Tutorial on Wave Loading Analysis by CAEPIPE 3D+

Introduction

Wave loading refers to the dynamic forces exerted by ocean waves on offshore and coastal
structures, including piping systems. In piping stress analysis, particularly for marine pipelines, risers,
or platform-mounted piping, wave loading is a critical consideration due to its potential to induce
significant dynamic stresses, vibrations, and fatigue over time. In most piping stress analysis software
including CAEPIPE, Wave Loading is included as Static Equivalent Force, ie., the maximum force that
waves apply on a given component.

When waves interact with submerged or partially submerged pipes, they generate forces primarily
due to:

e Drag Forces — caused by the relative motion of the water past the pipe.

e Inertia Forces — resulting from the acceleration of the surrounding water mass.

e Lift Forces — generated due to asymmetry in flow (especially if currents are present).
e Buoyancy Forces — due to the weight of displaced fluid.

To quantify these forces, the Morison Equation is widely used. It provides a semi-empirical method
for calculating wave-induced forces on slender members (like pipelines), combining drag and inertia
effects. The Morison's equation gives distributed wave force (drag + inertial) per unit length of the
member and is normal (perpendicular) to the member. It is written as,

f=C4lulu+C,u

where,
D.p,,.C
Cd = Drag Constant = %
wD%pyCy

Cm = Inertia Constant = 20

CD = Drag Coefficient. See Note below.
CM = Inertia Coefficient. See Note below.
pw = Density of Sea water

D = Outer Diameter of Pipe / Pipe Components inclusive of Insulation Thickness and Marine Growth
Thickness.

u = Fluid particle velocity
1 = Fluid particle acceleration

f = Drag and Inertia Force acting on the pipe element per unit length.
Key Parameters influencing Wave Loading:

e Wave height and period (determining wave energy)

e Submergence depth of the pipe

e Pipe orientation and support conditions

e Presence of currents (which modify particle velocities)
e Marine growth (increasing effective diameter and drag)



Wave Parameter Inputs

Wave Load 1

Wave Direction
# comp ' comp £ comp Drag Coefficient [CD* |399_|:||:|

-1.000
| | Inertia Coefficient [Ch]* |EIEIE|.EIEI
Wiave Height (H] 100" [FHin"] Lift Coefficient [CLJ* |E|'_E|5_|:||:|

Bottom Sea Level [BSL] [-3000" [Ftin"] *899.0 to compute internally
Current Direction
Mean Sea Level (MSL) 200" [ftin""] PO J— Y comp 2 comp
Deensity of Seawater  [0.036 (Ibin3) -1.000 | |
Wave Penod [T] /Wawve Length [L] ® [t s Buia Ii ok

f* wiave Period [T] " wave Length L)

8.22 (Sec) (ftin"]

* Elevation from BSL [vs] Current Yelocity

Eln_avati-:un Yelocity -
Wiave Theory it 1 [roph]
1] 1]
" Autornati O I
Ltamatic ahua 10T 01
Wwave Theary |.ﬂ-.ir_l,l Linear Theory j 200" 0z
aoor na
Marine Growth Thikness |05 [inch] o n4a W

b arine Growth Denzity |0.020 [Ibin3]
] | Cancel | Delete | Copy 'wave Data to'wave I—L|

Wave Direction

Input the direction of the wave using the direction cosines (for example: When the vertical axis is
parallel to Global Y, for wave in Z direction, X comp = 0.0, Y comp = 0.0, Z comp = 1.0; for wave in 45°
X-Z plane, X comp=0.707, Y comp=0.0, Z comp=0.707). See section titled “Direction” in this CAEPIPE
User’s Manual. CAEPIPE will allow inputting the wave direction only in the horizontal plane and NOT
in the vertical direction.

Mean Sea Level and Bottom Sea Level

Mean Sea Level (MSL) is the distance of the mean water surface from the global origin (it could be
positive or negative). It is NOT a measure of the depth of the pipe’s centerline.

In the 1™ figure below, the distance of the water surface is 20’ feet above the global origin. The
horizontal pipe starts at, say, (10, 5, 0). So, the pipe is submerged 15’ (= 20’ - 5’) below the Mean Sea
Level into the water.

Similarly, Bottom Sea Level (BSL) is the distance of the sea bed level from the global origin (it could
be positive or negative). In the 1* figure below, the distance of the sea bed is -30’ feet below the
global origin. So, the pipe is located at a distance of 35’ feet from the Bottom Sea Level. This is
indicated as “y” (pipe centreline from BSL) in the figure.

