
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Geotechnical effects of the Eastern Marmara Earthquake on the marine structures
La effets géotechniques du tremblement de terre oriental de Marmara sur les structures de soldat de 

marine

B.AIpar -  Istanbul University, Institute ol Marine Sciences and Management, 34470 Vela, Istanbul
O.Ozguven -  DLH 4th District Bureau, Istanbul
H.Ozmen — DLH 44th District Bureau, Istanbul 

Y.Yuksel, E.Cevik & Y.Celikoglu -  Yildiz Technical University, 80750, Istanbul

ABSTRACT : Eastern Marmara Earthquake directly struck the densely populated cities in the Izmit Bay region. Most of marine struc
tures were damaged, coastal areas were settled and slided seaward. Failure mechanisms are geotechnical and structural. The effects of 
the earthquake on marine structures and coastal areas will be investigated for two cases from geotechnical point of view.

RÉSUMÉ: Le tremblement de terre oriental de Marmara a directement frappé les villes en masse peuplées dans la région de compar
timent d'Izmit. La plupart de structures marines ont été endommagées, des zones côtières ont été arrangées et seaward glissé. Les mé
canismes de panne sont géotechniques et structuraux. Les effets du tremblement de terre sur les structures marines et les zones cô
tières seront étudiés pour deux cas de point de vue géotechnique.

1 INTRODUCTION

Izmit Bay forms a narrow depressional marine realm consist
ing of three small tectonic basins; western, central and eastern. 
These basins are separated from each other by shallow and nar
row ridges (Figure 1). The shallowest eastern basin ends with a 
swampy area.

Its different depositional environments developed under the 
effects of regional climatic fluctuations active tectonics. Eastern 
and central basins are depositional areas for fine-grained siliclas- 
tic material resulting from fluvial and littoral processes. The 
Plio-Quaternary deposit are about 30 m thick on the basement. 
Actual deposits are under the influence of the northern strand of 
NAFZ (Alpar et al., 1999).

The westward moving Anatolian plate at a rate of 24 mm per 
year (Stein et al., 1997) causes earthquakes along the North Ana
tolian Fault Zone (NAFZ). The 45-second Eastern Marmara 
Earthquake (EME) of 17 August 1999 (Mw=7.4) on a 150 km- 
long seismic gap on the northern strand of this famous right- 
lateral strike-slip transform fault. The macroseismic epicenter 
was near the town of Golciik with a focal depth of 12 km and 
centroid depth of 6 km. The earthquake caused right-lateral 
movement (3.8 m on average) on the fault that takes approxi
mately 85 km in the east-west direction (Ozer and Irmak, 2000). 
In addition, EME caused regional subsidences as much as about
2 meters on the northern block, along the southern coast in Gol- 
ciik.

Along the coastal area of Izmit Bay, soil profiles are gener
ally consist of thick, soft to medium clay or loose sand layers. In 
order to understand the effects of the EME to the coastal area 
along Izmit Bay and to estimate the damages to the coastal struc
tures (ports, jetties, cranes and the piping systems), which ranges 
from small displacements to complete collapses, only onland ob
servations of fault, subsidence, coastal landslide or sea water in

undation may not be sufficient. Geomorphic and structural fea
tures in the bay have implied that most of the seismic activity 
extended under the sea. Therefore, the geometry of the NAFZ in 
Izmit Bay has a critical importance for the earthquake risk as
sessment studies and should be precisely defined. Hence, using 
high-resolution shallow seismic reflection method, the tectonic 
settings of Izmit Bay have been investigated. Moreover the re
sults of the EME on port facilities; marine structures and coasts 
were investigated and were tried to be resumed and major dam
age results were outlined due to seismic effect.

2 MARINE TECTONIC SETTING

The E-W trending fault segment extending on a large alluvial 
flat zone to the east of Izmit Bay enters into the sea at Basiskele 
(Figure 1). Post earthquake marine seismic reflection studies 
(Alpar et al., 1999) clearly showed the ongoing tectonic defor
mation in the sea (Figure 2). Right-lateral and normal faults cut 
through different depositional environments (brackish-deltaic, 
continental, marine and shallow marine) developed under the ef
fects of regional climatic fluctuations and active tectonism from 
late Pliocene to late Holocene.

The main fault activated by the EME is a major single fault 
that traverses Izmit Bay E-W direction, mostly parallel to the 
coastline, and it controls the tectonic settings of the bay region 
with the surrounding minor normal and strike-slip faults (Figure 
2). The main fault passed under the Hersek Delta without giving 
any surface rupture on land, and continued westward.

Finally, depending on seismic data and aftershock distribu
tions at the southern and northern margins of the negative flower 
structure, it can be suggested that the main fault of the EME ter
minated at the C'narcik basin offshore Tuzla Peninsula (Figure

Figure 2. Tectonic setting o f Izmit Bay area. The EW trending continu
ous thick line presents the right-lateral main surface rupture o f  the 1999 
Eastern Marmara Earthquake. KPF: Kiler Point fault, KF : Kavakli fault.

Figure 1. Bathymetrical map o f Izmit Bay (modified from Güneysu,
1999).
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2). Normal faults at Golciik and Kiler Point (Figure 2), some 
subsidence and slumpings along the southern coasts of the cen
tral basin are coastal changes caused by the main fault. Beyond 
convergence and funneling effects in Izmit Bay, these local 
coastal events possibly caused the tsunami waves became more 
complicated and more destructive.

