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Coordinate system and ship motions

heave

surge




Hydrostatics

Naming Conventions Ship Dimensions

L Length

B Beam/width
D Depth

T Draft




Hydrostatics

Hydrostatic pressure

podxdy

podxdy + pgzd }'=de‘{

P =Dpo+pgz

l W = pgzdxdy

Tpd:rd v



Hydrostatics

Hydrostatic pressure

P=pPgz




Stability of Floating Structures

= Stability of floating structures is a fundamental design problem
that requires understanding of the basic physics that control

the stability of the floaters.

= Stability is the game of these physics terms: volume, density, weight,

center of gravity, force, and moments.
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Inclining moment produced by moving a Weight
outboard



What Is Buoyancy Force
= When a body S

immersed in fluid, an N ."
" f
)f*'"

orce'on'ball

ownward

upward force is exerted
by the fluid on the body.

= This upward force is equal
to the weight of the fluid b
displaced by the body and P

is called the force of

buoyancy.



What causes buoyant force?

Buoyant force is the ' force on an object
exerted by the surrounding fluid.

= When an object pushes water, the water pushes
back with as much force as it can.

= If the water can push back as hard, the object
= floats (boat). If not, it sinks (steel).
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Buoy}t force
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Forces Acting on Buoyancy

= The buoyant force is caused by the difference between
the pressure at the top of the object (
), which pushes it downward, and the pressure at the
bottom (buoyant force), which pushes it upward
= Since the pressure at the bottom is always greater than at
the top, every object submerged in a fluid feels an upward

buoyant force.
= Buoyancy= “the floating force”

= Water is “heavier” than the object...so the object floats

= Low density-more likely to float

= Buoyant force is measured in Newtons (N)



How do you Calculate Bg?

Buoyant Force= Weight of displaced fluid

OR
B = air = Wyater
Buoyant = Weight of - Weight of object

Force object in air in water



Condition of equilibrium of a floating and
sub-merged bodies

Positive buoyancy:
= Buoyant force is greater than

weight so the object floats.

Surface
Neutral buoyancy: N
= Buoyant force is equal to

weight so the object is
suspended in the fluid.
Negative buoyancy:
= Buoyant force is |ess than

weight so the object sinks.



Why do things float?

1. Things float if they are less dense than the fluid they are in.
2. Things float if they weigh less than the buoyant force pushing up
on them.

3. Things float if they are shaped so their weight is spread out.

How can you get 50 kg of solid steel to float?

ball: displaced water weighs less than ball
hull: displaced water weight = hull weight

1




Shape

* How can you get 50 kg of solid steel to
float?

ball: displaced water weighs less than ball
hull: displaced water weight = hull weight

|




Centre of Buoyancy

Definition:-

= The point through which the force of buoyancy is

supposed to act is known as Centre of Buoyancy.

W /////{

Underwater volume

Buoyancy



META-CENTRE

= Jt is defined as the point about which a body starts

oscillating when the body is tilted by a small angle.

= [t is the point at which the line of action of the force of
buoyancy will meet the normal axis of the body when

the body is given small angular displacement.

METACENTRIC
HEIGHT

=

=
B e e
D w|o =



Meta-centric Height

e |tisthe distance between the meta-centre of
floating body and centre of gravity.

* We can find this height by two methods:-
1. Analytical Method Here,

| I=Moment of Inertia m4
GM = v BG  v=volume of sub-merged body




Condition of equilibrium of a floating
and sub-merged bodies

Stability of Sub-merged Body:-

a. Stable Equilibrium:-When W=/, and point B is above G .
b. Unstable Equilibrium:- When w=F5 but B is below G.

c. Neutral Equilibrium:-When W= ., and B & G are the same

pOl nt. Free Surface

.......................................................

\k’ =l:a




Engineering Principle #1: Neutral Buoyancy & Stability

* Weight (W) — Measure of the gravitational
force on an object (not submerged) W

* Buoyancy (B) - Upward force exerted by a ‘ —
liquid on an immersed or floating object. B

* Neutrally Buoyant - An object that will

neither sink nor float. W = B Bé —

* Center of Buoyancy (CB) — Center of

gravity of the displaced fluid. Float
e Center of Gravity (CG) — Point where the Weight

weight of the entire body can be
considered to act.

Design Goal: Nearly Neutrally Buoyant with CB above CG.



Stability of Floating Body

a. Stable Equilibrium:-If the point M is above G.
b. Unstable Equilibrium:-If the point M is Below G.
c. Neutral Equilibrium:-If the point M is at the G.

