Prof. Or. M. A. Shama Faculty of Engineering, Alexandria University, Egypt, 2005

diall g 4Bl Jlae B (1994-2005) - 5 sdiall Sa)

Aald Ul Lo daaa ) giSal) AL

Published Papers (1994-2005)

on Energy and Environmental Protection

by Prof. Dr. M. A. Shama

1- “A Projection on the Future Demands and Capability of Offshore Technology” A.M.R.J.

(Eqypt-1976), Shama, M. A.,. (100%)
2- “A General Outlook to Offshore Technology”, Egyptian Society of Marine Engineers and
Shiphuilders, Forth seminar, Alexandria, April, (Eqypt-1983). Shama. M. A., (100%)

3- “Costs of C02 Abatement in Egypt Using Both Bottom-Up and Top-Down Appr”, Energy
Policy, (USA-1994)Yehia El Mahgary, A. F. Ilbrahim, M. A. F. Shama, A. Hassan, M. A. H. Rifai, M.
Selim, I. Abdel Gelil, H. Kokor, Anhar Hegazi, A. Amin, F. Bedewi and Juha Forsstrom, (8%)
4- “Estimation of GHG Emissions in Egypt Up to the year 2020”, World Resource Review, Vol. 6,
No. 8, (USA-1994), Yehia El Mahgary, VTT-Energy, A. |. Abdel-Fattah, M. A. Shama, Alexandria,
Faculty of Eng., M. Selim, |. Abdel Gelil, Anhar Hegazi, NREA, Egypt, M. A. Rifai, Azhar

University, A. Amin, F. Bedewi EEA, Egypt, and J. Forsstrom, (11%)
5- “Technical Evaluation of Transport- Related GHG Abatement Techniques”, AEJ, April.
(Eaypt-1995), Shama, M. A., and Hassan, A. (50%)
6- “Ship Casualties Types, Causes and Environmental Impacts”, AEJ, April.

(Eqypt-1995), Shama, M. A. (100%)
7- “Ship Structural Failures: Types Causes and Environmental Iimpact”, AEJ, July. (Eqypt-1995)
Shama, M. A, (100%)

8- "GHG Emissions Inventory for Egypt and Emission Mitigation Options”,VTT, Energy, (Filand-
1995), Yehia El Mahgary, VTT-Energy, Finland, M. A. Shama, A. F. Ibrahim and A. Hassan, Alex.
University, Egypt, M. A. Rifai, Azhar University, Egypt, |. Abdel Gelil, M. Selim and H. Kokor,
ECPO, Egypt, Anhar Hegazi, NREA, Egypt, A. Amin, F. Bedewi EEAA, Egypt, and Juha

Forsstrom, VTT-ENERGY,Finland, (8%)
9- “The problem of corrosion of ship structures”, MARINES 96, Second Conference, Cairo,
October, (Egypt-1996), Shama, M. A., (100%)
10- “Impact on Marine Environment of Ship Structural Failures and Casualties”, AEJ, Jan.,
(Eqypt-1997), Shama, M. A., (100%)
11- “Energy and Env. in Eng. Education”, AEJ, Vol.36. (Eqypt-1997), Shama, M. A. (100%)

12- “Energy and Environment Dimension in Ship Manufacturing Processes”, PRAD’s 2001,
Sept., 8" Int. Conf. on Practical Design of Ships and other Floating Structures, (China-2001).

Shama, M. A., (100%)
13- “Life Cycle Assessment of Ships”, Alexandria Engineering Journal, AEJ, (Eqypt-2004)
Shama, M.A. (100%)
14- “Life Cycle Assessment of Ships”, IMAM 05, Sept. International Maritime Association of
Mediterranean Sea, (Portugal-2005), Shama, M. A. (100%)

15- “Environmental Dimension in the Ship’s Life Cycle”, MARDACON 9, December, Int.
Con. “Towards a Cleaner and Safer Maritime Context”, (Egypt-2005), Shama, M. A.  (100%)



SOCIETY OF MARINE ENGINEERS & -SHIPBUILDERS

o

Fourth Symposium

on

Offshore Industry

VIAT ol VA Gl el

E URRC. o8 PR PY R PR BT, Somaily Ul Lol sl 50 o sl i,
FERRET, G ' S

AY/YEY ri)c_..-n:o).,..:..n_a_‘).xﬁ..f Y EA Y o e o A AYT = .4 et _ aill ”’J‘J‘.
2,El borsa Str- Manshia - TEL: 809973 - P,0,.B. 2448Alex.Req.743/81



A GENERAL CUTLOOK TO OFFSHORE TECHNOLOGY
By

M.A. Shama, Ph.D.
Professor of Naval Architecture
Alexandria University

INTRODUCTION

Offshore technology comprises the engineering efforts
required to s .pport the exploration, exploitation, pro-
duction, transportation and storace of offshore resourcee.
The execution of these efforts requires a thorough stuydy
of all environmental facto¥rs. the aevelopment of engineer-
ing products, construction of various types of fixed and
mobile structire, development of several systems and
services, development of underwater technologv and last
but not least de.elopment of an educational and training

system.,

This paper 1is intended specially to throw some light on
the broad spectrum of offshore engineering and technology
and to stress the 1mportance of education and training in

this fie~ld,.

