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ABSTRACT

NEW SEISMIC DESIGN APPROACHES FOR BLOCK TYPE QUAY WALLS

KARAKUS, Hulya
M.S., Department of Civil Engineering
Supervisor: Prof. Dr. Aysen Ergin

Co-Supervisor: Dr. Isikhan Guler

July 2007, 173 pages

In this study, new design approaches are introduced for the seismic design of
block type quay walls after reviewing the conventional methodologies. Within the
development of the new design approaches an inverse triangular dynamic
pressures distributions are applied to define both seismic earth pressures and
seismic surcharge pressures. Differently from the conventional design
methodology, the hydrodynamic forces are taken into consideration while
dynamic forces are specified and equivalent unit weight concept is used during
the both static and dynamic calculations. Compatibility of this new design
approaches are tested by case studies, for the site and it is seen that the

numerical results are in good agreement qualitatively with field measurements.

Keywords: Block type quay walls, conventional method, static and dynamic earth

pressure, force-moment balance.
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Bu calismada, geleneksel metodlarin yeniden incelenmesi ile blok tipi
rintim duvarlarin sismik tasarimi igin yeni tasarim yaklasimlari ortaya
konulmaktadir. Yeni tasarim yaklasimlarinda sismik toprak basinglarinin
ve sismik sursarj basinglarinin tanimlanabilmesi igin ters Gggen dinamik
basing dagilimlari uygulanmaktadir. Geleneksel tasarim yontemlerinden
farkli olarak, dinamik kuvvetler belirlenirken hidrodinamik kuvvetler de
g6zonunde bulundurulmus ve statik ve dinamik hesaplamalar sirasinda
esdeger birim agirhk kavrami kullaniimistir. Yeni tasarim yaklagimlarinin
uyumlulugu bir bélge igin 6érnek g¢aligsmalar kullanilarak test edilmis ve elde
edilen sayisal sonuglarin gozlemsel olgimler ile uyum iginde oldugu

gorulmustar.

Anahtar Kelimeler: Blok tipi rihtim duvarlar, geleneksel ydontem, statik ve

dinamik toprak basinci, kuvvet-moment dengesi.
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CHAPTER 1

INTRODUCTION

For several years, people are trying to move over water, because they want to
explore and conquer the world particularly from an economical point of view.
Therefore traders and conquerors were sailing the oceans. Those people needed
places to berth their ships, which later grow out to harbors. From these
developments not only a large growth of prosperity is visible, but also a growth in
knowledge about new technologies are occurred (Quay Wall Handbook, 2005).
Ports and harbors play significant roles in the economic and cultural development
of coastal communities, the location and nature of ports and harbors make them
vulnerable to a wide range of hazards. If ports and harbors are built on fill
material or soft natural material, or are surrounded by steep slopes, they can be
suffered by earthquakes, tsunamis, and landslides.

Observation probability of a large earthquake may be a rare event near a major
city but the economical and the social impact of this natural event can be
devastating (PIANC, 2001). Although, it is known that ports are critical civil
infrastructure system for centuries, it is only since the mid-twentieth century that
seismic provisions for port structures have been adopted in design practice.
However, historical data point out a lots of ports such as Kushiro Port, Kobe Port,
Oakland Port, Port Vila and Derince Port were damaged seriously from
earthquake, unfortunately, seismic risks at ports have not already received the

proper amount of attention.

The heavy damage was observed on coastal structures such as refineries,
petrochemical plants and ports the eastern Marmara earthquake occurred on 17
August 1999 with an Mw=7.4 and izmit Bay and north-west Turkey had been
seriously effected from this earthquake. Especially, earthquake was caused
crucial damage mostly on block type quay walls at Derince Port in izmit.



Quay walls are earth retaining structures for the mooring of ships. Due to the
demanding big amount of investment and the large loads on the structure, which
will increase in the future because of the trade, the design and construction of a
quay wall becomes more interesting and complicated day by day. Block type wall
is the simplest type of gravity quay wall, which consists of blocks of concrete or
natural stone placed from the water side on a foundation consisting of a layer of
gravel or crushed stone on top of each other. Blocks maintain their stability
through friction between themselves and between the bottom block and the

seabed.

The design of block type quay walls should be done considering stability,
serviceability and safety as well as economy. Therefore several design guidelines
are available to give recommendations for the design and construction of block
type quay walls. And these guidelines use several approaches to evaluation of
seismic slope stability, ranging from simple to complex, are available and it can
be divided into three primary groups: pseudostatic methods; sliding block
methods; and stress-deformation methods.

By using the Pseudostatic Method block type quay walls are designed to resist a
prescribed level of seismic force specified as a fraction of gravity according to
force-balance approach. This approach has contributed to the acceptable seismic
performance of port structures, particularly when the earthquake motions are
more or less within the prescribed design level (PIANC, 2001).

In Chapter 2, general information is given about the quay walls. The historical

background, types and features of quay walls are defined briefly.

In Chapter 3, certain numbers of important studies, both theoretical and
experimental, are carried out which define several approaches to make an

appropriate seismic design for block type quay walls.

In Chapter 4, several design guidelines are explained and compared to each
other. Thus, uncertainties and difficulties are determined during this process and
new approaches are proposed to achieve this negativeness. The theoretical

background is also given related to the new approaches.



In Chapter 5, stability computation for block type quay walls is carried out for
Derince Port during 17 August 1999 eastern Marmara earthquake. Damages
were observed at wharves 6, 7 and 8 in Derince Port. Inputs of the case studies
and the calculation steps are presented in detailed. By using new approaches
different cases are tested and the results are compared. Stability computation for
block type quay walls is also carried out for Derince Port by using the Turkish
Seismic Design Codes for Coastal Structures, Railways and Airport Structures,
2007 (TSDC-CRA, 2007). The similarities and dissimilarities are explained briefly

for all approaches.

In Chapter 6, conclusion and discussion are presented and future studies are

recommended.



CHAPTERII

QUAYWALLS

2.1 Historical Background of Quay Walls

Quay walls are earth-retaining structures at which ships can berth. In order to
provide moorings for ships and fendering to absorb the impacts of the vessels,
they are usually equipped with bollards. Quay walls are used for the
transshipment of goods by cranes or heavy equipment that moves alongside the
ship. The superstructure is constructed and the quay is usually equipped with
rails for cranes and with channels for the cables that supply power to the cranes.
The foundation must provide the necessary stability. The entire structure must be
able to satisfy numerous requirements imposed by soil conditions, water levels,
and the size of ships and loads, supplemented by the specific demands placed
upon it by the users and the managers of the quay. Owing to the growth of
transport by water, the role of quay walls in determining the future design of ports
will continue to increase, however design and the construction of quays is no

simple matter.

For ages people are trying to move over water, because they want to explore and
conquer the world, but also from an economical point of view. Therefore traders
and conquerors were sailing the oceans. Those people needed places to berth
their ships, which later grow out to harbors. From these developments not only a
large growth of prosperity is visible, but also a growth in knowledge about new
technologies. The oldest known port lies in India near Lothal and was already
functioning 4000 years ago. It is founded due to a large trade between countries
in Asia. Also in the Mediterranean, harbors were formed for trade. Alexandria was
the last three ages before Christ the main trade centre in this region. Also the
construction of harbors developed in these ages. The Romans were the first who

used a kind of concrete for the construction of quay walls.



In the middle Ages the Vikings sailed the Western European waters with very fast
ships. In this period there were two major problems: siltation of harbors and the
poor equipment available in the harbor. In general there were no quay walls of
stone and the cargo had to be transshipped by hand. Later, cranes became
available to do this work, but with these cranes the next problem raised: strong
subsoil was needed. This played a very important role in the development of

quay walls with vertical bearing capacity.

In the nineteenth century the steam engine was presented and in the twentieth
century there was a large development in the tonnage of ships. The
consequences were larger ships with a larger draught. The draught of the ship
has a lot of influence on the retaining height of the quay wall. Another
consequence is the growing possibility of self-berthing of the ships and the extra
scour due to propeller currents. Also the method of transshipment changed,
which lead to higher loads at the quay and larger quay walls. All these
developments lead to the development of a quay wall piled up by stones to a

sophisticated design.

Figure 2.1: Roman ship transporting Figure 2.2: The exposure of quay
from Egypt to port of Ostia wall close to Marseilles, constructed
(Quay Wall Handbook, 2005) before the Christian(Quay Wall

Handbook, 2005)



2.2 FUNCTION, FEATURES, MAIN TYPES & FAILURES of QUAY WALLS

2.2.1 Function of Quay Walls

A quay wall is a soil retaining structure, which occurs in many shapes. All these
structures have the same function such as; mooring place for ships, soil retaining
function, bearing capacity for crane loads, goods and storage, sometimes a water

retaining function.

2.2.2 Features of Quay Walls

The requirements of the quay wall show variety according to the users as for the
handling of freight, there must be a big enough storage area and that has
sufficient bearing capacity to provide for future transhipment storage and
transport and for the ships, there must be sufficient draught for the biggest

vessels to berth.

In addition the following requirements are;

e The design and construction of quay wall must be well and there must be

reasonable price quality relationship during the design and construction stages.

e The quay should have a low maintenance requirement and a long lifetime.

e The area must be sufficiently elevated to remain dry at high tide

o Water levels, tidal influences, soil characteristics of the ground and the climatic
conditions of every place in the world are different, so great deal of experience,
ingenuity and creativity should be gathered to make an optimum design

essential in the design of quay walls.

In order to provide berthing facilities for ships, the wall must retain soil for the
behind the quay, provide bearing capacity to carry loads imposed by the
transshipment of freight and cranes and freight storage facilities, possibly also
serve as a water retaining wall for the areas lying behind during periods with high

water



2.2.3 Main Types of Quay Walls

3 main types of structures can be considered; gravity walls, embedded walls and
open berth quays.

Gravity quay walls might have different types such as; block walls, L-walls,

caisson wall, cellular wall and reinforced earth structure.

2.2.3.1 Gravity Quay Walls

A gravity quay wall is made of a caisson or other rigid wall put on the seabed,
and maintains its stability through friction at the bottom of the wall (PIANC, 2001).

These types of quay walls are so heavy and they cannot tilt or slide.

Gravity quay wall construction is suitable for;
¢ When the subsoil consists of rock or very firm sand

¢ When the subsoil has sufficient bearing capacity

The superstructure is used for berthing ships, such as bollards. To provide
protection both ships and quay from damage, rubber and wooden fenders are
installed on the quay. It is also important to protect the bed of the harbor in front
of the soil retaining structure against erosion. Drainage can be necessary due to
the falling and by doing this excess of pore pressure behind the structure can be

prevented.

2.2.3.1.1 Block Type Walls: Block type wall is the simplest type of gravity wall,
which consists of blocks of concrete or natural stone placed from the water side
on a foundation consisting of a layer of gravel or crushed stone on top of each
other. After placing, the blocks a reinforced concrete cap is placed as cast in situ.
Block walls require much building material however labor necessity is relatively
little. The height of this structure exceeds 20 m. It is important to have a good
filter structure behind the wall to prevent the leakage of soil. This filter structure

should involve thick filling of rock fill material with a good filter structure.



Blocks maintain their stability through friction between themselves and between
the bottom block and the seabed. Typical failure modes during earthquakes
involve seaward displacement, settlement, and tilting of blocks. Figure 2.3 shows

typical section of block type wall.

Concrate cast
on site

QL T NS

Figure 2.3: Typical section of block type wall (Quay Wall Handbook, 2005)

2.2.3.1.2 L-Walls: They provide their stability by the weight of concrete structure
and the weight of the earth that rests them. This construction method is used if
the bearing capacity of the subsoil is not sufficient for a block wall or if the aim is
to save on material costs of a block wall. Figure 2.4 shows typical section of L

wall.

Concrete cast

Frefabricated
L-elernenis

Figure 2.4: Typical section of L wall (Quay Wall Handbook, 2005)

2.2.3.1.3 Caisson Walls: Caissons are big cellular concrete elements. They are

constructed in dock, on a floating pantoon or on a Synchro-lift. They are floated to



the place where they are sunk onto the subsoil. This implicate that poor layers
under the foundation must be removed and replaced by hardy material. Then,
these prepared caissons are filled with the soil or other material in order to
provide sufficient mass to resist the horizontal soil pressures. Figure 2.5 shows

typical section of caisson wall.

Superstructure
concrete cast on site

Concrste
prefabricated
slement
(caissons)

Fit
material

Figure 2.5: Typical section of caisson wall (Quay Wall Handbook, 2005)

2.2.3.1.4 Cellular Walls: The cells are constructed in water or on land and they
are filled with sand or other material. The cellular wall consists of soil enclosed by
steel rings in which only tensile stress occurs. Relatively little material is required
but the walls are thin so they can damage when collisions occur. Figure 2.6

shows typical section of cellular wall.

Gk

8- H-profile driven and sand backfilt 4- Quay compieted and in use

Figure 2.6: Typical section of cellular wall (Quay Wall Handbook, 2005)



2.2.3.1.5 Reinforced Earth Walls: Steel strips, steel rods and polymer
reinforcements called as tension elements are inserted in to ground. The friction
between the contact surfaces of tension elements and soil form the basic
mechanism of stress transfer between the reinforcement and soil. Figure 2.7

shows typical section of reinforced type quay walls.

Reinforced Rear of
soif mass 50/ mass
T—— —{/ /
Facin —
q —
panels A Reinforcement

Figure 2.7: Typical section of reinforced earth wall (Quay Wall Handbook, 2005)

2.2.3.2a Embedded Walls

This type of structures derives their soil retaining function and stability from the
fixation capacity of the soil, possibly in combinations with anchors. If the subsoil
has poor bearing capacity, these walls are used. The sheet pile wall may be
anchored. Rubber or wooden fenders are added to protect both quays and ship.
Drainage is necessary to dispose of rainwater and to restrict the excess pore
pressure behind the structure

2.2.3.2a.1 Cantilever Walls: If the sheet pile is not anchored, during the transfer
of soil pressure to the subsoil, the sheet pile acts like a beam. Figure 2.8 shows

typical section of cantilever wall.
2.2.3.2a.2 Anchored Walls: If the retaining height is long, it is necessary to

anchor the upper side to bear the horizontal forces. Figure 2.9 shows typical

section of anchored wall.
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Figure 2.8: Typical section of cantilever wall (Quay Wall Handbook, 2005)
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Figure 2.9: Typical section of anchored wall (Quay Wall Handbook, 2005)

2.2.3.2b Embedded Walls (with relieving platform)
The horizontal load on the front wall is reduced by the presence of a relieving

platform. This platform can be installed at various heights. Figure 2.10 shows
typical section of embedded wall.

Figure 2.10: Typical section of embedded wall (Quay Wall Handbook, 2005)
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2.2.3.3 Open Berth Quays

In this type of structures height is not bridged by a vertical wall, but a slope.
When choosing the construction method and materials, it should be taken into
consideration that the under side of the deck and the slope are difficult to access

for maintenance.

2.2.3.3.1 Open Berth Quay Walls (with Retaining Wall): To limit the width of
the super structure a vertical sheet pile wall can be constructed on the upper part
of the slope. Figure 2.11 shows typical section of open berth quay wall with

retaining wall.

Concrele deck

’”F

M Sheet pite wall

Wf

Concrete
pile

Figure 2.11: Typical section of open berth quay wall with retaining wall
(Quay Wall Handbook, 2005)

2.2.3.3.2 Open Berth Quay Walls (with Embankment): They are built over a
slope. The vertical forces are taken up by vertical piles and the horizontal forces
are taken up by a pile trestle. Figure 2.12 shows typical section of open berth

quay wall with embankment.
2.2.4 Failure Types of Gravity Quay Walls

Gravity quay walls are mostly used in Turkey and the general failure modes for

gravity quay walls are shown in Figure 2.14 and Figure 2.15.
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Figure 2.12: Typical section of open berth quay wall with embankment
(Quay Wall Handbook, 2005)

For a gravity quay wall constructed on a firm foundation, an increase in earth
pressure from the backfill plus the effect of an inertia force on the body of the wall
result in the seaward movement of the wall as shown in Figure 2.13. If the width

to height ratio of the wall is small, tilt may also be involved.

Figure 2.13: Deformation/failure modes of gravity quay wall on firm foundation
(PIANC, 2001)

When the subsoil below the gravity wall is loose and excess pore water pressure
increases in the subsoil, however, the movement of the wall is associated with
significant deformation in the foundation soil, resulting in a large seaward

movement involving tilt and settlement as shown in Figure 2.14.
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Figure 2.14: Deformation/failure modes of gravity quay wall on loose sandy
formation (PIANC, 2001)

In Turkey, generally block type quay walls are used, thus in this study seismic
design of block type quay walls will be presented. Design methodologies will be

discussed in detail in view Conventional Methods.
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CHAPTER I

LITERATURE SURVEY

Due to the unique physical infrastructure, long range planning process, complex
operational structure, ports have seismic risk issues not encountered in other
types of facilities and infrastructure systems. Thus, several methods have been
developed and implemented in design practice of ports in many regions, often in
the form of codes and standards. These codes and standards differ for each
country and type of structure. In this thesis the difference between design
guidelines for block type quay walls used in Turkey compared to find an overview

of design method.

In order to define the relationship between the block type quay walls and the
earthquake considerable researches have been conducted related retaining wall
problems. These researches can be divided in two categories, theoretical studies
and experimental studies. Analytical and numerical methods compose the
theoretical studies. Shaking table tests performed under earth's gravity (19g),
seismic centrifuge tests, and any rare occurrences of field testing compose

experimental studies.

3.1. Theoretical Studies

Kumbasar and Kip (1999) solve a retaining wall by taking into consideration TSS,
1997. To find an overview seismic design Ryul et al. (2004) claim that
magnitudes of force components acting on quay walls during earthquakes and
the phase relationships among these force components should be defined
properly. OCDI (2002) gives brief explanations about block type quay walls and
the forces acting on it. While estimating the factor of safety values against the
sliding and the overturning values offered by OCDI (2002) are recommended in
this thesis. Fang et al. (1997) indicate that wall movement required for the backfill
to reach an active state increases with increasing backfill inclination. The

experimental active earth pressure value (Ka) is good agreement with the values
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determined with Coulomb and Terzaghi’s theories, Rankine’s solution tends to
overestimate the active thrust, especially if the backfill with a negative sloping
angle. Green et al. (2003) use Mononobe-Okabe Analysis for determining the
lateral earth pressures of the wall if the earthquake is considered. Caltabiano et
al. (2000) use the pseudo-static methods for the computation of soil thrust acting
on retaining walls under seismic condition. The effect of the intensity of the
surcharge and of its distance from the wall is investigated and the results are
compared for the cases of soil-wall systems without surcharge. Motta (1994)
work Coulomb active-earth pressure for distanced surcharge. A closed-form
solution has been given for the evaluation of the active earth-pressure coefficient
which takes into account the effects of both the soil weight and the surcharge
applied to a certain distance from the head of the wall. Seismic effects have also
been taken into account in a pseudostatic way by means of horizontal and
vertical-seismic coefficients. The basic principles of Coulomb and Mononobe-
Okabe Theorem are mentioned briefly in Geotechnical Earthquake Engineering
book, Kramer (1996). Chen and Huang (2001) use the finite-difference method in
order to calculate the earthquake-induced hydrodynamic pressures of seawater
and the pore water in seabed sediment. By using the different kinds of sediment
depths and porosity, the dynamic response of a rigid coastal structure is
investigated. At the end of this study it is proved that while designing the coastal
structures in seismic zone, the hydrodynamic force and the seismic effects must

be considered.

In the world, quay wall designs are given in different guidelines such as, TUDelft
(2006) work about the different kinds of design guidelines and they pay attention
to safety and design approach for quay wall structures. In 4 guidelines with a
clear safety approach, also adapted to the latest design philosophies: CUR 166
and Handbook Quay Walls (both Dutch), EAU 2004 (German), Eurocode 7
(European Union). And two cases are considered. Similar to this thesis’ object,
TUDelft (2006) designs the quay walls comparing the different approaches given

in the references.
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3.2. Experimental Studies

Yang et al. (2001) makes series of centrifuge model tests and the nonlinear two-
phase (solid-fluid) finite element program are used due to predict the seismic
response of caisson-type quay walls and the liquefaction and deformation
characteristic of the saturated cohesionless backfill. Dewoolkar et al. (2000)
criticizes the static and seismic behavior of retaining walls with liquefiable
backfills during earthquake. A series of centrifuge tests are conducted and
accelerations on the walls and in the backfill, static and excess pore pressures in

the soil are measured.

3.3. Performance-Based Design

In 1990s, in order to effectively mitigate disasters due to tsunamis, storm surges
and high waves, coastal structures with high amenity and high disaster
prevention effect has been tested and new conceptual design called as
Performance Based Methodology has been developed. Thereby, even if the force
balance exceeds the limit values, it can be possible to get some information

about the performance of a structure.

Sasumu and Ichii (1998) study on the seismic performance based design for port
structures. In this method, the required performance of a structure specified in
terms of displacements and stress levels. This method contributes that the
requirements of the seismic performance of a structure against the probabilistic
occurrence of earthquake motions. PIANC (2001) published a book called as
“Seismic Design Guidelines for Port Structures”. This book address the limitations
inherit in conventional design, and establish the framework for this approach.
Seismic performance-based design of port structures and simulation techniques
are discussed by Sasumu (2003). Basic earthquake engineering knowledge and
a strategy for seismic performance-based design is explained by using the
figures and tables. The technical commentaries illustrate that specific aspects of
seismic analysis and design, and provide examples of various applications of the
guidelines. Ahmed Ghobarah (2001) is worked on state of development for

performance-based design in earthquake engineering.
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There are three analysis methods proposed in performance based design
concept called as simplified analysis, simplified dynamic analysis and dynamic
analysis. Simplified dynamic analysis method is studied by Kim et al. (2005) by
taking into consideration the variation of wall thrust which is influenced by the
excess pore pressure developed in backfill during earthquakes, the seismic
sliding displacement of quay walls is estimated. Newmark sliding block concept is
used for this method and by using the variable yield acceleration which varies
according to the wall thrust, the quay wall displacement is calculated. The
shaking table tests verify that the wall displacement can be predicted by using
this method. Mohajeri et al. (2004) work on the sliding block concept for caisson
walls. For this study, two series of shake table tests are used in order to evaluate
the sliding displacement of caisson type quay walls and breakwaters due to
earthquake motions. It is observed that the yield acceleration at the time that
sliding tended to start and during the sliding this value is not a constant and after
sliding, the yield acceleration decreases immediately. Thus, by the light of this
result, it is advised to use two-level yield accelerations as static and dynamic
levels. This result is important while combining the conventional method with the

performance based method.

3.4. Example of Damaged Quay Walls

The numerical values about the damages of structures around ports due to West
of Fukuoka Prefecture Earthquake are investigated by the Hond and Kiyota
(2005). Under the title of -location of Fukuoka and epicenter - information of
earthquake the failure conditions for the quay walls and the piers were explained

numerically by using several photos.

Tokachi-oki Earthquake of September 26 is studied by Kobayashi et al. (2003).
The brief explanation about the characteristic of the earthquake is given and it is
investigated that, there is severe damage due to the tsunami impact as well as
the structure, port facilities and lifeline damage due to strong shaking. The affect

of this earthquake on the quay walls are given numerically according to region.
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Andrus and Chung (1995) give some information about Kushiro Port in Japan
which had shaken strongly in 1993. They states that many quay walls were

damaged when liquefaction occurred in the fill materials behind the wall.

Tanaka (2000) states Kobe Port during the Great Hanshin Earthquake of January
17, 1995 had damaged, especially of the liquefaction of reclaimed fills, at two
near-shore man-made islands, Port Island and Rokko Island. The paper first
describes a general aspect of the earthquake event; second, the liquefaction
damages at these two islands are discussed in the light of applicability of current

evaluation procedures for soil liquefaction.

These studies are important because there are always seismic risks at ports
which are very important. Several ports had been suffered from earthquake
seriously and unfortunately they will injure also in future unless the necessary
cautions are taken into consideration. Therefore, there is an intensive study
currently going on the design of quay walls with special emphasis on
performance based design (PIANC, 2001).
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CHAPTER IV

DESIGN METHODOLOGIES of BLOCK TYPE QUAY WALLS

The methods used for the design of block type quays are;
e Conventional Design Method

- based on Turkish Specification for Structures to be Built in
Disaster Areas, 1975 (TSS, 1975)

- based on Turkish Specification for Structures to be Built in
Disaster Areas, 1997 (TSS, 1997)

- new design approaches

- based on Turkish Seismic Design codes for Coastal Structures,
Railways and Airport Structures, 2007 (TSDC-CRA, 2007).

e Performance Based Design

In the conception of this thesis conventional design methods will be introduced

and the applications will be carried on.

4.1. Conventional Design Methods

The conventional method is based on providing capacity to resist a design
seismic force, but it does not provide information on the performance of a
structure when the limit of the force-balance is exceeded. In conventional design
for the relatively high intensity ground motions associated with a very rare
seismic event, it is required that limit state not to be exceeded, if the construction
cost will be too high. If force-balance design is based on a more frequent seismic
event, then it is difficult to estimate the seismic performance of the structure when
subjected to ground motions that are greater than those used in design (PIANC,
2001).

If the structure collapses, this can be seen as permanent failure. The state, in

which a structure does not yet fails, is called a limit state (TUDelft, 2006).
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Typical section of block type quay wall is given in Figure 4.1. Blocks are
numbered up from foundation as 1 to n. After the placement of blocks, they are

covered by reinforced concrete cap called as crown wall (Figure 4.1).