Metacenter ~
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" Overturning
Ruwrmg moment
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Naval Architecture

HYDROSTATICS AND STABILITY:

Stability is resistance to capsizing

Centre of Buoyancy is located at centre of mass
of the displaced water.

Under no external forces, the centre of

gravity and centre of buoyancy are in same
vertical plane.

Upward force of water equals to the weight of
floating vessel and this weight is equal to weight
of displaced water

Under wind load vessel heels, and thus CoB
moves to provide righting (stabilizing) moment.
Vertical line through new centre of buoyancy will

intersect CoG at point M called as Metacentre
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Rules of Floaters Design

First Rule of Floaters: Buoyancy must equal
weight plus any external vertical forces.

Weight includes:

1. Hull Steel Weight

2. Hull Outfitting

3. Topsides Payload (fixed and variable)
4. Topsides Structure
5

Ballast in Hull (fixed and wvariable)

External Vertical Forces Include

1. Component of Mooring Load
2. Component of Riser Load

3. Suspended weights (e.g. from crane)



rs Design Criteria

Hydrostatics and Stability

e



Floating stability

Definition
- All properties that floating structures exhibit when perturbed
from their equilibrium state

- A 'stable’ ship quickly restores its equilibrium when perturbation
is removed

- Often we wish for:

+ A stable working platform, i.e. a platform that does not move too
much in waves

+ s this the same property?

- Do we always desire maximum stability?



Floating stability

Equilibrium for floating structures

vertical

horizontal

&

rotational



Floating stability

Center of buoyancy and center of gravity

G
(gravity forca)

Z

(buoyancy force)

{a)

gm

pgv

point about which first moment of submerged volume =0
point about which first moment of mass or weight = 0



Floating stability

Stability moment

Emerged wedge

Immersed weadge



DW Concept

Weight Efficiency Metric

Structural Weight Total Topsides Payload
Efficiency ™ Total Hull Plus Deck Weight

VWeight of all deck eguipment and facilities
including quarters, drilling systems, etc. Also
includes TTR loads, SCR loads and secondary
deck steel. Topsides equipment or facilities
carried in the hull, and hull ballast earmarked for
future expansion are also included.

Total Topsides
Payload

Structural steel weight of hull, hull marine

Total Hull Plus systems, hull appurtenances and outfitting. Also

Deck Weight " " ;
includes deck primary structural steel weight.
Design Ratio
Hull Farm / Location Maturity Ramgs
CTLPs in GoM As-Built 0.6 =08
ETLFs in Gald s -Built 11-1.2
- -- oottt immdmiommimmmamnmmmnmamemmeoemmen -- -- ETLPE in W Africa Ag-Bullt 1.3 —-1.4

‘ ETLPs in Brazil Conceptual 1.2-1.2




DW Concept

Evaluation of floating platforms (hulls)

Deck area for support and arrangement of topsides
Wave-induced motions and effect of current and wind for:
- heave ( affecting riser, production process
- horizontal drift-off and surge/sway
- roll ( of ship shape floaters)
Implication on riser types and support of risers

Structural challenges- complex details, large plate thicknesses,
fatigue problems etc

Safety wrt accidental events, structural robustness
Fabrication issues — modular fabrications
Installation



Rules of Floaters Design

2nd Rule of Floaters: The weight shall be
positioned such that the hull will not tip over!

Typhoon TLP
after
Hurricane
Rita



Rules of Floaters Design

37d Rule of Floaters: There should be enough Reserve
Buoyancy to maintain balance and stability
even with tanks flooded!

Thunderhorse Semi after P-36 After Explosion in
Hurricane Dennis — Column — Not Enough
Reserve Buoyancy in Deck Reserve Buoyancy

o saved it from sinking!



Rules of Floaters Design

4™ Rule of Floaters: The Platform Should Stably
Support the Deck Above the Highest Wave Crest




Intro to hydrostatics and stability

Nomenclature

’73f (z)
(yv)
P A
. s
e il
n.~ (p)
Slerh E C Tw) Bow
-
Freeboard \ UN /\( ) ; « ™ (x)
h Y -O=—
Draft “ 5 l'
A R o e e o s S M e s s o o e i e RS Sl K) — lowest point

Fig. ign convention for transiatory and angular displacements

Heel= static roll Trim = static pitch



Intro to hydrostatics and stability

More Nomenclature

 Depth (of vessel): vertical height from keel to
top deck

 Breadth (of vessel): Width

 Scantlings: Dimensions of structural
components

33



Intro to hydrostatics and stability

Archimedes Principle

* The buoyancy of an object is equal to the
weight of displaced fluid

34



Intro to hydrostatics and stability

Buovyancy Force Example

Rectangular Barge
Static Pressure P=pgz

Force = Pressure x Area

B (breadth) ’{ r.d

L = wvessel length

T (draft)