Wave Depth (d) is computed as the difference between the Mean Sea Level and Bottom Sea level
(i.e., d = MSL— BSL). So, in the 1** figure below, d = 20 — (-30) = 50°0".



(0, +20’, 0)
MeanSea ~

Level(MSL) ‘ Pipe Elevation = +5’
L ]

(0,0,0)
Global Origin

d = 20-(-30)=50’
y =5-(-30) = 35’
Bottom Sea
Level(BSL)
(0,-30', 0)
V22l

Given below is another example, wherein the global origin is above the Mean Sea Level (MSL).

(0,0,0)
Global Origin

(0,-20,0)
Mean Sea Pipe Elevation = -25
Level(MSL)

d =-20-(-50)=30"
Bottom Sea y = -25-(-50) = 25’

Level(BSL)
(0, -50’, 0)
777 7.

Density of Sea Water

Input the density of Sea Water. Seawater density varies depending on temperature, salinity, and
pressure. The average density of ocean is about 1030 kg/m’,

Wave Period / Wave Length

Input one of the following: wave period (sec) or wave length (ft or mm). Depending upon the
Wave Theory selected, CAEPIPE will internally compute the other parameters using the
dispersion relation. For example, if you input the wave period, CAEPIPE will automatically
calculate the wavelength (or vice versa) based on the selected wave theory (either chosen
manually or determined automatically when the "Wave Theory' option is set to 'Automatic').

Wave Theories

The following wave theories are available for manual selection or will be automatically chosen by
the program when the "Wave Theory' option is set to "Automatic’.

1. Airy’s Linear Theory
2. Stokes 5" Order
3. Cnoidal 5™ Order

Airy’s Linear Theory

The Airy’s linear wave theory is the simplest and most useful theory among various wave
theories. It assumes small wave steepness (H/L) and small relative water depth (H/d), which
allows the free surface boundary conditions to be linearized and satisfied at the Mean Sea Level
(also known as Still Water Level, SWL).



Stokes 5th Order

The Stokes wave theory assumes that the velocity potential and free water surface level as power
series in terms of a non-dimensional small perturbation parameter € which is defined as the
product of wave number and wave amplitude. Stokes 5" Order theory considers power series

until 5 order. Stokes wave theory is most useful when the depth to wave length ratio, d/L. is
greater than 1/8 to 1/10.

Cnoidal 5th Order

Finite amplitude long waves of permanent form in shallow water are better described by the
Cnoidal wave theory. The Cnoidal wave is a periodic wave that usually has sharp crests separated
by wide troughs. The theory accounts for a large class of long waves of finite amplitude. The
approximate range of validity of the theory is 4/I. < 1/8 and the Ursell parameter, U, = 25.
Note that the Ursell parameter is defined as UR = HL?/d’.

To apply any of the theories listed above, enter the required parameters for the wave. CAEPIPE
uses these parameters along with the dispersion relation to determine the wave length or wave

period.

After calculating the wave length (L) and/or wave period (T), CAEPIPE determines the
horizontal and vertical particle velocities (u & v), as well as the horizontal and vertical particle
accelerations (du/dt & dv/dt), for various phase angles at 22.5 degtee intervals (from 0 to 180
degrees) at the pipe centerline elevation, referenced from the bottom sea level. These velocity
and acceleration values at each phase angle are then used in Morison’s equation (in both
horizontal and vertical directions) to compute the maximum concentrated forces due to Drag,
Inertia and Lift in the three global directions (FX, FY and FZ) at each node.

Wave Theory Selection

User can select the Wave Theory Manually or instruct CAEPIPE to determine the appropriate
Wave Theory by selecting the option “Automatic”.

When the option “Automatic” is selected, then CAEPIPE computes the Ursell (UR) parameter
using the wave parameters input in the dialog along with the chart given below to decide the
Wave Theory. Ursell parameter is defined as UR = HIL?/d’, where d = Wave Depth as explained
above, H = Wave Height and L. = Wave Length.

1. “Airy’s Linear Theory” is selected when UR < 1.00 and H/L < 0.0064. This region is
shown in YELLOW in the below chart.

2. “Stokes 5" Order” is selected when the UR computed internally is within the BLUE
region shown below in the chart, and

3. “Cnoidal 5" Order” is selected when the UR > 26.0 and within the RED region shown
below in the chart.