Surcharge, q

Bollard Force

Seaward Crown

Side Wall
g SWL
Block 1 Sand Fill
Rubble
Too (0-041)
protection Block 2

Foundation Rubble

Rubble Base
(0-0.251)

Figure 4.1: Typical section of block type quay wall

In the figure reference sea level is used as still water level (SWL) and backfill is
composed of 3 different layer; rubble, quarry run and sand fill. Structure rests on
foundation rubble and rubble base is protected by a rubble fill. Bollard force at

crown wall and surcharge acting on concrete slab are also shown in Figure 4.1

4.1.1 Conventional Design Method Based on Turkish Specification for
Structures to Be Built in Disaster Areas, 1975 (TSS, 1975)

In Turkey generally conventional design methodology given for seismic design
based on TSS, 1975 is in use. Basically, seismic forces are defined as; (Figure
4.2)

Fseismic = C W (4.1)
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where; C is the seismic coefficient defined for each earthquake zone; W is the

weight of the blocks.
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Figure 4.2: Loads both static and dynamic acting on block type quay walls
according to TSS, 1975

This figure shows the loads affecting the block type quay walls during the
earthquake. However, if the earthquake is not considered, the (Z) values shown

in Figure 4.2 are ignored.
In conventional method the factor of safety against sliding (FSs) and overturning

(FS,); for normal (static) condition are taken as; FS; = 1.5, FS, = 1.5 ; for

seismic (dynamic) condition are taken as; FS;=1.2, FS, = 1.5.

Detailed discussion of the forces (E; and E ) together with an application as an

example cases are given in Appendix A.
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4.1.1.1 Discussion on TSS, 1975

There are some difficulties and inaccuracy assumptions in seismic design of
block type quay walls by using the conventional method based on TSS, 1975.
These difficulties and inaccuracies will be explained briefly and the solutions
which can be used in order to achieve these kinds of problems will be mentioned

clearly.

In conventional method, for the static case, active earth pressure coefficient (Ka)

is;
v oD : (4.2)
cos’(0)cos(0 + 5){1 i \/ sin(¢ + 8)sin(¢ — B)
cos(3 + 0)cos(p — 0)

and active earth pressure (Pa) is;

Py = 2K,y HE (4.3)
A 2 A

(Eq.4.1) includes some parameters such as ¢ (internal friction angle), B

(inclined angle with the horizontal), & (friction angle between wall and soil), 6
(angle between the back of the retaining wall and the vertical plane). While
evaluating the P, (active earth pressure) value, K, is used, and P, acts making
the angle of & with the wall. So, there must be a vertical and a horizontal
component of P, value. However, in seismic design of block type quay walls
based on TSS, 1975 only horizontal component of P, value is taken. The vertical

component of P, value is ignored.

For static case, the surcharge load (q) is multiplied with the horizontal active

earth pressure coefficient (Kap);

e = (qxKan) (4.4)

For the dynamic case, Kang is used to define dynamic earth forces and
surcharge forces. Both an.x and seismic coefficient (kn) are disregarded in the

computations. In order to calculate Kang, the internal friction angle is reduced 6°
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(¢'=¢-6°). This assumption can not be suitable for all conditions. In addition, this

methodology assumes that the forces due to the earthquake motion act as a
point load on a specific point for the each block. However, researches show that
in real situation this assumption is not true, because earthquake force is
distributed load on each block. Actually, the distribution of the earthquake forces’
is more like “S” curve. However, since the actual distributions of the forces are
not known exactly, it is not possible to define the forces acting on the blocks

accurately enough.

Surcharge load is taken (g/2) and then (g/2) is multiplied with the horizontal active

dynamic earth pressure coefficient (Kang) value which is computed according to

(¢'=¢-6°).

E, = (qxKand) (4.9)

Both ground surface acceleration (am.x) and the seismic coefficient (k,) are

disregarded in the computations.

In conventional method there is only one surcharge pressure calculation. For
static case, according to static condition surcharge pressures are computed and
for dynamic case, according to dynamic condition surcharge pressures are
computed. However, the surcharge forces which are calculated for static and
dynamic cases to find the total force due to the surcharge load are not added to

each other.

Moreover, during the seismic calculations, hydrodynamic forces are not taken

into consideration in conventional method.
In order to make more economical design, recommended factor of safety values

can be taken less than these values. Especially for seismic design the factor of
safety values can be taken as FS,=1.1 and FS,=1.0 (OCDI, 2002).
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Under the light of these given discussions, it is understood that TSS, 1975 has
some deficiencies and it needs to be modified. Thus, TSS, 1997 was introduced
as a modified method for the design of block type quay walls. Same approaches
are used in computing the forces acting on the structure. However, distributions
of the forces for both static and dynamic cases in TSS, 1997 display some

dissimilarities with respect to TSS, 1975.

4.1.2 Conventional Design Method Based on TSS, 1997

In this method, for static case the distribution of surcharge and earth forces are
shown in rectangular and triangular and for dynamic case the distribution of
surcharge and earth forces are shown in inversed triangular and parabolic for
vertical wall (Figure 4.3) ( Kumbasar and Kip, 1999).

Surcharge, q

Fas €—
Fs <— Fde <+
Wall
Fo <
Surcharge Sail i
Fs: Static surcharge force ! g\ Surcharge Soil
F.: Static earth force STATIC DYNAMIC

F4s: Dynamic surcharge force

F4e: Dynamic earth force

Figure 4.3: Forces both static and dynamic cases acting on a vertical wall

The forces acting on block type quay walls for static and dynamic case
earthquake are shown in Figure 4.4 and Figure 4.5 respectively according to
TSS, 1997.
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Surcharge, q

BF «( VA a e

Seaward ! & ey Er <l Eiq
P1 4 P5
E, <—
i submerged 29 Eser—
P,
OI
i E; ¢— Eier-

Pi: Weight of the each block @ Surcharge? @ Soil ?

&: Surcharge pressure Ei: Static surcharge force and static earth force

ei: Earth pressure
' P Y O: Moments are are taken around points O.

Figure 4.4: The static forces affecting on the block type quay walls (TSS, 1997)

Surcharge, q

BF <«—)X Y\ Static  Dynamic Static Dynamic

Seaward l & L dry Ei€ Es 4
Side P4 4 Ps
g SWL Y0 g | E < Es«
l E3 — E7
P, submerged
' | E
(0] l E, < 8. ¢—
OII P3
ST S S S S S S S
Pi: Weight of the each block
O: Moments are are taken Surcharge Soil
around points O. E;: Dynamic surcharge force and dynamic earth force

Figure 4.5: The dynamic forces affecting on the block type quay walls
(TSS, 1997)

26



4.1.2.1 Discussion on TSS, 1997

Block type quay walls are designed by using the principles of TSS, 1997 and
similar to conventional method, it is understood that this method also includes

some difficulties and deficiencies.

In TSS, 1997, for the static case, the differences between the unit weight of the
soil being either above or under still water level is taken into consideration. This
approach can cause some problems during the seismic calculations which will

explain below.

In TSS, 1997, for the dynamic case, two different seismic angle () values are

computed and depending on these two values, two different dynamic active earth
pressure coefficients (Kag) are computed according to soil condition being either
above (dry) or below (submerged) of still water level. However, this approach is
not in agreement with the Mononobe-Okabe Method (M-O Method) principle.
Because, M-O Method had been derived for dry soil. Thus, currently instead of
this approach, use of an average unit weight which takes into consideration both

dry and submerged soil is accepted to be consistent with the M-O Method.

In TSS, 1997 adopts that the upper wall is vulnerable for the dynamic case and
to reinforce this assumption, inversed triangular distribution (base at the soil
surface) is employed to show the dynamic force of the soil and the surcharge
(Figure 4.5). In view of the latest researches, the assumption of inversed
triangular distribution in order to designate dynamic force due to the soil can be a
correct approach (EC 1110-2-6058, 2003). However, the Figure 4.3 shows
parabolic distribution instead of inversed triangular distribution for dynamic active
earth pressure. Thus, dynamic earth thrust should be zero both at the top and the
bottom of the structure. It can be said that, there is a problem to define the

distribution of the dynamic active earth pressure for block type quay walls.

In addition, for dynamic case hydrodynamic forces are also ignored in this
method.
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According to TSS, 1997, the factor of safety against sliding and overturning; for
normal (static) condition are taken as; FSs=1,5, FS,= 1,5; for seismic (dynamic)

condition are taken as; FS, =1,0, FS,=1,0.

Based on these discussions carried on the TSS, 1975 and TSS, 1997 new
design approaches to conventional method for block type quay wall are

introduced and discussed in details.
4.1.3. New Seismic Design Approaches for Block Type Quay Walls

4.1.3.1. Methodology

Conventional design methods usually require estimating the earth pressure
behind a wall and choosing the wall geometry in order to satisfy equilibrium
conditions with specified factors of safety (Caltabiano et al., 2001). In general,
earth pressure acting on a vertical wall is assumed to be active earth pressure,
and is determined taking into account the influence of surcharge on the ground
surface behind the wall and the influence of hydraulic pressure (due to water

level difference both two sides of the wall).

The researches have shown that the inertial forces of the quay wall, the dynamic
earth and pore water pressures generated in the backfill, and the reduction of
shear resistance at the interface between the quay wall and the foundation soils
are the causes of wall movement during earthquakes (Lee, 2004).

In the development of new design approach of block type quay wall, forces
should be defined correctly and to make it firstly design parameters should be
defined both for static and dynamic conditions as in conventional methods. The
results in the study are important to improve the analytical procedures to evaluate
quay wall stability during earthquakes.

The general calculation steps for new design approaches are given in Table 4.1.

28



Buluinuano jsuiebe,
Buipyis jsuiebe.

‘A1ajes Jo Jojoe

sa2l10) ableyains

pue yues olweuAp

pue dfejs [ejo} 8y} JOo
jusuodwod |eoNJoA 8y e
s82104 Jiidne

sybiom |10Se

syblam syo0|ge

$9210- EllaU|e
$82.04 OIWeUAPOIPAHe
abieyoinge

(Poylay O-IN)
92104 ype3 olweuAqe

$92.104 olweulg

(poyisy quioino))

$9010- 011B1SOIPAHe

abieyoinge

90104 Ypeg aAjjoye
$92104 2J1je)S

%

$90104 [EOILBA

sisAjeuy A)ljigels ‘¢

A

\

7

$9010 |e]UOZIIOH

$92104 ‘7

A

si9)oweled ubisaq-l

A

sayoeoaddy ubisag o1wisIaS MaN

sayoeolidde ubisep olwsies mau Jo sdajs uonenoje) L'y a|geL

29



The first step in the new design approaches for block type quay wall is to

determine the characteristic of design parameters (Table 4.1);

Design Parameters

Design parameters are divided into three parts;

1.Geotechnical parameters

¢ : cohesion of soil (kN/m?)

¢: internal friction angle of soil (deg)
v : unit weight of soil (kN/m®)

0 : wall friction angle (deg)

2.Geometric parameters
H : wall height (m)
B : inclined angle with the horizontal

0 : angle between the back of the wall and the vertical plane (deg)
SWL : still water level (m)

3.Load-related parameters

q : surcharge on the ground surface behind the wall (kN/m?)
ki, : horizontal seismic coefficient

W: weight of the soil

and P, is the active earth pressure

znszzasseassify

Figure 4.6: All the parameters used for calculating the forces
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In order to define the parameters, basic assumptions are used.

4.1.3.2. Basic Assumptions
Basic assumptions used in the development stages are listed below.

¢ The Rankine and Coulomb methods are commonly used to calculate the
active earth pressure force. The discussion in this study is limited to
granular (cohesionless) backfill soil, which is a typical condition relating to

retaining walls.

e The active earth pressure force (P,) is a function of the earth pressure

coefficient (K,), the unit weight of the soil and the height of the wall.

¢ Wall movement must occur in order to develop the full active earth

pressure force.

e Other lateral forces are superimposed on the lateral earth pressure force
to derive the total lateral force.

e Vertical wall design is iterative and seeks to provide wall geometry that
produces suitable factors of safety for sliding, overturning and bearing

capacity.

e Vertical walls must also be checked for tolerable settlement and global
stability (Richard P. Weber, 2000).

e It is assumed that soil improvement techniques are used for the site
where the existing soil conditions are expected not to lead to
unsatisfactory performance. Usually, large soil movements are accepted
as unsatisfactory performance. If only static condition is absent,
unacceptable movement generally results from poor soil strength and/or
stiffness. However, during and/or after earthquake, this movement consist
horizontal and/or vertical components. In addition, the build up of excess

pore water pressure can lead to very large deformations. Consequently,
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all techniques used to mitigate of seismic hazard aim to reduce the
aptitude of soil to generate excess pore water pressure during earthquake
and to increase the strength and stiffness of soil. Increased strength and
stiffness is generally desirable for both dynamic and static conditions. The
most common soil improvement techniques can be classified into 4 parts:
densification techniques, reinforcement techniques, grouting/ mixing
techniques, and drainage techniques (Kramer, 1996). In general, port
structures are designed to prevent the liquefaction in backfill. However,
the parametric study showed that the wall may keep its stability even if the
liquefaction of the backfill occurs, and the wall can be unstable when
liquefaction does not occur in the backfill. Therefore, wall displacement
must be evaluated with the consideration of the excess pore pressure
development in the backfill in the design stage of quay walls (Kim et al.,
2005).

After defining the design parameters according to basic assumptions, forces can

be calculated.

4.1.3.3 Pseudostatic Analysis

The most common approach to seismic slope stability evaluation is the
pseudostatic analysis, which is based on limit state methods. In the 1920s,
Mononobe and Okabe developed a method to estimate the lateral earth
pressures acting on retaining structures during earthquakes. The first explicit
application of the pseudostatic approach to analysis of seismic slope stability has
been attributed to Terzaghi (1950). Inertial forces, F, and F,, are assumed to act
through the centered of the failure mass. The magnitudes of the pseudostatic
forces are (Kramer,1996);

F=2 _yw (4.6)
g

F=2_w 4.7)
g
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where, F, and F, are horizontal and vertical pseudostatic forces; a, and a, are
horizontal and vertical pseudostatic accelerations; k, and k, are dimensionless

horizontal and vertical pseudostatic coefficients; W is weight of the failure mass.

Similar to static limit equilibrium design methods, pseudostatic analyses provide a
factor of safety against failure, but no information regarding permanent slope

deformations.

The vertical pseudostatic force has less effect on the factor of safety, it can
reduce or increase (depending the direction) both the driving force and resisting
force. Thus, the influence of vertical acceleration is ignored in pseudostatic

analysis (Kramer, 1996).

Coulomb (1776) first proposed the failure-wedge method by assuming a plane-
failure surface and imposing the equilibrium conditions. Based on the Coulomb-
wedge method, MueUer Breslau (1906) derived a closed-form solution for the
active- earth-pressure coefficient taking into account the slope of the ground
profile and the friction between the wall and the soil. Successively, Mononobe
(1929) and Okabe (1926) extended the Coulomb solution taking also into account

the earthquake-induced pressure in a pseudostatic way (Motta, 1994).

4.1.3.4 Forces Acting on Block Type Quay Wall

The second step is forces, and forces are divided into two parts as horizontal and
vertical forces. Static and dynamic forces constitute horizontal forces. Block
weights, soil weights and the vertical component of the total static and dynamic

earth and surcharge forces (Table 4.1)

4.1.3.4.1. Static Horizontal Forces
The static forces are classified into three parts; active earth forces, surcharge

forces and hydrostatic forces.

4.1.3.4.1.1. Active Earth Force

Active earth pressure coefficient (K, ) is computed using the Coulomb Theory.
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Coulomb Theory

The Coulomb approach is based on the limit-equilibrium method (Motta, 1994)
and by using this equilibrium, the magnitude of the soil thrust acting on the wall
for both minimum active and maximum passive conditions (Kramer, 1996). As the
wall starts to move, the earth pressure decrease rapidly and eventually a limiting
active pressure is reached (Fang et al., 1997). In this thesis, the passive
condition is neglected and only active condition is studied. For the same wall the
passive wall displacement required to reach a passive state is approximately 230

times the displacement required to reach an active state (Fang et al., 1997).

Using Coulomb expression, Ky and P, are defined as (Figure 4.7);
cos®(¢p—0
K, = (0=6) i 4.8)

cos?(0)cos(0 + 6){1 + \/ sin(¢ +3)sin(¢ —p)
cos(6 + 0)cos(p —0)

Py = 2Ky H (4.9)

where; K  is active earth pressure coefficient, P , is active earth pressure, 0 is

angle between the back of the retaining wall and the vertical plane , & is friction

angle between wall and soil, B inclined angle with the horizontal, ¢ internal
friction angle, H is structure height , a, is inclination of the ground surface

behind the wall (Figure 4.7).

Retained Soil:

Cres )

wall movement

Figure 4.7: The parameters used to calculate active earth pressure (Pa)
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Ka formulation includes unknown parameters. These unknown parameters are
related to property of soil and relation between the soil and blocks. For example,

¢ value, it can be observed that the displacements calculated by the proposed

models are very sensitive to the interface friction angle. Therefore, it is important
to properly evaluate the frictional resistance between a wall and foundation (Kim
et al., 2005).

After the soil improvement techniques are used and the unknown parameters are
defined, active earth pressure (Pa) value can be calculated for each block with
respect to their heights. These pressure accounts are managed to find these
forces for each block and triangular distribution is used throughout the block type
quay wall to exhibit the effect of these forces (Figure 4.8). The necessary

formulations are given below;

IDi(se) =Kay hy (4.10)
o _[Pea R (4.11)
i(se) — 2 i .

where, Pis) is the static earth pressure for block i, Fise) is the static earth force for
block i, and h; is the height for block i, y is the unit weight of soil (kN/m?).

7

« During the dynamic calculation, it is realized that equivalent unit weight

should be used owing to the M-O principals. Thus, unit weight of soil (y)

is taken as equivalent unit weight(y,, ).

4.1.3.4.1.2. Surcharge

Given a soil-wall system without surcharge, it is possible to determine the system
failure wedge. In many practical problems however, it may be of interest to
evaluate the lateral earth thrust due to the soil weight as well as to a surcharge
acting on retained backfill. If a surcharge is placed on this failure wedge,
independently of its intensity, it will affect the failure mechanism. This implies that
the system will collapse for a lower seismic acceleration and with a larger
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inclination of the failure wedge than the case of the system without surcharge.
Available solutions for active earth pressure acting on walls retaining surcharged
backfill are suitable for static conditions only ( Caltabiano, 2000). In this study the
surcharge is applied to a certain distance from the top of the structure and is

uniformly distributed.

The dispersal influence of surcharge for static condition is adopted like a
rectangular shape throughout the block type quay wall (TSS, 1997 and
Kumbasar and Kip, 1999) (Figure 4.8). Thus, static surcharge pressures and

static surcharge forces are calculated for each block by;

Pi(ss)= q KA (412)
Fiss)= Pies) i (4.13)

where, P s is the static surcharge pressure, Fis) is the static surcharge force
and h; is the height for each the block.

Surcharge. q

BF <«—X N

A
s |
egward i hy Fitss) 41—
Side P F
1 4 i Pg v dry 1(se) 4]
¥SWL YO A
h F —
l 2 2(ss) 4 F2(se) 4
P v submerged
0 A
l hs Fass) 41
F3se)
glo’ Ps
7 Surcharge Soil
Pi: Weight of the blocks and the soils Fiss): Static surcharge force
hi: Height of the each block Pise): Static earth pressure
BF: Bollard force Fise): Static earth force

O: Moments are are taken around points O

Figure 4.8: Forces acting on block type quay wall in static condition
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4.1.3.4.1.3 Hydrostatic Forces

It is assumed that the water levels on both sides of the wall were the same and
thus, the static water forces acting on the both sides of the wall and the
hydrostatic pressure due to the variation of water table are not considered.

4.1.3.4.2 Dynamic Forces

Dynamic forces are classified into four parts; dynamic active earth forces,

dynamic surcharge forces, hydrodynamic forces and inertia forces.

4.1.3.4.2.1 Dynamic Active Earth Forces

During an earthquake, dynamic forces in addition to static forces act on block
type quay wall such as: the dynamic earth forces, dynamic surcharge forces,
inertia forces and the dynamic water forces (Kim et al., 2004). In order to define

these forces dynamic active earth pressure coefficient (K, ) is computed using

the Mononobe-Okabe Method (M-O Method).

Mononobe-Okabe Method (M-O Method)

The M-O Method (Okabe, 1926; Mononobe and Matsuo, 1929) is a commonly
used form of pseudostatic analysis used to determine the earth pressures on
retaining structures and is an extension of the Coulomb theory for static stress

conditions.

Seed and Whitman (1970) in Green et al. (2003) indicates the method entails

three fundamental assumptions:

1. Wall movement is sufficient to ensure either active or passive conditions

2. The driving soil wedge inducing the lateral earth pressures is formed by a
planar failure surface starting at the heel of the wall and extending to the free
surface of the backfill. Along this failure plane the maximum shear strength of the
backfill is mobilized.

3. The driving soil wedge and the retaining structure act as rigid bodies and

therefore experience uniform accelerations throughout the respective bodies.
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Using M-O expression Kae and Pxe are defined as;

_ (1-k,)cos’ (-6 -) (4.14)

: sin(¢ +8)sin(0—p—v) |
COS \y COS (e)cos(9+6+w{1+\/cos(6+9+\y)cos(ﬁ—e)

KAE

1
Pae =§KAEV H2(1_kv) (4.15)

Kae is the dynamic active earth pressure coefficient, Pae is the total active thrust

(kN/m), v is the unit weight of soil (kN/m?), ¢ is the internal friction angle of soil

(deg), 9 is the angle between the back of the retaining wall and the vertical plane

(deg), v is the seismic inertia angle, & is the friction angle between wall and soil,

ky is the vertical seismic coefficient and H is the height of the structure.

Several laboratory 1g (acc.) shaking table tests on retaining wall models have
been performed in the past. Some of the early tests suffered from inadequate
instrumentation unrealistic frequencies and amplitudes of input vibrations and
lack of plane strain conditions which are assumed in most analytical and design
methods. These tests generally indicated that the M-O method gives the
magnitude of the total resultant force reasonably well and the incremental
dynamic earth pressure acts at somewhere between 0.45 and 0.55 H from the
base depending on the wall movement, where H is the wall height (Dewoolkar et
al., 2000). However, at the larger levels of shaking, the M-O expressions failed to

predict the induced stresses on the wall (Green et al., 2003).

As it is seen from the EQ.(4.12), Kae formulation includes two unknown
parameters (the other unknown parameters are explained in part 4.1.3.4.1.1).

One of them is seismic inertia angle (y ) the other one is vertical seismic
coefficient (k,). To define (), horizontal seismic coefficient (k,) and peak ground

acceleration (PGA=an.x) should also be defined. Peak ground horizontal
acceleration PGHy or simply PGA (an.x) is the maximum absolute value reached
by ground horizontal acceleration during the earthquake. It is also called peak

acceleration or maximum acceleration.
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e Peak ground acceleration PGA (amax);

TSDC-CRA, 2007 approach is used to define these unknown parameters. This

approach assumes that spectral acceleration value for T=0.2 sec (S,) and

spectral acceleration value for T=1.0 sec (S4) can be evaluated by using the

coordinate of the region where the seismic calculations will be made (Erdik et al.,

2006). Spectral acceleration (S ) is taken as the basic parameter. Then, (S;)

and short period soil coefficient (F,) are multiplied to compute the spectral

acceleration value with respect to soil classification (Sus) Eq.(4.16). F, values are
obtained from Table 4.1.

Sus =F, xS (4.16)
Table 4.2: Spectral acceleration (g)? for T=0.2 sec
Soil Spectral acceleration (g)® for T=0.2 sec
Class | S; <0.25 | S,=0.50 Ss=0.75 Ss=1.0 Ss > 1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 25 1.7 1.2 0.9 0.9
F i3 i3 i3 i3 i3
Look Ek 4
@ Interpolation is made to find S, .
® Special geotechnical analysis and dynamic soil attitude analysis is
made.

a.. /g is called as effective seismic coefficient (A or Ay) according to

probability of exceedance %50 (L1 earthquake motion) and probability of
exceedance %10 (L2 earthquake motion). Ao and Ay, can be calculated by using

the Eq.(4.16) and Eq.(4.17).
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Ay =0,4xSyg forL1  (probability of exceedance %50) (4.17)
Ay, =0,4xSyg forL2 (probability of exceedance %10) (4.18)

where, A is effective seismic coefficient for L1, Ay is effective seismic
coefficient for L2.

e Horizontal seismic coefficient (k)

After defining these parameters the horizontal seismic coefficient (k,) can be
calculated according to earthquake motions, k;, is;

forL1 = ky, = (2/3) Ay (4.19)
forl2 = k, =Ay (A, <0.20) (4.20)
kp = (1/3) Ay (A, >0.20) (4.21)

e Vertical seismic coefficient (k,)

A parametric study, using an earthquake motion recorded at Kobe Port Island site
(PGAy, =55.44 m/s?>, PGA, =2 m/s®) shows that the vertical component either
increases or decreases the displacement of the blocks less than 10%, thereby
the influence of the vertical component is not primary importance. Thus, it is
assumed that k,= 0 (Mohajeri et al., 2004). In addition, Kramer (1996) also states
that the influence of vertical acceleration is ignored in pseudostatic analysis.

e Equivalent unit weight (v, )

Unit weight of soil (y) takes different values according to soil condition being

either above (dry) or below (submerged) of still water level. However, there is a
problem during the calculation of the total active thrust for submerged soil, since
the M-O Method had been derived for dry soil. Thus, during the calculations it can
be more convenient to use equivalent unit weight (Kramer, 1996 and PIANC,
2001). Furthermore, using different unit weight values for soil induces some
complexity during the calculations. Therefore, it is supposed that the equivalent
unit weight can be calculated by using Eq.(4.22) and Eq.(4.23) (Kramer, 1996). In
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this way by defining only equivalent unit weight for both dry and submerged soil
condition, the unknown parameters can be calculated easily and this assumption

becomes more compatible with the M-O Method principle.