Tip: AIll fluid forces of importance for
offshore structures are pressure forces!
John Halkvard & Associates



Intro to hydrostatics and stability

Displacement

. = V = LBT A = v,LBT
' _ _
[} : : li} V=LBICy A = % LBTCy
[ = Length
B = Beam (width)
T = Draft

C; = Block coefficient

V= Volumetric Displacement

A= Displacement (Buoyancy Force)
7., = Density of fluid = pg



Intro to hydrostatics and stability

Example 1: Compute
draft (T) for prismatic
barge, 100 m long, 30 m
wide, weight 4000 t

/i—mg/ 7

30 m

Y, =1.025 t/m?3

Seawater

A= ¥ LBT =40001t

T =4000¢t/[y,LB] = 4000t
/[1.025 t/m3 * 100 m * 30
mj =

1.3 m Drafi




Example 3.2

A cuboid shaped wooden block LxB x D) 1.45m x 0.5m x 0.25m floats in water. If
the block weighs 0.154 tonnes, find its draught if it floats in freshwater density 1.00

tonne /ms3.
Solution:

The weight of the block of 0.154 tonnes must be supported by displaced water 1.e.
the block must displace 0.154 tonnes of water:

In fresh water,
Volume of displaced water V=LxB=xT

Weight of displaced water A=V Xprw
A=145x0.5XTX prw

This must equal 0.154 tonne
1.45xXx05xXTX psr =0.154 tonnes
T=0.212m




CASE 2: If we know its draught, we can know its volume displacement, we can
find its weight

If we know the draught of the cuboid, we can find its volume displacement and
hence the weight of the object;

Say if we know its draught T, volume displacement=LxBxT
Weight = Buoyancy = Volume Displacement X p water
Weight =LxB X T X p water

Example 3.3

A box barge length 100m breadth 20m floats at a draught of 5m in sea water 1.025
tonne /m?3. Find its weight.

Solution

While floating in sea water density 1.025 tonne /m3:

Volume Displacement = V=LxBxT
Weight of barge = Weight displacement, A
W = A =V X P=alt water

=100x20x5x1.025
= 10250 tonnes




Intro to hydrostatics and stability

Hydrostatic Stiffness

W

Think of the water as a spring!

40



Intro to hydrostatics and stability

Pontoon Cross
60 m typ —JSEC% 10 m
-

10 m Dia —~
typ

Example 2: Semi-Submersible
Weighs 3000 t. How much

payload+other loads can it carry?

What is its vertical stiffness?
Saawater i=s 1. 025 t/m:23.

41



Intro to hydrostatics and stability

Transverse Stability

Stability = Tendency to return
to a previous condition when
perturbed!

_"'/\\ ~/
R/ \MF

Case 1: Positively stable Case 2: Negatively stable or unstable

42



Intro to hydrostatics and stability

Metacenter

When a vessel rolls or pitches... the center of
buoyancy shifts. This is what makes the vessel with

the center of gravity above the center of buoyancy
stable (or not).

The metacenter is the point of
intersection between the action of
the buoyant force and the
centerline of the vessel

W, Lost
Buoyancy

. Gained
/ Buoyancy




Intro to hydrostatics and stability
Center of Buoyancy to Metacenter (BM)

"BM"” is a function of the waterplane inertia (moment of
square of the distance from the axis). The following
relationship can be shown from analytical geometry:




Intro to hydrostatics and stability

Center of Buoyancy to Metacenter Example
. 5 Rectangular Barge (Transverse)

3 2
BM:[—H:LB 312: B
\Y LBT 12T

Quiz: work out the longitudinal BM



Intro to hydrostatics and stability

BM Example: Semi Submersible (transverse)

By TN Ak,
f@f N -
* | 52
X L X =
V/ AR .
A=y A D N
- \_/ | . 4 .
fm_ = — DE _Use parallel axis theorem

2 I .
: _ BM — _xxT
I I 6/ _ + 6 Ac |:§:i transverse v




Intro to hydrostatics and stability

BM Example: Semi Submersible (Longitudinal)
£ £ ) Fi
A0 e
D \j —L,i \\,—*}
X —_ ‘ _H X L
A =2D?
4 |
T NN O
[ =-—D? (D
" 64 U /U ;
2 .
BM o — xxL
I — 6! +4Ac [%:‘ longitudinal v



Stability and Rotational Stiffness

Metacentric Height (GM)

Restoring Moment, M g = GZ*A ~
GM*A* sin(B) (small angles)
M

B

GZ is the “righting arm”




Stability and Rotational Stiffness

Metacentric Height (GM) and BM

GM = KB+ BM — KG =BM —BG



Stability and Rotational Stiffness

A vessel is Stable if GM is Positive, It is Unstable if GM is Negative!!