Note:

If Wave Length required for computing the Ursell parameter is not input, then CAEPIPE
computes the Wave Length by solving the dispersion relation as per Airy’s Theory using Wave
Period.
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Marine Growth Thickness and Density

The effect of accumulation of algae, sea weed, coral, etc., surrounding the pipe can be considered
in the analysis by specifying the Marine Growth Thickness and Density. Marine Growth leads to
an increase in Outer Diameter of the piping thereby affecting the Buoyancy, Weight of the
piping and Wave Kinematics. In addition, when you input a non-zero value for Marine Growth
Thickness in the dialog, then CAEPIPE considers the pipe surface as “Rough” while
determining the Drag, Inertia and Lift coefficients. On the other hand, when the Marine Growth
thickness is input as 0.00 or left BLANK, then CAEPIPE considers the pipe surface as
“Smooth” while computing these coefficients.

Drag, Inertia and Lift Coefficients

The Drag Coefficient (CD) represents the resistance encountered by the body due to the flow of fluid
(viscous effects). The Inertial Coefficient (CM) captures the accelerative impact of wave forces generated
by the pressure field around the body. The Lift Coefficient (CL) indicates the normal force perpendicular
to the flow, arising from phenomena like vortex shedding and asymmetric flow patterns.

Any of the coefficients can be entered in the following ways:

e Non-zero positive value: Applied to all elements selected for the wave analysis, considering
both horizontal and vertical fluid velocities and accelerations.

e +999.0: CAEPIPE computes the corresponding coefficient internally and applies it to the
elements selected, considering both horizontal and vertical fluid velocities and accelerations.

e Non-zero negative values: The absolute value of the coefficient entered will be used, but only
horizontal fluid velocities and accelerations are considered (vertical components are excluded).

e -999.0: CAEPIPE computes the value internally and applies it to the elements selected, but only
horizontal fluid velocities and accelerations are considered (vertical components are excluded).

e Zero (0.0): The effect of that force is ignored entirely in the analysis (e.g, setting CD to 0.0
ignores Drag force).



Wave Load Application in CAEPIPE 3D+

At present, in CAEPIPE 3D+ V14.00, user can enter up to four (4) wave load data namely Wave Load
1, Wave Load 2, Wave Load 3 and Wave Load 4.

User can apply a wave load to the whole or parts of the model. To apply the wave load to the
required portion of the layout, input "Y(es)" under the Layout Window > Misc > Loads > Wave Load
1/Wave Load 2/Wave Load 3/Wave Load 4. When done, CAEPIPE internally computes wave load for
each element and applies the corresponding forces and moments equally at the two nodes of each
element.

When an element is subjected to a wave load, CAEPIPE computes forces due to Drag, Inertia and Lift
due to Horizontal particle Velocity, Current Velocity and Horizontal particle Acceleration as well as
Drag, Inertia and Lift due to Vertical particle Velocity and Vertical particle Acceleration. The forces
thus computed are considered in Occasional load case.

Apart from the above, the element is also subjected to Buoyancy force. At present, this buoyancy
force is computed using the properties input under Wave Load 1. This effect reduces the apparent
weight of the piping as it acts against the gravity. Hence, the Buoyancy effect is included in
Sustained load case.

Drag and Inertia forces generally act in the direction of the wave velocity and Lift force will be normal
to the direction of the wave velocity. For example, when the wave direction is parallel to Global Z
with Vertical axis being parallel to Global Y, then the Drag and Inertia forces will act in Global Z
direction and Lift force will be in the plane normal to Global X and Z directions (i.e., parallel to Global
Y direction). For further details, refer to the Section titled “Wave Load” in CAEPIPE Code Compliance
Manual.

Below is a sample tutorial that has 4 waves with 3 manual selections (Airy’s, Stokes 5™ Order, Cnoidal
5" Order) and 1 automatic selection of wave theory.



Tutorial

Step 1 (Layout and Graphics Windows):

Snapshots shown below are from a sample CAEPIPE Stress layout that is used for Pipe stress analysis
using Wave Loading (see the “Waveloading.mod” file). The piping code selected for this analysis is ASME
B31.3 (2024).