Calculation method of equivalent unit weight (v,,) is shown in (Figure 4.9)

(Kramer, 1996).

A H=Hsuwo

v

Figure 4.9: Calculation method of equivalent unit weight (Kramer, 1996)

A H=Hgyp, (4.22)

Yoq = 27, + (1= 22 ), (4.23)

where; H is the height of the structure, Hqy, is the submerged soil height, A is

coefficient, v, is the submerged unit weight of soil (kN/m®) and vy, is the dry unit

weight of soil (kN/m?).

> Also by using PIANC, 2001; vy, can be calculated.

Hsu ’ Hsu ’
’qu = yWet |:1 — (Tb\] :| + "{b {Tbj (424)

e Seismic inertia angle (v )

Both k, and k, are obtained then seismic inertia angle (y ), (PIANC. 2001) is;
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v

k
= arctan h 4.25
v [1 ” j (4.25)

Amano et al. (1956) states that if the soil is dry seismic inertia angle (vy) is

calculated using Eq.(4.25). The M-O equation had been derived for yielding
backfill retained by a wall. When the backfill is saturated with water it is common
to practice adopt the assumption that pore water moves with the soil grains. For
fully saturated Coulomb wedge, the horizontal inertia force is proportional to

saturated total unit weight, v_,,, and the vertical force is proportional to buoyant

unit weight (y, =v..-7w)- Thus the modified seismic coefficient (ki ) is given by

(PIANC, 2001).

= Yot (4.26)
Yw

For partially submerged soil wedge the modified seismic coefficient (k; ) can be

obtained by modifying Eq.(4.26);

ND N
S+ Y (rh)+a,
Ky =5 S Ky (4.27)

where; Y ;is dry unit weight of soil for soil class i, h; is thickness of the soil class
i™, ND is number of the dry soil class according to ground level, g, is surcharge
load, Y yis submerged unit weight of soil for soil class iy s is saturated unit

weight of soil for soil class .

The seismic inertia angle (y) for submerged soil is;
y =arctan k) (4.28)

After all the parameters are defined the dynamic active earth pressure coefficient

(Kag) is calculated, then the total active thrust (Pag) can be obtained by Eq.(4.15).
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¢ Dynamic Component (AP,.)

In M-O Method the total thrust (Pag) can be divided into two parts; static
component (P) and dynamic computed (AP,¢ ) using Eq.(4.29).

PAE= APAE +PA (429)

It is clear that, in order to find the dynamic component (AP,. ); static component

(Pa) is subtracted from the total thrust (Pag)( Eq.(4.30)).

APAE =PAE' PA (430)

which will enable to distribute to dynamic component.

Although determination of the magnitude and distribution of seismic earth
pressures is very important in seismic design of retaining walls, most studies did
not attempt to measure lateral earth pressures on model walls (Dewoolkar et al.,
2000). Kramer (1996) in Seed and Whitman (1970) recommended that the
dynamic component be taken to act at approximately at 0.6 H from the bottom to
the surface. And Dewoolkar et. al. (2000) states that dynamic component be
taken to act at 0.45 and 0.55 H from the base depending on the wall movement,
where H is the wall height. However, this assumption also gives a fix approach
point like TSS 1975. It is necessary to distribute the dynamic component of the
total thrust along the block type quay wall and during distributing dynamic
component of the total thrust; it should be pay attention to upper blocks stability.
Already, it is accepted that upper blocks are vulnerable during the earthquake
and to provide this assumption, inversed triangular distribution is employed to
show the distribution of the dynamic component of the total thrust (Figure 4.10).

Then, dynamic component (AP,. ) is split up with proportional to the backfill area
acting on each block. It is assumed that the failure surface makes an angle of

((xae :45+¢/2) with the horizontal plane (Figure 4.10). Also PIANC (2001)

recommended that by using the Eq.(4.31), the active angle of failure can be
computed (PIANC, 2001).
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—tan¢ ++/tan¢(tan ¢ + cot ¢)(1+ tan S cot )

o, =¢+arctan
1+ tand(tan ¢ + cotd)

(4.31)

Both active angle of failure formulations are evaluated and compared. Then, it is
decided to use Eq.(4.31) the areas of inversed triangular’ acting on the each

block is computed by (Figure 4.10);

2
SA=A +A, +A, (4.32)
AP
AE__=c, (force coefficient) (4.33)
Area

This coefficient is multiplied for each area value. A,, A,, As; thereby, the dynamic

component is distributed uniformly on the block wall (Figure 4.10).

Figey= (C1) (A) (4.34)

4.1.3.4.2.2. Surcharge

As it is mentioned before, in the pseudo-static approach, the earth pressures are
usually estimated using the M-O equation for completely dry soil (Mononobe,

1924; Okabe, 1924). In case of a uniformly distributed surcharge (qgsur), Y4 Should
be substituted with (y, +(q,, /H)). Furthermore, the surcharge (qs.) used for

seismic design is typically half of the surcharge used for static stability design
(PIANC, 2001).
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BF <«—X

Seaward | Crown Wall
Side

g_ _______

Block 1

Block 2

Soil
hi: Height of the each block wrt bottom a.b.c: Length of the soil wedge
o, - Active angle of failure Fie): Dynamic earth force
Ai: Area

Figure 4.10: For dynamic case effect of soil on block type quay wall

Thus, it is decided that, in order to define surcharge force influencing on the block
type quay wall approximately same pressure distribution assumption which is
defined for the dynamic component of total thrust can be used. In other words,
the dispersal of the surcharge load on block type quay wall can be guessed as
also inversed triangular (Figure 4.12). And, the areas of inversed triangular
acting on each block is calculated beforehand to define the dynamic component
of total thrust. These areas are also employed to find the forces for each block

due to the surcharge load for dynamic case.

For the seismic design, in first step qs./2 is computed this computed surcharge
load value is converted into weight in other words; surcharge load is multiplied
with the affected surface length (a) and unit width (Figure 4.11). As it is known
that, weight is a kind of vertical force and in order to denote this force as a
horizontal force, weight should be multiplied with the horizontal seismic

coefficient (kn) or modified seismic coefficient (k; ) according to soil condition

being submerged or dry (Eq.4.19 or Eq.4.27). In this way, the surcharge load is
represented as a horizontal force and dividing this force to total area, coefficient

(co) is gained.
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W= (g/2) (a) (4.35)

W)ky) _. o (W) (4.36)

> Area 2 > Area

b+a b+c ch
A :(Tj(hs —-h,) A, :(Tj(hz —-hy). A, =T1

Y A=A +A, +A, (4.37)

This coefficient (c,) is multiplied for each area value. A4, A,, As; thereby, the
surcharge is distributed uniformly according to area (Figure 4.11).
Fias)= (C2) (A) (4.38)

BF «—

Seaward Crown Wall
Side F1(ds)

e s B | ey |

Block 1 hy  Faws)4

h, submerged

F3(as)4]
Block 2 hy
A Y
/.
hi: Height of the each block wrt bottom a.b.c: Length of the soil wedge
o, - Active angle of failure Fiws): Dynamic surcharge force for block i

Ai: Area

Figure 4.11: The dynamic effect of surcharge on block type quay wall

In addition to this point, the static bollard force (BF) can be taken into account by

reducing its value by 50% for seismic design (PIANC, 2001).
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4.1.3.4.2.3. Effects of Water on Wall

The presence of water plays an important role in designating the loads on
waterfront vertical walls during and after earthquakes. Although the dynamic
pressure due to existence of water induced by earthquakes might be significant
for coastal structures located in a seismic zone, the related problems are rarely
studied. At the seaward side of a structure water can exert dynamic pressures
during earthquake on the seaside of the wall. Water in the backfill is also
important parameter acting on back of the wall. As few coastal structures are fully
impermeable, the level of water in backfill is generally at the same level as the
free water at the seaward side of the wall. The total water pressures acting on a
structure in the absence of seepage within the backfill can be categorized into
two components: hydrostatic pressure, which increases linearly according to
depth of the wall and hydrodynamic pressure, which arises due to the earthquake

motion (Kramer, 1996).

4.1.3.4.2.3.1 Water Seaward Side of Wall

The significance of earthquake-induced hydrodynamic force on coastal
embankment was first reported by Chen (1995). In that study, no sediment
deposit was considered in the sea wall system. That is, the seaward side of the
sea wall is measured from the SWL to the bottom. Using the conventional
approach, only hydrostatic force is present at the landward side of the vertical
wall, however, at the seaward side both hydrostatic force and wave force are
present. The damage of quay-wall caisson at Taichung Port during Chi-Chi 1999
earthquake is clear evidence that the seismic wave-induced dynamic force could
affect the safety of the coastal structures (Chen and Huang, 2001). Dynamic
wave forces are not taken into consideration in this study, in case of fully
sheltered quays against the waves.

Thus, it is clear that during seismic shaking, the free water in front of the structure

exerts a cyclic dynamic loading on the wall and when suction pressure is applied
on the wall the critical mode occurs (PIANC, 2001).
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The amplitude of the hydrodynamic pressure is; (Westergaard, 1933)

7
Paw = gkhvw\/ H,h (4.39)

The resultant hydrodynamic thrust is; (Westergaard, 1933)

7
P, =—k.y ,H 4.40
dw 12 hyW ( )

where, v, is the unit weight of seawater, H,, is the total water depth, h is the

water depth for each block (Kramer, 1996).

The point of approach of this force lays 0.4 H,, above sea bottom (PIANC, 2001).
The total water pressure on the face of the wall is the sum of the hydrostatic and
hydrodynamic water pressures. Similarly, the total lateral thrust due to the water

is equal to the sum of the hydrostatic and hydrodynamic thrusts (Kramer, 1996)
(Figure 4.12).

BF «+—X

Seaward Crown Wall
Side
SWL
Block 1 Ih
Paw Faw1
Hy
Block 2
Fawz o¢
Paw2
Real form Common form /. /

h: Height of the block wrt SWL Pawi: Dynamic water pressure for
block i

Hw: Total water depth
Fawi: Hydrodynamic force for
Pi: Weight of the blocks and soils block i

Figure 4.12: Earthquake-induced hydrodynamic force on coastal structure
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In order to enable the calculations, the first area is assumed that triangular and
the other area is assumed that trapezoidal, so the earthquake-induced

hydrodynamic pressure Eq.(4.40) and force Eq.(4.41) can be computed.

7 —
pdwi = gkhYW Hwhn (441)
.+ .
F, - [pdwl 2pdw(|—1) ]hi (4.42)

For dynamic case combined horizontal forces (surcharge + earth and water) and

the vertical forces acting on block type quay wall are shown in (Figure 4.13).

Surcharge. q

BF «—){ IV
Seaward A
Side |:1(Se)‘ o 1(ds )™
g SWL
o F2(ds)4"
F2(se)4‘
Faw1
L F ‘_,
Fawz 3(ds)
F3se)
7 . :
Fawi: Hydrodynamic force Soil  Surcharge Soil  Surcharge
Fise): Static earth force STATIC DYNAMIC
Fi(ss): Static surcharge force
Fige): Dynamic earth force

Fis): Dynamic surcharge force

i: Block number

Figure 4.13: For dynamic case combined horizontal forces (surcharge + earth
and water) and the vertical forces acting on block type quay wall

4.1.3.4.2.3.2. Water in Backfill

The presence of water in the backfill behind structure can be effective in three

ways: (1) changing the inertial forces within the backfill (2) developing the
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hydrodynamic pressures within the backfill and (3) allowing excess pore water
pressure generation because of the cyclic straining of the backfill soils (Kramer,
1996).

The magnitude and the phase relationship of each force component vary with
time and are largely affected by the magnitude of excess pore pressure
developed in the backfill soil of the quay wall. The dynamic thrust develops at the
contact surface between the backfill soil and the wall as a result of the interaction
among these force components (Kim et al., 2004). Many laboratory tests indicate,
however, that the pore water pressure generally will not remain constant once the
soil begins to deform (PIANC, 2001). Since effects of exceedance pore water

pressure is poorly defined and mainly depends on engineering judgment.

4.1.3.4.3 Inertia Forces

By using the Pseudostatic Analysis; the inertia forces are calculated accrording to
Eq. (4.6);

where; Fy, is the horizontal force, a;, is the maximum gravitational acceleration, W
is the weight of the block or soil, g is the gravity acceleration, k;, is the horizontal

seismic coefficient.

Weights of the blocks are computed overrating the buoyancy effect of water or

ignoring the buoyancy effect. To define the weights of the soils adjacent to the
blocks, equivalent unit weight (yeq) is used for both dry and submerged part of
the soil. Then, weights of the blocks (submerged or dry) are multiplied with the
horizontal seismic coefficient (k,) and weights of the soils are multiplied with the
seismic coefficient (k,) or modified seismic coefficient (k). In this way vertical

forces are converted into horizontal forces (Figure 4.14). And, the vertical and

horizontal forces acting on block type quay wall are shown in Figure 4.15.

50



4.1.3.4.4 Vertical Forces

Vertical forces are classified into four parts namely; vertical forces due to block,
vertical forces due to soil uplift forces and the vertical component of the total
static and dynamic earth and surcharge forces.

4.1.3.4.4.1. Vertical Forces Due to Blocks: By taking into consideration the
buoyancy force, the weights of the blocks are calculated.

P ki <
Psk! -
e Sy
P1 P4 Pé P1 P4 Ps
Y SWL g
i l > Paokp, €— P k, <
P! v :
P2 ° P,
v
P!
Pskn
Ps —>
P3
/.

Pi: Weight of the blocks and soils

kn: Horizontal seismic coefficient

Figure 4.14: Inertia forces acting on block type quay wall

4.1.3.4.4.2 Vertical Forces Due to Soils: Soils above the blocks are taken as

vertical forces.

4.1.3.4.4.3 Uplift Force: As there is no sea level difference the uplift force due to
hydrostatic force (results from water table difference) is not considered in this
study.

4.1.3.4.4.4 Vertical Component of Total Thrust: The vertical component of the

total static and dynamic earth and surcharge forces are taken as vertical forces.
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Pn sin & =PV1

Py cos 8 =Pp1 €—

g___ P : " = Py sind =Py

P2 cos & =Pn2 <—¢

Faw1

P13 sind = Pv1
Fawz

Pt cos 6 =Pn3 4—¢

|

|

[
Pyi= Pysins /Ff iz Pi= Fise)* Fies)* Fidert Fiws)

Fhi= Pikn Phi= Pt cos s

Figure 4.15: The vertical and horizontal forces on block type quay wall

4.1.3.4.5 Stability Analysis (Force and Moment Balance)

By using same approach with TSS, 1975 and TSS, 1997 the factor of safety
against sliding and overturning calculation stages are given in Appendix A.

For gravity type quay walls and breakwaters on firm foundations, typical failure
modes during earthquakes are not only due to damage structures, but also
excessive deformation such as settlement sliding and tilting (Mohajeri et al.,
2004). Therefore, the stability of gravity quay walls is evaluated according to
sliding of the wall, overturning of the wall and bearing capacity of the foundation.
Sliding is generally a critical condition for wall if the wall has a large width to
height ratio. Overturning or poor bearing capacity value can be the critical
condition for wall if the wall has a small width to height ratio. For strong seismic
shaking condition, the instability with respect to overturning and/or bearing
capacity is much more serious than the sliding. If the wall tilts, the wall will
collapse. Thereby, it is practice to assign a higher safety factor for overturning
and bearing capacity than sliding. A wall with relatively small width to height ratio,
typically less than about 0.75, will exhibit a predominant tilting failure mode rather
than horizontal displacement (PIANC, 2001).
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If the earthquake is considered, the factor of safety against sliding and

overturning values are recommended as; (OCDI, 2002)

Sliding, Overturning,

For seismic condition >1.1 For seismic condition >1.2
M

rs, -F. S

FH ° ZMO
where; n is coefficient of friction between the bottom of the wall body and the
foundation, F, is resultant vertical force acting on the wall (kN/m), Fy, is resultant

horizontal force acting on the wall (kN/m), ZMr is the sum of the resisting

moments around the toe of the wall, ZMO is the sum of the overturning

moments around the toe of the wall, FS; is factor of safety against sliding, FS, is
factor of safety against overturning.

The factor of safety against sliding and overturning are calculated for each block.
The forces acting on crown wall, block 1 and block 2 are shown in Figure 4.16,
Figure 4.17 and Figure 4.18.

CROWN WALL:
BF <T
- Frt Fl o Sail
T Frea A [Frooard | fFocad
v iyw1 | ;ym L ' el ey1ds an
« P Pt1= F1seyt Fiss)t Fade)t Fias)
“«--"-p Pmi= P COS 5 xi: Moment arm for horizontal force
<-- _)f:l«_ ey Py1= Py sing yi: Moment arm for vertical forces
- X,VV_“,_,FjVLV Fu= Pikn (block) BF:Bollard Force
m P = 1 :

<_______vaf _____ 4__"' Fri= Pikj, (soil)

Figure 4.16: The vertical and horizontal forces on crown wall

Total Horizontal Force (Fyc) = Phi+ Frit Frg +FA5+BF
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Total Vertical Force (Fy.) = P+ Py

Overturning Moments (Mqc) = (Fi(se))( Ve )+ (Fss)( Vi )+ (Fige))( Vi )

*+ (F19)(¥i )) €088+ (Fina)( Y3, )+(Frat Fi)( YT

w4-5'

J+(BF)( vz )
Resisting Moments (M) = (P1)(x,)*+ (Pu1)(x3,,)

for sliding; for overturning;

M
FSS=“—FV>1.1 FS :Z L >1.2

FH ° z Mo

BLOCK 1:
Forces acting on Block 1 are shown in Figure 4.17.

For Block 1:

« P2 Pio= Fase)t Forssyt Fae)t Faws)
<- i > Ph2= P xi: Moment arm for horizontal forces
“--- Xov R} Py2= P2 sin g yi Moment arm for vertical forces
vas P.2 Fhn= Pnkn (block)
<----------- »v Fnn= Pn k| (soil)

Figure 4.17: The vertical and horizontal forces on the Block 1

I\/Io.TotaI = Mo.c+ Z Mo,b1

M:.total = My c+ z I\/Ir,b1

> Horizontal Force (Fup1) = Fyo + Pro+ Fra +F'+ Fagu
> Vertical Force (Fyp1) = FyuctP, + Ps+Py;
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Resisting Moments (M, ;1) = M.+ (P2)( X}, )+ (P4)(X], )+ (Pw2)(Xp,,)

Overturning Moments (Mo 1) = Moc+ (Frc)(h2)+((F2se)( Yo )+ (Fass)) (YR,
+ (F2e)( Yaue ) (Fais))( Yz ) €088+ (Fr2)( yu, )JH(Fs ) Y™ )+ (Faaw)( Yz )

w5

for sliding; for overturning;
M
FSS=“—FV>1.1 FSO=Z L >1.2
F, DM,
BLOCK 2:

Forces acting on Block 2 are shown in Figure (4.18).

Fa(ss)a] /A | Fae) ag Fas)ard Fataw)
. éysss ______ !5 Yade GySds

v Yoo |

Pts= F3ase)t Fass)t Fawe)t Fas)

Phs= Pz cos § xi: Moment arm for horizontal forces
Pya= P sing yi: Moment arm for vertical forces
Fhn= Pnkn (block)

Fnn= Pn k|, (soil)

Figure 4.18: The vertical and horizontal forces on the Block 2

Moz = Mg cspty + ZMO

Meb2i = My ovb 1)+ Z M.

Z Horizontal Force (FH.bZ) = Fyp1+Pns+ Fra + F3(dw)
Z Vertical Force (FV.bZ) = Fyp1tP3+ Ps+Py3

Resisting Moments (M, ,2) = M1 + (Fyp1)(X)+(P3)( X7, )+ (Ps)(X3s)
+ (PV3)( nga )

Overturning Moments (M, 2) = Mo b1+ (Frn1)(N3)*((Fase))( Vi ) (Fass))( Yo )+
(Fa@e)(Yage ) (Fas))( Vi )) €080 + (Frs)( Vs )+ (Faaw)( Yig,)
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for sliding;

F
FSq

H

=B s g

for overturning;

FS

Y
TS,

>1.2

During seismic stability analysis using the new design approach to conventional

method, it is realized that 4 different approaches, Approach 1 (which is explained

in detail above), Approach 2, Approach 3 and Approach 4 can be applied. Thus

the most critical condition can be determined comparing these approaches’

results. Same calculations steps are used for all approaches in general. By

changing only two parameters (k, and W) four different approaches are applied

for block type quay wall (Table 4.3). The details of the approaches are given in

Chapter 5: Case Study on Derince Port, Block Type Quay Wall.

Table 4.3: Different parameters used for approaches

Approaches Seismic *Inertia Forces
Coefficient
Kn k'h de/ Wb Wdry
(above SWL) | (below —SWL) | (below SWL)

Approach 1 N N N

Approach 2 N N N
Approach 3 N N N

Approach 4 N N N

To define the vertical forces all approaches use the submerged weight for the
blocks below the SWL.
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CHAPTER 5

A CASE STUDY ON DERINCE PORT, BLOCK TYPE QUAY WALL

The eastern Marmara earthquake occurred on 17 August 1999 with an M,=7.4
and struck the izmit Bay and eastern Marmara Sea region, north-west Turkey.
The main fault is a single strike-slip fault approximately 140 km long, starting from
Sapanca Lake in the east and ending in izmit Bay in the west (Yiiksel et al.,
2002).

During Kocaeli Earthquake 1999, over 15.000 fatalities and 20 billion US dollars
in losses were observed. Especially at Derince Port is damaged seriously
(http://www.jsceint.org/Report/report/kocaeli/kocaeli_chap6.pdf). Derince Port is
located near izmit and the largest port in the area with about 1.5 km of waterfront
structures and with eight wharves. The peak ground accelerations were obtained
approximately 0.25g to 0.3g (Yuksel et al., 2002, http://www.jsceint.org/Report
/report/kocaeli/kocaeli_chap6.pdf).

The earthquake occurred in Izmit, 1999 caused serious damage mostly on block
type quay wall in Derince Port (Figure 5.1). Observations revealed that the block
type quay wall moved seaward without any vertical displacement. However, 0.5
m lateral displacement towards the sea and 0.5-0.8 m settlement on the backfill
behind the quay wall were observed (Yiksel et al., 2002). PIANC 2001, states
that 0.7 m lateral displacement was occurred at Derince Port. At some quays
mid-span deflections and relative corner movements were observed. The
settlement of backfill caused the tilting of a crane on rails. One of the cranes was
overturned while others were derailed due to the rocking response to the
earthquake shaking. Damages of these cranes caused important loss of
serviceability. There was one crane that was fixed to the foundation that did not
suffer apparent damage. Also liquefaction was serious problem for the backfill
behind the quay wall. The most liquefaction occurs at a location where near a

river basin mainly caused by the complexity of sedimentation of the soil.
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However, the major problem is sandy backfill material behind the quay walls
dredged from a river mount by the sea probably a kind of delta sediment

(http://www.jsceint.org/Report/report/kocaeli’/kocaeli_chap6.pdf).

The peak ground acceleration and horizontal displacement are known for Derince
Port. Thus, to make a comparison by using both the new design approaches and
Turkish Seismic Design codes for Coastal Structures, Railways and Airport
Structures, 2007 (TSDC-CRA, 2007); stability analysis are made for Derince Port.
The new design approaches are classified into four parts, namely, Approach 1,
Approach 2, Approach 3 and Approach 4. The proposed approaches’
assumptions will be discussed in Chapter 5. The first approach is Approach 1.

Figure 5.1 shows the block type quay wall in Derince Port.

5.1 Approach 1
5.1.1 Basic Assumptions and Calculations

1. It is assumed that soil improvement techniques are used for this site so the
internal friction of soil taken as ¢$=40°. And, the friction angle between the soil
and block is taken as (8 =¢/3 =13.33). As it is seen from the Figure 4.7, angle

between the back of the wall and the vertical plane (6) and the inclined angle
with the horizontal () is taken O for this study (Table 5.1).

Table 5.1: Necessary parameters to calculate the forces acting on block
type quay walls

® (deg) 5(deg) B(deg) |O(deg)| H(m) | Heuwp(m) | 9 (kKN/m’)
40 13.33 0 0 15 12.5 30
Bollard Cronman
Y conc Yo-conc Yary Ysub Yw
(kN) | Length(m) |\ \im®) | (kNmY) |(Nim®) (KN | (kNIm?)
800 16.16 23 13 18 1 10

2. Coordinates of Derince port is 29.80 longitude and 40.8 latitude for %50
exceedance probability S = 0.76 (TSDC-CRA.2007).
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Figure 5.1: Block type quay wall in Derince Port

59



3. The soil classification is chosen as A, the short period soil coefficient (F,) is

found by using the Table 4.2.

