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SUMMARY

A computer model analysis of the Winston International Eandlocked Floating House has been
completed by Analytical Engineering Associates, Inc. The house design analyzed was Plan No. 1231,
a single-story, L-shaped ranch style residence with attached two car garage.

The results of the computer model analysis show that the floating house concept complies with
FEMA standards for wind, flood-flow, and impact loading, and exceeds the FEMA mitigating factor
for height of the first floor above the 100 year flood level

The house frecboard is at all times such that the bottom of the floor joists are always above the
waterline, with a good margin of safety. A stability analysis for roll about the house long and short
directions, shows that the floating house is stable for a much larger range of pitch and roll than is
calculated to occur under FEMA. design load conditions. The stabilizer joint system at the house
cormers is found to readily accommodate the largest calculated rotations and lateral displacements.

The analysis described i this report has confinmed that the landlocked floating House concept is

technically sound and outperforms design expectations, while exceeding FEMA. and building code
requirements.
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1.0 INTRODUCTION

Analytical Engineering Associates was retained by Winsten Intemational Corporation to carry ont
computer model calculations for the Fioating House Plan No. 1231. The computer program was
origmaily written by Pacific Testing Laboratories, an independent laboratory in Seattle, Washington.
This computer model program was written. by PTL and was utilized by Analytical Engineering
Associates to further test the model

A matrix of computer tests were carried out for various loading conditions. The computer prograrm,
which is written as a spreadsheet in the Microsoft EXCEL format, computes the pitch, roll, and
vertical displacements of the Floating House. The load cases studied include varying the garage load
over three different car weight configurations. The ballast needed to bring the floating house to a
completely level condition was calculated. Wind, flood-flow, and impact loadings as defined by
FEMA in their publication, "Design Manual for Retrofitting Flood-prone Residential Structures”,
were applied to the computer model

This report describes in detail the technical basis for the Floating House concept, the method of
modelling the system on the computer, the loads applied in the tests carried out, and the results of
the computations. The results are discussed and recommendations are made for inclusion in the
house design process. As the Winston Landlocked Floating House (WLFH) project proceeds, further
enhancement of the computer model program will increase its power and usefiulness.

2.0 TECHNICAL DESCRIPTION OF THE WLFH

The WLFH is a patented design which elevates the structure by flotation in flood conditions. In dry
conditions, the house rests on wooden piling, and in flood conditions a set of telescoping steel pipe
piles extend with the house.

The telescoping piles provide lateral support to wind, current, and impact forces. The design of the
telescoping piles takes into account the effects of friction, and materials have been specified which
result in very low values for this parameter.

As the house lifis in flood conditions and is acted upon by wind, current, and impact forces, it will
pitch or roll very slightly as the buoyancy system redistributes its support to counter the applied
forces. The action results in differential rotation and displacement at the connection between the
telescoping piles and the house sub-frame structure. This movement is free to occur because
stabilizer joints are installed to provide the telescoping pile-to-house connection.

The following pages discuss further the main features of the WLFH.
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2.1 Flotation System

The WLFH design incorporates a series of rectangular pontoons mounted beneath the sub-frame
structure. Each pontoon measures approximately 11 feet x 4 feet x 3 feet deep, with all walls
tapering mward towards the bottom. When fully immersed, each pontoon can provide approximately
8,000 Ibs of buoyancy. Sixteen pontoons are mounted under the house, plus one supports the deck,
and eight pontoons carry the garage. The total gross weight of the WLFH and its contents is just
under 100,000 Ibs. A total of 25 pontoons supporting the house provides an available buoyancy of
200,000 Ibs. This buoyancy is significantly in excess of the gross weight of the house.

The center of gravity of the house is the location of the resultant gravity force of all the weights of
the house working together. The Center of Buoyancy is the location of the resultant buoyant force
of all pontoons acting together. The Center of Buoyancy can occur at a position displaced from the
Center of Gravity. When this happens, a restoring morment will be developed by rotation of the house
as some of the pontoons become more submerged in order to generate an increase in buoyant force.

2.2 Design for Level Flotation

As stated m Section 2.1, it is possible the WLFH may float with a small pitch and roll attitude. This
may occur when some arrangements of house structure, internal walls, and house contents differ.
Generally, these components will not vary in weight or position. The principle items which may vary
are the vehicles i the garage. The WLFH, when afloat, is quite insensitive to small loading changes
such as occupant location and numbers, but items such as cars, having a relatively large weight will
have a more noticeable effect on the house "trim". This will be explained in later sections.