=i* Caepipe 3D+ : Layout {19) - [Waveloadingl.mod {C\Templ]]

File Edit Wiew Options Loads Misc Window Help
Iwds BED @A
# |Node|Type | D3¢ (iin"] | DY (itin") | DZ (ftin") |[Matl | Sect |Load | Dats
1 | Title ="wave Loading Tutorial 1
2_ W’ave.Loading T.utorial for a. lapout in SD plane
3 |10 Fram A0 Anchor
(4 |10 Location Farce
(5 |20 |Berd 50" TUBO (2 1
6 |208 |Location Force
7 |POE | Location Farce
g |30 |Bend 0o TUBO |2 1
9 |208 |Location Force
10(308 | Location Force
11]40  |Bend oo TUBO |2 1
12408 | Location Force
13]408 | Location Force
1442 1.4142 14142 [TUBD |2 1 Force
15]45  |valve |1.0807 -1.0607 [TUBOD |2 1 Farce
N 25251 28251 [TUBD |2 1 Force
1760 Reducer | 09" 09" TUROD |1 1 Farce
18|70 o 3o TUBO (1 1 Anchar
13|70 Location Force
E

=i= Caepipe 3D+ : Graphics - [Waveloadingl.mod (CATemp)]

=i Caepipe 3D+ : Graphics - [Waveloadingl.mod (CATemp)]

File View Options Window Help File View Options Window Help

S AE@RARCDEH aaQoEnl

Step 2 (Materials, Sections, Loads):

Material, Section properties and Loads used for this stress layout are given below.



=i Caepipe 3D+ : Materials (1)

- [Waveloadingl.mod [{C:\Temp]]

= Caepipe 3D+ : Pipe Sections (2)

File Edit View Options Misc

Eile Edit Wiew QOptions Misc Window Help
I O i e lle=

Mame Diezcription Ty | Density Mu  |Joint [Yield |Tensile |Fatigue # [Temp|E Alpha | Allowable

pe |[Ib/in3) factor | [psi] | [psi) Curve Mame [F] [psi] [ineindF] | [pzi]

1 |TUBD A139 Grade B |C5 | 0.283 03 |080 (60191 (34809 1 [-20 |29.3E+E|E.50E-E | 35000
Z (2770 |2a56+6 |5.50E5 | 25000
N '3 |100 |29.36+6|650E-6 | 35000
N (4 150 |29.1E+6 | 65066 | 35000
B 5 |200 |28.86+6 | 6.50E-6 | 35000
N |6 |250 [28EE+6|650E6

- [Wavelcading.med (C\Temp]]

Window Help

l Do 0l eE>

Mame |Mom | Sch |00 |Thk [CorAl|M.Tol | Ins.Dens [ Ins. Thk | Lin.Dens | Lin. Thk | Soil
Dia [inch] | finch] | [inch] | (%] (B3] [finch) | (B3] | (inch)
11 12 (40 (12.75|0.406
2|2 16" (40 (16 |05
kel

== Caepipe 3D+ : Loads (1) - [Wavel

loading1.mod (C:\Temp)]

File Edit View Options Misc Window Help
I D& OlEeE
Mame | T1 |P1 P2 |Desq.T |Desg.Pr. | Speciic | &ddWat. |'Wind [Wind [Wind [Wind |Snow|lce |Wave |Wave [Wave |Wave
[F1 |[psi] [F] [psil | [F) [psi) gravity | [Ib/ft) Load 1 (Load 2 |Load 3 (Load 4 |Load |Load |Load 1| Load 2 | Load 3 | Load 4
1|1 140 (116 |70 [0 |176 116 1.22
2

Step 3 (Waves):

Input the Wave parameters through Layout Window > Loads > Wave 1. Select Wave Theory as “Airy’s
Linear Theory”. Once all inputs are done, copy the wave data to wave 2, wave 3 and wave 4; change
the wave theory in Wave 2 (through Layout Window > Loads > Wave 2) to Stokes 5" Order Theory, in
Wave 3 to Cnoidal 5" Order Theory and in Wave 4 to “Automatic”.

wave Direction

2 comp Y comp Z camp
[ [ [1.000
‘wiave Height (H] ’4'0"— [itin")
Bottom Sealevel BSL) [1007 qein')
Mean Sea Level (M5L) IZDD— [ft'in"]
Diensity of SeaWwater W MIb/in3)

“Wawe Period [T] £ "Wave Length [L]
" Wave Perind [T) & wiave Length L]

[Sec)  [I00TT i)
‘Wave Theory
" Automatic: & Manual

Wave Theory |Airy Linear Theory =

tarine Growth Thikness finch]
tarine Growth Density Ib/in3]
0K |

Cancel | Delete |

Drag Coefficient [CD)* [ 30

Inertia Coefficient [CM]* |2.00

1.30

#999.0 to compute internally

Lift Coefficient (CLJ*

Cunrent Direction
¥ comp ‘' comp Z comp
| [1.000

= Depth Mean Current (roph)