Table 4.2: Short period soil coefficient (F,) (TSDC-CRA. 2007)

Soll Spectral accelaration (g)? for T=0.2 sec
Class S; <025 |S,=0.50 S =0.75 Ss=1.0 |Ss>1.25
0.8 0.8 M L BB 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F B B B i3 B
Look Ek 4
? Interpolation is made to find S;
® Special geotechnical analysis and dynamic soil attitude analysis is
made.

S,=0.76 = F,=08

4. The spectral acceleration value with respect to soil classification (Sys) is; (EqQ.
4.16)

S, =0.8x0.76 = 0.61

5. Effective seismic coefficient for L1 (Aqo) is; (Eq. 4.18)
A, =0.4x0.61=0.243 (ama/9)

6. Horizontal seismic coefficient (ky) is; (Eq. 4.19)
k, =(2/3)(0.243)=0.16

7. The modified seismic coefficient (k) is; (Eq. 4.27)
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Kl _18x2.5+21x2+21x2.5+21x2+21x2+2‘|x2+2‘|x2+15><
" 18x25+11x2+11x2.5+11x 2 +11x2+11x2+11x 2 +15

k! =0.26

0.16

8. Seismic inertia angle (v ) is; (Eq. 4.28)

v = arctan(k;, )

y =arctan(0.26) = y =14.57°

9. Equivalent unit weight (., ) is; (Eq. 4.23) ( Kramer, 1996 )
AxH=H,,

Ax15=125 = A =0.83

A H=15m
A Hewp=12.5m

v, = 18 kN/m*

AH y, = 11 kN/m®

and;

qu = }\‘2"{5 +(1_}\‘2 )}\’d
Veq = 0.83%11+(1-0.837)18 = ¥4 =13.14 kN/m®

Also by using PIANC, 2001; v, can be calculated (Eq. 4.24).
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5.1.1.2 Forces Acting on Block Type Quay Wall
5.1.1.2.1 Static Horizontal Forces
5.1.1.2.1.1 Active Earth Pressure

Active earth pressure coefficient (K,) is; (Eq. 4.8)

2 —_—
K, = cos (40 -0) — = K,=0.202

cos?(0)cos(0 +13.33)| 1+ sin(40 +13.33)sin(40-0)
c0s(13.33 +0)cos(0-0)

Active earth pressure (P,) is; (Eq. 4.9)
P, = %(0.202) (13.14) (15 = PA=298.606 kN/m

 Static earth pressures (P,,,) and static earth forces (F,) are calculated

and (F,,) shown in Figure 5.2 (Eq. 4.10 - Eq.4.11).

Crown Wall:

Pisey = Ka ¥ Hi = Pie = (0.202) (13.14) (2 ) = 5.308 kN/ m?

Fy o) = 5:308x2 _ 5 34 kNim
2

Block 1:
Pase) = Ka 1_( Ho = Page) =(0.202) (13.14) (4.5 ) = 11.943 kN/ m?

F

2

_ (5.308+11.943
(se) — f

jx 2.5=21.56 kN/m

Block 2:

Pasey = Ka v Hs = Pagee) =(0.202) (13.14) (7 ) = 18.580 kN/ m?

F

3

_ (18.580+11.943
(se) — 2

jx 2.5=38.15 kN/m

Block 3:

P4(se) = KA '; H4 = P4(se) = (0202) (1314) ( 9 ) = 23.888 kN/ m2
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E _(18.580+23.888

o) = jx 2 = 42.47 kN/m
2

Block 4:

Pssey = Ka 3_/ Hs = Psee) =(0.202) (13.14) (11) =29.197 kN/ m?

29.197 + 23.888
F5(se) =

5 jx 2="53.09 kN/m

Block 5:

Psse)y = Ka 1_( He = Psse) = (0.202) (13.14) (13 ) = 34.505 kN/ m?

F

6

- [34.505 +29.197
(se) —

2 jx 2=63.70 KN/m

Block 6:

Prsey = Ka 3_/ H; = Pyee) =(0.202) (13.14) (15) = 39.814 kN/ m?

F

7

_ (34.505+39.814
(se) — 2

jx 2=74.32 kKN/m

Static earth forces distribution and values are shown in Figure 5.2.

5.1.1.2.1.2 Surcharge

Static surcharge pressures (P, ) and static surcharge forces(Fn(Ss)) are

calculated and (Fn(ss))for each block are shown in Figure 5.2 (Eq. 4.12 -
Eq.4.13).

Crown Wall:
Pisss =qKa = Pyes)=(30) (0.202 ) =6.06 kN / m?

Fiss) = P1gs) (H1) = Fyss) = (6.06)(2) = 12.12 KN/m

Block 1:
Pass) =(30) (0.202) = 6.06 kN / m?
F2(ss) = P2(ss) (Hz- Hy)

Fass) = (6.06) (4.5-2.0) = 15.15 kN/m
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Block 2:
Paes) =(30) (0.202 ) = 6.06 kN / m?
F 3(ss) P3 (ss) (Hs- H2)

Fass) = (6.06) (7-4.5) = 15.15 KN/m

Block 3:
4(ss) (30)(0202)—606kN/m
Fass) = Pass) (Ha- Hg)

Fass) = (6.06) (9-7) = 12.120 kN/m

Block 4:
Psss) =(30) (0.202 ) = 6.06 kN / m?
F 5(ss) P5 (ss) (H5- H4)

Fsiss) = (6.06) (11-9) = 12.12 KN/m

Block 5:
Pess) =(30) (0.202 ) = 6.06 kN / m?
F 6(ss) PB (ss) (HG = H5)

Feiss) = (6.06) (13-11) = 12.12kN/m

Block 6:

7ss) =(30) (0.202 ) = 6.06 kN / m?
Frss) = Prss) (Hz- He)
Fzss) = (6.06) (15-13) = 12.12 kN/m

Static surcharge forces distribution and values are shown in Figure 5.3.
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CROWN

- SV _________________________________________
BLOCK 1

21.56 4

BLOCK 2 3815 4]
BLOCK 3

42.47 4
BLOCK 4

53.09 4

BLOCK 5 ) 63.70 4

P6(se)

( BLOCK 6

74.32 4

P7(se)

Figure 5.2: The soil effect on block type quay wall for static case
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CROWN 1212 <
N ] -
S BLOCK 1
15.15 4|
BLOCK 2 1515 4
BLOCK 3 1912 <
BLOCK 4 1212 <]
BLOCK 5 12.12 4
( BLOCK 6 1212 <

Figure 5.3: The surcharge effect on block type quay wall for static case

5.1.1.2.1.3 Hydrostatic Forces

It is assumed that the water levels on both sides of the wall are the same. The

static water forces acting on the both sides of the wall are not considered.

5.1.1.2.2 Dynamic Horizontal Forces
5.1.1.2.2.1 Dynamic Active Earth Pressure

¢ Dynamic active earth pressure coefficient (Kag) is; (EqQ. 4.14)
(1-0)cos?(40 —0—14.57)

sin(40 +13.33)sin(40 — 14.57)
c0s(13.33 +0 + 14.57)cos(0 - 0)

Kae =

2

cos14.57 cos?(0)cos(0 + 13.33 + 14.57)|:1 + \/
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KAE =0.361
o Total active thrust (Pag). (ky=0) (Eq. 4.15)

- %(0.361)(13.14)(15)2 = Pae= 533.484 kN/m

e Dynamic component of total thrust (AP,. ) is ; (Eq. 4.30)

AP,. =533.484 —298.606 AP,. =234.878 kN/m

e Dynamic earth pressures (P,,,) and dynamic earth forces (F,) are

calculated and (F,,,,)for each block are shown in Figure 5.4 (Eq. 4.32 -

Eq.4.34).

1. To begin with; seismic active angle of failure is (0e);
=(¢/2+45)=65°
a =90-65° = o =25°

or (0ie) is; (PIANC, 2001) (Eq.4.31)

tan40 + \/tan 40(tan40 + cot40)(1+tan13.33 cot 40

=64°
1+tan13.33(tan40 + cot40)

Olae=40 + arctan{
a =90-64 = 26° is chosen; (PIANC, 2001)

2. Then the areas are; (Figure 5.4)

A - (731+634] 1365 m?
A, - (6 34+512j 5 14.33 2
A, - (512+390] 5 _ 1128 m?
A, - (390+293] 2 —6.83 m
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x2 =4.88 m?

A, = [2.93 +1.95]

A = x2 =292 m?

6

[1.95+0.97j

A, = [O'QZX 2) —0.97 m?

> Area = 54.86 m?

3. AP, =234.878 kN/m for total area so in order to find AP,. for each block;

AP,  234.878

= = 4.28 (coefficient)
D Area  54.86

4. Dynamic earth forces (F,,,) are;
Fiqe)= (coefficient) (A;)

F1ge)= (4.28) (13.65) = 58.44 kKN/m
Fage)= (4.28) (14.33) = 61.33 kN/m
Fae)= (4.28) (11.28) = 48.28 KN/m
Fae)= (4.28) (6.83) = 29.23 kN/m
Fse)= (4.28) (4.88) = 20.89 kN/m
Foe)= (4.28) (2.92) = 12.50 kN/m
F7e)= (4.28) (0.97) = 4.15 kN/m

Dynamic earth forces distribution and values are shown in Figure 5.4.
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a=15tan 26 =7.31"

Ay
CROWN 58.44 4
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4/ 64°
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Figure 5.4: The soil effect on block type quay wall for dynamic case

5.1.1.2.2.2 Surcharge

Dynamic surcharge pressures (F’i(ds)) and dynamic earth forces (Fi(ds)) are

calculated and (F,, ) for each block are shown in Figure 5.5 (Eq. 4.35 - Eq.4.38).

e q=30kN/m?
For this calculation (q / 2) is taken.
e Areas are calculated;

A, =13.65 m*, A, =14.33 m?,
A,=1128m?*, A, =6.83 m*, A, =4.88 m’, A, =2.92 m°.
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A, =0.97 m* and ) Area= 54.86 m?

e W=(q/2)(a)(b)

W = (30/2) (7.31) (1) = W =109.65 kN/m
o Fau=WK.

F ¢ = (109.65) (0.26)= 28.51 kN/m

¢ In order to find surcharge force for each blocks;

= coefficient and coefficient = ﬁ =0.52

Fds
Z Area 54.86

Fiwe)= (coefficient) (Aj)

F1s= (0.52) (13.65) = 7.10 kN/m
Faws= (0.52) (14.33) = 7.45 kN/m
Fa@s)= (0.52) (11.28) = 5.87 kN/m
Faws)= (0.52) (6.83) = 3.55 kN/m
Fss)= (0.52) (4.88) = 2.54 kN/m
Fos)= (0.52) (2.92) = 1.52 kN/m

F7@s)= (0.52) (0.97) = 0.50 KN/m
Dynamic surcharge forces distribution and values are shown in Figure 5.5.

The static earth forces (F,,), static surcharge forces (F ), dynamic earth

se) ss)

forces (F,,)and dynamic surcharge force (F,,)are added and horizontal and

vertical components are shown in Figure 5.6.

5.1.1.2.2.3 Hydrodynamic Forces

Dynamic water pressure (P,,;) and dynamic water forces (F,,,) are calculated

and (F,,,)for each block are shown in Figure 5.7.

wi
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e a=7.31"

CROWN 7.10 4
6.34"

SV ____________________________________________________________________
BLOCK 1 7.45 4
5.42m
BLOCK 2 5.87 4
3.90"
BLOCK 3

3.55 4’ 2.93™

BLOCK 4

BLOCK 5 )
1.52 40.97

BLOCK 6
0.50 < ,764°

Figure 5.5: The surcharge effect on block type quay wall for dynamic case

1.95"

2.54 4

Using Eq.4.40 and Eq.4.42; the hydrodynamic pressures and forces are
calculated.

Pgwt = £(0.16)(10)\/(12.5)(2) =7.00 kN/m?

£(0.16)(10),/(12.5)(4,5) =10.50 kN/m?

pdw2

Pgws =§(0.16)(10)\/(12.5)(6.5) =12.62 kN/m?

71



0c 82.97

CROWN /
105.49
BLOCK1 |
107.45
BLOCK 2 e
87.37
BLOCK 3 .
88.64
BLOCK 4
89.84
BLOCK 5
91.09
( BLOCK 6 -

Figure 5.6: The total force ( static + dynamic (soil&surcharge)) on block type

quay wall.

Paye = %(0.16)(10%/(12.5)(8.5) =14.43 kN/m?

Pgws =§(0.16)(10) (12.5)(10.5) = 16.04 kN/m?

%(0.16)(10) (12.5)(12.5) = 17.50 kN/m?

pdw6

The first area is assumed that triangular;

7.00x2

Fyur = =7.00 kN/m

The other areas are assumed that trapezoidal;
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7.00+10.50
Fdw2 #
F,, = (10 50 +12. 62}2 23
Fdw4:[12 62+1443j _ 97
F, .- (14 43 +16. 04j _30.
F, = (16 .04 +17. 50)2 33.
_______ Y .
=
Fdw1=7.00
Fdw2=21.88
Fdw3=23-12
Fdw4=27-05
Fdw5=30~47
Fdw5=33.54

]2.5 =21.88 kN/m

12 kN/m
.05 kN/m
47 KN/m
54 kN/m
T
CROWN
"""""""" sockt |
BLOCK 2
BLOCK 3
BLOCK 4
BLOCK 5 )
BLOCK 6

Figure 5.7: The hydrodynamic forces on the block type quay wall
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5.1.1.2.2.4 Inertia Forces

To obtain inertia forces, firstly submerged and dry weight of the blocks and

weight of the soils should be calculated.

> Submerged weights of the blocks and weights of the soils ( v, is used):

e Crown Wall
W= (a) (b) (v,)
Wca=(2.8)(2.0)(23)= 128.8 kN
Wee=(1.4)(1.0)(23)= 32.2 kN
W.r=161 kN/m
The center of gravity;

. _128.8x1.4+32.2x(2.8+1.4/2) _ 1.82™
128.8+32.2

_128.8x1.0+32.2x0.5

=0.90"
128.8 +32.2

yc

Soil 1

W= (1.4) (1)(13.14)= 18.396 kN/m
The center of gravity;

€xs1=1.4/2+2.8=3.5"

2.8 m 1.4 m
CROWN S% 1 1o
1 20M
eyc=0.9mI A C? B 1.0m
....... , +
161 kN/m
exc=1 .82™
—
\ /

<& exc=3.50m 1§396 kN/m

»
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e Block1
W= (a) (b) (v.)
W14=(4.75)(0.5)(23)= 54.63 kN/m
W1p=(4.75)(2.0)(13)= 123.5 kN/m
W5=(0.75)(0.75)/2(13)= 3.656 kN/m
W1c=(0.75)(0.75)(13)= 7.313 kN/m
Wyt = 54.63+123.5-3.656-7.313 =167.16 kN/m
The center of gravity;

(54.63)(2.375) + (123.5)(2.375) - (3.66)(0.50) — (7.313)(0.375)

= =2.51
o1 167.16
_ (54.63)(2.25)+(123.5)(1.0) - (3.66)(1.0) - (7.313)(0.375) _1.44
o1 167.16 o
Soil 2

W¢, = (0.55) (2)(13.14)= 14.454 KN/m
The center of gravity;

€xs2 =0.55/2+3.45=3.725™

0.55™
it
(2]
Q.
N 2.0"
P 3.45™ g @
A 0.5
Block 1
D ©
C ‘ €yb1 = 1.44m
167.16 kN/m
Eys1=2.51
\/
€xs2 = 3.725™ 14‘454 kN/m
4.00" ~
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e Block2
W= (a) (b) (v, )
Wio= (4.75)(2.5)(13)=154.375 kN/m
The center of gravity;
€xwo= 4.75/2 +4=2.375"
eyoo= 4.75/2 +4=2.375"
Soil 3
W¢5=(0.75)(4.5)(13.14)=44.347 kKN/m
The center of gravity;

€xs3= 0.75/2 +4=4.375"

0.75™
<+—>
0 A
o.
w
© 45"
4.00™
b ¢
Block 2 o5
eyb2—2 375mI
‘@ v

154.375 KN/m

- m v
Cx2=2.375 44347 KN/m
eys3=4.375™ R
‘ 4.75
e Block3

W= (a) (b) (v,.) (Under water v, is taken)

W3r= (5.5)(2.0)(13)=143.00 KN/m
The center of gravity;
€xb3 = 5.5/2 =2.75™

s =22/2=1.0"
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Soil 4

W¢4=(0.75)(7.0)(13.14)=68.985 kN/m
The center of gravity;

exss= 0.75/2 +4.75=5.125"

0.75"
<«—>
w A
S,
S
©| |7.0m
4.75™
L 4
Block 3
®© 2.0™
€yb3= 10mI ?
, * v
143.00 kN/m
, xb3= 2.75™ _
\/
€ysa= 5.125" 68.985 kN/m
< 55" "

e Block4
W= (a) (b) (v.) (Under water vy, is taken)
Wia= (6.6)(2.0)(13)=171.6 kN/m

W (0.752)(1 .0)

(13)=4.875 kN/m

Whar= 171.6-4.875 =166.725 KN/m

The center of gravity;

_(171.6)(6.6/2) — (4.875)(5.85 + 0.5)

rpa= —3.21"
o4 166.725
s (171.6)(2.0/2)~(4.875)(0.333) _, (o
166.725
Soil 5

W,s=(1.10)(9.0)(13.14)=130.086 kN/m
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The center of gravity;

€xss= 1.1/2 +5.5=6.05"

55"

A
v

Block 4 m
A 1.0

O
eyps=1 .OZ"I /é 1.0"
Ve

v
qm 166.725 kN/m
5.85" 075"

»
»

A
€4246.05" 130.086 kN/m

exb4=3.2

A A

A

e Block5

W= (a) (b) (v,.) (Under water v, is taken)

Waa= (6.6)(2.0)(13.0)= 171.6 kN/m

Was= (0.75)(0.5)(13.0)= 4.875 kN/m

Ws (13.0) = 1.625 kN/m

Wap= (0,6)(0,75)
2

_ (0.5)(0.5)
¢ 2
(13,0) = 2.925 kN/m

Wse= (0.4)(0.75)(13.0)= 3.9 kN

Whst= 171.6-4.875-1.625-2.925 -3.9 =158.275 KN/m

The center of gravity;

_ (171.60)(6.60/2) — (4.875)(6.35) - (1.625)(6.43) — (2.925)(0.25)

€xp5—
b 158.275

(3.9)(0.375)

=3.302 "
158.275
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_ (171.60)(1.0) — (4.875)(0.375) — (1.625)(0.917) — (2.925)(1.40)

yb5—

158.275
[(3.9)(1.80) _,
158.275
5.35™ 0.50™
Block 5 /J% 0.75"
1y 0.50™
A eyb5=1.0" "E"
B i 0.75™

\
e.5=3.302" 1 563.275 kN/m

e Block 6
W= (a) (b) (v.) (Under water vy, is taken)

Wen= (7.4)(2.0)(13.0)= 192.40 kN/m

1.30)(0.8)

Wep= (13.0) = 6.76 kN/m

Wee= (1.30)(0.4)(13.0)= 6.76 kN/m
Wogsr= 192.40-6.76-6.76 = 178.88 kN/m

The center of gravity;

~(192.40)(7.40/2)—(6.76)(1.30/3)—(6.76)(1.30/2) _ m
Exb6™— 178.88 =3.94

(192.40)(2.0/2) ~(6.76)(1.33) - (6.76)(1.80) _y g
178.88 '

yb6

6.10™

v

Block 6

2.0
A
0.96"™

v

ex06=3.94™ 178.880 kN/m
7.40"
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> Dry weights of the blocks and weights of the soils ( v,, is used) Table 5.2:

Table 5.2: Dry weights of the blocks and weights of the soils

BLOCKS W(d,—y) (ex) (ey)

Block 1-a 2.80 2.00 128.80 1.40 1.00
Block 1-b 1.40 1.00 32.20 1.82 0.90
Soil 1 1.40 1.00 18.394 3.50 1.50
Block1 253.72 1.777 1.44
Soil 2 0.55 2.00 14.45 3.725 1.00
Block2 4.75 2.50 273.13 2.375 1.25
Soil 3 0.75 4.50 44.344 4.375 1.25
Block3 5.50 2.00 253.00 2.750 1.00
Soil 4 0.75 7.00 68.98 5.125 1.00
Block 4 294.98 3.211 1.02
Soil 5 1.10 9.00 130.08 6.05 1.00
Block 5 280.03 3.302 1.00
Block 6 316.48 3.939 0.96

The submerged and dry weights of the blocks and weights of the soils are
obtained thus inertia forces can be calculated. By using the principle of
Pseudostatic Method ( Eq 4.5);

e Crown Wall

1.40™ 3.15™
+—r—>
Soil A Soil B

26{30 kN/ qm
25.76 kN/n&— m
Ieycb =0.9" €ycs = 1.09™ 1m

v v
Pe=161 kN/m P+Y 18.396 kN/m

From crown wall;

W,r=128.8+32.2= 161 kN and k,=0.16
Fnc=(161)(0.16)=25.76 kN/m

Total weight of Soil A : (7,,=13.14 kN/m?)
(1.4)(1.0)(13.14)= 18.396 kN/m

From Soil A;

(18.396)(0.26)= 4.78 kN/m
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Total weight of Soil B: (y.,=13.14 kN/m?®)

3.15x2%x13.14 =82.782 kN/m

From Soil B;

(82.782)(0.26)=21.52 kN/m

** Total Blocks Force = 128.8+32.2 = 161 kN/m

e - (128.8)(1.0)+ (32.2)(0.5) _ o
ye 161

** Total Soil Force = 4.78+21.52=26.30 kN/m

(4.78)(1.0/2+1.0) + (21.52)(1.0)

The center of gravity of soil=

26.30
e Block1
4.00™ 2.60™
LA R R Soil C |
0.5" < 26.75 kN/m <4+—@©)
————— -Fo KRIm 22.21 kN/m
0.75"™ :\ m
o7sn A T eypr=1.44 efi=1.25"
; # v
73 Pp= 167460 kN/m Ps; = 85.41 kN/m
4.75"

Total weight of Block 1:

Wb1'|'=167.160 kN/m
From Block 1;

Fro1= (167.16) (0.16)= 26.75 kN/m
€yb1 = 1.44"™

Total weight of Soil C : (v,,=13.14 kN/m?®)

Wse= (2.60)(2.50)(13.14) = 85.41 kN/m
From soil C ;

Fhscsuny= (85.41)(0.26)=22.21 kN/m

81

1.09"



e Block 2

4.75™ 1.85™
Soil D
24.70 kN/m 15.80 kN/m 2.5™
eyb2=1 .25™ eysD=1 25"
154.375 kN/m 60.773 kN/m

Total weight of Block 2:
Wb2T= 154.375 kN/m
From block 2 ;

Fro2= (154.375)(0.16) =24.70 KN/m

€, = 1.25"
Total weight of Soil D: (y.,=13.14 kN/m?®)

Wsp=(1.85)(2.5)(13.14) = 60.773 kN/m
From Soil D ;

(60.773)(0.26)=15.80 kN/m

€, =2.5/2=1.25"

e Block 3:
P 55M . 1.4™ R
Soil E
22.88 kN/m < 7.52kN/m <+ 2.0"
eyp3=1.0" eyse=1.0"
v v
143.00 kN/m 28.908 kN/m

Total weight of Block 3:

Wb3'|'=1 43 kKN/m
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From block 3;

Fios= (143.00)(0.18)=22.88 kN/m and e, =1.0"

Total weight of Soil E: (y,,=13.14 kN/m?®)
W,3=(1.10)(2.0)(13.14) = 28.908 kN/m

From Soil E ;

(28.908)(0.26)= 7.52 kN/m

€, =2/2=1"

e Block 4:
6.6™

v

g

26.68 kKN/m <
eyb4=1 02"

A

=

166.725 kN/m %S
Total weight of Block 4:
From block 4;
Frpsa= (166.725)(0.16)=26.68 kN/m
€, =1.027
e Block 5:
0.75" 5.35™ 0.50™
e >
040" §7177] '
060" ¢ ,25.32 KN/M 4 .
1.0" I eyps=1.0" FT E
Y- * -—do

158.235 kN/m
Total weight of Block 5:

Wosr= 158.235 kKN/m
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From block 5;

Fios= (158.275)(0.16)=25.32 kN/m  and e ,, = 1.0"

e Block 6:
1.30™ 6.10™
—P>'< >
)
0.40™
0.80™ 2.0™
28.62 kN/m <+—¢
0.80" eyb6=0.96"

'

178.88 kN/m

Total weight of Block 6:
Wper=178.88 kN/m

From block 6;

Fre= (178.880)(0.16)=28.62 kN/m

eyb6=0.96m

5.1.1.2.3 Vertical Forces

The vertical forces are submerged unit weights of the blocks and unit weight of

the soils and these values are calculated in 5.1.1.2.2.4 Inertia Forces.