The designer mmst take into account all of these factors and produce a weight distribution which
results in the Center of Gravity being as close as possible to the Center of Buoyancy. This has been
considered carefirlly in the subject house plan #1231, when two vans (the heaviest vehicles envisaged)
occupy the garages. In this case the house floats very close to level under normal conditions.

23 Orientation of Pontoons

The WLFH is designed so its long direction is parallel to the most probable direction of flood flow.
In accordance with this, the pontoons run parallel to the long direction of the house. This facilitates
flow through the gaps between pontoons, and miimizes frontal area and hydrodynamic drag. In the
computer model analysis reported here, the forces due to current and impact are applied m the long
direction of the house.
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2.4 Ballast Capability

The WLFH will assume a slight amount of pitch and roll attitude when afloat, if the Centers of
Gravity and Buoyancy are not coincident in the level condition. The Center of Buoyancy moves to
the Center of Gravity as the house rotates, uatil equilibrium is achieved. It then becomes desirable
to return the WLFH to a level condition. This requires that the Center of Gravity be shifted to the
Center of Buoyancy for the level house. The judicious placement of additional weight in the house
will produce this shift. The flotation pontoons, while supplying buoyancy to support the WLFH, can
also provide added weight at controlled locations. This is achieved by pumping selected pontoons
with water and removing water from others.

It is useful to consider the case where the load is changed from the level design with two vans in the
garage. [t can be seen that replacement of the difference in weight at the garage location will be
necessary to return the WLFH to a level condition. The perimeter pontoons will be used to apply this
ballast.

The calculations required to specify the amount and pontoon location where ballast water is required
for Jevelling, are amenable to automation within a control system not unlike the small wall mounted
heating and air conditioning controls found in most homes. This control will respond to signals from
tilt sensors installed to detect pitch and roll attitude. The perimeter pontoons will have solenoid
vaives and submersible pumps connected to them to facilitate filling and emptying on command of
the ballast control system.

2.5  Telescoping Pilings

‘When the WLFH is floating in flood conditions, it is prevented from drifting away from its lot
location by tubular steel telescoping piles. These piles are founded in concrete beneath the house and
are connected to the house sub-frame structure at the comners of the house.

As the flood occurs, the WLFH flotation system lifis the house off its wooden pilings, and the
telescoping piles extend up to 20 feet, or by design, 5 feet above the highest recorded floods in the
geographical area in which the home is Jocated. The piles resist the side forces due to wind, current,
and impact that may be imposed on the house.

Specifically designed sliding couplings, usmg a low friction material manufactured by DuPont that
bas a coefficient of friction similar to Teflon, support each successive section of pile as it extends.
The assernbly is sealed and filled with hydraulic ofl which further reduces the friction coefficient of
the DuPout material from its already low value.
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2.6  Stabilizer System

The connection between the telescoping piles and the house sub-frame structure at the corners of the
WLFH consists of either a ball and socket joint, or a ball and socket together with a slider. The ball
and socket connection is capable of plus or minus 5 degrees rotation. The slider is capable of plns
or minus 1 fuch trapslation.

The inclusion of these connection details is important because they allow the house to rotate slightly
under load conditions. Without the stabilizer connections, large forces would transmit between the
telescoping piles and the house structure because of the restraint to motion. In the WLFH design,
these rotations are free to occur.

3.0 MODELLING STATIC PERFORMANCE OF THE FLOATING HOUSE

Computer modelling of the WLFH was performed by Pacific Testing Laboratoxies. The computer
program analyzes the WLFH for static performance in response to FEMA. specified design forces.
The computer program was written using the Microsoft EXCEL spreadsheet system and Visual
Basic.

Analytical Engineering Associates, Inc. reviewed the entire computer program and underlying
theoretical basis before carrying out the present study. In the process some additions and changes
‘were made to the original program.

In essence, the computer model program formally assembles the various forces acting on the WLFH
and searches for the condition where force balance occurs. These forces act vertically as forces due
to gravity which tend to move the house up or down, and as moments of forces about some axis
which tend to rotate the house about that axis. The force balance condition, when found, is the static
equilibrium condition for the house, and is the solution being sought in defining static performance
for the WLFHL

3.1  Archimedes’ Principle

Archimedes' Principle states that, for a body immersed in a fluid, 2 buoyancy force in opposition to
gravity will act on the body, and this force will be equal to the weight of fluid displaced by the body.

