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FI5 ST"I'N‘IMNAL CARIBBEAN WAVES: RISK EVALUATION OF
NATURAL HAZARDS IN THE CARIBBEAN
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N TRODU 0]\ T —————————

r'_.' B SeISmic design code is being enforced in Turkey,
3 ,F;_.- effective September 1, 2008,
. or transportation structures off|C|aIIy administered by

e

— "'t i Ministry of Transportatlon

= — —-

= = "The aim of this contribution is to describe the main aspects of the
‘—— ~ RHA Seismic Code with special emphasis given to port structures.

Jhe most important aspect of the code rests on its main approach incorporating
performance-based design.

In view of a very limited number of seismic codes available for port structures,
the new Turkish Seismic Code is expected to attract a special attention with its
modern approach.




SIAARRPROACHPEREORNMANCE — BASED DESIGN

i -_ pasic design philosophy behind the code is the
' performance-based design.

A S

AS j posed to traditionally used prescriptive strength-based
dpproa c’ ), pérformance based design rests on an explicit deformation-
= 2 e‘d'approach where damage is quantified in terms of inelastic
,;_ﬂ mation demand quantities on element level under specified multi-
: level earthquakes.

— -

Such ductile demand quantities are then evaluated against prescribed
deformation capacities for selected performance objectives
under each earthquake level.

In the mean time internal force quantities corresponding to brittle behavior
modes are ensured not to exceed the specified strength capacities.
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PERFORMANCE — BASED DESIGN PARAYIETERS

As in any performance-based design code,
Jr\h ode for port structures starts with the definition of the following
;;f‘ performance-based design parameters:

il aI classes associated with the usage, expected performance and

;.-— 2

:?To) Se_lsmlc performance levels associated with expected damage levels,
(T): Eaﬁhquake levels associated with frequent, rare and very rare earthquakes,

(d) Seismic performance objectives under different earthquake levels.
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NATURAL HAZARDS IN THE CARIBBEAN . -
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e STRue!FURAL CLASSES

SPECIAL STRUCTURES | :
Ires 1 6 be used for rapid response and evacuation immediately after

N b
=

*in ‘eswhere the loss of life and property must be avoided,
[ctures of economic and social significance,
S=koRd -g,ctures withidifficult and time-consuming post-earthquake repair and
—’a‘-rétroflt needs,

.—";

(@) Lesé important structures other than those classified in Special and
Nominal Structures,
(b) Structures other than those classified as Unimportant Structures.

(a) Easily replaceable structures,
(b) Structures not causing life safety risk even extensively damaged,
(c) Temporary structures.




O EIRSTFINTERNASIONAL CARIBBEANWAVES: RISK EVALUATION GFS

NATURAL HAZARDS IN THE CARIBBEAN

P SEISMICP RVANCE LEVEIS
MINIMUM DAMAGE (MD) PERFORMANCE LEVEL

corrasposcs i Blstate where nojor a very limited damage occurs in port
SIIICIUNES an dlor in their elements. In this case, port operation continues
'JIJJIJE&J‘J‘IJI)F ~or if-any, service interruptions are limited to few days.

CONTROL LE

c JJ‘!‘;‘JC n s to a state where non-extensive, repairable damage occurs in

JJJJ;K etures and/or in their elements. In this case, short-term (few weeks
f' = ;._mg‘_fths) interruptions in related port operations may be expected.

-corresponds to a state where extensive damage occurs in port structures
and/or in their elements. In this case, long-term interruptions or even
closures in related port operations may be expected.

corresponds to the collapse state in port structures and/or in their elements.
Related port operation is terminated.
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NATURAL HAZARDS IN'THE CARIBBEAN = -
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EARTHQUAKELEVELS

artnauaKe DYE

IEPIESENILS Iatively frequent but low-intensity earthquake ground motions
WiiERnghiprobability toioccur during the service life of port structures. The

Orooa ol Jrﬁ sexceedance of (E1) level earthquake in 50 years is 50%, which
C J!’!’.—)Jr)‘)ﬁfﬂ Heyareturn period of 72 years.