" Elevation from BSL [vs] Current Yelocity

CopypWave Data o wWave -

Wave Direction

¥ comp Y comp Z camp
fi [ [1.000
Wave Height M) [#07 (ftin")
Bottom SeaLevel BSLI [0 (i)
Mean SesLevel MSL [2007  jpin)
Density of Sea Water ’W [Ib/in3)

wave Period [T] / wave Length (L]
" Wave Perind [T] % wawe Length [L]

| (5ec)  [10000" [ftin")
Wave Theory
" Automatic & Manual

‘wave Theor |Stokes Sth Order -

I arine Growth Thikness [inch)
Marine Growth Density [Ib/in3]
0K

Cancel ‘ Delete |

Cirag Coefficient (CD)* |7 30
Inertia Coefficient [CMJ* |2.00

Lift Coefficient [CLF* [1.30
*399.0 to compute internally

Current Direction
¥ comp ¥ comp

| \
(% Depth Mean Curent [mph)

" Elevation from BSL [vs] Current Velocity

Z comp
[+.000

Copy Wave Data to Wave -




‘wave Direction
COmmp

Wave Height (H] [#0" (itin"]

Bottom SeaLevel BSL) 100" (ftin')

Mean SeaLevel (MSL] [200" fiin)
Density of SeaWater ,W (Ib/in3]

“Wave Period [T] / Wave Length (L]
" Wave Period [T) & wiave Length L)

Z camp
|1.000

Y comp

| (Sec)  [10000" [ftin")
Wave Theory
" Automatic @ Manual

Wave Theary |Cnoidal Sth Order -

I arine Growth Thikness finch]
Marine Grovith Density [Ib/in3]
ok |

Cancel | Delete |

Drag Coefficient [CDT [1 30
Inertia Coefficient [CH]* 2,00
Lift Coefficient (CLF 11 30

#393.0 to compute internally

Current Direction
¥ comp ¥ comp Z comp

[ [1.000

&+ Depth Mean Cunent (rph)

™ Elevation from BSL [ws) Current Welacity

Copy Wave Data to Wave -

“wave Dirsction

¥ camp Y comp Z comp
[ [ [1.000
‘wiave Height [H] ’4'0"7 [ftin"]
Boltom SeaLevel [BSL] [1007 fitin)
Mean Sea Level (M5L] W [ft'in")
Density of Sea'water |0.036 (Ib#in3)

“Wave Period [T] # Wave Length (L]
 Wave Period [T] @ Wave Length (L]

[ [5ecl  [t000T" qitin)
Wave Theory
& Automatic " Manual

‘wave Theory |Crioidal Sth Order

Marine Growth Thikness ’— [inch)
Marine Grovith Density (Ibfii3]

x|

Cancel | Delete |

Dirag Coefficient [COT [7.3n
Inertia Coefficient [CMJ* |2.00

Lift Coefficient (CLT |1.30

=393 0to compute intemnally

Curntent Direction
¥ comp Y comp

| |
{+ Depth Mean Curent [mph]

" Elevation from BSL (vg) Current Velocity

Z comp
[+.000

Copy Wave Data to Wave -

Step 4 (Loads):

Assign the defined waves to Loads by selecting Layout Window > Misc > Loads or (Ctrl + Shift+ L).
Double click the Load 1 and turn on Wave load 1, Wave load 2, Wave load 3 and Wave load 4 as

shown.

Load name

Operating

Temperature 1 |140 [F

Temperature 2 ’?'EI— IF1
Temperature 3 ’— [
Temperature 4 l— [F]
Temperature 5 l— {Fl
Temperature B l— [F]
Temperature ¥ l— [F]
Temperatuns 8 l— [F]
Temperstwe S [ ()
Temperature 10 l— [F]

Design

Temperature |176 [F
Spec. gravity |1.22

I Snowload [ lceLoad

Cancel

o |

Pressure 10 [psi]

Add. weight (Ibn/t]

™ windload1 7 Windload 2 [ Windload 3 [ Wind load 4

¥ waveload 1V ‘wWaveload 2 W ‘Wave load 3V ‘Wave load 4

Frezsure 1 IT [psi]
Pressure 2 ID— [psi]
Pressure 3 I— [psi]
Fressure 4 I— [psi]
Prezsure 5 I— [psi]
Prezsure B I— [psi]
Pressure 7 l— [psi]
Preszure 8 I— [psi
Preszure 9 l— [ps=i)