It is this prmciple which permits the marine engmeer to design systems that float. Such systems are

designed to displace a sofficient volume of the fluid so the system will float without sinking. For this
to be the case, the weight of fluid displaced must be equal to the weight of the system. For ships,
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submarines, and floating houses the fluid is water. For blimps and balloons the fluid is air.
Adjustment of the weight of the system using ballast is carried out in submarines and blimps to make
them sk or rise.

3.2 Equations of Equilibrium

The computer model of the WLFH is based upon. the equations of static equilibrium for the house.
The program assembles all of the forces and moments acting upon the WLFH in their proper order
and applies these forces to their related degrees of freedom before computing a solution.

The WLFH, like any body m 3D space has six degrees of freedom. For the purposes of the model,
these can be reduced to three degrees of freedom, one displacement and two rotations. This
Teduction in complexity resulis from the fact that lateral motion. in the water plane and rotation about
the vertical axis, are not needed to establish buoyant equilibrium. The equilibrium equations for the
‘WLFH are written for vertical motion and rotation about axes through the Center of Gravity in the
long and short house directions.

33  Equilibrium Search Algorithm

Except for certain simple cases, it is not usually possible to predict the immersion depth or attitude
of the WLFH by simply solving the system of equilibrium equations in one step. This is especiaily
true when there is strong coupling between the chosen degrees of freedom, 1., when applying a force
or moment in one direction, another direction is also affected. For this reason, an iterative solution
scheme mmst be used with the expectation that the mathematical system is sufficiently “well-behaved"
to permmit a sohition to be found.

Since it is known that, for equilibrium, gravity forces are equal to buoyancy forces, the problem can
be reduced to searching for a value of the pitch and roll angles and immersion where the out-of-
balance forces are zero. The algorithm selected for this purpose is the Bisection Method.

The process is outlined as follows: Zero resultant force is sought for each degree of freedom, one
at a time, whike holding the other two constant. A search along the degree of freedom, such as
vertical deflection, is conducted and at each search-poin: the out-of-balance forces are checked.
Based on this check, and in accordance with the bisection method, a new search-point is examined
and the search step-length is hatved. When the step-length to the next search-point is very small, the
next degree of freedom is searched, and so on. After completing one cycle, the convergence is
checked, and if the remaining out-of-balance forces are still too high, the process is repeated.
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4.0 APPLIED LOADS
The following loads are applied to the computer model of the WLFH.
4.1 Gravity Loads

These inchrde the weight of the WLFH structure, occupants, fixture and finishes, as well as carpets,
furniture, appliances, storage, and cars in the garage. It also includes the weight of any ballast used
to "trim” the house, and the weight of the extended portion of the telescoping piles.

42  Wind Loads

‘Wind loads are calculated using the projected area method specified in the Uniform Building Code,
assuming 2 base wind speed of 80 mph. The resulting wind design pressure is then applied to the
projected area of the long side of the house, which provides the highest load condition. An
overturning moment resulting from the wind load is applied to the computer model.

43  Hydrodynamic Drag

The hydrodynamic pressure formulation provided in "Design Manual for Retrofitting Flood-Prone
Residential Structures” FEMA 114, September 1986, the FEMA design manual, is used to calculate
the drag force on the WLFH. A flood-flow of 5 feet per second is assumed. The flow is taken in a
direction. parallel to the long direction of the house. The submerged frontal area of the pontoons
along the garage end of the house is used in the calcuiation of drag force. An overturning moment
resulting from the hydrodynamic drag is applied to the computer model.

4.4  TImpact Forces

Tnpact forces for both "normal” and "special” cases, as defined in "Design Manual for Retrofitting
Flood-prone Residential Structures’” FEMA 114, September 1986, the FEMA design manual, are
applied to the WLFH. An overturning moment resulting from impact is applied to the computer
model

4.5  Telescoping Pile Friction

Friction forces due to the telescoping piles were calculated using the horizontal pile reactions applied

to the design forces and a coefficient of friction of 0.04. This is the same as for Teflon on Steel. The
friction force is applied as a vertical force in opposition to the movement of the WLFH.

ACLE Group Compans
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4.6 Load Combinations and Directions.

For this study a series of computer tests were carried out with varying load in the garage. Each
garage load case was also loaded by the designated wind, current, and impact forces.