5.1.1.2.4 Stability Analysis

e Crown Wall

bollard
T —
T A St
' | soil AlscilB?
25.764— !
l Aoami 11.09%1 5 34
v \ 2L
4___1-_8_221_,l Earth Surcharge  Earth Surcharge
161
350 g
18.396
420
v
€198 . >

> Horizontal Force =(5.31+12.12+58.44+7.10)cos13.33+25.76+26.30
+24.75=157.54 KN/m
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> Vertical Force = 161+18.396+19.13 =198.53 kN/m

Overturning Moments =((5.31)(0.67)+(12.12)(1.00)+(58.44)(0.98)
+(7.10)(0.98))cos13.33+(25.76)(0.90)+(26.30)(1.09)+(24.75)(2.375)
=188.44kNm/m

Resisting Moments = (161)(1.82)+(18.396)(3.50) +(19.13)(4.20)
= 437.75 kNm/m

FACTOR of SLIDING and OVERTURNING

FS, =W =0.63<1.1(x) FS, = 437.75 =2.32 >1.2 (ok)
157.54 188.44
e Block 1:
0.55™
<+—>
Soil 2
> V 24.32
05" 9N | . 1A kNm | . (49
0.75" < Soil CI 20,98+ 14.75 + 59.68 + 7.25 <—i
Y- --R2B74KNIM 4«7 27 21 kN/m (45 (1.09™ (1.25™) (1.21™) (1.21™)
1.25™ I : eyp1=1.44" eysc=1.25[" I 7.00 4_1
| 0.667"
0.75™
> W= 167.156 KN/m W= 85.410 kN/m
1.76" 2.60"
«— >
4.75™

> Horizontal Force = 157.54 +20.98+14.75+59.68+7.25+7.00+26.74
+22.21=316.14 kN/m

> Vertical Force = 198.53 +167.156+14.454+24.32 = 404.46 kN/m

Overturning Moments =188.44 +(157.54)(2.5)+(20.98)(1.09) +(14.75)(1.25)
+(59.68)(1.21) +(7.25)(1.21) +(7.00)(0.667) +(26.74)(1.44)+(22.21)(1.25)

= 775.54 kNm/m
Resisting Moments = (128.8)(0.65)+(32.2)(2.75)+ (18.396)(2.75) +(19.13)(3.45)
+(167.156)(1.76)+(14.454)(3.725)+(24.32)(4.0) = 734.17 kNm/m
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FACTOR of SLIDING and OVERTURNING

Fs, - {0:50)(40446) 46414 (x) Fs, =227 095 <12 (x)
316.14 775.74
e Block2
0.75™
<>
4.00™ L
< = 2.5M
V w
2__ ______________________ - L
© 2.0" 24.77
! (4.75™

© |Soil DY 37.12 + 14.74 + 46.98 + 5.71 <_l
(1.16™ (1.25™ (1.19™ (1.19™M

o | [24.70 kKN/m 15.80 kN/mi 8
25 R - 21.88
eyp2=1.25 eyso=1.?5 N 17m' I

* v R
Wp2r=154.375 kN/m ;| 60.773 kN
€,2=2.375" 44 347 KN/m
<+ —>
. €,63=4.375" -
4.75™

> Horizontal Force = 316.14 +104.56+ 24.70+15.80+21.88= 483.08 kN/m

> Vertical Force = 404.46 +154.375+44.347+24.77 = 627.95 kN/m

Overturning Moments = 775.54 + (316.14)(2.5)+(37.12)(1.16) +(14.74)(1.25)
+(46.98)(1.19)+(5.71)(1.19) +(21.88)(1.17) +(24.70)(1.25) +(15.80)(1.25)
= 1766.21 kNm/m

Resisting Moments = 729.36 + (154.375)(2.375)+(44.347)(4.375)+(24.77)(4.75)
=1412.49 KNm/m

FACTOR of SLIDING and OVERTURNING

Fg, - (090X€27.95) 465 41 (x) Fs, =141249 480 12 (x)
483.08 1766.21
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e Block3

0.75™
<+—>
g
= 2.50™
‘X’_ _________________________ 1
450"
20.14
: 475" s @ (5.57)
" lsoil E|41.33+11.79+28.44+3.45
i (0.96™)(1.0™)(0.95™)(0.95™)
2.00"| |22:88 kN/m 7.52kN/m<—C 23124
eyb3=1-omI eyse=1,0" 0.97™
‘ ; A 4
Woar=143.00 kN/m i Wee=28.908 kN/m
ex3=2.750" > *
6rcs= 5.125" 68.‘5185 KN/m
55" >

> Horizontal Force = 483.08 + 85.02+23.12+22.88+7.52 = 621.62 kN/m

Y Vertical Force = 627.95 + 143.00+68.985+20.14= 860.08 kN/m

Overturning Moments = 1766.21 + (465.40)(2.00)+(41.33)(0.96) +(11.79)(1.00)
+(28.44)(0.95)+(3.45)(0.95) +(23.12)(0.97) +( 22.88)(1.00) +( 7.52)(1.00)
= 2866.98 kNm/m

Resisting Moments = 1412.49 +(143.00)(2.75)+(68.985)(5.125) +(20.14)( 5.50)
= 2270.06 kNm/m

FACTOR of SLIDING and OVERTURNING

Fs, - (050)(860.08) (o0 1\ () g - 2270.06

. .= =0.79 <12 (x)
621.62 2866.98

87



e Block4

1.10™
4—>
250" g
_____________________ PR & 1 [ D
J ©
m 20.44
6.50" | < > > (6.60")
51.66 +11.79 + 20.33+ 2.47
1.00" (0.97™ (1.0™ (0.93™) (0.93™
26.68 kN/m
1.00™ eye=1.02" 27'053_ 98%
4 \ -
What=166.725 KN/m  1¥0.085 kN
eu=3.21" 0.75™
—> <
3 5.85™
P €,54=6.05"
< 6.6™

> Horizontal Force = 621.62 +86.25+27.05+26.68 = 761.60 kN/m
> Vertical Force = 860.08 +166.725+130.086+20.44 = 1177.33 kN/m

Overturning Moments =2866.98 + (621.62)(2.00)+ (51.66)(0.97)
+(11.79)(1.00)+( 20.33)(0.93)+(2.47)(0.93) +(27.05)(0.98)
+(26.68)(1.02) = 4247.01 kNm/m

Resisting Moments = 2270.06 + (166.725)(3.21)+(130.086)(6.05)
+(20.44)(6.60) = 3726.91 kNm/m

FACTOR of SLIDING and OVERTURNING

s, - (0.50)1177.33) (7711 (x)
761.60

~ 3726.91

=222 _088 <12 (x)
4247.01
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e Block5

5.35™

0.50™

———— -

20.71
(6.34™)

& 161.99+11.79+ 12.16 + 1.48
20.58 0.97™ (1.0™ (0.89™ (0.89™)

oo™ 1 25.32kN/im %782.483 30.47€¢—
eyb5=1.0mI o.gsmI
x=0.:24™
Whpst= 158.275 kN ‘g"
exb5=3.302m
In order to find the effect point of vertical force;
14.67
11.79
61.99 0.25"
T- oM
0.97™ 279 | [1.0m
14.67 I
005"
»
0.507
>
0.36
12.16 1.52
I 0.89™ 0.89"
| )88 I | 0.36
014" 014"
0.50" 0.507"
- -
(14,67)(0,22) +(2,79)(0,25) + (2,88)(0,14) +(0,36)(0,14) 0.21"

20,70

> Horizontal Force = 761.60 +87.42+30.47+25.32 = 904.81 kN/m

> Vertical Force = 1177.33 +158.275+20.71=1356.32 kN/m

Overturning Moments = 4247.01 + (761.60)(2.00)+(61.99)(0.97)
+(11.79)(1.00)+(12.16)(0.89)+(1.52)(0.89) +(30.47)(0.98) +(25.32)(1.00)

= 5909.45 kNm/m
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Resisting Moments = 3726.91 + (1177.33)(0.75)+(158.275)(3.302)
+(20.71)(5.35+0.75+0.21)= 5263.21 kNm/m

FACTOR of SLIDING and OVERTURNING

Fg, - (090)13%6:32) 4754 1 (x) Fs, 2228321 (g9 <12(x)
904.81 5909.45
e Block 6
1.30™ 6.10™

—P>'< > 21.00
R ' (7.40™)

, 72.32 +11.79 +4.04 + 0.33 4_1

oM ' 28.62 kN/m (0.98™ (1.0™ (1.33™) (1.33M)
m 33.54 «—
) 0.96 I 0.98™ t
Whet = 17%.88 kN/m
P exb6=3.94"‘
7.40"

> Horizontal Force= 904.81 +88.63+33.54+28.62= 1055.60 kN/m
> Vertical Force = 1356.32 + 178.88+ 21.00 = 1556.20 kN/m

Overturning Moments = 5909.45 + (904.81)(2.00)+(72.32)(0.98)
+(11.79)(1.00)+(4.04)(1.33)+(0.33)(1.33)+(33.54)(0.98)
+(28.62)(0.96) = 7867.89 kNm/m

Resisting Moments = 5263.21 +(1356.32)(1.3)+(178.88)(3.94)
+(21.00)(7.40)=7886.61 kNm/m

FACTOR of SLIDING and OVERTURNING

FS, = (0.60)(1556.20) _ 5 g5< 1.1(x) Fs, = 298001 _ 400 <1.2(x)
1055.60 7867.89

Tables 5.3-Table 5.10 show all the results for Approach 1 which are calculated

above
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APPROACH 1

The parameters used in this case defined below:

1. Peak Ground Acceleration (an.x) and Seismic Coefficient (kp)

(amax) and (k;,) are calculated according to TSDC-CRA, 2007;(Eq.4.16, Eq.4.18)

2. Static Pressure Distribution (earth and surcharge)
Triangular distribution is accepted for static earth pressure and rectangular

distribution is used for seismic surcharge pressure.

3. Modified Seismic Coefficient
Modified seismic coefficient (k,) is used during the dynamic calculations

(Eq.4.22).

4. Seismic Pressure Distribution (earth and surcharge)
Inversed triangular distribution is accepted both for the dynamic earth pressure

and dynamic surcharge pressure.

5. Forces (Figure 5.8)
5.1 Horizontal Forces
5.1.1 Static Forces
5.1.1.1 Static earth forces ( Eq.4.7 - Eq.4.10) ( Figure 5.7)
5.1.1.2 Static surcharge forces ( Eq.4.11 - Eq.4.12)
5.1.1.3 Hydrostatic forces
5.1.2. Dynamic Forces
5.1.2.1 Dynamic earth forces (Eq.4.13 - Eq.4.14).
5.1.2.2 Dynamic surcharge forces (Eq.4.28 - Eq.4.32)
5.1.2.3 Hydrodynamic forces (Eq.4.39 - Eq.4.40)
5.1.2.4 Inertia forces (Eq.4.41)
5.1.2.4.1 Unit Weight of Soil

Equivalent unit weight (y,,) is used both for dry and

submerged soil (Eq.4.25).
5.1.2.4.2 Weight of the Blocks
Dry weight is used above still water level (SWL) and

submerged weight is used below SWL
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5.1.2.4.3 Modified Seismic Coefficient

(k) are used for both dry and submerged soil.

5.2 Vertical Forces
Dry weight of the blocks above SWL and submerged weight of the blocks below

SWL are taken into consideration. The weight of the soil is calculated according

to (veq)-

6. Friction Coefficient
The friction coefficient between the blocks is taken as 0.5; the friction coefficient

between the block and the foundation is taken as 0.6.

7. Factor of Safety
The factor of safety values against sliding (FS,) and overturning (FS,) is
computed (Table 5.11). The recommended values against sliding and overturning

are FS =1.1 and FS,=1.2 respectively.

Fn sind =FV1

Fi cos § =Fnh €—

Ft2 sind = FV2

Fio cos § =Fn, €—

th sind = FV1

Fis cos 8 =Fnz €—

[}
I
I
F.i= Fising /Ig /s Fii= Fise)t Fiss)t Fie)t Fias)

Fni= Pikn Fni= Ficos s
Fsni= Psik, Pi : The submerged weight of the
Psi : The weight of the soils ( v, is

Fawi: Hydrodynamic force

Figure 5.8: Forces acting on block type quay wall for Approach 1
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Table 5.11: Factor of safety values for Approach 1

Approach 1

Block FS, Fso
Crown 0.63 2.32
Block 1 0.64 0.95
Block 2 0.65 0.80
Block 3 0.69 0.79
Block 4 0.77 0.88
Block 5 0.75 0.89
Block 6 0.88 1.00

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FS; ranges between 0.63 to 0.88 from Crown Wall to Block 6. Therefore
considering sliding Crown Wall is the most critical. However, Block 1 and Block

2 have almost the same FS;. In the design of crown wall sliding will govern.

3. FS, ranges between 2.32 to 0.79. Therefore considering overturning, crown

wall is safe but Block 2 and Block 3 are more critical.

5.2 APPROACH 2

The parameters used in this case defined below:

1. Peak Ground Acceleration (amax) and Seismic Coefficient (kp)

(amax) and (k) are calculated according to TSDC-CRA, 2007; (Eq.4.16 - Eq. 4.18)

2. Static Pressure Distribution (earth and surcharge)
Triangular distribution is accepted for static earth pressure and rectangular

distribution is used for seismic surcharge pressure.

3. Modified Seismic Coefficient
Modified seismic coefficient (k) is used during the dynamic calculations

(Eq.4.22).
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4. Seismic Pressure Distribution (earth and surcharge)
Inversed triangular distribution is accepted both for the dynamic earth pressure

and dynamic surcharge pressure.

5. Forces (Figure 5.9)
5.1 Horizontal Forces
5.1.1 Static Forces
5.1.1.1 Static earth forces (Eq.4.7 - Eq.4.10)
5.1.1.2 Static surcharge forces (Eq.4.11 - Eq.4.12)
5.1.1.3 Hydrostatic forces
5.1.2 Dynamic Forces
5.1.2.1 Dynamic earth forces (Eq.4.13 - Eq.4.14)
5.1.2.2 Dynamic surcharge forces (Eq.4.28 - Eq.4.32)
5.1.2.3 Hydrodynamic forces (Eq.4.39 - Eq.4.40)
5.1.2.4 Inertia forces (Eq.4.41)
5.1.2.4.1 Unit Weight of Soll
Equivalent unit weight (y,,) is used both for dry and

submerged soil (Eq.4.25).
5.1.2.4.2 Weight of the Blocks
Dry weight is used both above still water level (SWL)
and below SWL.
5.1.2.4.3 Modified Seismic Coefficient
Both for dry and for submerged soil, (kj ) is used.
5.2 Vertical Forces
Dry weight of the blocks above SWL and submerged weight of the blocks below

SWL are taken into consideration. The weight of the soil is calculated according

to (veq)-

6. Friction Coefficient
The friction coefficient between the blocks is taken as 0.5, the friction coefficient

between the block and the foundation is taken as 0.6.
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7. Factor of Safety
The factor of safety values against sliding (FS,) and overturning (FS,) is
computed (Table 5.12). The recommended values against sliding and overturning

are FS,=1.1 and FS_=1.2 respectively.

P ki, «- - -3 ~Fu Fir sin 3 =Fy1
Puk, € — — 1 o+
Pikn <} = ="~ ",l/ VI Fi cos & =Fn €—
i I .FiS?_ _________________________________________
s oo R oo Fosins=Fe
Pl ke a2 |
Pk, <«-+4------ l i Fio cos § =Fn; €—
Faw1 i ;
v S R R
Fi3 sind=F
P " t3 vi
Faw2 2 P Fis
Pokn €/ — - — —. N s |
: Ftz cos 8 =Fn3 <—¢
[
Fui= Fising % /Ff3 7 Fi= Fise)t Fiss)* Fiej+ Ficas)
Fhi= Pikn Fhi= Fticos s

Fen= Psi k! Pi : The weight of the blocks
" Psi: The weight of the soils ( v, is used)
Fawi: Hydrodynamic force

Figure 5.9: Forces acting on block type quay wall for Approach 2

Table 5.12: Factor of safety values for Approach 2

Approach 2

Block FS, Fso
Crown 0.63 2.32
Block 1 0.62 0.93
Block 2 0.61 0.77
Block 3 0.64 0.75
Block 4 0.71 0.82
Block 5 0.68 0.83
Block 6 0.80 0.93

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.
2. FS, ranges between 0.61 to 0.80. The most critical block for sliding is Block 2.
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However, Crown Wall, Block 1 and Block 4 have almost the same FS..

3. FS, ranges between 2.32 to 0.75. Considering overturning, Block 2 and Block

3 are more critical.

5.3 APPROACH 3

The parameters used in this case defined below:

1. Peak Ground Acceleration (amax)

(amax) @nd (k) are calculated according to TSDC-CRA, 2007;(Eq.4.16 - Eq.4.18 )

2. Static Pressure Distribution (earth and surcharge)
Triangular distribution is accepted for static earth pressure and rectangular

distribution is used for seismic surcharge pressure.

3. Seismic Coefficient (k;)

Seismic coefficient (k, ) is used during the dynamic calculations (Eq.4.18) (k, ) is

calculated according to TSDC-CRA.2007.

4. Seismic Pressure Distribution (earth and surcharge)
Inversed triangular distribution is accepted both for the dynamic earth pressure

and dynamic surcharge pressure.

5. Forces (Figure 5.10)
5.1 Horizontal Forces
5.1.1 Static Forces
5.1.1.1 Static earth forces (Eq.4.7 - Eq.4.10)
5.1.1.2 Static surcharge forces (Eq.4.11 - Eq.4.12)
5.1.1.3 Hydrostatic forces (there is no water level differences between both
sides so hydrostatic force is not taken into consideration in this study)
5.1.2 Dynamic Forces
5.1.2.1 Dynamic earth forces (Eq.4.13 - Eq.4.14)
5.1.2.2 Dynamic surcharge forces (Eq.4.28 - Eq.4.32)
5.1.2.3 Hydrodynamic forces (Eq.4.39 - Eq.4.40)
5.1.2.4 Inertia forces (Eq.4.41)
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5.1.2.4.1 Unit Weight of Soll
Equivalent unit weight (y,,) is used both for dry and
submerged soil (Eq.4.25).

5.1.2.4.2 Weight of the Blocks
Dry weight is used above still water level (SWL) and
submerged weight is used below SWL

5.1.2.4.3 Seismic Coefficient

Both for dry and for submerged soil, (k,) is used.

5.2 Vertical Forces
Dry weight of the blocks above SWL and submerged weight of the blocks below

SWL are taken into consideration. The weight of the soil is calculated according

to (veq)-

6. Friction Coefficient
The friction coefficient between the blocks is taken as 0.5, the friction coefficient

between the block and the foundation is taken as 0.6.

7. Factor of Safety

The factor of safety values against sliding (FS.) and overturning (FS,) is
computed (Table 5.13). The recommended values against sliding and overturning

are FS,=1.1 and FS_=1.2 respectively.

According to Table 5.13;

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FS; ranges between 0.80 to 1.00. The most critical block for sliding is Crown

Wall. However, Block 1. Block 2 and Block 3 have almost the same FS..

3. FS, ranges between 2.74 to 0.97. Considering overturning, Block 2 and Block

3 are more critical.
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P, kng- - —- _F F1 sin 8 =Fy1
Pukia oo
Pikn -—— g Fi1 cOS 8 =Fh1 €4—
' e -
Y .
""""""""" g;"""p;f";',:'m"" Fro sind = Fy2
Ps ket 14
Pk, <4 ----- - ; Fio cos § =Fn, €—
|
|
= T T T
Pz p Fts F13 sind = Fv1
Pakn /- - -~ - - “| o
: Fis c0S 8 =Fhs 4—¢
|
Fui= Fusins /Ff /7 Fi= Ficer* Fissi* Ficert Ficas)
3
Fri= Pikn Fri= P cos§

Fsni= Psikn P; : The submerged weight of the blocks
Psi: The weight of the soils ( v, is used)
Fawi : Hydrodynamic force

Figure 5.10: Forces acting on block type quay wall for Approach 3

Table 5.13: Factor of safety values for Approach 3

Approach 3

Block FS, Fs,
Crown 0.80 2.74
Block 1 0.82 1.15
Block 2 0.81 0.98
Block 3 0.84 0.97
Block 4 0.92 1.08
Block 5 0.87 1.08
Block 6 1.00 1.20

5.4 APPROACH 4

The parameters used in this case defined below:

1. Peak Ground Acceleration (amax)
(amax) is calculated according to TSDC-CRA, 2007; (Eq. 4.16 - Eq. 4.18)

2. Static Pressure Distribution (earth and surcharge)
Triangular distribution is accepted for static earth pressure and rectangular

distribution is used for seismic surcharge pressure.
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3. Seismic Coefficient

Seismic coefficient (k) is used during the dynamic calculations (Eq.4.18).

(k) is calculated according to TSDC-CRA.2007.

4. Seismic Pressure Distribution (earth and surcharge)
Inversed triangular distribution is accepted both for the dynamic earth pressure

and dynamic surcharge pressure.

5. Forces ( Figure 5.11)
5.1 Horizontal Forces
5.1.1 Static Forces
5.1.1.1 Static earth forces (Eq.4.7 - Eq.4.10)
5.1.1.2 Static surcharge forces (Eq.4.11 - Eq.4.12)
5.1.1.3 Hydrostatic forces (there is no water level differences between both
sides so hydrostatic force is not taken into consideration in this study)
5.1.2.Dynamic Forces
5.1.2.1 Dynamic earth forces (Eq.4.13 - Eq.4.14)
5.1.2.2 Dynamic surcharge forces (Eq.4.28- Eq.4.32)
5.1.2.3 Hydrodynamic forces (Eq.4.39- Eq.4.40)
5.1.2.4 Inertia forces (Eq.4.41)
5.1.2.4.1 Unit Weight of Soil

Equivalent unit weight (v, ) is used both for dry and
submerged soil (Eq.4.25).

5.1.2.4.2 Weight of the Blocks
Dry weight is used both above still water level (SWL)
and below SWL.

5.1.2.4.3 Seismic Coefficient

Both for dry and for submerged soil, (k; ) is used.

5.2. Vertical Forces
Dry weight of the blocks above SWL and submerged weight of the blocks below
SWL are taken into consideration. The weight of the soil is calculated according

t0(Yeq) -

103



6. Friction Coefficient
The friction coefficient between the blocks is taken as 0.5, the friction coefficient

between the block and the foundation is taken as 0.6.

7. Factor of Safety
The factor of safety values against sliding (FS;) and overturning (FS,) is
computed (Table 5.14). The recommended values against sliding and overturning

are FS,=1.1 and FS_=1.2 respectively.

.. T |_: _______________ ESETT
Psakn € - - _Aj//;/ t1
Pikn 4F--~ i | Fi1 cos 8 =Fn1 €—
! L
P R yoooos Paf e Fosing=Fu
Pl ket y
i
P2k, <4---- | ; Fi2 cos 6 =Fn, €—
Fdw1 | i
v D R _
Fi3 sin & = Fy1
P2 Pn F
Fawz P3kn € /-— ===~ s5 / © ¢
| Fiz cOs 8 =Fn3 €—
I
Fyv= Fysing % /Ff /s Ft= Fise)* Fitss)* Fie)* Fi(as)
3
Fhi= Pikn Pi : The dry weight of the blocks Fni= Picos 5

Fshi= Psikn Psi: The weight of the soils ( v,, is used)
Fawi : Hydrodynamic force

Figure 5.11: Forces acting on block type quay wall for Approach 4

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FSq ranges between 0.74 to 0.89. The most critical block for sliding is Block 2.

3. FS, ranges between 2.32 to 0.75. Considering overturning, Block 2 and Block

3 are more critical.
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Table 5.14: Factor of safety values for Approach 4

Approach 4

Block FS, Fs,
Crown 0.80 2.72
Block 1 0.77 1.11
Block 2 0.74 0.93
Block 3 0.76 0.91
Block 4 0.82 0.99
Block 5 0.78 0.99
Block 6 0.89 1.09

In summary;

» For Approach 1 and Approach 3. the most vulnerable block is crown
wall with respect to factor of safety against sliding (FS;) (Table 5.11 and
Table 5.13)

CrownWall
FS,

Approach1
0.63

Approach 3
0.80

» For Approach 2 and for Approach 4. the most vulnerable block is Block
2 with respect to factor of safety against sliding (FSs) (Table 5.12 and
Table 5.14)

Block 2
FS,

Approach 2
0.61

Approach 4
0.74

> For all the approaches, namely, Approach 1, Approach 2, Approach 3
and Approach 4, the most vulnerable block is Block 3 with respect to
factor of safety against overturning (FS,) (Table 5.11. Table 5.12. Table
5.13 and Table 5.14).

Block 3
FS,

Approach1
0.79

Approach2
0.75

Approach 3
0.97

Approach4
0.91

In order to the most critical approaches Approach 1 and Approach 2 are

compared. Approach 1 uses dry weight and submerged weight, according
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condition of the blocks either above still water level (SWL) or below SWL to
compute inertia forces. However, Approach 2 uses dry weight not only for the
blocks above SWL but also for the blocks below SWL. Thus, Approach 2 gives

more critical results.

If factor of safety values of Approach 1 and Approach 2 are compared. as dry
weight of blocks are greater than submerged weight of blocks. Approach 2, in
which dry weights are used, gives more critical results than Approach 1, in
which both submerged and dry weights are used. Considering the sliding Crown
Wall is in risk for Approach 1, on the other hand, Block 2 is critical for Approach
2. And Block 3 is critical for both approaches according to overturning condition
(Table 5.11 and Table 5.12)

Approach Critical Block

FS, FS,
Approach 1 Crown Wall Block 3
Approach 2 Block 2 Block 3

New design approach to conventional method is also compared with the TSDC-

CRA, 2007. A case study is applied for Derince Port block type quay wall.