FIELDS REQUIRING OFFSHORE TECHNOLOGY

The broad demands of offshore tpchnology"comes from:

1- Exploitation of offshore resources:

- 0il and gas

- Animal population

- Plant population

- Minerals

- Dissolved metals and salts
- Energy
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2~ Coast:z1l protection

3- Design of ports #nd harbours
4~ Control of pollution
5= Coastal transportation

The achievement of these demands requires the development
of underwater technology, the design, construction and opera-
tion of several types of fixed/mobile offshore platforms.
These structures should be designed to operate safely and

economically in the hostile offshore environment.,

THE OFFSHORE ENVIRONMENT

The offshore environment relevant to the design, con-
struction and operation of fixed/mobile offshore structures

could be divided intQ:

- Physical and chem:-al ocechography

- seawvater properties: temperature, density, salinity,
chemical composition, sSound and light propagation,

marine life, marine fouling, corrosive action, etc.

- Geological oceanvgraphy
The gecotechniral properties of the seabed include:
- Marine sediments and deposits (manganese nodules,

hot brine, etc.)

- Meteorological oceanography

- Winds
- Waves
Currents

- Tides

Winds and waves represent the major factors affecting
motions of and loads on fixed and mobile platforms - sce
fig. (1)& (2). Because of their stochastic nature, they
can only be described statistically. However, waves could

be related to wind velocity, duration and length of fetch.
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For any particular offshore area, the wave system could
be represented mathematically by a wave spectrum, which
could be derived from data obtained from measurements of
wave heights, velocities, accelerations, periods, etc.,

using wave recorders.

The collecticn of reliable wave data on offshcre wave

systems 1s required for:

1- Study of the dynamic Sehaviour of fixed and mobile

structures.
2~ Calculation of wave forces on fixed/mnbile structures.

3- Prediction of short and long term wave characteristics.

Surge and astronomical tides have significant influences
on the design of fixed and jack-up platforms, particularly

in shallow offshore areas.

Studies of light penetration are of increasing 1importance
in view of the greater use being made of divers to make ob-
servations, take photographs or carry out maintenance and

repair operations.

Inprovements of sonar systems are needed for the accurate
location and examination of underwater structures, fish de-
tection arnd exploration of the sea bed., Sound propagation,
reflection, scattering, distortion, etc. have to be taken

into consideration.

The accurate knowledce of the topoloqy“of the sea bed 1is
essential for the navigation of ships in offshore areas as
well as the approaches to harbours,. The geotechnical pro-
perties of the sub-~bottom sediments are also reguired in
planning the location and construction of‘fixed and jack-up

platforms, pipelines, etc.

The holding capacity of the sea bed is an essential facter
for the safe anchorage of mobile platforms. The ability of
the soil to resist vertical and lateral forces is an essen-

tial design parameter for bottom supported platforms.
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PROBLEMS OF CORROSION AND FOULING

Corrosion is one of the main factors leading to reduced
service life of offshore structures. The problem is not
only limited to general rusting, but includes also galvanic
éorrosion, pitting, stress corrosion, intergranual corro-

sicn and hydrogen embrittlement.

Previously, corrosion was considered a maintenance
problem. However, the increased use of H.T.S. resulted
in using thinner plates and sections, while the corrosion
problem remains basically the same. This has a detriment-

al effect on the strength of the structure as a whole,.

Corrosion resistance may be improved by altering the com-
positicn of the material, which may require additional cost
elemeﬁts. Therefore, the best methods to cocntrol corrosion
are to use protective coatings, or cathodic protection,

whether by impressed current or by sacrificial anodes.

Internal corrosion is one of the primary risks for damage
of pipelines, risers and other important equipmert for pro-
duction of oil and gas. The corrsion attacks are normally
caused by impurities which include water, organic acids,
dissolved salts, etc. and are promoted by physical parameters

such as temperature, pressure, etc.

In order to prevent major oil disasters, soundings of
natural frequencies are taken to predict any structural

damaqes as a result of severe corrosion Or otherwise.

Marine growth produces two harmful effects:

i- increases the effective projected area:
ii- increases the drag coefficient because of the

increased roughness.

These two effects cause the submergéd members to be sub-

jected to much higher loads.
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OFFSHORE STRUCTURES

The exploration, exploitation and production of o0oil and
gas from offshore areas have required the design and cons-
truction of various types of fixed and mobile offshore plat-
forms. These offshore structures are required for drilling,
production, construction, pipelaying, heavv lifting opera-
tions, etc. The most common types used for drilling pur-’

poses are:

i- Ship Type
These are self preopelled floating units having
ship shape and either single or multi-hull construc-

tion, see fig. (3).

ii- Barge Type
These are mostly non-propelled units designed

to operate afloat.

iii- Self Elevating Type

The piatform lifts itself on legs to the required

level above the sea surface, see fig. (4).

ive Semi-submersibles

These platforms are supported on widely cspaced
buoyant tubular columns attached to two or more sub-
merged hulls. They are designed -to operate afloat,

see fig. (5).