-3s —— 1

g P —
-

=—=—T6 ents the infrequent and high-intensity earthquake ground motions
ﬂl‘ ratlow: probability to occur during the service life of port structures. The

“"‘To?ﬂbablllty of-:exceedance of (E2) level earthquake in 50 years is 10%, which
- S coyrespondsito.aireturn period of 475 years.

represents the highest intensity, very infrequent earthquake ground motions
that port structures within the scope of the code may be subjected to. The
probability of exceedance of (E3) level earthquake in 50 years is 2%, which
corresponds to a return period of 2475 years.
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(E1) (=), (=),
Earthquake Earthquake Earthquake
Level Level Level

'Structure
__-‘Class
Spec:al — MD CD
"Nominal MD CD (ED)*
CD (ED)* —
Unimportant (ED)* (CS)* —

* Implied objectives not requiring design verification.
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ANALYSIS AND DESIGN PROCEDURES

-

I

_)—‘JIJJ 2P, rformance based code, the new seismic code for port structures
= mainly rests on a

deformation-based design (DBD) approach
SWiichirequires the implementation of nonlinear seismic analysis procedures.

S

e

: ":::Hpowever linear analysis procedures within the framework of traditional
== = strength-based design (SBD)
aré also allowed for the verification of Minimum Damage (MD) Performance
Objective where structural behavior is at or near the elastic limits.
Linear procedures are further allowed for the verification of Controlled Damage
(CD) Performance Objective with relatively conservative design parameters
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APPLOICHAS

(E1) (E2) (E3)
Earthquake Earthquake Earthquake
Level Level Level

SBD / DBD

SBD / DBD
Simple

Unimportant
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INTRODUCTION New Turkish Code for Coastal and Port Structures

A seismic design code has been published in the Official Gazette of Contents: R
Turkish Republic 18 August 2007 which will be applicable 1-Earthquake code for coastal and port structures
urkish Republic on 18 August 2007 which will be applicable 105 551 and Port Structure Design Code
transportation structures administered by the General Directorate for 3-Geotechnical Code
Construction of Railways. Harbors and Airports (RHA) of Ministry of 4-Material, Construction, Control and Maintanence Code

Transportation. The important aspect of the code rests on its main 2 ooh | .

approach incorporating “performance-based design™ (PIANC, 1997).
CLASSIFICATION OF PORT STRUCTURES
First,
anticipated seismic performar

port structures have been classified with respect to their

¢. usage and functional importance
leading to classes of “special”, “nominal”, “simple” and"S
“unimportant™ structures.
PERFORMANCE LEVELS
Standard performance levels for port structures have been specified in
terms of different damage levels:
a) Minimum Damage (MD) Level
b) Controlled Damage (CD) Level
¢) Extensive Damage (ED) Level
d) Collapse State (CS)

SEISMIC GROUND MOTION LEVELS DESIGN METHODS

Three levels of design carthquakes E1. E2 and E3 have been specified Tywo different design methods have been specified. namely, Strength-Based Design
with return periods of 72. 475 and 2475 years, corresponding to 50%. (SBD) Method and Deformation-Based Design (DBD) Method. As an example,
10% and 2% probability of exceedance in 50 years, respectively. Table 2 shows the use of such methods in

Spectral accelerations at 0.2 second and 1.0 second have been given piled pier and wharf structures.

for all coastal regions in the country.

MINIMUM PERFORMANCE OBJECTIVES Strength-Based Design (SBD) Method based on linear analysis with reduced
Minimum performance objectives are specified for cach class of seismic loads is generally employed to verify the Minimum Damage (MD)
structure under different carthquake levels as shown in Table 1. performance objective. As an example. Seismic Load Reduction Factors (R) are
given in Table 3 for piled pier and wharf structures.

Table 1. Minimum performance objectives Deformation-Based Design (DBD) Method based on nonlinear analysis is

Sructure Class (E1) (E2) (E3) N N - o .
Earthanal Earth f Earthqual essentially used in “nominal™ and “special™ structures to verify the Controlled
Level Level Level Damage (CD) performance objective. Recommended nonlinear analysis
Special - MD D procedures include response-history analysis in time domain as well as single-
Nominal MD CcD ED* mode and multi-mode pushover analyses. In piled structures. soil is modeled
Simple D ED* = with nonlinear p-y, t-z and P-Z springs. Inclastic deformantion demands obtained
Unimpor ED* Cs* R from nonlinear analysis are verified against the corresponding capacities defined
S e et ot et v R on for various performance objectives. Strain capacities are given in Table 4 for pile
ied obiectives™ not reauirine verificatic
Table 1. Use of Design Methods objectives sections.
Sructure Class (E1) (E2) (E3)
Earthqual Earthquak Earthqualk REFERENCE
Level Level Level PIANC(1997). Seismic Design Guidelines for Port Structures. A.A.Balkema
Special - SBD/DBD DBD Publishers.
Nominal SBD DBD -
. . Table 4. Strain capacities for piles
Simple SBD Strain Performance Level
Unimpor - - - MD Ccp?
Table 3. Seismic Load Reduction Factors Conc. Strain in RC Piles 0.004 0.020/008
. Rebar Strain in RC Piles 0.010 0.040/0.016
File Arrangement Ferformance L evel PS Strain in RC Piles 0008 0.0400.016