In addition to these discussions by using the different kinds of soils stability

analysis are made for each block.

e If soil class C (Table 4.1) is used, k;, is calculated as 0.22 ( k, =0.22)
(TSDC-CRA, 2007) (Eq.4.19). During calculation of inertia forces,
submerged unit weights of the blocks are taken into consideration.
According to these values factor of safety against sliding and overturning

are computed (Table 5.15)

As it seen from Table 5.15;

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FS, ranges between 0.65 to 0.83. The most critical block for sliding is Crown
wall and Block 1 and Block 2.
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3. FS, ranges between 2.35 to 0.79. Considering overturning, Block 2 and Block

3 are more critical.

Table 5.15: Factor of safety against sliding and overturning for soil C (kn- Wgyp)

kh - Wsub Fss FSO
Crown Wall 0,65 2,35
Block 1 0,65 0,95
Block 2 0,65 0,80
Block 3 0,68 0,79
Block 4 0,75 0,87
Block 5 0,71 0,87
Block 6 0,83 0,97

Soil Class A is used for Derince Port and the results are discussed above. In
addition if different kinds of soils are used, the stability analyses are made for

Derince Port Quay Wall and the results are calculated.

e If soil class C (Table 4.1) is used, k is calculated as, 0.22 ( k, =0.22)
and k;, is calculated as 0.36 (k; =0.36) (TSDC-CRA, 2007) ( Eq.4.16 -

Eq.4.18 ). During calculations of inertia forces, submerged unit weights of
the blocks are taken into consideration. According to these values factor

of safety against sliding and overturning are computed (Table 5.16).

As it seen from Table 5.16;

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FS; ranges from 0.49 to 0.71. The most critical block for sliding is Crown wall
and Block 1. However, Crown Wall, Block 1 and Block 2 have almost the same
FS..

3. FS, ranges from 1.95 and 0.62. Considering overturning, Block 2 and Block 3

are more critical.
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Table 5.16: Factor of safety against sliding and overturning for soil C (kj, -Wsu)

Kh = Wsub FS. FSo
Crown Wall 0.49 1.95
Block 1 0.49 0.77
Block 2 0.50 0.64
Block 3 0.54 0.62
Block 4 0.61 0.68
Block 5 0.59 0.70
Block 6 0.71 0.79

e |If soil class D is used, k, is calculated as 0.24 ( k, =0.22) (TSDC-CRA,
2007) (Eq.4.19). During calculation of inertia forces, submerged unit
weights of the blocks are taken into consideration. According to these
values factor of safety against sliding and overturning are computed
(Table 5.17).

Table 5.17: Factor of safety against sliding and overturning for soil D (kn- Wsyp)

Ky = Wsub FSs FSo
Crown Wall 0,61 2,25
Block 1 0,61 0,90
Block 2 0,61 0,76
Block 3 0,64 0,74
Block 4 0,70 0,82
Block 5 0,67 0,82
Block 6 0,78 0,92

As it seen from Table 5.17;

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FS; ranges between 0.61 to 0.78. The most critical block for sliding is Crown
wall and Block 1 and Block 2.
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3. FS, ranges between 2.25 to 0.74. Considering overturning, Block 2 and Block

3 are more critical.

e If soil class D is used, k; is calculated as, 0.24 ( k, =0.24) and k; is
calculated as 0.39 (k,=0.39) (TSDC-CRA, 2007) ( Eq.4.16 - Eq.4.18 ).

During calculation of inertia forces, submerged unit weights of the blocks
are taken into consideration. According to these values factor of safety

against sliding and overturning are computed (Table 5.18)

Table 5.18: Factor of safety against sliding and overturning soil D (k;, - Wsyp)

klh = Wsub FSS FSO
Crown Wall 0,46 1,86
Block 1 0,46 0,73
Block 2 0,47 0,60
Block 3 0,50 0,58
Block 4 0,57 0,64
Block 5 0,56 0,65
Block 6 0,67 0,73

As it seen from Table 5.18;

1. FS, is larger than FS;. Therefore it can be stated that sliding is more critical for
the stability of the blocks.

2. FSs ranges between 0.46 to 0.67. The most critical block for sliding is Crown
wall and Block 1.
However, Crown Wall, Block 1 and Block 2 have almost the same FS;.

3. FS, ranges between 1.86 to 0.58. Considering overturning, Block 2 and Block

3 are more critical.
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In conclusion; if ky parameter increases the FS values decrease resulting in block
sliding. The above given computations show the importance of decision on

correct ki, parameter which is reflecting soil conditions.

5.5 Turkish Seismic Design codes for Coastal Structures, Railways and
Airport Structures, 2007 (TSDC-CRA, 2007)

Table 5.19 shows the necessary parameters to calculate the forces acting on

block type quay wall.

Table 5.19: Necessary parameters to calculate the forces acting on block type
quay wall

® (deg) 5(deg) B(deg) |0(deg)] H(m) | Heuw (m) |9 (kN/m?)

40 13.33 0 0 15 12.5 30
Bolllrfl"d LCror::“lan Vary Ve
( ) eng (m) Y conc ¥b-conc (kN/m3 (kN/m3) Yw
(kN/m3) (kN/m3) ) (kNlm3)
800 16.16 23 13.33 18 11 10

1. Coordinates of Derince port is 29.80 longitude and 40.8 latitude for %50
exceedance probability S = 0.761 ( Erdik et.all., 2006)

2. The soil classification is chosen as A and the short period soil coefficient (F, )
is found by using the Table 4.1.

S,=0.76 = F,=0.8

3. S, =0.8x0.76 =0.61 (Eq. 4.15)

4. A, =0.4x0.61=0.243 (Eq. 4.16)

5. k, =(2/3)(0.243)=0.16 (Eq. 4.18)
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6. Static case; (Eq. 4.7)

2 —_
K, = cos“(40-0) _ =0.202

cos?(0)cos(0+13.33)| 1+ |SN(40+13.33)sin(40-0)
cos(13.33 +0)cos(0 - 0)

It is assumed that soil improvement techniques are used for this site so the

internal friction of soil is taken as ¢=40°. And, the friction angle between the soil

and block is taken as [8 :g: 13.33]. As it is seen from the Figure 4.7, angle

between the back of the wall and the vertical plane (6) and the inclined angle

with the horizontal () is taken 0 for this study.

6.1. Active earth pressure;

Pai = Kai |:§(’thj)+ ZI: (ijhj)+m}cosa (51)

i1 j=ND-+1 cos(a — )

where p,; is the active pressure for soil class i" K4 is active pressure coefficient
for soil class i, Y jis dry unit weight of soil for soil class ", 7 vjis submerged unit

weight of soil for soil class j", hj is thickness of the soil class ", ND is number of
the dry soil class according to ground level, q, is surcharge load, o (or 0) is

inclination of the ground surface behind the wall, B is inclined angle with the

horizontal (o (or 6) and B are zero)

This formulation is divided in to two parts; 1. active earth pressure (pa).
2.surcharge (pais)-

1. Active Earth Pressure; (Figure 5.12)

P,.; = 0.202(18 x 2) = 7.272 kN/m?

p,. =0.202(18x2.5)=9.09 kN/m?

p,, = 0.202(18 x 2.5 +11x2) = 13.534 kN/m?

p,, = 0.202(18 x2.5+11x 2+ 11x 2.5) =19.089 kN/m?

p,; = 0.202(18 x2.5+11x2 +11x 2.5+ 11x 2) = 23.533 kN/m?
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P, =0.202(18x2.5 + 11x 2+ 11x 2.5 +11x 2 +11x 2) = 27.977 kN/m?
P.s =0.202(18x 2.5 +11x 2 +11x 2.5 +11x 2+ 11x 2+ 11x 2) = 32.421 kN/m?

P.s =0.202(18 x2.5 +11x2+11x2.5+11x2+11x2+11x2+11x 2)
= 36.875 kN/m?

2. Surcharge (Figure 5.13)
Pacts = 0.202x30 = 6.06 kN/m?

Pacs = 0.202x30 =6.06 kN/m?
P,s = 0.202x30 = 6.06 kN/m?
P.os = 0.202x30 = 6.06 kN/m?
Pass =0.202x 30 = 6.06 kN/m?
Poss = 0.202x30 = 6.06 kN/m?
P.ss = 0.202x30 = 6.06 kN/m?
Pass =0.202x30 =6.06 kN/m?
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<

BLOCK 1

BLOCK 2

BLOCK 3

BLOCK 4

BLOCK 5

-

BLOCK 6

Figure 5.12: The soil effect on the block type quay wall for static case

7. Dynamic Case;

7.1.For dry part seismic inertia angle;

v = arctan(ky,)

v = arctan(0.162) = 9.09°

40.78 4

42.62 4
Pa3
51.51 4
Pa4
60.40 4|
PaS

‘/

69.30 Pac

For dry part dynamic active earth pressure coefficient; (Eq. 4.13)

KAE =

(1-0)cos?(40 — 0 —9.09)

c0s(9.09)cos?(0)cos(0 +13.33 + 9.09)|:1 + \/
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BLOCK 1

BLOCK 2

BLOCK 3

BLOCK 4

BLOCK 5

-

BLOCK 6

15.15

1212

12.12

12.12

12.12

6.06

Figure 5.13: The surcharge effect on the block type quay wall for static case

For dry part dynamic coefficient; (Eq. 4.24)
Kg(ary) =0.290-0.202 = 0.088

7.2.For saturated part:

For saturated part modified seismic coefficient; (Eq. 4.26)
| _18x2.5+21x2+21x2.5+21x2+21x2+21x2+21x2+15

x0.16

C 18x25+11x2+11x25+11x2+11x2+11x2+11x 2+ 15

K, =0.26

For saturated part seismic inertia angle; (Eq. 4.27)

vy = arctan(k;,)
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y =arctan(0.26) = y =14.57°

For saturated part dynamic active earth pressure coefficient;
(1-0)cos?(40 — 0 — 14.57)

sin(40 +13.33/2)sin(40 — 14.57)
c0s(13.33/2+0+14.57)cos(0 - 0)

K

AE =

cos(14.57)cos?(0)cos(0 +13.33/2 + 14.57)[1 + \/

K, =0.363

For dry part dynamic coefficient;
Kysaty = 0.363 -0.202 = 0.161

7.3 Dynamic Earth Pressure (Figure 5.14)

g, cosa.

ND i
Paia = Kai,d |:J§:1 (VJ hj) +j=N%+1(ij h]) + m}cosa (5.2)

where p,i4 is the dynamic active pressure for soil class i Kaig is dynamic active

pressure coefficient for soil class i, Y ;is dry unit weight of soil for soil class ",
Y v is submerged unit weight of soil for soil class |, h; is thickness of the soil

class |, ND is number of the dry soil class according to ground level. q, is
surcharge load (q/2 is taken), a is inclination of the ground surface behind the

wall, B is inclined angle with the horizontal (o and 3 are zero).

This formulation is divided in to two parts; 1. active dynamic earth pressure (paia),
2. surcharge (paigs)-

Pagq =0.088(18x2)=3.17 kN/m?

Pacg = 0.088(18x2.5) = 3.96 kN/m?

Pa1g = 0.088(18x2.5)+0.161(11x 2) = 7.50 kN/m?

Pazg =0.088(18x2.5)+0.161(11x2+11x2.5) =11.93 kN/m?

Pazg = 0.088(18x2.5)+0,161(11x2+11x 2.5 +11x2) =15.47 kN/m?

Pass = 0.088(18x2.5)+0.161(11x 2 +11x 2.5 +11x2+11x 2) =19.01 kN/m?
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Pasy =0.088(18x2.5)+0.16111x 2+ 11x 2.5+ 11x 2+ 11x 2+ 11x 2)
= 22.55 kN/m?

Poey =0.088(18%2.5)+0.161(11x 2+ 11x 2.5+ 11x 2+ 11x 2+ 11x 2

+11x2) = 26.10 kN/m?

ve
CROWN
3.17 4
A N B 1.78 4]
=
BLOCK 1
11.46 4
BLOCK 2
24.27 4
BLOCK 3
27.3747
P4(se)
BLOCK 4
34.44 4
) PS(se)
BLOCK 5
41524
P6(se)
BLOCK 6
48.594]

P7(se)

Figure 5.14: The soil effect on the block type quay wall for dynamic case

7.4 Dynamic Surcharge Force (Figure 5.15)

Pa1gs =0.088x15=1.32 kN/m?
P,gs =0.088x15=1.32 kN/m?
Paogs =0.161x15 =2.42 kN/m?

Pa3gs =0.161x15 =242 KN/m?
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Pasgs = 0.161x15 = 2.42 kN/m?
Pasgs =0.161x15 = 2.42 kN/m?
Poggs = 0.161x15 = 2.42 kN/m?

Pa7ds = 0.161x15 = 2.42 kN/m?

qc

CROWN 064 4

\V/ 0.66 4
=T moeks | -

4.82 4|

BLOCK 2 6.03 <

BLOCK 3 182 <

BLOCK 4 480 <]

BLOCK 5 ) 4.82 4

( BLOCK 6 482 <

Figure 5.15: The surcharge effect on the block type quay wall for dynamic case

The total thrust (Pag) acting on block type quay wall and the horizontal and

vertical components of total thrust are shown in Figure 5.16.
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25.20 ¢
CROWN /9 56 2452 €4
/ 2.20
v R 930 +v
= BLOCK 1 51.03 5.92
‘/ 50.69 <—¢
86.23 10.01
BLOCK 2 / 86.65 4}
86.93 10.09
BLOCK 3 " 8534 <
11.94
102.89
BLOCK 4 J
102.19
%8.86 13.80
BLOCK S 118.06 <—¢
134.83 15.65

( BLOCK 6 o 133.92 o

Figure 5.16: The total force on the block type quay wall.

7.5. Hydrodynamic Force

Using Eq.4.40 and Eq.4.41; the hydrodynamic pressures and forces are
calculated.

Pt =g(0.16)(10) (12.5)(2) = 7.00 kN/m?

P2 =g(0.16)(10)\/(12.5)(4.5) =10.50 kN/m?

Paws =£(0.16)(10) (12.5)(6.5) =12.62 kN/m?
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P :g(0.16)(10) (12.5)(8.5) =14.43 kN/m?
Ps = 0 16)(10)/(12.5)(10.5) = 16.04 kN/m?

P = (0 16)(101/(12.5)(12.5) =17.50 kN/m?

The first area is assumed that triangular;

7,00x2
Fdw1 =

=7,00 kN/m
The other areas are assumed that trapezoidal;

dw2 2

Foo= (sz.s ~21.88 kN/m

F,.. (10 90 +12. 62]2:23.12 kN/m

Fye [1262”443]2:27.05 kN/m
Fous (1443”604]2:30.47 kN/m

F,.= (16 04+17. 50}2 —33.54 kN/m
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CROWN
_______ Y L
=
BLOCK 1
Fdw1=7-00
Faw2=21.88 BLOCK 2
BLOCK 3

Fdw3=23- 12

Fdw4=27-05

BLOCK 4 )

BLOCK 5 )
( BLOCK 6

Figure 5.17: The hydrodynamic forces on the block type quay wall

FdW5=3O.47

Fdw6=33- 54

8. VERTICAL FORCES

e Crown Wall
W= (a) (b) (v.)
Wca=(2.8)(2.0)(23)= 128.8 kN/m
Weg=(1.4)(1.0)(23)= 32.2 kN/m
W=161 kN/m

The center of gravity;

_128.8x1.4+32.2x(2.8+1.4/2)

xc =1.82"
128.8 +32.2
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Soil 1
We; = (1.4) (1)(18)= 25.20 kN/m

The center of gravity;
€1 =1.4/2+2.8=3.5"

28" 1.4m
¢ —r —>
Soil 1
CROWN 2 o
20"
A 1.0"
®
161+kN/m
B
ex=1.82"
v
6013507 25:200 KN/m

e Block1

Under the water;
W= (a) (b) (v,) (Under water vy, is taken)

W,a=(4.75)(0.5)(23)= 54.63 kN/m
W,5=(0.75)(0.75)/2(13)= 3.656 kN/m
W;¢=(0.75)(0.75)(13)= 7.313 kN/m
W,p=(4.75)(2.0)(13)= 123.5 kN/m

W, r=54.63+123.5-3.656-7.313 =167.16 kN

The center of gravity; ( within buoyancy effect)

_ (54.63)(4.75/2)+ (4.75)(2)(13)(4.75/ 2) — (0.75)(0.75)(0.75/ 3)(13)/ 2
a 167.16
~(0.75)(0.75)(0.75/2)(13) _, .,
167.16

Soil 2
Ws, = (0.55) (2)(18.00)= 19.800 kN/m
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The center of gravity;
€xs2 =0.55/2+3.45=3.725™

0.55™
D
(&
o
n 2.0
345" | @
I A [ 0.5
BLOCK 1
5 A
D I e, = 1.03"
167.16 kN/m
ex1=2.
6. =3725" 19800 kN/m
< 4.00™
e Block 2
W= (a) (b) (7,.) (Under water vy, is taken)
W,= (4.75)(2.5)(13)=154.375 kN/m
The center of gravity;
€x= 4.75/2 +4=2.375"
0.75"
<+«
25"
D RO Y S
. 4.00™ R 20

BLOCK 2

(T 2.5™
®

v

154375 kN/m _ v

e,,=2.375" 50.250 kKN/m
«—
€,53=4.375" R
- 4.75™
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Soil 3
W=(0.75)(2.5)(18.00)+ (0.75)(2.0)(11.00)=50.250 kN/m

The center of gravity;
€ys3= 0.75/2 +4=4.375"

e Block3
W= (a) (b) (v,.) (Under water vy, is taken)
W;= (5.5)(2.0)(13)=143.00 kN/m

The center of gravity;
en= 5.5/2=2.75"

Soil 4
W,,=(0.75)(2.5)(18.00)+(0.75)(4.5)(11.00)=70.875 kN/m

The center of gravity;
€xss= 0.75/2 +4.75=5.125™

0.75"
<>
&
2 | L 250"
Vz ------------------------- -=-
O
m
. 4.75™ R 4.50
BLOCK 3
@ﬁ 2.00"
[
143.00 kN/m
6= 2.750"
v
exsa = 5.125™ 70.875 kN/m
) 55" g

123



e Block4
W= (a) (b) (v.) (Under water vy, is taken)

W.a= (6.6)(2.0)(13)=171.6 kN/m

(0.75)(1.0)
2

Wag= (13) = 4.875 kN/m

Wir=171.6 - 4.875 =166.725kN/m

The center of gravity;

o = (171.6)(6.6/2)(4.875)(5.85 + 0.5)
x4 166.725

=3.21"

Soil 5
Wes= (1.10)(2.50)(18.00)+ (1.10)(6.50)(11.00)=128.150 kN/m

The center of gravity;
exss= 1.1/2 + 5.5=6.05™

«—>
m m
\V/ Q. 2.50
B R B ou_ ]
©
6.50"
5.5
A 1.0"
BLOCK 4 oM
@f B 1.0
® ¢ --
166.725 kKN/m v
eu=3.21" 128.150:kN/m
«—  »
5.85™ 0.75"
€ys4=6.05™ .

e Block5
W= (a) (b) (7.) (Under water vy, is taken)

Wsa= (6.6)(2.0)(13.0)= 171.6 kN/m
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Wsg= (0.75)(0.5)(13.0)= 4.875 kN/m

Wic= &2(0'5)(13.0)= 1.625 kN/m
Wip= %20'75)(13.0) = 2.925 kN/m

Wse= (0.4)(0.75)(13.0)= 3.9 kN/m

Whs= 171.6-4.875-1.625-2.925 -3.9 =158.275 KN/m

0.75™ 5.35" 0.50™

A 0.75"
BLOCK 5 . % 0.50™

exb5=3.302m

A
v

The center of gravity;

(139.10)(5.35/2+ 0.75) + (4.875)(0.5/2 + 6.10) + (1.625)(0.5/3 + 6.10)
©ro= 158.275

+(2.925)(0.75x2/3) +(9.75)(0.75/2) _ 4 40om
158.275 ’

e Block 6

W= (a) (b) (7,.) (Under water vy, is taken)

Wen= (7.4)(2.0)(13.0)= 192.40 kN/m

(1.30)(0.8)
2

Weg= (13.0) = 6.76 kN/m

Woec= (1.30)(0.4)(13.0)= 6.76 kN/m

Whe= 192.40-6.76-6.76 = 178.88 kN/m

The center of gravity;
(192.40)(7.40/2)—(6.76)(1.30/3)—(6.76)(1.30/2)

€xp6= =3.94"
°e 178.88
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1.30™ 6.10"

v

y
v

9. INERTIA FORCES
By using the Pseudostatic Analysis (Eq. 4.5);

e Crown Wall

1.40™ 3.15™
soil soil
25.76 KN/m <*— 22(17 kN/m
TIebe =09" €ycs = 1.09™
v
W= 161 kN/m

From crown wall;
W= 161 kN k,=0.16
Fnc= (161)(0.16)=25.76 kKN/m

From soil ; (y=18 kN/m®)

(3.15)(2.0)(18)(0.16)= 18.14 kN/m
(1.4)(1.0)(18)(0.16)= 4.03 kN/m

** Total Blocks Force = 128.8+32.2 = 161 kN/m

_(128.8)(1.0)+(32:2)(05) _,
yeb = 161 e

** Total Soils Force = 18.14+4.03= 22.17 kN/m

_ (4.03)(1.0/2+1.0)+(18.14)(1.0) _, 1on
ves = 22.17 o
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e Block1

28.08 KN/m
Ieyb1=1.30m Ie L1=1.25"

278 W= 253¢.7z KN/m W J1 17 kN/m
475"

Total weight of Block 1:

W= (a) (b) (v,)
Wia=(4.75)(2.5)(23)= 273.125 kN/m
W15=(0.5)(0.75)(23)= 12.94 KN/m

W,¢=(0.75)(0.75)/2(23)= 6.47kN/m
Wy, =273.125-6.47-12.94 = 253.72 kN/m

_ (273.125)(2.5/2) - (6.47)(0.75/3 +0.75) — (12.94)(0.75/ 2)
i 253.72

=1.30"

From block 1 ;

Fror= (253.72)(0.16)=40.60 kN/m

Total weight of Soil: (y=18.00 kN/m®)
W,1=(2.6)(0.5)(18.0) = 23.4 kN/m
W,,=(2.6)(2.5)(18.0) = 93.6 kN/m

e,, =1.30"

From soil ;

Frs1= (23.4)(0.16)=3.74 kN/m
Frs1= (93.6)(0.26)=24.34 kN/m

e, =(2.5/2)=1.25"
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e Block 2

4.75™ 1.85™
soll
3.70 kN/m < 21.65 kN/m %7 2.5M
eyb2=1.25"‘ I ey52=1-25m
273.125 kKN/m 83.25 kN/m

Total weight of Block 2:

W= (a) (b) (v,)
W= (4.75)(2.5)(23)=273.125 kN/m

From block 2 ;

Frp2= (273.125)(0.16)=43.70 kN/m

€ypp =2,5/2=125"

Total weight of Soil: (y=18.00 kN/m®)
W,,=(1.85)(2.5)(18.0) = 83.25 kN/m

From soil ;

(83.25)(0.26)=21.65 kN/m
€, =2.5/2=1.25"

e Block3

P 55M L '].']mk
40.48 kN/m 4—“ 10.30 kKN/m < ©) 2.0"
eyb3=1 0™ eyb3=1 o
v v
253.00 KN/m 39.60 kN/m
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Total weight of Block 3:
W= (a) (b) (v,)
Wh3= (5.5)(2.0)(23)=253 kN/m

From Block 3 ;
Frbs= (253.00)(0.16)=40.48 KN/m
€5 =2/2=1,0"

Total weight of Soil: (y=18 kN/m®)
W43=(1.10)(2.0)(18.0) = 39.6 kN/m

From soil ;

(39.6)(0.26)= 10.30 kN/m and e, =2/2=1.0"

e Block4

6.6™

A
v

A

4720kN/m <5 ©
eyb4=1 .02m

1.0"

1.0"

294%75 kN/m <+

Total weight of Block 4:
W= (a) (b) (v,)
Wya= (6.6)(2.0)(23)=303.6 kN/m

(0.75)(1.0)
2

Wag= (23)=8.625 kN/m

Whs= 303.6-8.625 =294.975 kN/m

From block 4;
Froa= (294.975)(0.16)=47.20 KN/m

(303.6)(2/2) - (8.625)(1/3)
294.975

=1.02"

yb4
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e Block5

0.75" 5.35™ 0.50™

0.40" & 17" n
060" T 1B A 307
-1 44.81 kKN/m <—I© g 0507

eyb5=0.99 | cl ;0'75m

280.025 kN/m

Total weight of Block 5:

W=

(@) (b) (vc)

Wsa= (6.6)(2.0)(23.0)= 303.6 kN/m
Wss= (0.75)(0.5)(23.0)= 8.625 kN/m

W= %(23.0)= 2.875 kN/m
Wip= W(Z&O) = 5.175 kN/m

Wse= (0.4)(0.75)(23.0)= 6.9 kN/m

WbS

=303.6 - 8.625- 2.875 - 5.175 - 6.9 =280.025 kN/m

From block 5 ;

th5

yb5

= (280.025)(0.16)=44.81 kN/m
_(303.6)(1.0) - (8.625)(0.75/2) - (2.875)(0.917) - (5.175)(1.40)
280.025
_=(69)(18) _oq
280.025
e Block6
1.30™ 6.10™
— > < >
0.40™ §T '
- A
0.80"