Pressure |116 [psi

Specific gravity iz with
rezpect to water

File Edit View Options Misc

=i* Caepipe 3D+ : Loads (1) - [Waveloadingmod [CATemp]]

Window Help

l DA Bl e

Mame |T1 |P1 (T2 |P2 |DesgT |DeszgPr |Speciic [Addwat |'wWind  |'wind  |Wind [Wind |Snow|lce |Wave |Wave [Wave [Wave
(F) | [p=il [(F) |(p=i)]|[F] [p=i] qravity | [Ib/AfE) Load 1 |Load 2 |Load 3 |Load 4 (Load |Load |Load 1 |Load 2 |Load 3 [ Load 4
1 140116 |70 [d |176 116 1.22 Y Y Y Y




Step 5 (Load Cases):

Select Wave 1, Wave 2, Wave 3 and Wave 4 along with Sustained, Expansion 1 and Operating 1 in
Load cases to be analysed through Layout Window > Loads > Load Cases... Finally, Save and Analyze.

¥ Sustained (' +F] I™" Dperating [w/+P2+T2) Original bandwidth =12 Murnber of equations = 72
[ Empty Wweight [ [ Design [w/+FD+TD] Mew bandwidth = 12 Stiffress matriv size = 648
|_ Sustained [w+P1) p wlave 1 Average bandwidth =10 =Gk
¥ Expangion [T1] W wiave 2
r Ewpansion [T2] W wave 3 @ Do pou want to see the results ?
[™ Expangion (T1-T2) W wiave 4 ez Mo |
¥ Operating (W+P1+T1] [ Modal analysis
ok | cencel | A | Mone Time =0
L.

Step 6 (Results):

The effect of wave loading in CAEPIPE Results can be seen in Sorted stresses, Code Compliance,
Elemental Forces & Moments, Support Load summary etc. As explained earlier, Forces and Moments
due to Wave Loading are added in Occasional case and Buoyancy Forces are added in Sustained case.
Below are a few snapshots of the Wave Loading related results reported in CAEPIPE 3D+.

Sorted Stresses, Support load Summary, Elemental Forces & Moments, Displacements

*i* Caepipe 3D+ :B3

File Results View Options Window Help

Q EHe=> HBA

Sugtained Expanzion Occasional
# 5L |SH SL SE |SA E SL+50 |SHO |5L+50
Mode | (psil |[psi] [SH |Mode|[psi] |(psi] |SA | Mode|(psi) [psi] | SHO

B0 | 442935000\ 01360 |2272|52500|0.04|60 |4322 |46550|0.11
70 | 3986350000171 70 | 1965 |52500|0.04|70 |4463 |46550|0.10
50 | 244335000 |0.07| 408 |1545 52500 0.03|50 |2650 |46550|0.06
208 | 238235000 | 0.07) 404 |1385|52500|0.03| 208 | 2443 |46550|0.05
308 | 213535000 | 0.06) 204 |1223 (52500 0.02| 308 | 2406 |46550|0.05
10 | 204335000 | 0.06)| 308 | 1165 |52500|0.02|10 | 2235 |46550|0.05
404 | 172335000 | 0.05)| 208 | 1054 |52500|0.02| 304 |1873 | 46550|0.04
204 | 186235000 | 0.05) 304 |1081 (52500 |0.02] 204 |1844 | 46550|0.04
304 | 164035000 |0.05|50 | 1023 |52500|0.02] 404 |1831 | 46550|0.04
40B | 143335000 | 0.04|10 |485 |52500|0.01|408 |1819 |48550|0.03
45 | 135235000 | 0.04)45 |359 (52800001145 |1411 | 46550|0.03
42 |1231 35000 | 0.04)42 | 292 (5280000142 |1288 |4B550|0.03

el =

—
ra

Weight 8 Center of Gravity

Ernpty weight = 3368.5 (Ib]

Insulation weight = 0 [lb]

Content weight = 3781.2 [Ib]

Lining weight = 0 [Ib)

Additional weight = 0 (Ib)

I arine growth weight = 0 (Ib)

Total weight = 7149.7 (Ib)

Buoyancy = -3643.2 [Ib)