K — keel point

G - point of action of weight, i.e. center of gravity

B - point of action of buoyancy, i.e. center of buoyancy; The
position of B shifts with the amount of heel (B to B1)
M — Point of intersection of line of buoyancy and centerline, i.e.
Metacenter

GM — Distance between G and M, i.e. metacentric height.

KB - Distance from Keel Point to B

KG- = Distance from Keel Point to G g



Stability and Rotational Stiffness
GM and the Center of Gravity

GM = KB+ BM — KG =BM — BG

* BMis a function of vessel geometry (waterplane area
and displacement) only, regardless to center of
gravity. It is fixed by the design!

* The vertical center of gravity is the most important
operational variable that determines stability.

 Rules require that the maximum VCG be specified in
the vessel operating manual for each loading
condition.

51



Stability and Rotational Stiffness
Metacentric Height (GM) and Hydrostatic Stiffness

Hydrostatic Stiffness

Kg=0M,/006 =~ GM*B = GM*A

Buoyancy (B) and Displacement (A) the
Same (values in force units, e.g. N)

, Mg




Stability and Rotational Stiffness

Typical Minimum GM Values

* Passenger and Cargo Ships
— Initial GM>0.15 m by law
— Typically 0.5—-3 m
* Semi-Submersibles GM > 3 m typical

e Spars GM > 6 m typical

53



Stability and Rotational Stiffness
Partially Filled Tanks Reduce GM

N Tanks with free surface
cause center of gravity

e to shift in same
Fi

e ? L direction as the center
W *G of buoyancy shifts,
| reducing stability!
gl r-"’ S S e s e T

Fig. 4.5 Liguid free surface

JCL f.tr
M =GM. .., — E LA~
initial ) "y

i is waterplane moment of inertia of the

Proto ! Undtied States DoSet Guard

individual compartment. This is why large
tanks are undesirable.




Stability and Rotational Stiffness

Damaged Stability

* Flooding causes loss of
freeboard (sinking), heeling
or trimming (mean angle),
and reduction in GM.

* Treat a flooded space as
either lost buovyancy or
added weight to compute
new equilibrium.

5

55



Stability and Rotational Stiffness

Crane Operations Reduce GM

v
GM (new) = GM — 2L
PV



Stability Satisfying Rules

Stability Requirements

* Rules are set by Classification Societies, Coast
Guard and SOLAS (Intl Treaty on “Safety of
Life at Sea”)

* Coast Guard and SOLAS require minimum GM,
e.g. GM>0.15m for Passenger Vessels.

* Class Rules base their requirement on a more
complicated wind heeling moment method.



Stability Satisfying Rules
Stability Requirements

* Floating Offshore Platforms normally are
designed to Rules for Mobile Offshore Drilling
Units (MODU Rules) by ABS, DNV, Lloyds or
BV.

* The Rules require calculation of a large angle
restoring moment and comparable wind
heeling moment.

58



Stability Satisfying Rules

Large Angle Restoring Moment Curve

. Mg = GZ*A ~ GM* B8 *A (small angles only)

\ GZ increases to

— some point then
decreases and
goes negative
TR

(GZ)

Righting arm in fest

I
i ]
1 i
1 i
1 1 L L !
20 30 40 50 G0
Angle of heal in degrees

Buovancy force

Buoyancy force

Ft:m:-a ni urmrit

i g
- i B
.-' :=:-- 1S u""l T I
ST AT ¥ !
“"ngqj .':'._.-.I.lI I‘ B s

*.'.
3% ﬁ?%ﬂﬁ‘ ":?I'."b

GZ = 20 feet

GZ = 1 foot



Equilibrium Conditions

Overturning Moment

Wind Speed to use r RULES
a) 100 kt (51.5 m/s for intact stabilty)

b) 50 kt (25.7 m/s for damaged)

Wind Force - T

Moment Arm for
Wind
Overturning
Moment

Reaction force from: -

a) Centroid of Drag or Reaction Force

b) Moorings



Equilibrium Conditions

Wind Tunnel Testing

Ofishore on site

Photos from
Force
Technology
(www.force.dk)




Equilibrium Conditions

MODU Intact Stability Rules

1. Must have a positive GM for all conditions
2.  Survive overturning moment from 100 kt wind (51.5 m/sec)
3. Inclining test is required for first unit of series

4. Righting moment curves and overturning moment curves are required
for all operating drafts

62



Equilibrium Conditions

Watertight & Weathertight
Integrity

Weathertight
Weathertight means that in any sea condition associatred with the mode of operation,
water will not penetrate into the unit.