The load cases considered were:

Case No.1  No Cars in Garage

a. No Wind, Current, Impact, or Ballast

b. No Wind, Current, Impact, with WLFH Leveled nsing Ballast
c. Apply Wind, Current, Impact to Case 1a

d. Apply Wind, Current, fmpact to Case 1b

Case No.2  Chevrolet Cavalier and Caprice in Garage

a. No Wind, Current, Impact, or Ballast

b. No Wind, Current, Impact, with WLFH Leveled using Ballast
c. Apply Wind, Current, Impact to Case 2a

d. Apply Wind, Cuzrent, Impact to Case 2b

Case No.3  Two Large Vans (6,800 lbs each) in Garage

No Wind, Current, Impact, or Ballast

Results from Case 3a indicated that no ballast was required
Apply Wind, Current, Impact to Case 3a

Results from Case 3a indicated that no ballast was required

po o

‘Wind loads were applied at right angles to the long house wall. Flood-flow and impact loads were
applied at right angles to the garage and house end wall

4.CLE Group Compans
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5.0 STATIC ANALYSIS RESULTS

The computer model results are summarized in Tables 1 through 3 in Appendix B. The results are
discussed in the following sections.

5.1 No-Wind Condition, WLFH in Flood

This condition for the WLFH defines the pitch and roll attitude and immersion of the house without
any loads other than Gravity and Buoyancy. The results reported show that the WLFH rotates only
slightly under these conditions. When two large vans are in the garage, the Center of Gravity of the
WLFH is very close to the Center of Buoyancy of the house in the level condition, so the house floats
level Asmentioned earlier, a design goal for the WLFH is to have at least one gravity load condition
where the house floats close to level

5.2  Ballast Leveling

The amount and position of ballast needed to return the WLFH to level, is achieved using the
computer model program. After calculating the required amount and position of ballast, the effect
can be observed after forcing the pitch and roll rotation to zero, and applying the ballast. If the
amount and location is correct the restoring moments go to zero, and the Center of Gravity moves
to the Center of Buoyancy for the level house.

5.3 Design Wind, Flood Flow, Impact

Under the design load conditions of 80 mph wind, 5 feet per second current and normal and special
impact, the deflections of the WLFH are seen to be quite small in magnitude. This result is not
unexpected since the WLFH flotation system generates very large restoring moments, as is discussed
later in Section 5.6 "Static Stability”. In some cases, the applied loads oppose the "No-Wmnd"
rotations, and serve to reduce them.

5.4  Freeboard

Freeboard is defined as the distance from the bottom of the "belly-band", which is installed at the
WLFH perimeter, to the waterline. As the house rotates slightly under load, locations on the
perimeter of the house will experience less freeboard than others. The minimum freeboard is stated
in Tables 1 through 3.

The results tables also report the freeboard at the house Center of Gravity. This illustrates the height

at which the WLFH floats above the waterline. The values reported are consistently above the FEMA.
mitigating factor of 12 inches, for first floor elevation above a 100 year flood.

£.CLE Group Company
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Freeboard reported by the computer program for the "No Wind” load cases always exceeds the stated
design mintmnm of 11 inches. Under wind, flood-flow and impact the freeboard may drop to 8 inches
i some cases. This is still sufficient for the house sub-frame structure to remain dry.

5.5  Stabilizer Joint System

The vahes of joint rotation reported by the computer model are well within the design motion fimits
of the jomnts for all load cases considered. This reflects the overall low values of Totation experienced
by the WLFH under load.

56  Static Stability

The static stability of the WLFH was examined for rotation about the long and short axis directions.
A series of equilibrium checks were carried out using the computer model program, with incremental
values of pitch and roll While one rotation was varied the other was allowed to rotate freely. In
terms of the computer analysis this was accomplished by iterating until the free direction resulted
a zero restoring moment. The restoring moment for the selected rotation was then noted. The results
are plotted in Figures 3 and 4, Appendix A.

The range of rotation considered in this analysis far exceeds anything expected for the WLFH, but
the results are instructive. The graphs of restoring moment versus angle clearly show that there are
large reserves of stability about both axes. The maxinram value of restoring moment, for both axes,
is mouch larger than the applied load moments.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The Winston International Landlocked Floating House, Flan No. 1231, has been analyzed using a
computer model program. The theory behind the WLFH concept has been discussed together with
the details of the house design itself The computer analysis used load conditions which comply with
FEMA standards for wind, flood-flow, and impact loading.