Center of Gravity for Total weight

K=T.9214, ¥ =33023, Z=-7.7491 [ft'in"]

e




=i Caepipe 3D+ : Support load summary for anchor at node 10 - [Waveloading.res (C\Temp]]

File Results View Options Window Help

BED G& BeE= 5e=

Dizplacements [global]
Load combination  |F<(B]  [FY (b) |FZ(B] M (felb) (MY (-] | MZ (feE) [FR(B) | MB (e [35Tinck] T lineh] [inch]
Sustained -30 -2083 270 -8480 1787 -E468 207 10813 |0.000 0.000 0.000
Operating 42 2718 R -11803 | -402 6272 2903 13372 |0.000 0.000 0.000
Sustained+Wave 1 |0 214 )| -BE52 2310 -£728 2174 11201 |0.000 0.000 0.000
Operatingl +w/ave 1]-712 -2805 813 11975 |-926 -E532 3006 13672 |0.000 0.000 0.000
Sustained+wave 2 |-21 2107 416 5453 2274 6733 2147 11043 | 0.000 0.000 0.000
Operatingl +w/ave 2| -733 27 o947 -11776  |-889 -B537 2989 13458 |0.000 0.000 0.000
Sustained+wave 3 |36 -2264 521 8936 -2970 Rralied 2324 11734 |0.000 0.000 0.000
Operatingl +4w/ave 3| -676 -2929 953 -12259  |-1585 6306 3154 14159 | 0.000 0.000 0.000
Sustained+\wave 4 |36 2264 51 8936 2970 102 2324 11754 |0.000 0.000 0.000
Operatingl +w/ave 4 | -676 -2923 953 -12259  |-1588 -B30E 3154 14153 | 0.000 0.000 0.000
M asimum 36 -2053 953 8453 -402 £272 3154 14159 | 0.000 0.000 0.000
Mirirmum 742 -2929 270 -12259  |-2570 Rralues 207 10813 |0.000 0.000 0.000
Allowables 0 a 0 a 0 0 i 0 0.000 0.000 0.000

=i Caepipe 3D+ : Pipe forces in local coordinates: Wave 4 - [Wavelcad

File Results View Options Window Help
=1
= CRIERCEAISR L AIF Rl
# [Mode |Axial |y Shear |z Shear Torsion(ft-lb] Inplane(ft-Ib] Outplanelft-b) Flex. Factors | SL+50 [SHO [ SL+50
[[s]] (=)} [Ib] Moment |Index  [Moment | Index | Moment | Index  |FFi |FFo [FFE | [psi) [psi] | SHO
1 |10 |E7 187|228 -45E B2 1171 2235 465500 0.05
204 |B7 -187 | 228 -456 -E0 -486 1885 |46550)0.03
2 | 208 |56 194|147 |-45E 1.00 -487 263 £2 219 826|826 1844 (46550 0.04
208 (194 |EE 147|232 1.00 13 263 163 219 8.26|8.26 2445 46550 0.05
3|20 (183 |-128 |45 21 -160 3 1605 46550 0.03
30 (183 (128 |45 211 B07 27 1279 46550 0.03
4 1308 [173 |-136 |29 21 1.00 E05 263 28 219 8.26|8.26 1873 46550 0.04
30B (136 (173 29 339 1.00 53 263 27 219 8.26|8.26 2406 46550 0.05
5 |30B [-146 |80 93 329 363 445 1466 46550 0.03
04 (146 |80 99 329 35 349 1261 46550 0.03
B |40& (123 |13 13 329 1.00 112 263 278 219 826|826 1831 |46550)0.04
408 [1H 129 13 -3 1.00 117 263 -354 219 8.26|8.26 1619 46550 0.03
7 |40B (143 |-4E -E8 -290 -48 422 1166 46550 0.03
42 (149 |48 B8 -290 272 55 1288 |46550)0.03
a |45 (143 |89 186 |-290 186 -240 1411 46550 0.03
(%0 |43 & 186 |-230 -168 983 2070 46550 0.04
9 |50 (143 |13 226 |-290 1.00 192 1.48 1003 [1.48 2650 46550 0.06
[0 148 134 226 |-290 1.00 326 1.48 230 [1.48 4322 | 465500011
10|60 [-143  |157 247 |-290 322 1226 3610 46550 0.08
|/ |48 157 247 |-290 -B36 1720 4463 (465500010
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S BED BA BHe Te= 5o BA