Watertight

Watertight means the capability of preventing the passage of water through the
structure in any direction under a head of water for which the surrounding structure is
designed.

63



Equilibrium Conditions

Intact Stability Criteria

FIGURE 1

Intact Stability Curve (2005)
Area[A-H] = K Ares[B+C]
K =13 for colhmm-stabilioed wuis
M extent of R =14 for all other unss

Nimimmam exfewnt of
wabertiaht metepTity
provided (zee 3-3-L5.3)

Moment

Chrertarming

Intact Stability in

100 kt Wind (51.5
m/sec)

Inclination abour the crtical axis



Equilibrium Conditions

MODU Damaged Stability Rules:
Extent of Flooding Assumed

e Compartments +5/-3 m from waterline

— 3 m high vertical opening, penetrate 1.5 m

— Two compartments flooded if horizontal flat in this area

— Vertical bulkhead not penetrated unless spacing is less
than 1/8th circumference

* Tanks below the waterline

— Containing ballast pumps
— Containing machinery with sea water cooling

— Adjacent to the sea



Equilibrium Conditions

Basic Damaged Stability Criteria

FIGURE 2

Damage stability in
Damage Stability Curve (2005)

50 kt Wind (25.6
m/sec)

Bfinemremn extent of eacestght
e gy pooy e (saa 3-3-170.3)

PSS menem™ . Mlnimum E}(tent Df

watertight integrity >
1st Intercept
(equilibrium)

Choer furmmy reomaent

Sloment

. Downflood angle >
1st Intercept

s . Tnclimation abowt
n the eritcal axis
= RIS e = OverTur ks Bouem

e

-
TJ.EI_E]



Equilibrium Conditions

Weathertight Integrity Requirements

FIGURE 5

Minimum Weathertight Integrity Requirements
for Column-Stabilized Units

£ Final Dramage Waterlins
Inclodme 50kt Wind

Zome A - Mindomim 4 o (13,1 ft) zone of weathestight integrity
Zone B - Mimmasn 77 range of weathertighi inteprity



Equilibrium Conditions

General ABS Stability Rules

(Based on Current Guide for Floating Production Installations)

Semi- FPSO
Submersible (Ship Type)
(Column
Stabilized)
Guide for FPI 1. Positive GM in All 1. MODU Rules 1. CG below CB 1. MODU Rules
Conditions while free Z 20° range of 2. 1966 Load Line
Z. KMODU Rules floating {e.g. positive stability Convention
= ¥ Alternate Stability installation) 3. Downflooding 3. MARPOL 73/78
Criteria Accepted 2.  Adequate Tendon angle »= 30"
Tension under 4. rODL Rules
damaged relaxed
conditions 5. Limits set on
maximum tilt
from Global
Responses
MODU Rules 1 el

2 Damaged
3 Residual Stability (for colunmn stabilized units_)
g Alternative: Dynamic Response Based Criteria



gn Considerations

Global Response of Floating Structures

D



Fixed vs. Floating Structures:
Reaction to Dynamic Loads

Compliant Structures:
“Fixed” Structures: Z F=0 Dynamic Equilibrium

Static Equilibrium — 3
z F=mx+ Kx
External Force, F(1)=F,+F sin( ax)
External Force, F(t)=F,+F sin(ax)

——p

X(1)

v E—

— - == =

v 3 v v

Reactions Reactions Reactions
"FIXED” Structure = - Fohn"Compliant” Structure = -Kx 4




Foundation Loads

Anchor force for floating structure Kx = Z F —mx

K = Stiffness of mooring system

71



Force Components

= \Waves

o Mean (drift)
o Wave Frequency
o Slowly varying wave drift

= Wind
o Mean
o Varying (gusts)

= Current

72



Global Motions

Calm Water
No Wind

No Current D
/! \

/ \
IIl
/ a.




Steady ("Tmean”) Offset from
Wind and Current

Steady Wind
& Current
Forces




Why are we concerned about
Global Responses?