7 : M.D Strain in Steel Piles 0.008 0.030/0.012
Vertical Piles 1.5 25 Ay s 2
Strain increment due to earthquake
Batter Piles 1.0 1.5 2

“Figures on right for underground structures
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eparatercontracts

SRIENSE5PIONUS Crossing (BC1H

1 ersed Tiube Tunnell underthe Besphorus
e RIURREISIUNCER HE CI CHIIOLRISICES -
- 4 EV/ESTALIONS KaZlIGESITE, Yenikapl, Sikkeci and Usku°d—aF)_

T Je pgradlng of the; Commuter Rail (CR1)

BEASHIrG track (for IC and freight) on surface and full upgrading of
SexIstingr tracksand Stations

f e Sidnaling, Communication, Fare collection, Operations Control
"_j - Centre etc.

“New Rolling Stock (CR2)

== 4 number of 10 car trains
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Km 40+179 BOSTANCI
Legend Kma1+411 Xy, KUGUKYALI
E Stations Kma2+824
Kma4+124
Transfer Stations

Underground Stations

m000

Tunnel 2 Tracks

AtGrade 3 tracks

- 40 Station

- 7 Transfer station for intercity trains

Marmaray Project

Km 76+530
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r PERSENETtS e the Project

> The P eject wills
BNGicate long-term solution to transportation problems of
~rnbul

=NNEVE a capacity of 75.000 passengers per hour per
- direction

= ?-- ‘Reduce impacts of Car Traffic in the old City

[ -
L —
— ”

e “Reduce congestion on the existing bridges
~ — Connect the Railway from Europe to Asia and visa versa
— Decrease pollution in Istanbul, decrease CO, release

— Decrease travel time for more than 1 million people every
day
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NiGhmentand. Traveldime.

Immersed Tunnel, _ Z .
55 meters depth, - : [ : § 4 2 ¢
World record! | H
e ftké“::: el f%'s_;..'______.-. / -— ~28 dk —-—~16 dk——— ~61 dk —
B e s s ~ 105 dk
= Travel Time

55 minutes
shorter

JERSANE

EEEEEEEEE

Travel time between Gebze & Halkali will be 55 min shorter.

The travel time between Uskiidar and Sirkeci will only be 4 minutes.
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~— Materials
=\Workmanship

® “Balanced” requirements, room for
Variations




MErmarey Project

jetel Costs, Full.Project» "
- NEStRate . —

1 pic Million US$

~1Bo phorus Crossing and CR1 Civil 1.100

'.‘""l Commuter Rail, Rolling St. and 1.500
[E&M

Grand Total, approximately 2.600
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IHIENBBSphonus,Crossing(BET)
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B The Contractor
SNcisel Corporation, Lead Partner, Japan
BNeoma, Turkey

-
'——

”ﬁ‘?ﬁhrol [nsaat, Turkey

-

Contract Price: 823 million USD
Commencement date: 27th August 2004
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Year 1860 Engineer S.Preault Sarayburnu - Uskiidar




A dream of

150 years

Uskiidar

Sarayburnu

Year 2004
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SDEEPESt Immersed fiunnel

BHEaVY Seal Traffic Area
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~ o Stratified Currents up to 5 knots
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¢ Earthguake Zone




* The Bosphorus Strait is a pathway between
Marmara and Black seas.

Its width varies between 0.7 and 3.5 km with
ge value of 1.3 km at the surface.

depth varies in the range of 30 and 100 m.

.

European Side \3
of Istanbul




.
OW in Bosphorus Strait is j,strongjgu
ratlfled two-layer system

10V s
'from the Black Sea to the Sea of
nara; and

(2 a Iower-level current that flows north

».o

: -',_«rém the Sea of Marmara to the Black
=1-%

* The stratified current is controlled by
mainly two reasons which are density
and water depth differences.




* The Bosphorus Strait

ignificant
: -_'ons in width

a Y a

A NN O

-

D sills located near
hie both entrance
—regions.
"The sills inlfuences
~the flow

characteristics within

"“;

— .

;——

the Bosphorus.