50.64 kN/m .
0 96mI 2.0

316.480 kN/m
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Total weight of Block 6:
W= (a) (b) (v)
Wea= (7.4)(2.0)(23.0)= 340.40 kN/m

Wepe .302)(0.8)

(23.0)= 11.96 kN/m
Wec= (1.30)(0.4)(23.0)= 11.96 kN/m

Wos= 340.40 - 11.96 - 11.96 = 316.48 KN/m

From block 6;
Fre= (316.480)(0.16)=50.64 kN/m

The center of gravity;
(340.40)(2.0/2)-(11.96)(0.8x2/3+0.8)—(11.96)(0.4/2 +1.6)

= =0.96"
316.48
10. Stability Analysis
e Crown:
bollard
24.75 +——
| osoil ! osoil
2.375", 2217 47 :
25,764 ' ' : A 264 &[T, qm
Y 100" 707 & 12.120KI o 317 /I).m Im
i g H il 7.27 30.667 | 1.0 | |
Earth Surcharge Earth Surcharge
|87 e STATIC DYNAMIC
v
350" 2520
4.20" 5.81
4. _______________

> Horizontal Force= 25.76 + 22.17+(7.27)cos13.33+(0.5)(12.12)cos13.33
(3.17)c0s13.33+(0.5)(2.64)cos13.33 +24.75 =90.02 kN/m

> Vertical Force = 161+25.20+5.81 =192.01 kN/m

Overturning Moments= (25.76)(0.90)+(22.17)(1.09)+(7.07)(2/3)
+(11.79)(1.00)+(3.08)(2/3)(1.5)+(2.57)(1.00)(1.50)+(24.75)(2.375)=129.57kKNm/m
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Resisting Moments = (161)(1.82) +(25.20)(3.50)+(5.81)(4.20) =405.62 kNm/m

FACTOR of SLIDING and OVERTURNING

Fs, = (0909200 _4 07 o4 4(x) Fs, =29562_ 543 512 (0k)
90.02 129.57
e BLOCK1:
3.45™ 2.00" 2.20
> (4.00™)
05"y | ] 198 KN | 308+295 +173+064 o
0.75™ 7 (2.24™)(2.25™) (2.24™) (2.25™)
¥~ NS0E0KN/m 43 28 08 kN/m (4 4_l'92
1.25™ N eypr=1.30" eysi=1.25" | | |22.48 + 12.04 + 11.38 + 4.79
! Y (0.93™) (1.00™ (0.90™) (1.00™)
0.75 v 7.00
Wit = 253.72 kN/m i Ws1= 117 kN/m 0.667™
Wors= 167.16 kN/m_ |y
176" 2.20+5.92=8.12 kN/m
—> ‘2.6011
4.75" +«—>

S Horizontal Force= 90.02 +40.60+28.08+((4.09)cos13.33+(22.63) cos(13.33/2))
+(0.5(3.03)cos13.33+0.5(12.12) cos(13.33/2)) +((1.78)cos13.33+(11.46)
cos(13.33/2)) +(0.5(0.66)cos13.33+0.5(4.82) cos(13.33/2)) +7.00= 215.48 kN/m

> Vertical Force = 192.01 + 167.16 + 19.8+ 8.12= 387.09 kN/m

Overturning Moments= 129.57 +(90.02)(2.5)+ (40.60)(1.30) + (28.08)(1.25)
+((3.98)(0.24+2) +(22.48)(0.93)) +((2.95)(2.25)+(12.04)(1.00))
+((1.73)(2.24)+(11.38)(0.90))(1.50) + ((0.64)(2.25)+(4.79)(1.00))(1.50)
+(7.0)(2/3) = 526.19 kNm/m

Resisting Moments = (128.8)(1.40-0.75)+(32.2)(2.8-0.75+0.7) +(25.20)(2.75)
+(5.81)(3.45)+(167.16)(1.76)+(19.8)(3.725) +(8.12)(4.00)= 662.05 kNm/m

Fs, = {0-500387.09) 495 1.1(x) Fs, =20205 126 512 (oK)
215.48 526.19
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e BLOCK2

v

0.75"
<+—>
4.00" g i
< = | |25
V w
@? 2.0" 10.01
i (4.75™)

80il | 40 50 + 15.05 + 24.10+ 5.99

m | [43.70 kN/m 4—(T 21.65 kN/m! <TT (1187 (1.257) (1.157) (1.257)
25 . . '
m 'S 21.88
eyp2=1.250 I ey52=1-2:50 117™
® y

SRR -
W =273125 kN/m i 83.25kN
We2s=154.375 kN/m !
€,0=2.375™ v
t— > 50.25:kN/m
P ex53=4.375"‘ .
4.75™

S Horizontal Force= 215.48+ 43.70 + 21.65+ 40.50 + 0.5 (15.05) +24.10
+0.5 (5.99) + 21.88 = 377.83 kN/m

> Vertical Force = 387.09 + 154.375 + 50.25 +10.01= 601.73 kN/m

Overturning Moments= 526.19 + (215.48)(2.50)+ (43.70)(1.25) +(21.65)(1.25)
+(40.50)(1.18) +(15.05)(1.25)+ (24.10)(1.15)(1.50) +(5.99)(1.25)(1.50)
+(21.88)(1.17) = 1291.58 kNm/m

Resisting Moments = 662.05 + (154.375)(2.375) +(50.25)(4.375) +(10.01)(4.75)
= 1296.08 kNm/m

Fs, (050)B01.73) (10 4y pg 129608

. L= 22100 <1.2(x)
377.83 1291.58
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e BLOCK3

0.75™
<+—>
g
= 2.50™
_V_J— ________________________ al
i : 4.50™ 10.09
< 4.75 i (5.5™
i v 142.33 +12.04+ 27.19+ 4.79 4i_

(0.97™ (1.0™ (0.96™ (1.0™

2.00m| | 40-48 kN/m 10.30 kN/m 4+—1;© 23.12
eyp3=1 -omI eyr3=1 10™ 0.97™
[\ 4

4 \

What =253.00 kN/m
Wh3s=143.00 KN/m

€x3= 2.750m o *

6 51257 70.875 KN/m
XS .
55"

\4

> Horizontal Force= 377.83 + 40.48 + 10.30 + 42.33 + 0.5(12.04) +27.19
+0.5(4.79) + 23.12 =529.67 kKN/m

> Vertical Force = 601.73 + 143.00 + 70.875 + 10.09 = 825.70 kN/m

Overturning Moments= 1291.58 + (377.83)(2.00) +(40.48)(1.00) +(10.30)(1.00)
+(42.33)(0.97)+(12.04)(1.00) +(27.19)(0.96)(1.50) +(4.79)(1.00)(1.50)
+(23.12)(0.97) = 2219.89 kNm/m

Resisting Moments = 1296.08 + (143.00)(2.75) +(70.875)(5.125) +(10.09)(5.50)
= 2108.06 kNm/m

Fs, = {22082570) _o7<1.4(x) Fs
529.67

~ 2108.06

o= =095 <1.2(x)
2219.89
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e BLOCK4

1.10™
+—>
w0
250" [, S
_____________________ RN © 1 [
J ©
m 11.94
6.50™ 550 > (6.60™)
51.16+12.04 + 34.21+ 4.79 < i
1.00™ (0.97™ (1.0™ (0.97™) (1.0™)
47.20 kN/m
1.00" eyna=1.02" 2705 5
0 v o
szu =294.975 kN/m v
Wiss=166.725 kN/m  i128.150 kN
€=3.21" 0.75
t—> <
’ 585"
€xs4=6.05" >
6.6™

> Horizontal Force= 529.67 + 47.20 + 51.16 + 0.5(12.04) + 34.21
+0.5(4.79) + 27.05 = 697.71 KN/m

> Vertical Force = 825.70 +166.725+128.15+11.94 = 1132.52 kN/m

Overturning Moments= 2219.89 + (529.67)(2.00) + (47.20)(1.02)
+(51.16)(0.97) + (12.04)(1.00) + (34.21)(0.97)(1.50) +(4.79)(1.00)(1.50)
+(27.05)(0.98) = 3472.51 kNm/m

Resisting Moments = 2108.06 + (166.725)(3.21) + ( 128.15)(6.05)
+(11.94)(6.60) = 3497.36 kNm/m

Fs, (050)(118252) 000 4oy pg 349736

s 697.71 ° 3472.51

=1.00 <1.2 (x)
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e BLOCKS

0.75™ 5.85™
13.80

(6.33M)
20m| v 44.80 kN/m
eyb5=0.99m I
. v +

Whst = 280.025 kN/m
Vynb55= 158.275 kN/m

exb5=3.302

v

A
i 4
A

59.99 + 12.04 + 41.24 + 4.79

(0.98™ (1.0™ (0.97™ (1.0M
30.47
0.98

In order to find the effect point of vertical force;

7.01
12.04
1.40 1.0"
4.79
0.56| [1.0"
005!
Dl
0.50™

-

«_ (7:01)(0.23) + (1.40)(0.25) + (4.82)(0.22) + (0.56)(0.25) _ ; 5
13.80 '

> Horizontal Force= 697.71 + 44.80+ 59.99 + 0.5(12.04) + 41.24+ 0.5(4.79)

+30.47 = 882.63 KN/m
> Vertical Force = 1132.52 + 158.275 + 13.80 = 1304.60 kN/m
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Overturning Moments= 3472.51+(697.71)(2.00)+(44.80)(0.99) +(12.04)(1.00)
+(41.24)(0.97)(1.50) +(4.79)(1.00)(1.50) + (30.47)(0.98) = 5080.16 kNm/m

Resisting Moments = 3497.36 + (1132.52 ) (0.75) + (158.275)(3.302)
+ (13.80)(6.33) = 4956.73 kNm/m

FS, = (0.50)(1304.60) _ 4 74 < 1 1(x) FS, = 4956.73 _ 598 <1.2(x)
882.63 5080.16
e BLOCK®6
1.30™ 6.10™
—P>'<¢ > 15.65
b ! (7.40™)
: 68.83 + 12.04+48.26+ 4.79 4_1
20m| 1 50.64 KN/m (0.98™ (1.0™ (0.98™) (1.0™)
m 33.54 +—;
] 0.96 I ol%mt

Whet = 31%.480 kN/m
Whss = 178.880 kN/m

exb5=3.94m o

7.40"

<

> Horizontal Force = 882.63 + 50.64 + 68.83 + 0.5(12.04) + 48.26
+0.5(4.79) + 33.54 = 1092.32 KN/m

> Vertical Force = 1304.60 + 178.88 + 15.65 = 1499.13 kN/m

Overturning Moments= 5080.16 + (882.63)(2.00) + (50.64)(0.96)
+ (68.83)(0.98) + (12.04)(1.00) + (48.26)(0.98)(1.50) + (4.79)(1.00)(1.50)
+(33.54)(0.98) = 7084.52 kKNm/m

Resisting Moments = 4956.73 + (1304.60)(1.30) + (178.880)(3.94)
+ (15.85)(7.40) = 7473.31 kNm/m

Fs, - (080)(1499.13) o0y 44 pg _TAT352_
1092.32 7084.52

1.06 <1.2 (x)
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Table 5.20: Factor of safety values against sliding and overturning for
(TSDC-CRA, 2007)

TSDC-CRA, 2007 (W dry)
Block FS, Fs,
Crown 1.07 3.13
Block 1 0.90 1.26
Block 2 0.80 1.00
Block 3 0.78 0.95
Block 4 0.81 1.01
Block 5 0.74 0.98
Block 6 0.82 1.06

5.5.1. DISCUSSION ON Turkish Seismic Design codes for Coastal
Structures, Railways and Airport Structures, 2007 (TSDC-CRA, 2007)

New design approach to conventional method is also compared with the TSDC-
CRA, 2007. The formulations in order to define the peak ground acceleration
(amax) @nd the seismic coefficient (k;,) are taken from the TSDC-CRA, 2007. Thus,
(amax) @and (ky) values are same for all approaches defined in this study (Table
5.19).

For the static case; active earth pressure coefficient and active earth pressure is
calculated by using the equations given in TSDC-CRA, 2007. The formulation of
active earth pressure is given for both cohesion and cohesionless for dry and
saturated soil. These formulations also contain surcharge parameter. TSDC-
CRA, 2007 assumes a triangular distribution in order to define static earth effect.
Dry and submerged unit weights of the soils being either above the water level or
below the water level are taken into consideration. Surcharge load is not
influenced from the unit weight of the soil as shown in Figure 5.18.

For dynamic case, M-O Method is used in order to define dynamic active earth
pressure coefficient (Kag) for two different seismic inertia angles. Thus, by using
these inertia angles, two different Ky values are obtained. One of the Ky values is
used for dry part and other Ky is used for saturated part. As it is mentioned

before, while using the M-O Method during the dynamic analysis the forces acting
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on an active wedge in a dry cohesionless backfill are taken into account.
However, TSDC-CRA, 2007 defines two dissimilar Kse values for dry and
saturated soil; this approach is not in agreement with the M-O Method’s principal.

Surcharge. q

BF «X{ Vb

Seaward i é l Feo1€—
i F
Side P, 4 P, dry Feot 4_._ T1
¥SWL (0] g
l Fss2€—
Fr2 <
P, submerged
OI
l Fsss €— Fr: ¢—
P3 Fse1¢—
@ OII
7 Surch Soil Surch +Soil
P; : Weight of the blocks and soils urcharge ol urcharge+ool

Fssi : Static surcharge force
Fsei : Static earth force
F+i : Total static force ( surcharge and soil )

O: Moments are are taken around points O

Figure 5.18: Static forces acting on block type quay wall (TSDC-CRA. 2007)

TSDC-CRA, 2007 does not give the distribution of pressure to define the dynamic
earth effect on the blocks. But, after computing the pressure values, it is realized
that lower factor of safety for sliding and overturning at the bottom blocks are
obtained. However, this result is not in agreement with actual damage
observation where upper blocks are more vulnerable during earthquake

according to sliding.

Moreover, TSDC-CRA, 2007 states that the moment values due to the soil and

surcharge should be multiplied with the 1.5 without convincing distributions.
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In addition to these points, the seismic distribution of the forces due to the
surcharge is accepted like rectangular shape as shown in Figure 5.19. However,
it is believed that an inversed triangular force distribution can provide more

reliable solution based on field measurement (Yiksel et al., 2002).

Surcharge. q

BF «— NN

Seaward l
Side & i Fus1 €—
P4 s | Ps Fae1 4—
Z LSO S AR SR B
l Fas2 €1—
P, Fe2
OI
l Fass €—
P, Faes 4
E OII
77 Surcharge Soil

Pi : Weight of the blocks and soils

Fasi - Dynamic surcharge force

Fqei : Dynamic earth force

O: Moments are are taken around points O

Figure 5.19: Dynamic forces acting on block type quay wall

TSDC-CRA, 2007 offers the usage of dry weight of blocks to define the inertia

forces.

Table 5.21 and Table 5.22 show factor of safety values for Approach 1 and
Approach 2 TSDC-CRA, 2007 for comparison.

As it is seen from Table 5.16 and Table 5.17, the blocks at the bottom have
higher factor of safety against sliding for Approach 1 and Approach 2. On the
other hand, the blocks at the bottom have smaller factor of safety against sliding
for the TSDC-CRA, 2007. The most vulnerable block is Crown Wall and Block 2
for Approach 1 and Approach 2 respectively according to sliding. On the other
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Table 5.21: Factor of safety values both Approach 1 and TSDC-CRA, 2007 for

comparison

Approach 1 TSDC-CRA. 2007

Block FS, FSo FS, FSo

Crown | 0.63 2.32 1.07 3.13
Block1| 0.64 0.95 0.90 1.26
Block2| 0.65 0.80 0.80 1.00
Block3| 0.69 0.79 0.78 0.95
Block4| 0.77 0.88 0.81 1.01
Block5| 0.75 0.89 0.74 0.98
Block 6| 0.88 1.00 0.82 1.06

Table 5.22: Factor of safety values both Approach 2 and TSDC-CRA, 2007 for

comparison

Approach 2 TSDC-CRA. 2007

Block FS, FSo FS, FSo

Crown | 0.63 2.32 1.07 3.13
Block1| 0.62 0.93 0.90 1.26
Block2| 0.61 0.77 0.80 1.00
Block3| 0.64 0.75 0.78 0.95
Block4| 0.71 0.82 0.81 1.01
Block5| 0.68 0.83 0.74 0.98
Block 6| 0.80 0.93 0.82 1.06

hand, Block 5 is the most critical block according to sliding for TSDC-CRA,
2007. Block 3 is in risk with respect to overturning for all conditions. In
addition, Table 5.16 points out that factor of safety value against sliding are
calculated as 1.07 according to TSDC-CRA, 2007. This result implies that it
should not be observed any motion on block type quay wall. However, scientific
researches designated that 0.7 m horizontal displacement was observed in
Derince Port Quay Wall (PIANC, 2001).
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CHAPTER 6

CONCLUSION, DISCUSSION and SUGGESTIONS

Within the development of the new design approach, the following assumptions

are used,

> Soil improvement techniques are used for the site where the existing soil
conditions are expected not to lead unsatisfactory performance, such as

liquefaction.

> Equivalent unit weight (y,,) is used during the both static and dynamic

calculations.

> In this study for the first time, the distributions of the dynamic pressures
are applied by assuming inversed triangular distribution.

» Peak ground acceleration (amax) and seismic coefficient (k,) are calculated
according to the equations given in Turkish Seismic Design codes for
Coastal Structures, Railways and Airport Structures, 2007 (TSDC-CRA,
2007).

> Due to the water in backfill, it is assumed that seismic coefficient (k)

could be modified. So, during the seismic calculations, both modified
seismic coefficient (ki ) and seismic coefficient (k,) are used for

comparison.

Dynamic forces are classified into four parts; dynamic earth forces, dynamic

surcharge forces, hydrodynamic forces and inertia forces.

> Dynamic Earth Forces: Mononobe-Okabe Method is used to define

dynamic active earth pressure coefficient (Kag) and total active thrust
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(Pag). It is accepted that upward blocks are vulnerable during the
earthquake and to enhance this assumption, inversed triangular
distribution is used for the distribution of the dynamic component of the
total thrust.

> Dynamic Surcharge Forces: For the dynamic surcharge force, qs./2 is
taken. The distribution of the surcharge load is also assumed to be an

inversed triangular distribution.

» Hydrodynamic Forces: It is clear that during seismic shaking, the free
water in front of the structure exerts a cyclic dynamic loading on the wall
and when suction pressure is applied on the wall the critical mode occurs.
Thus, the hydrodynamic forces are taken into consideration according to
Westergaard, 1933.

> Inertia Forces: Inertia forces are computed not only for the submerged
weight of the blocks but also dry weight of the blocks as two different
approaches. Vertical forces due to the weights of the blocks (dry or
submerged) are multiplied with the horizontal seismic coefficient (k,) and

vertical forces due to the weights of the soils are multiplied with the

modified seismic coefficient (k; ).

After defining the static and dynamic forces stability checks are performed for the

each block.

> As for the stability analysis, factor of safety against sliding and overturning
values for each block are computed. The static and dynamic forces due to
soil and surcharge act on each block with an angle (3 ), so in the stability
computations both the vertical and horizontal components are taken into

consideration.

> In general, sliding of the blocks is found to be more critical compared to

overturning. For severe seismic shaking condition, overturning is found to
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be much more destructive than the sliding. In view of this, a higher safety

factor for overturning (FS,) than sliding (FS;) is recommended.

> In the stability computations, the friction coefficients are taken as 0,5 and

0,6 for block-block and block-soil respectively.

For the case studies Derince Port is selected where peak ground acceleration is
taken as 0.24 g (amax=0.24 g).

» 4 different approaches are implemented where seismic coefficients and

weights are defined differently (Table 5.7).

> Approach 2 which uses modified seismic coefficient (k; ) and dry weight

of blocks (Wg4y) during the calculation of inertia forces gives the most
critical condition that is minimum factor of safety for both sliding and
overturning (Table 5.4). In this case, including crown wall and upper
section blocks namely, Block 1-3, are the most critical blocks with FS,
ranging between 0,61-0,64, Block 2 and Block 3 are the most critical
with FS, ranging between 0,77-0,75 respectively.

> Application of the numerical model in a case study at Derince Port proves
that model results are qualitatively consistent with the real observations
(YUksel et al., 2002).

In addition, new design approach to conventional method is compared with the
TSDC-CRA, 2007.

> Derince Port is selected to apply TSDC-CRA, 2007 where anx=0.24 g.

> Considering the sliding, opposite to Approach 1-4, crown wall and block 2
are not the most critical blocks but Block 5 is critical. Crown wall with
factor of safety 1.07 and 3.13 for sliding and overturning respectively
found stable. This result implies that it should not be observed any motion
on block type quay wall. Since, it is known that during 1999 eastern
Marmara earthquake, upper blocks were horizontally displaced.
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Therefore, the factor of safety values are obtained using the Seismic
Design Standards, 2007 are not in agreement with actual damage

observation.

Based on these explanations and discussions new approaches to conventional

method can be suggested to be used in the seismic design of block type walls.

Under light of the conclusions and discussions presented, it can be said that new
design approaches to conventional method are more reliable and simple methods
among the other methods since the results can be considered to be in agreement
with the field data.

Obviously, due to fact that seismic events are rather unpredictable and field
conditions are often characterized with significant uncertainties so laboratory
tests and field measurements remain as an effective tool in developing the design
methods. Therefore, further detailed experimental measurements could be
performed to study the complex dynamic-soil-pore fluid-structure interaction

problems.

New design approach presented has the objectives to provide safety against
overturning and sliding. For a defined performance of a structure in terms of a
state of damage, strain and deformation give better indicators of damage than
stresses. Therefore, it is recommended that performance based design should be
applied in the design of block type quay walls. Even if the force balance exceeds
the limit values, it can be possible to get some information about the performance

of a structure.

Also, in the future studies, crane loads and combinations together with different
soil conditions can be included to check most critical stability conditions.
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APPENDIX A

CONVENTIONAL METHOD, 1975

A.1 FORCES

1. Active Earth Pressure

Active earth pressure coefficient K, ;

K, - cos?(¢ - 0) (1.1)

cos?(0)cos(0 + 6){1 + \/ sin(¢ +3)sin(¢ —p)
cos(6 +0)cos(p —0)

Where; K 5 is active earth pressure coefficient. P , is active earth pressure, 0 is

angle between the back of the retaining wall and the vertical plane, & is friction

angle between wall and soil, B is inclined angle with the horizontal, ¢ internal

friction angle.

Horizontal component of active earth pressure coefficient, K, ;

Kan =KACOSS=KAcos(gj (1.2)
Vertical component of active earth pressure coefficient, K, ;

K, =K, cosd =K, sin (%j (1.3)

Vertical component of earth pressure is neglected.

> If the earthquake is considered ¢ is reduced 6°. This new value is used in

order to calculate K, value.

where, K, is active earth pressure coefficient, ¢ is internal friction angle, B is

inclined angle with the horizontal, & is friction angle between wall and soil, 6 is

angle between the back of the retaining wall and the vertical plane (deg).
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2. Horizontal Forces

A live load surcharge should be applied when traffic loads are located and this
force usually uniformly distributed on the back-fill soil to a certain distance from
the top of the wall.

The horizontal forces are calculated by using the e; values, such as;

e4= (surcharge) (Kan) (1.4)
€= (V hz KAh) e (1.5)
en=(v h, K,,) * € (1.6)

where, €; is pressure values, h is the height from the still water level (SWL), Ka is
the horizontal active earth pressure coefficient, y is unit weight of the soil.

This pressure values are converted to forces (E;) and these values are used for
stability computations for each blocks.

> If the earthquake is considered additional horizontal forces (Z;), occurred
due to the weight of the blocks and soil, should be calculated by
multiplying these values with the earthquake coefficient value (C). The
earth pressure thrust values are added to these values (Ei+Z;) and
stability computations are made by using these new values for each
block.

3. Vertical Forces
The weight of the blocks and soils are taken as vertical loads. During these

calculations buoyancy force is taken into consideration.

4. Stability Computation

In stability calculations of gravity type quay wall, the following items should be
examined,

1. Sliding of the wall

2. Overturning of the wall

3. Bearing capacity of the foundation

(Weber, Richard P., Personal Course Notes, 2000)
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4.1 Sliding of the wall: A retaining structure has a tendency to move away from
the backfill surface because of the horizontal driving forces resulting from the soil
backfill and other forces such as surcharge. Generally, the wall resists sliding by
the frictional resistance developed between the foundation of the wall and
foundation soil. Although other horizontal forces act opposite to the driving force
such as passive soil pressure in the fill in front of the wall. it is often ignored. The
factor of safety with respect to sliding equals the resisting force divided by the
driving force and is shown in Eq.(1.7). In conventional method, a minimum factor
of safety of 1.5 is taken if the earthquake is not considered and a minimum factor

of safety of 1.2 is taken if the earthquake is considered.