=  Maximum offsets

Top tensioned riser bending loads at sea floor
Steel Catenary Riser bending loads at sea floor
Maximum mooring line tension

TLP Setdown

TLP Flex joint angles for the tensons

Riser stroke

e Y e Y e R o R o R

=  Maximum angles and lateral accelerations

o Riser bending or flex joint design at the connection to the platform
o Lateral forces on the topsides and platform (e.qg. truss spar truss loads, global loads)

=  Maximum heave
o Riser stroke
o Mooring line dynamics
o Riser dynamic loadings: SCR extreme bending moments at touchdown

= Cyclic loads: riser and mooring fatigue



Sources of Motion

= Mean
o Wind (average part)
o Current
o Wave Drift

= Slowly Varying (at resonance)
o Non-linear wave forces
o Wind gusts
o Current (Vortex Induced Motions)

= Wave Frequency
o 1st Order Wave Forces



Wind Load Example

,
Lr

{ 1
|__.-' I| ——. ot |
Pz
2 19
=]

T
(-]
1]
Block Dasc _ Z centar |Ch [AEE-] Langth Haight Araa Area Corrd Ad) Area |Gs CsLhArea IEc-n:e.-'Lr"E_I
1| Lower Dacks 23.5 1.1 100.0 9.0 900 1.0 a00] 1.00 Q50 605
2[Rig 31.5 1.2 30.0 7. 210 1.0 210] 1.00 252 154]
3| Quarters 33.0 1.2 20.0 10.0 20 1.0 200] 1.00 240 147
4|Process 32.0 1.2 20.0 8.0 160 1.0 160 1.00 102 7]
5[ Dermick 46.0 1.3 15.0 40.0 50 0.5 360] 1.25 585 357
5[ Hull 7.5 1.0 21.0 15.0 220 1.0 220] 1.00 320 201
7| Deck Suppons 17.0 1.1 21.0 4.0 ) 0.6 53 1.00 5 35]
Force at 0 deg Total Forca/Ur 1617 N.-'_["n.-'sf
Equivalent Area = Forca/(.5p,Ur%) 2645 M
Caniroid of Force 28.6
Rev 14'10V06 Force at 45 deg ~ 1.2* Force at Odeg  Total Force/Ur” 1040 N/(m/s)®
Equivalent Area = Fﬂrm-'[.ﬁp.,.LIr"".l 75 m°

Force Coofficient 0.198 t(im/'s)*



Current Force — Drag

I q
dFi — ;CdﬁDV(f)hd:

|
F;. :JEPDV(:)ECdff: _h.*_ D

_

V(2) _ P- --l‘ ____  dz

—




Current Force — Inclined Cylinder

F. :_‘.%ﬂDV(:JECGS(H)ded: A

F._= Iépﬂ\r’(:)j cos(8)” sin(@)C ,dz

V =V, cos(8)
UI"I::V?{:EGS(E):



Steady Drag Coefficient

(smooth cylinder)

Rﬁ'::E
v

U =velocity(m/ 5)
D = Diameter(m)

v = Kinematic _Viscos fi"_‘p‘{lﬂ_ﬁﬂ!: /5)

R R A A T
ﬁ-‘:r'—.:..‘.'
1

i Example:
Fe < 1  (laminar} 1€ Ae = 10 ([Bound vortex) U=1 m,."rS
D=10m

Re = 107

C, = 0.8

iD= A& = 1u5 (Vormx ahedding ! e = -||;|' iTurbulent BLI



Drag Coefficient — Shapes with
Flat Surfaces (API RP 25K)

2.0

—— =

NCH D

1.0 \

N

Drag Coeflicient, Cp

05

0.0

0.0 01 0.2 0.3 0.4 0.5
Figure C 1—Semisubmersible Current Drag Coefficient for Members Having Flat Surfaces

Assumes Re > 10° , height = width



b,
L.
a
A
d. A
df
v |
~

members. -

a | N
Add drag from all _ e | o “ yoM:\H

Figure 7.41 Initial Design Underwater Model — Closed Array Pontoon, 4 Columns



Wave Drift

. Drift
= Drift Force preserves e

conservation of Incident Wave
momentum > @ —
- MagnitUde 1S < Transmitte

proportional to wave  Reflected wave  W3V€
. diffracted
height squared. ( )

The importance of wave

= Magnitude is two drift is not the steady
: loads, but the slowly
orders of magnltUde varying wave drift due to
less than linear wave grouping which can excite

large resonant responses
at long periods for moored
platforms in deep water!

load!