TBM Immerse Tube Tunnel 1,387m

TBM

Temporary Jetty

Access Shaft \ _

IR

Immerse tube tunnel 1,387m
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Sical Cross-section of IMT |
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BATIRMA TUP TUNEL TIPIK KESITI

Lengths ;
El~E2 ;L =98.5m. E3;L=110 m.
E4~E11; L = 135 m.
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Lozids
Deazel znlel Hiva Eezlels
iEinNeaEN(UIEEST950)
piaiostaticiloads
Curre Jefiiect
Grol d ['ea@s

—J ferential Settlement
— 'emperature Effects
EXxplosioni L.oad
Train Derailment Load
FFalling and Dragging Anchors
Sunken Ship Effect
Seismic Loads.




SeismiciDes|gRpPerformance Reguirements for
SESPIENIS CroSSIng

DESIgNIBEsSiSs Earthquake™
WemeERisMagnitices:
Myw=7.5

PEioIInance Criteria ;
SN eRRISketo) Life Safety.
ViU Risk of Losing
B Unctionality (normal
& OpEeration can be quickly
—  — resumed)
— Minoer and Easily Repairable | oo
Damage to Structural
Elements

— Minimum inelastic
Deformations

— Immersed Tunnel and Joints N O N
Remain Watertight Period (¢

NEHRP Spectra for Ss=0.74 & S1=0.40

Spectral Acc. (g)
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49 Boreholes are drilled in the strait in 3 campaigns
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Top edge of skeleton/ i {CH5 (1
Bottom edge of skelelon/v B

Area of improve by

replacement method

Rep lacement methog

CPG method ( L=470m )

—-—

Reéplacement |ratio : 13 3¢

Asian Side

Potentially liquefiable Area
to be improved by

Compaction Grouting

Treatment area: 471 x 20.5 m1

Depth: 4 - 10 m

under tunnel










BACK FILL THICKNESS IS UNDER 4m

TUNNEL ARMOUR PROTECTION
ARMOUR PROTECTION / LAYER

ANCHOR RELEASE BAND

[=0=E=0=E=0=E=0=E=0=E=0=0=0=0=0=)g

A : hdhdhdhdhdhdhdhdhdhd] >

o o
0,0

N s SELECTED LOCKING FILL
FOUNDATION /

GENERAL BACKFILL

BACK FILL THICKNESS IS OVER 4m

GENERAL BACKFILL

SELECTED LOCKING FILL

FOUNDATION

Contaminated soil: 120.000 m3 Clean soil: 1.000.000 m3

Stone backfill: 130.000 m3 Soil backfill: 800.000 m3



e .

EeniinEd Disposal*facility:




iMimersed tunnel -

Arrangement Plan of Outfitting for Element-11

Survey Tower

For F11
Prot ectig)r? rConchtIQ

S T Water Proof )
(FL(;II.‘VEe%,l O%Yyﬁ;:r Sheet Pulling Jack
o Vertical Jack
Access Shaft Lifting Lug

:A Bollard i ‘ Direction Comection Jack
- Sleeve Pipe .| Frame Concrete
: Water Proof Membrane
/‘g ————§ Cathodic Protect Ballast Tank
| — » y 5 thodic Protection 6.4m
s . »;: :__ ‘}.‘ﬁz; 7
3.9m R
Direction Conmection Jack | ke—=——1 v
Bulkhead ity

Typical Dimensions 135m x 15.5m x 8.6m, Weight = 19,000-20,000 ton
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Elemanlarin yuzdirilerek Bogaza gotiiriilmesiy
Location of Go / No Go Decision for Immersion

Immersion _Location

Before enter the Ship way
Go / No go decision by forecast at 0:00

Final Decision Location
~ | First Decision
| Using forecast at 12:00
Second Decision
Before sail

P |
E e
ey

Using measuring current in
Immersion Water at 18:00

% o Decision Location before

Towing
\\

Final Outfitting Location

% AT Y
0\." Manufacturing Area E« \
b - it
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ot
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Route of Towing fho
ELement(1 0. 8km)
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& Management in the Bosphorus
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Gantry .
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— ’ \ Jetty
EL+3.50 - | \
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Figure 2.2 — Side Elevation of Jetty and AS Arrangement
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Yenikapi
istasyonu Sirkeci istasyonu

Uskiidar istasyonu Ayrilik Cesme
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TBMARS (SIURRNATYPE, AYRILIKCESME-USKUDAR)
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51V

2250.0
PROPULSION
STROKE

150.4
CLEARANCE

101.6
ALLOWANCE

@7680.0

@7040.0

229 FOR 300 M CURVE

70

MAX. SEGMENT (57.6°) = 3391 kg.
KEY SEGMENT = 998 kg.
RING WEIGHT = 24942 kg.
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Potansiyel Dizayn,
Y enikapi Transfer Istasyonu




PArea — Archgeological Excavation
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The Maiden's Tower
in the Istanbul Strait