The computer model analysis results show that the WLFH copaplies with FEMA standards for wind,
flood-flow, and impact loading, and exceeds the FEMA mitigating factor for height of the first floor
above the 100 year flood level

The house freeboard is at all times such that the bottom. of the floor joists are always above the
waterline. A. stability analysis for roll about the house long and short directions, shows that the
floating house is stable for a much larger range of pitch and roll than is calculated to occur under
FEMA design load conditions. The WLFH pontoon flotation system generates very large restoring
moments with quite small angles of rotation. The applied moments for an 80 mph wind, 5 feet per
second flood and impact loads, are easily resisted by the WLFH. The design of the stabilizer joint
system at the house corners is shown to readily accommodate the largest calculated rotations and
lateral displacements.

The analysis of WLFH Plan No. 1231 was a severe test of the program’s capabilities, since the "L"
shaped house exhibits strong coupling of rotations with respect to applied load moments. The
computer program used for this study can be further enhanced to become a design tool for the
‘Winston International house design team. The program can easily analyze houses of different plan
dimensions, multi-story buildings, and flotation systems with any number of pontoons in any
configuration.

It is suggested that the computer program could be modified to permit the WLFH designer to readily
select components from. a library of data and assemble them to form each WLFH design. The
computer program would then be used to analyze the house and verify that it meets all design criteria,
before storing the mformation in a WLFH database.

It is the opinion of AEA, from considering all the data generated in the course of this study, that the

Winston Landlocked Floating House concept is technically sound. The WLFH met design
expectations while exceeding FEMA and code requixements.
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Figure 1
Figure 2
Figure 3

Figure 4

APPENDIX A Figures

Plan View of Floating House Design #1231
Sectional View of Floating House. Pontoons and Coordinate System
Stability Analysis of WLFH, Rotation about Short Axis (Pitch)

Stability Analysis of WLFH, Rotation about Long Axis (Roll)

WINSTON LANDLOCKED FLOATING HOUSE
House Model #1231, Flotation Mode
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Figure 1 Plan View of Floating House Design #1231
Pontoons and Coordinate System
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This graph shows the moment needed to rotate the WLFH through a range of Pitch angles. When.
the WLFH is rotated through the small angles of Pitch, very large restoring moments occur which,
resist this rotation. These restoring moments are much larger than the applied moments produced
by wind, impact and current

Figure 3 Stability Analysis of WLFH
Rotation about Short Axis (Pitch
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This graph shows the moment needed to rotate the WLFH through a range of Roll Angles. When
the WLFH is xotated through small angles of Roll, very large restoring moments occur which resist
the rotation. These restoring moments are much larger than the applied moments produced by wind,
impact, and current.

Figure 4 Stability Analysis WLFH
Rotation about Long Axis (Roll)

18

ACLE Group Compant




[image: image19.png]Anghtical Engineering

tnnoume erin

Associates. Inc.

‘Winston International Corporation
Landlocked Floating House Performance Report

Page 19

Table 1a
Table 1b
Table 2a
Table 2b

Table 3

APPENDIX B  Tables

Floating House Computer Analysis Resalts (No Cars in Garage), Cases 1a & 1b
Floating House Computer Analysis Results (No Cars in garage), Cases 1c & 1d
Floating House Computer Analysis Results (Cavalier/Caprice in Garage), Cases 22 & 2b
Floating House Computer Analysis Results (Cavalier/Caprice in Garage), Cases 2¢ &2d

Floating House Computer Analysts Results (2 Vans in Garage), Cases 3a, 3b, 3¢ & 3d
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House Design Code: Plan #1231

Description: Single Story House with 2 Car Garage

Cars in Garage: None

Case 1a No Wind, No Current, No Ballast
Gross Weight.

-0.89 degrees

Freeboard at Center of Gravity. 15.72 inches
Minimum Freeboard. 10.76 inches
Stabilizer Joint Rotatio
Stabilizer Joint Displacenent.