Wave Drift 3

Several causes of wave drift: variations in wetted area (non-

, diffraction (reflected energy), viscous drag (third order
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Wave Drift Particularly Important for
Ship Shaped Bodies

6 | Vessel Size: Large
Ovorall Longth () = 540
Breadh () = B0
Drait (N) = 24
5 Duaplacoment (LT) = 21,000 "
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Significant Wave Height (ft)

Figue A-14—-Wave Drift Force and Motion for Duliships SBeam Seas



Wave Motions

« Reqgular vs. Irregular Seas

o Motion equations are solved for regular
waves

o Motions are a function of frequency

o Real seas have many frequencies
o Combine the motions by superposition



ural Design

Load Conditions and Structural Design Criteria

D



— &,ﬂPermanent (dead) loads.
— Operating (live) loads.
“‘b Environmental loads

® Wind load

= Wave load
®= Earthquake load

— Construction - installation loads.

oGaltyShots — Accidental loads.

The design of offshore structures 1s
dominated by environmental loads,
especially wave load



L DESIGN
&

Permanent Loads:
Weight of the structure in air,
including the weight of ballast.
‘Weights of equipment, and

associated structures permanently
mounted on the platform.

Hydrostatic forces on the members
below the waterline. These forces
include buoyancy and hydrostatic
pressures.




 DESIGN

hehport; ble supphes liquids, etc.

Forces generated during operations, e.g. drilling,
‘vessel mooring, helicopter landing, crane
operations.

Following Live load values are recommended in

|||1 |
i BS6235:

Crew quarters and passage ways: 3.2 KN/m?
Working areas: 8.5 KN/m?



= 1 mmute sustamed wind speeds
combined with extreme waves.

— 3 second gusts.

‘When, the ratio of height to the least

horizontal dimension of structure is greater

than 5, then API-RP2A requires the dynamic

effects of the wind to be taken into account

and the flow induced cyclic wind loads due to
vortex shedding must be investigated.




oA

DAdfIg Ot a1l O11sH0re Structure 1s us ?”ﬂ ﬂ:emostlmportant of all environmental

oA

.......

the fm due to thi

maximum wave Wlth a're‘i:mn:” eriod f 100 years, is chosen. No dynam1c behavior of the
structure is considered. This static ana1y51s 1s appropriate when the dominant wave periods are

well above the period of the structure. This is the case of extreme storm waves acting on
shallow water structures.



_______ Aol N A Still water

N >4 \ level
s %

.-’J-
~ Trough

¢ = Wave celerity m/isec

Wave Load: (Contd.)
*Wave theories

Wave theories describe the kinematics of waves of water. They serve to calculate the particle
velocities and accelerations and the dynamic pressure as functions of the surface elevation of

the waves. The waves are assumed to be long-crested, 1.e. they can be described by a two-
dimensional flow field, and are characterized by the parameters: wave height (H), period (T)
and water depth (d).



.J;r;‘_,:l_._l CS EXpLSE Lo waves experience torees much higher than wind loadings. The forces
sult e the dynamic pressure and the water parti _‘e.-motlons Two different cases can be

_.JJ__- SIS A AL I_...--

: St méht—fm'ward manner with Morison's equation. The
es can usually be regarded as hydro-dynamically transparent

| may be applied when D/L < 0.2, where D is the member
dlameter and Lis the wave 1e_ ngth.

= Morison's equation expresses the wave force as the sum of,
- An inertia force proportional to the particle acceleration
- A non-linear drag force proportional to the square of the particle velocity.




S SR CTT DESIGN

50
Z ¥ L L | 134 BN A | | | I
: N ! B Rt = Earthquake load:
I i 546G = 2.5 critical dampin _ .
' & A Lk tgype *Offshore structures are designed for
. W . S B N B } two levels of earthquake intensity.
5 . / \ .ﬂ’:r\ A’_'- < N C
= C)?;,,«" . \_\. __f"\.
£ SR 2 = Strength level :Earthquake,
|_1/ \\\‘, -.-‘ " \.\"-. =
5|3 Loy e Noadany, s defined as having a "reasonable
_g § - Sa= Spectral acceleration \?\? Q\\\ /;@)* =} likelihood of not bemg exceeded
BlR. 9B T 3 NN during the platform's life" (mean
o ? - Sy= 5 Sa = Spectral veloaty \‘--__\ A — : 3
Tl P B SN = recurrence interval ~ 200 - 500
o So= ——8a= Spectral displ t : .
- . 0= I il s st e X years), the structure is designed
ol \ to respond elastically.
ol L Gt @ e o p Ny B g = Ductility level : Earthquake,
r Q ! 5(
904 o1 & By 1R A0 g defined as close to the
Penod T iseconds) 5 : g =
Soil lype v -
A Rock- cryetelline conglomerate or ehale - like material gensrally heving shear wave velocities in maxinium Cledlble earthqllake
sxcess ol 3000 {fsec (914 Wfsec) = - e
B Shallow strong O”'J'-‘ilJm - cc\.mpcn.:nt aonds, silts and stiff cloya with shear atrengths in ?c.ccss at the Slte’ ﬂle StruCl:u‘Ie 1S
:Ll:tr;::l‘::'ill.:il pel 172kFa) Limited. to depths of lecs then sbout 200 It |E1M) and ouvarlying rock- deSIglled fOI lllelastlc leSponse
C Deep strong elluviumecompelent eends, silte and sUiff cleye with thicknassas in excese of sbout alld tO ha\’e adeqllate 1-6861-\‘,-6