If the factor of safety against sliding is insufficient, increase resistance by either
increasing the width of the base or lowering the base elevation. If the wall is
founded on clay, the resistance against sliding should be based on short-term
analysis and for long-term analysis (TM 5-818-1 / AFM 88-3. Chap. 7)

4.2 Overturning of the wall: A retaining structure also has a tendency to rotate
outward around the toe of the wall. The moment resulting from the earth pressure
force (as well as other lateral forces such as surcharge) must be resisted by the
moments resulting from the vertical forces produced by the wall including any
vertical component (P,,) of the earth pressure force. Thus, the factor of safety
with respect to overturning is the resisting moment divided by the overturning
moment as shown in Eq.(1.8). In conventional method, a minimum factor of

safety of 1.5 is taken if the earthquake is not considered and also is considered.

For each block;

Sliding,

For ordinary condition >1.5

For extraordinary condition > 1.2

Overturning,

For ordinary condition >1.5

For extraordinary condition > 1.5
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where, p is coefficient of friction between the bottom of the wall body and the
foundation, F, is resultant vertical force acting on the wall (kN/m), Fy is resultant
horizontal force acting on the wall (kN/m), FS; is factor of safety against sliding.
FS, is factor of safety against overturning, ZMr is the sum of the resisting

moments around the toe of the wall, ZMO is the sum of the overturning moments

around the toe of the wall.

The factor of safety against sliding and the factor of safety against overturning

are calculated for each block.

For Crown Wall

B F 44— E1

Mo= > Er M =>Pr
i=0 0
For Block 1

I\/Io.TotaI = I\/lo.crown"' ZMO

I\/Ir.TotaI = Mr.crown+ z Mr
For Block 2
Mo.TotaI = Ivlo.(crown+BIock 1) + ZMO

I\/Ir.TotaI = Mr.(crown+BIock 1)+ z Mr

4.3 Bearing capacity of the foundation: As with any structure. the bearing
capacity of the soil must be adequate to safely support the structure. The ultimate
bearing capacity of the foundation soil (q,) is calculated using theoretical bearing
capacity methods. The resultant of all forces acting along the base of the wall

from earth pressure and the weight of the wall result in a non-uniform pressure
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below the base of the wall with the greatest pressure below the toe of the base

and the least pressure below the heel of the base.

The maximum and minimum pressure below the base of the wall (B) is:

Omax = (2V/B) (1 +6e/B) (5.0) (1.9)
Omin = (3V/B) (1-6e/B) (6.0) (1.10)
Where e is eccentricity; e = (B/2) - (3 M- YM,)/ YV (1.11)

Eccentricity is an important consideration when proportioning the wall. Consider

the eccentricity (e) in relationship to the minimum pressure (Qmin)-

Substituting for (e);

fe=B/6thengmn=3V/B)(1-6e/B)=0 (1.12)
lfe<B/6thengnm,=3V/B)(1-6e/B)>0 (1.13)
fe>B/6thengmn=(3V/B)(1-6e/B)<0 (1.14)

Eq.(1.12) and Eq.(1.13) give acceptable results since the pressure at the heel is
zero or greater (positive). Thus the entire base lies in contact with the soil. If
Eq.(1.14) were true, then the pressure at the heel is negative indicating the heel
of the base is tending toward lifting off the soil, which is unacceptable. If this
condition occurs, then the wall must be re-proportioned (Weber, Richard P.,
Personal Course Notes, 2000).

A.2 EXAMPLE ON BLOCK TYPE QUAY WALL

Figure A.1 shows the section of block type quay wall
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Figure A.1: Section of block type quay wall

A.2.1 EARTHQUAKE IS NOT CONSIDERED
DATA

1. Structure

Construction Depth 01 -2.00m
Elevation above SWL D] +1.25m
Surcharge : 1 1.50 t/m?
Bollard Force | 5t
Longitudinal length of crown wall 1 10m
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2. Backfill
Unit Weights: a) above GWT vy =1.8t/m?

b) below GWT  ¢' =1.1t/m*® (submerged)
Internal friction angle: ¢=40°
Friction angle between wall and soil: 5=1/3 $=13.33°

3. Friction coefficients

a) crown wall + block pu=0.6

b) block + block p=0.52
c) block + ruble base p=0.52

4. Earth pressure coefficients

Active earth pressure coefficient K, .

K. - cos’(¢ - 0)
cosz(e)cos(6+6){1+\/ sin(¢ +8)sin(¢ —p) }
cos(6 + 0)cos(p —0)
K, cos’(40-0) _=0.202

cos?(0)cos(0 +1 3.33){1 + \/sin(40 +13.33)sin(40 — 0)}

c0s(13.33 +0)cos(0-0)
Horizontal component of active earth pressure coefficient K, ;
Ky, =K, cos8 =K cos(gj

Ah T TYA T YA 3

Kan =0.202c0s13.33 = 0.197
Vertical component of active earth pressure coefficient, K, ;
K, =K, cosd =K, sin(%)

Vertical component of earth pressure is neglected.

5. Vertical Forces

Table A.1 shows vertical forces acting on each block
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P=hby
P, = (0.95)(1.40)(2.30) = 3.059 t/m
P, = (0.30)(1.50)(2.3) + (1.10)(1.50)(1.30) =3.180 t/m
P, = (0.95)(0.30)(1.80) = 0.513 t/m

p,= (0.90)[2.00+1.80j

Ps=(1.25)(0.30)(1.80)+(1.10)(0.30)(1.10)= 1.038 t/m

(1.30) +(0.50)(2.00)(1.30) = 3.523 t/m

Table A.1: Vertical forces acting on each block

Vertical Forces Block
P.=3.059 t/m Crown Wall Pc=3.059 t/m
P,=3.180 t/m
P;=0.513 t/m Block 1 Pg1=6.752 t/m
P,=3.523 t/m
Ps=1.038 t/m Block 2 Pg>, =11.313 t/m
6. Horizontal Forces
e:= surcharge (Kan) = (1.50)(0.197) = 0.296 t/m? h=0
e= vy hK,, +e;=(1.80)(0.95)(0.197)+0.296 = 0.633 t/m?> h=0.95
e; = (1.80)(1.25)(0.197)+0.296 = 0.739 t/m? h=1.25
e, =(1.10)(1.10)(0.197)+0.739 = 0.977 t/m? h=1.25+1.10"
es = (1.10)(2.50)(0.197)+0.739 = 1.281 t/m? h=1.25 + 2.50™

Table 1.2 shows horizontal forces acting on each block
E.= Bollard Force/ Crown Length = 5/10 = 0.5 t/m
Ei=e h =(0.296)(0.95) = 0.281 t/m

E,= (0.633-0.296)(0.95)/2 =0.160 t/m

Eqs= [w](o.so) =0.206 t/m

E,= (0.739)(1.10)=0.813 t/m
Es=(0.977-0.739)(1.10)/2= 0.131 t/m

Ee= (0.977)(1.40)=1.368 t/m
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E,= (1.281-0.977)(1.4)/2= 0.213 t/m

Table A.2: Horizonta

| forces acting on each block

Horizontal Forces Block
E, 0.500 t/m
Es 0.281 t/m
E, 0.160 t/m Crown. E. = 0.941 t/m
E; 0.206 t/m
= 0.813 t/m
Es 0.131 t/m Block 1. Ep=2.091 t/m
Es 1.368 t/m
E; 0.213 t/m Block 2 .Ep= 3.672 t/m

Figure A.2 shows forces acting on block type quay wall. if earthquake is not

considered.
140 0.300.30,
| | — 4
BE g= 150 t/m*
Eo =0.50 «—
0.5 t/m «—{ VWY €1=0.296
Yo
] l & l E1=0.281 «1—
%l o P 4 Ps E2=0.16 < 120,633
- J..e ..o B e\ T
e3 =0.740
2| © E4=0.813 <—
- - P, Es=0.131 <
1 €4=0.979
Ol
S l Ee=1.368 <{—
@ o Ps E+=0.213 <
4 es=1.283
/.
0.20 1.80 e; :Earth Pressures

O: Moments are are take
around points O.

BF : Bollard Force
P; : Weight of the each bl

I
n

E; :Earth Force

Z; : Seismic Force

ock

Eq:Bollard force

Figure A.2: Forces acting on block type quay wall, if earthquake is not

consider

ed (TSS, 1975)
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7. STABILITY COMPUTATION

7.1 CROWN WALL

> Horizontal Force =E, +E; + E;
=0.500+0.281+0.160 = 0.941 t/m

> Vertical Force = P¢=3.059 t/m

2
Overturning Moment = > Er

i=0
=(0.500)(0.95+0.25)+(0.281)(0.95/2)
+(0.160)(0.95/3) = 0.784 tm/m

Resisting Moment = (3.059)(1.40/2-0.20)=1.530 tm/m

FACTOR of SLIDING and OVERTURNING

Fs,=(00)B.099) 4955120 (ok)
0.941
FS.=1230 =1 96 > 1.50 (ok)
0.780
o120 1530-0784 .0 120 o0
2 3.059 3
7.2 BLOCK 1

> Horizontal Force =E; + E; + E5
=0.941+0.206+0.813+0.131=2.091 t/m

> Vertical Force = P¢ + P, +P3= Pg,

= 3.059+3.180+0.513 = 6.752 t/m

5
Overturning Moment = Mo,cmwn+Z:E.ri

I
i-3

= 0.784+(0.941)(1.40)+(0.206)(1.25)+(0.813)(0.55)
+(0.131)(0.367)= 2.854 tm/m

159



3
Resisting Moment = M; ¢;ount ZPiri

i=2
= 1.530 + (3.180)(0.75)+(0.513)0.30/2+1.20)

= 4.607 tm/m

FACTOR of SLIDING and OVERTURNING

_(0.52)(6.752) _

FS=—"2"""21-168>120 (ok)
2.091
F80=ﬂ= 1.61 > 1.50 (ok)
2.854
o150 _4607-2854 0 150 o0 o
2 6.752 3
7.3 BLOCK 2

> Horizontal Force =E,; + E¢ + E-
=2.091+1.368+0.213=3.672 t/m
> Vertical Force = Pg;+P,+P5 = Pg,

=6.752+3.523+1.038=11.313 t/m

7
Overturning Moment = M(,,1+ZEiri

= 2.854+(2.091)(1.40)+(1.368)(0.70)+(0.213)(0.467)

=6.838 tm/m
5

Resisting Moment = M5-1+Zpiri
4

= 4.607+(6.752)(0.20)+ (3.523)(1.03)
+(1.038)(2.00-0.30/2)= 11.506 tm/m

FACTOR of SLIDING and OVERTURNING

_(0.52)(11.313)

FSs
3.672

=1.60>1.20 (ok)
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FSO=11'506 =1.68 > 1.50 (ok)
6.838

o_200 11506-6.838 . 200_, (ok)
2 11.313 3

7.4 FOUNDATION

Check for maximum allowable bearing capacity
e<b/6
e=0.59>b/6 =2'—§0 =0.33

M, -M, _11.506 - 6.838
Vv 11.313

a=0.41 m - Resultant is not within the core!

a= =0.41

Distribution of the pressure is assumed to be triangular.

0417 059" 1.00"
| I |

. 0.67™ | 067" | 067"
[ [ |

0.41M0.41™0.41™
——+—

oas (18.395)2(0.41)(3)

18.395 t/m? A =11.313m?

Assume )"V = area of triangle

V= %qmax3a =11.313 = %(qmax )(3)(0.41) = q,,,, =18.395t/m’

Dense sand bearing capacity = (32.2-64.5) t/m?

Medium dense sand bearing capacity = (10.7 -32.2) t/m?
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Average bearing capacity can be taken as : (32.2+10.7)=21.5 t/m?
Qmax= 18.395 /m?< 21.5t/m? (ok)

A.2.2 EARTHQUAKE IS CONSIDERED
DATA

1. Structure

Construction Depth 11 -2.00m
Elevation above SWL D +1.25m
Surcharge : | 1.50 t/m?
Bollard Force 1| 5t
Longitudinal length of crown wall 1 10m

2. Backfill :

Unit Weights : a) above GWT vy =1.8t/m?
b) below GWT ¢ =1.1t/m*> (submerged)
Internal friction angle: ¢=40°

Friction angle between wall and soil: §=1/3 $=13.33°

3. Friction coefficients

a) crown wall + block pu=10.6

b) block + block p=0.52
c) block + ruble base p=0.52

4. Earthquake Force Coefficients
C=CyKSL ; where C, : Regional earthquake coefficient
K : Structure type coefficient
S : Structure dynamics coefficient
L : Structure priority (importance) coefficient
Take Cp;=0.1. K=1.0.5S=1.0.L=1.0
C=(0.1)(1.0)(1.0)(1.0) =0.1
-Reduce ¢ by 6°; Bollard Force= 2.5 t ( due to the earthquake)

_34°

¢=40°-6°=34° =11.33°
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5. Earth pressure coefficients

Active earth pressure coefficient K, .

K - cos®(¢p—0)
cos?(0)cos(0 + 6){1 + \/ sin(¢ -+ 8)sin(¢ - p) }
cos(d +0)cos(p —0)
K, - cos”(34 - 0) -0.262

sin(34 +11.33)sin(34—0) |
cos(11.33 +0)cos(0-0)

cos?(0)cos(0 +11 .33){1 +\/

Horizontal component of active earth pressure coefficient, K,,; K,, =K, cosd
Kan =0.262c0s11.33 = 0.257

Vertical component of active earth pressure coefficient, K, ;
K, =K, cosd

Vertical component of earth pressure is neglected.

6. Vertical Forces (Table A.3)

P=hby

(0.95)(1.40)(2.30) = 3.059 t/m

(0.30)(1.80)(2.3) + (1.10)(1.80)(1.30) =3.816 t/m
(0.95)(0.60)(1.80) = 1.026 t/m

(2 40+2. 20)

P,= (0.90) (1.30) +(0.50)(2.40)(1.30) = 4.251 t/m
5=(1.25)(0.40)(1.80)+(1.10)(0.40)(1.10)= 1.384 t/m

Table A.3: Vertical forces acting on each block

Vertical Forces Block
P,=3.059 t/m Crown Wall Pc=3.059 t/m
P,=3.816 t/m
P3=1.026 t/m Block 1 Pgq = 7.901 t/m
P4=4.251 t/m
Ps=1.384 t/m Block 2 Pg2 = 13.536 t/m
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7. Horizontal Forces (Table A.4)

e:= surcharge (Kan) = (1.50)(0.257) = 0.386 t/m? h=0
&= v hK,, +e;=(1.80)(0.95)(0.257)+0.386 = 0.825 t/m> h=0.95

e; = (1.80)(1.25)(0.257)+0.866 = 0.964 t/m’ h=1.25
e, = (1.10)(1.10)(0.257)+0.964 = 1.275 t/m? h=1.25 + 1.10"
es = (1.10)(2.50)(0.257)+0.964 = 1.671 t/m? h=1.25 + 2.50™

E,= Bollard Force/ Crown Length = 2.5/10 = 0.25 t/m
Ei=e h =(0.386)(0.95) = 0.367 t/m

E,= (0.826-0.386)(0.95)/2 =0.209 t/m
_ (0.964 + 0.825]
Ey= | o T 2040

E,= (0.964)(1.10)=1.060 t/m
Es=(1.275-0.964)(1.10)/2= 0.171 t/m
Ee= (1.275)(1.40)=1.785 t/m
E,= (1.671-1.275)(1.4)/2= 0.277 t/m

(0.30) = 0.268 t/m

Table A.4: Horizontal forces acting on each block

Horizontal Forces Block

E, 0.250 t/m

E. 0.367 t/m

E, 0.209 t/m Crown, E¢c = 0.826 t/m
E; 0.268 t/m

E4 1.060 t/m

Es 0.171 t/m Block 1, Ep=2.325 t/m
Ee 1.785 t/m

E; 0.277 t/m Block 2, Ep,= 4.387 t/m
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8. Earthquake Forces

Earth Forces:

P' =(0.95)(0.60 + 0.40)(1.8) =1.710 t/m
P" =(0.30)(0.40)(1.8)=0.216 t/m

P, =(1.10)(0.40)(1.1) = 0.484 t/m

Earthquake Forces:

Z,=C(P,+P") = Z,=(0.10)(3.059+1.710) = 0.477 t/m

Z,=C (P” +P") = Z,=(0.10)((0.30)(1.80)(2.3) + 0.216)) = 0.146 t/m
Z,=C (P +P") = Z,=(0.10)((1.10)(1.80)(1.3) + 0.484)) = 0.306 t/m
Z,=C(P,) = Z,=(0.10)(4.251)=0.425 t/m

9. Total Horizontal Forces

Table A.5 shows total horizontal forces acting on blocks

Table A.5: Total horizontal forces acting on blocks

Earth Force (t/m) Z (t/m) > Horizontal Force

E,=0.250 - Ho=0.250

E.=0.367 Z,=0.477 H,=0.844

E,=0.209 H,=0.209 2 crown wai=1.303 t/m
E;=0.268 Z,=0.146 H;=0.414

E,=1.060 Z5=0.306 H,=1.366

Es=0.171 Hs=0.171 Y block 1=3.254 t/m
Es=1.785 Z,=0.425 He=2.210

E,=0.277 H,=0.277 2 block 2=9.741 t/m

Figure A.3 shows forces acting on block type quay wall. if earthquake is

considered.
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1.40 0.30,0.30 ,
BE | —+—a= 150 t/m*
Eo =0.25 «—
__ 05Um<—X €1=0.386
§ i é l E1=0.844 €——
P1 P = P
1 g 4 i Py E2=0.209 < €,=0.825
b A = A O I Es=0.414 <1— 4
5 i e; =0.964
Q - E4=1.366 €—
- -~ P, Es=0.171 <
L : €4=1.275
3]
S l E6=2.210 ¢—
@ o Ps E,=0.277 <
4 e5=1.671
/. (
.20 1.80 e; :Earth Pressures

[ |

L ! E; :Earth Force

O: Moments are are taken o
around points O Z; : Seismic Force

BF : Bollard Force Eo:Bollard Force
Pi : Weight of the each block

Figure A.3: Forces acting on block type quay wall. if earthquake is considered.

10. STABILITY COMPUTATION
10.1 CROWN WALL
> Horizontal Force = 3 .ounwai = Ho + H1 + H,
= 0.250+0.844+0.209 = 1.303 t/m

> Vertical Force = P¢ =P;=3.059 t/m

2
Overturning Moment =M. = > Hr,

=(0.250)(0.95+0.25)+(0.844)(0.95/2)

+(0.209)(0.95/3) = 0.767 tm/m
1

Resisting Moment = M= ) Pr,
i1

=(3.059)(1.40/2-0.20)=1.530 tm/m
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FACTOR of SLIDING and OVERTURNING

Fs,={08)3.099) 4 445420 (ok)
1.303

FSe=1220 _ 499 150 (ok)
0.767

_1.20 1.530-0.767 _ 035 < 1.20 _ 040  (ok)
2 3.059 3

10.2 BLOCK 1
> Horizontal Force = 3 piock 1 =2 crown wan TH3z + Hg + Hs

= 1.303+0.414+1.366+0.171=3.254 t/m
> Vertical Force = Pgy = P+P,+P;

=3.059+3.816+1.026= 7.901 t/m

5
Overturning Moment = Mo = Mo+ (3 crown wa )+ D HF
i=3

= 0.767+(1.303)(1.40)+((0.414)(1.25)

+(1.366)(0.55)+(0.171)(1.10/3) = 3.923 tm/m

3
Resisting Moment = M, = C+Z i
i=2

=1.530+(3.816)(1.80/2)+(1.026)(0.60/2+1.20)
= 6.503 tm/m

FACTOR of SLIDING and OVERTURNING

(0.52)(7.901)

FSe= =1.26 >1.20 (ok)
3.254
F$,=2203 _ 166 >1.50 (ok)
3.923
1.80 6.503-3.923 1.80

- =057 <——=0.60 (ok)
2 7.901 3
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10.3 BLOCK 2
> Horizontal Force = 3 ok 2 = biockt THe + H7

= 3.254+ 2.210+0.277=5.741 t/m
> Vertical Force = Pg; = Pg+P4+P;

=7.901+4.251+1.384= 13.536 t/m

Overturning Moment = Mg, = Mo1+(D piocks h)+ ) Hir,

7
i=6
= 3.923+(3.254)(1.40)+(2.210)(1.40/2)

+(0.277)(1.40/3) = 10.155 tm/m
3 5

Resisting Moment = M, = M+ > (P,)(0,20)+ > _Pr,
i=1 i=4

= 6.503+(7.901)(0.20)+(4.251)(1.23)
+(1.384)(2.20)=16.356 tm/m

There is 0.20m difference between the moment points’ of block1 and
block2 !!

FACTOR of SLIDING and OVERTURNING

(0.52)(13.536)

FSe=
5.741

=123 >1.20 (ok)

_16.356

FSo=
10.155

=1.61 >1.50 (ok)

o240 1635610155 .\ 240 000 (o
2 13.536 3

10.4 FOUNDATION BEARING CAPACITY

e=0.74 >b/6 = 2'—g’o=0.4

M, -M, 16.356 —10.155

=0.46
\ 13.536

a=
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a=0.46 m - Resultant is outside the core!

046" 074" 1.20"

| | |

. 0.80™ , 0.80" , 0.80"
| ] |

| 0.46”|1 0.46mI 0.46mI
| 1 ! |

19.617 t/m? Area = =13.536m?

(19.167)(0.46)(3)
2

Assume ZV = area of triangle

V= %qmax3a — 13.536 = %(qmax )(3)(0.46) = q,,,, =19.617t/m?

Medium dense sand bearing capacity = (10.7 -32.2) t/m?

Average bearing capacity can be taken as : (32.2+10.7)=21.5 t/m?

Qmax= 19.617 Um?< 21,5 t/m*  (ok)
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APPENDIX B

CONVENTIONAL METHOD, 1997

B.1. FORCES

1. Active Earth Pressure

Coulomb Theorem:

K, - cos’ (¢ —0) 2.1)

cos?(0)cos(0 + 6){1 + \/ sin(¢ +3)sin(¢ )
cos(d+ 0)cos(B—6)

where K , is active earth pressure coefficient, P 5 is active earth pressure, 0 is
angle between the back of the retaining wall and the vertical plane, 3§ is friction
angle between wall and soil, p is inclined angle with the horizontal, ¢ internal

friction angle.

> If the earthquake is considered Kxe value should be calculated by using
the Mononobe Okabe Method.

2. Active Dynamic Earth Pressure
Mononobe-Okabe Method:

_ (1-k,)cos*(¢-0-v) (2.2)

cos y cos?(0)cos(0 + 5 + \V){] +\/ sin(¢ +8)sin(¢ - —v)

KAE

cos(d+ 0+ wy)cos(p—106)

where Kxe is the dynamic active earth pressure coefficient, Pae is the total active

thrust (kN/m), v is the unit weight of soil (kN/m?), ¢ is the internal friction angle of

soil (deg), 0 is the angle between the back of the retaining wall and the vertical

plane (deg), v is the seismic inertia angle, 5 is the friction angle between wall

and soil, k, is the vertical seismic coefficient and H is the height of the structure.
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» Seismic angle (v ) is necessary in order to calculate Kae. And to find the

y value, horizontal earthquake coefficient (k) should be evaluated.

k
=arctan h for dry soil 2.3
\ { A2k, )} ry (2.3)
Ys Ky :
y = arctan| =———| for saturated soil (2.4)
vq (1£K,)

Horizontal earthquake coefficient (ky);

k, =0,2(1+ 1)A, (2.5)
where, | is structure importance coefficient, A, is effective ground acceleration
coefficient

k,=2/3 k, (2.6)

ky =0 ( Too small)

So, two different Kae values are available, one of them is for dry soil and the other

one is for saturated soil. These two Kz values are utilized to compute two

different K4 values for dry and saturated soil.

Kd1= KAE1-KA ( for dry SO") (27)
Ka2= Kag2-Ka ( for saturated soil) (2.8)

where Ky is dynamic active pressure coefficient

3. Horizontal Loads
Static earth thrust is calculated using the K, value.
» Additional dynamic active earth pressure and earth thrust is computed
using the Eq.(2.9) and Eq.(2.10)

P.4(z) = 3K, (1-z/H)p,(2) (2.9)
Pag=0,57 KgH’ (2.10)
Zeg=H/2 (2.11)
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If the soil is dry and uniform, p,(z)=vyz
If the soil under the water , p,(z)=y, z

If the soil is saturated , p(z)=y, z

Pa¢(z) is the exchange function of dynamic active pressure due to the weight of
the soil, P,q4 is the dynamic active force due to the weight of the soil, y is the unit

weight of dry soil, vy, is the unit weight of soil under the water and v, is the unit

weight of saturated soil.

» Additional exchange of dynamic active pressure due to the uniform
surcharge load throughout the height of the structure and dynamic active

force are computed using the Eq.(2.12) and Eq.(2.13)

0,4(z) =29,K,(1-z/H)cosB/cos(6 - ) (2.12)
Q,, =9q,K,Hcos0/cos(6-p) (2.13)
Zeq=H/3 (2.14)

Jad(Z) : Exchange function of dynamic active pressure due to the uniform
surcharge load throughout the height of the structure
Qaq : Dynamic active force due to the uniform surcharge load

4. Vertical Forces
The weight of the blocks and soils are taken as vertical loads. During these

calculations buoyancy force is taken into consideration.

5. Stability Computation
In stability calculations of gravity type quay wall, the following items should be

examined,;
According to TSS, 1997 the factor of safety against sliding and overturning for

normal condition are taken as;
FS=1.5, FS,= 1.5
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According to TSS, 1997, the factor of safety against sliding and overturning for
seismic condition are taken as;
FS;=1.0, FS,=1.0
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