[image: image1]Calculating the Buoyancy of Small Water Craft
By Lee Craig – lcraig@yorktech.com
I am currently engaged in making a small wooden canoe-type boat.  The particular design I am using is called a “Pirogue” and consists of pieces cut from two sheets of 1/4” BCX plywood held together with fiberglass tape and resin (see last page for plans). One of my safety-conscious wife’s questions is, “will it float?”  This is indeed a worthy question.  It would also be nice to know how low in the water it will ride.
Consider the forces on the boat in Fig.1.  Gravity pulls down with a magnitude of (mass of boat & passengers & gear)(g) and the upward buoyant force, Fb, is given by (density of water)(g)(volume of the displaced water), where g is the acceleration due to gravity = 9.8 m/s2 = 32 ft/s2.  When the upward buoyant force equals (or exceeds) the downward weight, the boat will not sink.
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All quantities are easily found except for the submerged volume of the boat, which is complicated by the curved bottom and the slanted sides.  We will use a double integral to find the submerged volume by summing all of the rectangular prisms up to the waterline.  Looking at a quarter of the boat, from the bottom as shown in Fig.3, we will use the following variables and dimensions:
· L = length = 7.75 ft
· a = bottom parabolic curve coefficient = 0.00483 (since lift of bow & stern = .292 ft)
· b = hull parabolic curve coefficient = 0.0188 (since width of bottom = 1.13 ft)
· c = hull z intercept = 1.13 ft (width of bottom)
· h = distance from the bottom of the boat to the waterline, changes with load
· w = difference in width between the bottom and top of the boat = 0.250 (since beam = 1.38 ft)
· d = depth = 0.833 ft

[image: image5.png]


Then the volume is bounded by the following:
0 ≤ x ≤ L

ax2 ≤ y ≤ h

z = -bx2 + c + (w/d)y

The quarter volume is given by
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We can now solve the related rate problem of how does the rate of changing the mass of/in the boat affect the height of the waterline.  From above,
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For more information/plans on building a pirogue:
http://www.unclejohns.com/boat/plans/p12build.pdf

 HYPERLINK "http://www.alaska.net/~fritzf/Boats/DuckSkiff/Pirogue.htm" 
http://www.alaska.net/~fritzf/Boats/DuckSkiff/Pirogue.htm
� EMBED Equation.3  ���
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Fb = ρwater g VDisp.Water





Boat Weight = mg





Figure 1: Forces on a boat.











Figure 4: Build Your Own! 





Materials


2 sheets plywood


Fiberglass tape ~ 80 ft 3” wide


Fiberglass Resin


Duct tape


Steps


Cut 2 strips 10.5” wide from each sheet of plywood for the hull


Join strips with a butt or scarf joint to make 2 10.5”x16’ long strips and 1 27”x16’ strip


Trim the corners at ~350 angle to make bow & stern angle 


Place the wide strip flat on the ground and stand the two long strips together on top of it with the wide parts up.


Duct tape the bow and stern edges and spread the midship to the width of the wide strip with a stick


Draw the curve of the sides on the wide strip and cut the bottom


Duct tape the bottom in place 


Place a block under the bow & stern to flare the sides


Fill gap between bottom & hull with filler


Fiberglass joints inside boat & let cure


Fiberglass joints outside boat & let cure


Apply finish coat











Side View





Figure 2: Elevations of the Pirogue





Top View





Front View
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V = 4(V1/4) = 42 h2 - 7 h - 1.44





y = ax2





w





z = -bx2 + c + (w/d)y





Figure 3: Quarter Volume Showing Bottom and Hull
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