V- Tension_Leg Platforms

These platforms are constrained vertically but
free to move in the horizontal plane. They are based
on the principle of excess bnoyancy which pull verti-
cally upwards on moorinag cables attached to the sea

ked, see fig. (6).
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vi- Fixed Platforms
. Ll

These platforms are constructed either from steel

(jacket type) or concrete (gravity type). The instal-

lation of a jacket type, see fig. (7), reguires ex-

tensive offshore operations (transport, launching,

piling, construction).

Concrete platforms rest on the sea bed statilised

by its own weight, whereas. steel jackets ar~ piled

to the sea bottmrm. The concrete platforms have

normally storage capacity as an additional feature,

OFFSHORE SUPPORTING UNITS

- .~ Offshore construction platforms
- . Loading terminals
- torage of oil
- Service units
- Supply vessels
~  Tugs
~ Workboats
- Firefighring vessels
~ Oil spill recovery vessels

- etc.

DESIGN OF AN _OFFSHORE DRILLING PLATFORM

The design of an offshoreée structure to owerate success-
fully in winds and among waves should be based on the fol-
lowing main requirements:

i- Minimum motion
ii- Maintenance of position durinrg operation

iii- High load carrying capacity

iv- Adequate safety (strenath and stability)

v - Economic overation

In order to fulfi#ll these reugirements, it is necessary

to estimate the wind and wave forces, calculate structucral

response and evlauate structural safety and the consequences

of failure, as follows:
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1)

é)

3)

Load Types

Environmental loads
Functional loads
Drilling and towing loads

etc.

Load Prediction

The prediction of the most unfavourable load

combinations should take account of the uncertain-

ties asscciated with each type of load,

Design_Values

i)

There are twe approaches:

i- Design wave approach

ii- Irregular wave approach

The_Design Wove Approach

This is rather a commen approach and is
g=nerally based on the 50 or 100 year recur-
rence wave pericd,. The wave loads are cal-

¢.iated by Morisonis equation as given by:

F=yfcpalviv + fc,v.o

where: YV s = water velocity and acceleration
A, V = <cross=-secitonal area and volume

CD . C drag and inertia coefficients

ii)The Irregular Wave Approach

This approach is based on the random nature
of sea waves,. The sea surface may be regarded
as a sum of an infinité number of e2lementary sine
waves of different frequencies and direcitons and
with random phases and therefore could be repre-
sented by a wave spectrum. The prediction of wave

loads is generally divided into:
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4)

a- a short term prediction

b- a long term prediction

In the short term prediction, the statisticsl parameters

of the sea state are assumed to remain constant.

In the long term prediction, the statistical distribu-
tion of the significant wave height and averagc wave period

are considered.

The most probable extreme wave height could be estimated

as folléws:

H = HS- ¥ %X log N

where N = No. of cycles

Hg significant wave height

In this approach, the wave spectrum is used together with

the transfer functions to determine the response spectra.

Struggural Responese
4.1 - Structnral modelling

Strructural modelling <=honld simnlate the behaviour
of the actual structure. Either 3-D framework or a
finite element ide~alisation, or a compbination,; may be

nsed,

4.2 - .Strvctural analysis

Overall structural analysis is required to determine
the boundary conditions for the critical regions. This
analysis 1s generally carried out using a coarse mech

finite element idealization or a space frame.

4.3 - Stress aonalysis

Stress analysis of the critical joint connections
are carried out using a fine mesh finite element model
‘and the boundary conditions obtained from the overall

structural analysis.
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The accuracy of the stress analysis depends a great

deal on the assumed boundary conditions.

4.4~ Design evaluation

The evaluation of the safety of the design is based
on a set of design criteria. These criteria are based
on the expected modes of failure, consequences of fail-
ure and the degree of safety required:

a- Modes of failure

- 'yielding - buckling - fracture (fatigue and
brittle fracture)

b~ Consequences of failure

- danger to human life
- danger to economy

- danger to ecology

c~- .Degree of safety

The required degree of safety 1is ensured either

by a set of safety factors or on an acceptable de-
gree of risk. Structural safety depends on structural
éapability, accuracy of analysis, quality of material

and fabrication, maintenance of design conditions.

EDUCATION AND TRAINING

The broad spectrum of offshore engineering problems requires
specialists in the various disciplines of science, engineering

and technology.

It is not possible at present to graduate students covering
all the fields of offshore engineering. However, it is possible
to introduce one or more courses covering the statics, dynamics
and structural design of mobile offshore structures. This course
has been introduced successfully as a special course to a group
of the B.Sc., students in the Naval Architecture Department,

Alexandria University since 1982.
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CONCLUDING REMARKS

Offshore englineering and technology is a new field
devoted to theexploitation of offshore resources, particularly
oil and gas. The safe operation of offshore structures depends
on the methods of their design and the accuracy of data col-
lected on winds, waves and tides, and sea bed. An understand-
ing of basic drilling practice, equipment and systems is im-
portant to the naval architect and the marine enginecr. Since
offshore technology comprises of several engineering disci-
plines, proper education and training is essential for the
successful ocepration and safety of persc-nel and offshore

units.
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