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This is a preliminary study to ascertain the magnitude of current and other forces that may be
found to act on the "LAND-LOCKED FLOATING HOUSE" during flood conditions. By
necessity, these include preliminary estimations and approximations of some of the factors
involved. The intent is to come up with a reasonable design criteria for the telescoping piers and
other parts.

Resistance of floating structures is difficult to calculate on a theoretical basis, due to the
complexity of determining the flow patterns around the floating object. This is compounded in
our case by the fact that we can't predict from which direction the current will be coming. Also,
the close proximity of the flotation tubs to one another and to the bottom create interrelated
wave and flow interactions, further complicating our efforts.

The approach used for determining resistance of marine vehicles, when there are any
complicating factors involved, is to utilize scale model testing. A model of the vessel and it's
appendages is built and towed in a test tank. From the amount of force required to pull the
model at various speeds, the amount of resistance of the full size hull can be calculated. The
results from. such tests are quite accurate, and are used to determine horsepower requirements,
etc.

We, however, do not need such a high degree of precision. Therefore, the approach I have taken
is to list some of the important considerations for each of the components of resistance, while
making some conservative estimates for each. This results in the maximum value for hull
resistance under the given conditions.

There are several components to resistance of a hull. For convenience, I have divided them into
“frictional resistance,” and "residuary resistance.” Frictional resistance is the resistance of the
water over the immersed surface area. Residuary resistance includes the force due to the
generation of waves by the hulls moving through the water, and the force necessary to overcome

the drag, normally created by "eddies” -- Pockets of water that are effectively sucked along
behind the hulls.

Other forces acting on the structure will include frictional resistance of the individual piers, and
wind resistance on the above water profile. Actually, the wind stands to be a much larger force
on which would lessen the bending force on the piers, but would increase the tendency of the
house to "list," to some angle. If wind and current are in the same direction, the bending force
on the piers would be cumulative, but the amount of list would be minimized.
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Without first-hand knowledge of typical flood conditions, and on the recommendation of Greg
Gilda of Kimsey Structural Engineers, I called Mr. Ken Corbin, of the Army Corp. of Engineers
in St. Louis, Mo., (314) 331-8483. His experience was that 4-5 feet per second was fast for
currents around flood banks of larger rivers. He stated that larger currents might be found in
mountain stream areas (rapids, etc.), but not in major river areas. Also, the shallower areas move
slower, due to friction of the water over the ground. Based on this discussion, I have used five
feet per second, or three knots, as my design speed for resistance calculations.

Frictional Resistance

Frictional resistance is directly related to the "wetted surface” area, i.e. the area of surface that
is submerged and in contact with the water. It is also proportional to the square of the velocity
of the water moving past it. Taking our system of sixteen flotation tubs approximately eleven
feet long by five feet wide, we get approximately 1400 square feet of wetted surface (including
some immersed side skirt area.) Although the water will not be flowing over all of this surface
at the maximum speed, due to the shape of the rectangular tubs, we will assume it does, in order
to be conservative. A. factor to take into account the surface roughness is also needed -- I have
used a roughness factor for fine sand.

Frictional Resistance - [x S x V", where f=0.0058, S =1400sf, V=5 fps, n=2

= 203 pounds

Residuary Resistance

Wave making will be a relatively small component of overall resistance at the low water speeds
encountered. It becomes more important when the "speed-to-length” ratio is around 1.0 or
higher. (Speed-to-length ratio is equal to the speed in knots, divided by the square root of the
waterline length.) For this vessel, the long direction S-1 ratio is about 0.39, and 0.59 in the
short direction. Although the dimensions of each individual tub are smaller, with S-L's of 0.95
and 1.50, they will be generally surrounded by entrapped water, effectively acting together as one
large hull. T would anticipate some waves being generated at each gap between tubs, but not as
large as if they were in a free flow environment.

The other part of residuary resistance is due to the energy lost from water that is trapped in
eddies and turbulence. In our case, this will be larger than for a single barge form of similar
dimensions, because of the pockets of water trapped between the tubs.
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have to look at it as some percentage of the total resistance. In the case of heavy slow-speed ship
forms, the residuary resistance is typically 15 to 20 percent of the total resistance. That type of
vessel would experience larger wave making resistance due to higher speeds, but probably less
eddy making resistance, due to a more efficient hull form. To be conservative, I called it 50
percent of total resistance, which would make it equal to the frictional resistance, approximately
200 pounds.

Air resistance

Air resistance is also proportional to the square of the velocity, and could represent a very large
force on the structure under storm conditions. My rough calculation yielded about 840 square
feet of area, which would receive about 1800 pounds of force in a 25 mph wind, or 7200 pounds
in a 50 mph wind.

Although the structure of the house is certainly designed to withstand these conditions, it must
be remembered that the piers will be called upon to resist this load when the vessel is floating.
Also, an effective bending moment is applied dixectly to the home, causing it to want to "list”
away from the wind. For a floating body by itself (ignoring the piers for a moment), the wind
will cause it to list to some angle where the increased buoyancy on the down side will create an
opposite moment, whereupon it will be in equilibrium. In our case, the piers will be trying to
prevent this tilt, effectively increasing the bending moment in the piers beyond that due to the
side pressure of the wind alone. (In addition, it should be noted that the vessel may also have
a tendency to heel, due to other forces, such as might occur in structural imbalance, or in the
placement of furnishing weights, for example.}

An alternative to this problem was used to design the pierss with some degree of pivot allowed
where they connect to the home. This diminishes the stress on the piers, but also complicates
the structural connection somewhat.
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Another minor effect will be from current around the piers themselves. This will increase, of
course, with the depth of water experienced, but will never amount to more than a total of 50
pounds.

Also, it must be expected that some debris will become entangled in the house or flotation
causing an increase in resistance. However, the increase will only be from portions that are
sticking out to the side into the flowing water. This is also where debris is least likely to
accumulate. For the most part, it will accumulate against the upstream side of the house, and
will cause very little increase in resistance.

Summary

Total Water Resistance

As the total water resistance is 2 small fraction of the potential air resistance, it should suffice
to use the above figure without any further investigations or model tests. The piers will need to
be able to withstand the design wind loads {plus 500 pounds for water resistance), at the design
maximum depth of water. At lesser depths of water, the factor of safety will increase
dramatically.

The amount of potential list of the structure may become fairly critical. If 50, more study of this

subject may be needed. This problem has been addressed with the implementation of the sliding
ring stabilizers, which are located at the exterior underside corners of the house.
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