# Dizplacements [global)

Mode | ¥ [inch] [ (inch) £ [inch] ¥ [deqg) | [deg) |2 [deg)
10 |0.000 (0000 |0.000  (0.0000 |0.0000 |0.0000
204 |0.000 [-0.000 (0000 (-0.0007 |-0.0010 |-0.0004
208 |0.00 -0.001 | 0.0 -0.0021 |-0.0029 (-0.0009
304 |0.005 |-0.004 (000 -0.0016 |-0.0026 |-0.0002
30B |0.005 [-0.003 (0002 (0.0049 |-0.0002 |0.0021
404 | 0.001 0003 |00 0.0051 00011 (00026
0000 |-0003 (0012 00025 (00038 |0.0007
42 |0000 (0002|0006 (00015 |0.0043 |0.00M0
45 0.000 -0.001 0.005 00015 (0.0043 [0.00710
50 |0.000 (0000 (0.0 0.000% |0.0034 (00010
g0 |0.000 [-0.000 (0.0 0.0007 |0.0027 |0.0003
0000|0000 {0000 |0.0000 (00000 |0.0000
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Support Loads

=i Caepipe 3D+ : Loads on Anchors in Global Coordinates: Wave 1- [Waveloading.res (C\Temp)] —

File Results View Options Window Help

REE= S

# [Mode|Tag|Fe(b) [Frib) [F2ib) | M (i) | MY (fedb) | M2 (ftb)
1 [10 0 88 11 472|524 |-260
2 |70 &5 £5 114 128 77 |2z6

=i* Caepipe 3D+ : Loads on Anchors in Global Coordinates: Wave 2 - [Waveloading.res (ChTemp)] — O X

File Results View Options Window Help

REE=D e &

# |MNode|Tag(F<(b) |Fribl |F20b) | MIfHB) | MY (flb] | M2 (-]
1|10 g -54 146 26 -487 -265
2 |70 10 -43 169 254 1229 4

== Caepipe 2D+ : Loads on Anchors in Global Coerdinates: Wave 3 - [Waveloading.res (C\Temp)] — ] X

File Results View Options Window Help

QA EHeE=d Ee=s &

B |Mode|Tag(FA(b) |Frik]  |FZ0B) | MIRHBE] | MY (flB] | M (-]
1| B¢ 212 252 -456 1183|634
2 | 149 -7 260 2390 1724 E41

=i Caepipe 3D+ : Loads on Anchors in Global Coordinates: Wave 4 - [Waveloading.res (C\Temp)] — ] X

File Results View Options Window Help

RECE= S

# |Mode|Tag|Fe(b) |Frib) [F2ib) | b i) | MY (iedb) | M (ftb)
1 [10 &7 212|252 456 |-1183  |-634
2 |70 149 A7 |20 290 1724 |8

From the above support load snapshots for wave 1, wave 2, wave 3 and wave 4, the following
observations can be made:

e Based on the input wave parameters, “Automatic” wave selection correctly chose the wave
theory as “Cnoidal 5™ Order theory” for this case (Results of Wave 3 and Wave 4 are
identical).

e The Forces and Moments at Anchor Node 70 are tabulated below. In the table, FR and MR
are the resultant Force and Resultant Moment calculated as FR = VFX2% + FY2 + FZ? and

MR =~\MX? + MY?2 + MZ2.

At Anchor Node 70

Case Wave Theory FX | FY | FZ | FR(Ib) | MX [\ \' Mz MR (ft-1b)
Wave 1

Airy 65 | -65 | 114 | 146.45 | 128 767 226 810.95

Wave 2 | giokes 5 Order | 10 | -49 | 169 | 176.26 | 254 | 1229 |4 1254.90

Wave 3 | c1oidal 5% Order | 149 | 171 | 260 | 344.99 | 291 1724 | 641 1860.57

Wave 4 | Automatic 149 | 171 | 260 | 344.99 | 291 1724 | 641 1860.57




From the table above, it is evident that Airy’s theory (Wave 1) predicts the lowest loads,
followed by Stokes 5th order (Wave 2), while Cnoidal 5" Order theory (Wave 3) yields the
highest. Note that Wave 4 (automatic selection) produces results identical to Wave 3, as it
internally selects the most appropriate wave theory — which, in this case, is Cnoidal 5t
Order theory.

Conclusion:

CAEPIPE 3D+ has correctly selected the appropriate wave theory to be Cnoidal 5 Order for this case
and a quantitative comparison of Airy’s, Stokes 5™ order, Cnoidal 5™ Order theories has been carried
out for the given layout.