200 teet (BIVN) and overlying rock-like materinla

Figure 9 Design respanse spectra recommended in APl RP2A strength to avoid collapse.
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SIRUECTURAL DESIGN
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_[L C '-_'_J ,JH'J YRRV ARy

LIy sproplc o tharme structures in the arctic and sub-arctic zones. Ice

formation.and.expansion.can generate large pressu that give nse to horizontal as Well as

[If"/ f" 1{ '| 14
-0, AAL - ANTALS AL &

-

| -
,,,,, -

1p "" e fI:uch must be taken into account as accidental
' and gas produced must also be considered.

Marme Gro

Marine growth is accumulated f'submerged members. Its main effect is to increase the

wave forces on the members by increasing exposed areas and drag coefficient due to higher
surface roughness. It is accounted for in design through appropriate increases in the
diameters and masses of the submerged members.



RAL DESIGN

Installation L.oad :

These are temporary loads and arise during
fabrication and installation of the platform or
1t8 components. During fabrication, erection
lifts of various structural components
generate lifting forces, while in the
mstallation phase forces are generated during
platform load out, transportation to the site,
launching and upending, as well as during
lifts related to installation.

All members and connections of a lifted
component must be designed for the forces
resulting from static equilibrium of the lifted

ib} Demck on lond, structure on floating {cd Demick and structure in

baugr the sea weight and the sling tensions.

Hagure 1 Lifts under vanous conditions

LLoad out forces are generated when the jacket
is loaded from the fabrication yard onto the
barge. Depends on friction co-efficient



L DESIGN

ntal Load:

, ssels, 11re or explosion, dropped
0 s ects and unintended flooding of
bu oyancy tanks.

= Spacml measures are normally taken to
reduce the risk from accidental loads.

’




state or allowable stress desien is

fing environmental loads plus minimum live loads.

i
[t eme environmental loads plus maximum live loads.
freme environmental loads plus minimum live loads

= Environmental loads, shmil be combined in a manner consistent with their joint
probability of occurrence.

= Earthquake loads, are to be imposed as a separate environmental load, i.e., not to
be combined with waves, wind, etc.



SIRIEHURAL ANALYSIS

ANALYSIS MODEL.:

®  ‘The analytical models used in offshore
engineering are similar to other types of on
shore steel structures

Hehdeck

\_1_'(!-!{1 I)L‘CI\_

;'-..

The same model is used throughout the
analysis except supports locations.

Cellar Deck

B Stick models are used extensively for
tubular structures (jackets, bridges, flare
booms) and lattice trusses (modules,
decks).

® Each member i1s normally rigidly fixed at
its ends to other elements in the model.

In addition to its geometrical and material
properties. each member 1s characterized by
hydrodynamic coefficients, e.g. relating to
drag, inertia, and marine growth, to allow
StruCad Model of offshore o1l plattorm wave forces to be automatically generated.




PEDED 4

't loads for at least 8 positions of the
round a full 360° path.

tional analyses

Detailed fatigue analysis should be performed to
assess cumulative fatigue damage

The offshore platform designs normally use pipe or
wide flange beams for all primary structural
members.



11 € SIE nt s checked at typical sections (at least both
cL 'and mid span) against resistance and bucklmg

.....

| of the chord using larger thickness or internal ring-
stiffeners.

Elements should also be verified against fatigue,
corrosion, temperature or durability wherever relevant.
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should relate to both intact and

Damaged cor ﬁ o be considered may be like 1 bracing or
connection made ineffective, primary girder in deck made
ineffective, heeled condition due to loss of buoyancy etc.




;a fandards (OS):

al requirements and acceptance
[ a _hcatlon by the offshore

commended Practices(RP):
- Provides proven technology and sound engineering
pra ctice Well as guidance for the higher level
pul 1b "m-/n 01 'eg API-RP-WSD

| :S 6235: Code of practice for fixed
offshore structures.

‘British Standards Institution 1982.

Mainly for the British offshore sector.
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