3 GEOTECHNICAL EFFECTS ON THE MARINE 
STRUCTURES

There are more than 50 marine structures along the shores of Iz
mit Bay. Most of the ports and jetties of industrial facilities sus
tained damage ranging from minor to extensive. On the basis of 
marine geophysical studies, it is evident that such a structural 
model (Figure 2) can readily cause devastating damage along the 
coastal area of Izmit Bay. Extensive damage such as failure of 
steel piers/piping systems and collapse of cranes was observed at 
fault crossings, e.g. Golcuk Navy Base.

Depending on our field observations and examining geologi
cal and geotechnical data, most serious damages occurred where 
very thick soft clay deposits are placed on top of the soil profile, 
meaning that most of the failures are due to geotechnical prob
lems. Three total collapses of piled piers, complete settlement of 
backfill behind the quay wall because of liquefaction and large 
scale of landslide are some of them. Derince Port 
The Derince Port, the largest port facility in the bay, is located 
near a river still running. Therefore the soil sedimentation is 
more complex if compared to other areas around the bay. A peak 
ground acceleration of 0.25 to 0.3 g caused serious damage 
mostly on block type concrete quay walls with a 0.7 m lateral 
displacement seawards and 0.5 m settlement on the backfill be
hind the quay walls. Liquefaction was found on the backfill be
hind the quay wall with a water depth of 12 m. The settlement of 
the backfill caused settlement of the crane rail foundation result
ing tilting of cranes on rails. Cranes were nonfunctional due to 
horizontal and vertical movement of the caisson of up to 40 cm 
(Yuksel et al., 2000).

The major problem in this port is backfill sandy material be
hind the quay walls dredged from a river mount by the sea and 
probably a kind of deltaic sediments. Samples taken from lique
fied sand is within the liquefaction limits.

Additionally, since pressure of the cranes were not considered 
during the block type quay wall design, some vertical and lateral 
displacements on the rails occurred a few years ago. During the 
EME, treatment was under consideration and obviously this plas
tic deformation caused the backfill material behind this quay 
loosened. As a conclusion, probable failure mechanism is lique
faction of loosened sand backfill resulting settlement of the 
backfill as a result of lateral displacement of the quay walls.

3 • 1 Karamiirsel Eregli Fishery Port

This fishery port is located in southern part of the Izmit Bay 
(Figure 1). TTie soil profile of the port area is loose-medium 
dense m-f sand overlying stiff-hard silty clay. This port also 
damaged due to the settlement of backfill material. By examin
ing the boring logs and laboratory test results, liquefaction of 
natural soil can be expected in this port. Two borings are in the 
vicinity of the breakwater but there isn't any information about 
the soil in the land area.

The engineering properties and soil cross-sections around the 
bay, especially close to mostly damaged structures, showed that 
those could be saved if only necessary subsurface investigation 
had been performed before the construction. In addition, if the 
soft soil is very thick, it is hard for structures to resist against big 
forces produced in seismically active regions inheriting strike- 
slip faults such as NAFZ. Another important fact is that the rein
forced concrete piles could not be driven into the bearing strata 
to the required depth if it contains gravel. Nevertheless, steel be
haved much better in this region. Finally, in such regions, the

backfill material should be standardized, and it should not be 
sand.

4 CONCLUSION

In conclusion, the EME was so destructive because the fault rup
tures crossed the densely populated regions. During the earth
quake, many buildings experienced fault rupture, ground shak
ing, ground settlement, liquefaction, subsidence and seawater 
inundation. Many buildings sank or settled into the ground 
where surface manifestations of liquefaction were observed. 
Sand boils and lateral spreading in Gôlcük caused parts of the 
coastline to move seaward. In general, for buildings not directly 
astride the fault, ground shaking had greater influence on per
formance than did proximity to the fault. Ductile details were 
rarely observed. All these damages depend on locality, besides 
the quality of construction of the infrastructure. The ground mo
tion was relatively strong, with long duration. These findings 
dramatically indicate that soil parameters and interactions be
tween structure and ground are very important to resist against 
such big forces.

Foundation designed and constructed on well-defined soil be
haved much better than the one that subsurface investigation ne
glected. On the basis of our observations, some geotechnical 
suggestions can be summarised as follows:

Preliminary Information : Before construction, geologic, 
géomorphologie and seismologic features should be examined.

Preliminary Ground Investigation : In order to get an idea 
about the site to make the decision for construction, basic sub
surface investigation (borings, geophysical surveys, sampling, 
laboratory tests) should be completed.

Detailed Ground Investigation: After making the decision to 
decide for the foundation type, detailed subsurface investigation 
such as borings, geophysical surveying, sampling, laboratory 
tests and special field tests, if necessary should be done for the 
design.

Foundation Design: Soil parameters needed for design of 
shallow foundations should be taken from the test results, but not 
from empirical equations. For design of deep foundations, it has 
to be avoided to use concrete piles if the soil profile is not known 
well. In our case in the Izmit Bay, steel piles behaved better if 
driven into the bearing strata down to the required depth.

Backfill Material: Sand should not have been used as a 
backfill material in seismically active regions such in our case. 
Therefore, the standards used for marine structures should be 
examined, and a standard for the materials to be used should be 
decided. The origin, durability and shape of stones are also 
important and taken into consideration.
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