Case 1b No Wind, No Current, With Levelling Ballast

Gross Weight. 104,528 Ibs
Pitch Angle. .0.00 degrees
Roll Angie.. .0.00 degrees
Freeboard at Center of Gravity. 13.67 inches
Minimum Freeboard... 3.67 inches
Stabilizer Jomt Rotation. .0.00 degrees
Stabilizer Joint Displacement. ...t 0.00 inches

Table 1a Floating House Computer Analysis Results
(No Cars in Garage)
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House Design Code: Plan #1231

Description: Single Story House with 2 Car Garage

Cars in Garage: None

Case 1c Design Wind, Current, and Impact, No Levelling Ballast
Gross Weight. ...89.528 Ibs
Pitch Angle. +0.61 degrees
Roll Angle.. -0.05 degrees
Freeboard at Center of Gravity. 15.44 inches
Minimum Freeboard. 11.23 inches
Stabilizer Joint Rotation.... -0.58 degrees
Stabilizer Joint Displacement. less than 0.05 inches

Case 1d

Design Wind, Current, and Impact, With Levelling Ballast

Gross Weight............oooiuie e 104,528 Ibs
+0.34 degrees

0.75 degrees
Freeboard at Center of Gravity. 13.25 mches
Minimum Freeboard.... 8.57 inches

Stabilizer Joint Rotation. .75 degrees
Stabilizer Joint Displacement. ..........co.coccovueeeenenes less than 0.05 inches

Table 1b Floating House Computer Analysis Results

(No Cars in Garage)
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House Design Code: Plan #1231
Description: Single Story House with 2 Car Garage
Cars in Garage Chevrolet Cavalier -~ Caprice
Case 2a No Wind, No Current, No Ballast
...97,324 Tbs
+0.18 degrees
-0.30 degrees
Freeboard at Center of Gravity. i
Mininoum Freeboard.
Stabilizer Jotut ROLAtON. .......ccoooiiruiiicire e 0.35 degrees
Stabilizer Joint Displacement. ess than 0.05 inches
Case 2b No Wind, No Current, with Levelling Ballast

..107,324 Tbs
.0.00 degrees
0.00 degrees

Freeboard at Center of Gravity. 3.24 inches
Minimum Freeboard.... 3.24 inches
Stabilizer Joint Rotation.. .00 degrees
Stabilizer Joint Displacement. 0.00 inches

Table 2b Floating House Computer Analysis Results
(Cavalier and Caprice in Garage)

4 CLE Group Company
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House Design Code: Plan #1231

Description: Single Story House with 2 Car Garage

Cars in Garage: Chevrolet Cavalier + Caprice

Case 2¢ Design Wind, Current, and Impact, No Levelling Ballast
Gross Welght........ooiiiiiiciiieicerree st 97,324 Tos
Pitch Angle. +0.54 degrees
Roll Angle... +0.48 degrees
Freeboard at Center of Gravity. 14.39 inches
Minimum Freeboard.... 10.01 imches
Stabilizer Joint Rotation. 0.72 degrees
Stabilizer Joint Displacement..............cceruene Jess than 0.05 mches

Case 2d Design Wind, Current, and Impact, With Levelling Ballast

107,324
0.34

H0.75
Freeboard at Center of Gravity. 12.81 imches
Minimum Freeboard.... 8.15 ches

Stabilizer Joint Rotation. .75 degrees
Stabilizer Joint Displacement. ss than 0.03 inches
Table 2b Floating House Computer Analysis Results

(Cavalier and Caprice in Garage)

A CEE Geoup Company
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House Design Code: Plan #1231
Description: Single Story House with 2 Car Garage
Cars in Garage: 2 Large Vans
Case 3a No Wind, No Current, No Ballast
....103,128 Tbs
Pitch Angie. +0.10 degrees
Roll Angle. +0.05 degrees
Freeboard at Center of Gravity. 13.88 inches
Mininowm Freeboard............ ...13.11 inches
Stabilizer Joint Rotation... reeeeee.0.11 degrees
Stabilizer Jont Displacement less than 0.05 inches
Case 3b No Wind, No Current, With Levelling Ballast
No Ballast required for this configuration.
Case 3¢ Design Wind, Current, and Impact, no Levelling Ballast
103,128 Ibs
.+0.46 degrees
+0.82 degrees
Freeboard at Center of Gravity. 13.47 inches
Minimum Freeboard. ..8.40 inches
Stabilizer Joint ROLAHON.........crureecerererrecrimrrecrcoreneresecn 0.88 degrees
Stabilizer Joint Displacement Jess than 0.05 inches
Case 3d Design Wind, Current, and Impact, With Levelling Ballast

24

No Ballast required for this configuration.

Table 3 Floating House Computer Analysis Results
(Two Large Vans in Garage)

A CLE Gronp Company




