of Argostoli. 

(GPS coordinates: 38°10'29.4''N, 20°29'28.2''E). 

 

11-79 

11.9.25 Measurements taken (by Dimitri Kopanos of Easy Facilities team) at a row of 

heavy vaults at the Eurobank branch of Argostoli show approximately 2.5 cm 

of displacement. (GPS coordinates: 38°10'29.4''N, 20°29'28.2''E). 
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11.9.26 Bookcases braced to one another for support but lacked shelving restraints. 

(GPS coordinates: 38°10’27.3”N, 20°29’26.4”E). 

 

11-81 

11.9.27 File cabinet with no anchorage (GPS coordinates: 38°12'7.8''N, 20°26'19.2''E). 

 

11-82 

11.9.28 National Bank branch of Lixouri located in the front row of buildings parallel 

to the shoreline (GPS coordinates: 38°12'7.8''N, 20°26'19.8''E). See also 

Chapter 9 for this case study. 
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11.9.29 Corner hooks installed after the 1st event at top of large storage units and 

bookcases at the National Bank branch of Lixouri prevented movements in the 

2nd event. (GPS coordinates: 38°12'7.2''N, 20°26'19.8''E). 
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11.9.30 Simple rod restraints installed by a restaurant owner (shown here with team 

members) at Havdata village prevented toppling of bottles. (GPS coordinates: 

38°12'14.3''N, 20°23'12.0''E). 
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11.9.31 Shelving with simple string restraints at a gas station and supermarket in 

Lixouri. 
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11.9.32 Lack of seismic protection for rolling restaurant shelves and refrigerator units 

in Lixouri. 

 

11-84 

11.9.33 Cephalonia International Airport (38°7'10.0''N, 20°30'17.7''E). 

 

11-85 

11.9.34 Interior conditions of the airport. (GPS coordinates: 38°7'10.0''N, 

20°30'17.7''E). 
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11.9.35 Exterior of the airport, no significant structural damage was recorded. (GPS 

coordinates: 38°7’10.0”N, 20°30’17.7”E) 
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12.1 Results of detailed assessment of 2,770 buildings (see Chapter 11 for details). 

 

12-1 

12.2 Temporary housing options included a cruise ship (photo by reconnaissance 

teams). 

 

12-4 

12.3 Temporary housing options of tents (left AP, N. Stamenis, vcstar.com) or 

public facilities and churches for the elderly (right, from the web). 

 

12-4 

12.4 Assistance by the Greek Red Cross immediately after the events. Photos from 

Patras volunteers of the Red Cross and Good Samaritans (Σώμα Εθελοντών, 

Σαμαρειτών, Διασωστών και Ναυαγοσωστών). (Photos frompatrasevents.gr) 

 

12-5 

12.5 Distribution of bottled water to Lixouri residents following the 2nd event 

(photo by reconnaissance teams). 

 

12-5 

12.6. Fundraising efforts in Athens and Sydney, Australia. 

 

12-6 

12.7. The bottle of water from the Aegean sea that was emptied at Lixouri in the 

Ionian sea to symbolize their connection and mutual support in the aftermath of 

the Cephalonia earthquakes of 2014. Artwork by archaeologist Maria Rota, 

photo from inkefalonia.gr. 
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