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Boat Building Project

Timeline

1. Introduction to buoyancy, fluid displacement, and density and how these terms relate to boats.

Date ______________

2. Complete “Dunkin’ for Density” lab to observe how different materials can be used to make an object float, sink or suspend in water.

Date ______________

3. Show Presentation (PowerPoint) on the history and cultural aspects of boat design/function through time. Complete a preliminary boat design.

Date ______________

4. Complete “Flotation of Different Shapes” Lab

Date ______________

5. Complete Preliminary Lab Report (pg. 1) Abstract and definitions

Date ______________

6. Bring in several different materials to test in water over night. Complete “Materials Activity” to test how these materials hold up in water over night.

Date ______________

7. BUILD BOAT

DUE DATE ______________

8. Complete “Preliminary Lab Report” (pg. 2)

Date ______________

9. Bring in the boat to be tested and critiqued by table group

Date ______________

10. Present Best of Boats to the class

Date ______________

11. FINAL LAB REPORT DUE: ____________________________
BOAT BUILDING/MATERIALS WEBSITES:

http://www.boat-links.com/Atkinco/Articles/Methods.html
http://www.yachtsurvey.com/core_materials.htm
http://www.custom-aluminum-boats.com/why-aluminum.html
http://www.all-about-boating.com/boat_building.html
BOAT BUILDING/ART WEBSITES:

http://www.steppinoutmaine.com/archives/2002/jul_12/building.html
http://www.losttrades.com/Site/GREENHORN%20BOAT%20SHOP.html
http://www.fisheriestrust.org/boat_building.htm
http://www.news.wisc.edu/10754
http://www.glen-l.com/submethd.html
http://www.craftacraft.com/boat_art
HISTORY OF BOAT BUILDING:

http://www.thepirateking.com/ships/ship_types.htm
http://www.historyworld.net/wrldhis/PlainTextHistories.asp?historyid=aa14
http://library.thinkquest.org/04oct/00450/historyofsail.htm
http://www.go-abacos.com/news/whatson/whatson_boats.html
http://www.atlanticchallenge.com/community/history.shtm
LESSON IDEAS

http://www.middleschoolscience.com/class3.htm
SCIENCE
Archimedes’ principle – The principle that states that the buoyant force on 
an object in a fluid is an upward force equal to the weight of the 
volume of fluid that the object displaces

Buoyant force – The upward force that keeps an object immersed in or 
floating on a liquid

Density – The ratio of the mass of a substance to the volume of the 
substance

Model – A pattern, plan, representation, or description designed to show the 
structure or workings of an object, system, or concept

Mass – A measure of the amount of matter in an object


Space

Pressure – the force over an area applied to an object in a direction 
perpendicular to the surface.
Pascal – S.I. unit for pressure

ART
Abstraction - The simplification or exaggeration of realistic images

Craftsmanship – The quality of technique used in creating an artwork

Critique – Critical evaluation or analysis of an artwork

Design – How well a piece of work is ordered or put together


Elements:



Principles:

Space




balance/symmetry


Shape/form



contrast


Line




repetition


Color




emphasis/dominance


Texture


Value

Form – Three dimensional (height, width, and depth) and encloses volume. for 
example, a cube is a form, a square is a shape.

Function – The purpose and use of a work of art

Notes on Pressure and Buoyancy

Fluid

Any material that can flow and takes the shape of its container

Liquids?
Gasses?

All fluids exert pressure:


The amount of force exerted on a given area



Pressure = force
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    Area

The SI unit for pressure is the pascal (Pa)
1 Pa = the force of one newton exerted over an area of 1 square meter (1N/m2)

Buoyant Force is the upward force that fluids exert on all matter


It is caused by differences in fluid pressure
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Which opposite sides are the same? They cancel each other out therefore the only fluid pressure affecting the box is on the top and bottom.

WHAT FLOATS YOUR BOAT?

Dunkin’ For Density
Objectives:
· To determine the density at which an object will float, suspend or sink in water

· To know the density of water

· To use the formula:  density = mass/volume
Materials:

1. Triple Beam Balance

2. 3 empty film canisters per group

3. Small plastic tub filled with water (or large beakers)

4. Small objects of various masses (marbles, paper clips, pennies, etc.)

5. Large graduated cylinder

Procedure Part 1:
1. Using the materials at your desk, modify the three film canisters so that they will float, sink, or remain suspended* in the middle of the tub of tap water

2. Canister 1 should float with the maximum amount of added mass

3. Canister 2 should suspend

4. Canister 3 should sink completely to the bottom with the minimum amount of added mass

*To suspend the canister be sure there is water completely above and below the film canister.

Procedure Part 2:

1. After completing Part 1, find the mass and volume of the three film canisters.

2. Record in data table.

3. Calculate the density of each film canister: D = M/V
Data:

	Canister
	Mass (g)
	Volume (cm3)
	Density (g/ cm3)

	1

(float)
	
	
	

	2

(suspend)
	
	
	

	3

(sink)
	
	
	


Analysis:

1. Did the mass of the canister change at all? Explain.


__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

2. Did the volume of the film canister change at all? Explain.


__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

3. What caused each canister to stay at their level in the water?  Explain what caused the canisters to float, sink, or suspend using the term density.

__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

Conclusion:

Write 2-3 complete sentences on what you learned.


__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

From 3000 BC: www.anthro.fsu.edu/people/faculty/ward/Ward%202006.pdf
*
Egypt and Mesopotamia:


Both the earliest civilizations, the Egyptian and the Mesopotamian, make extensive use of boats for transport on the Nile, Euphrates and Tigris. Egyptian boats sail upstream, hoisting a large rectangular sail, and then are rowed back down the river. 


The Egyptians, with access to the Mediterranean, also use larger seagoing vessels. These become known as 'Byblos' boats, revealing that their trade is with the eastern coast of the Mediterranean. Byblos is the main port for the export of the valuable cedar wood of Lebanon, essential for Egypt's architecture and for boat building.

From 1100 BC 

*
Phoenician design


The Phoenician fleet contains two markedly different designs of ship. A squat and tubby sailing vessel, rounded at both ends, is used for carrying goods and passengers. A longer boat, also rounded at the stern but with a sharp battering ram for a bow, is for war; this warship is a galley, propelled by oars, making possible bursts of speed and rapid maneuvers. 


Ramming an enemy ship is the main tactic of naval warfare throughout the Phoenician, Greek and Roman periods. A thousand years after the first Phoenician example, Roman warships have a bronze beak beneath the prow, below water level. They are themselves protected from this form of attack by belts of metal around the vessel. 


Within the next two centuries a third bank is added to provide the trireme. The trireme is the vessel used in the first war to be decided largely by naval power - the conflict in the 5th century BC between the Greeks and the Persians. By the time of the Punic wars, galleys are even larger.

260-255 BC 

*The first Roman navy: 


During the opening skirmishes of the first Punic War the Romans capture a Carthaginian warship, which had run aground. It is of a kind only recently introduced in Mediterranean navies. As a quinquereme, with five banks of oars (rowed by 300 oarsmen), it is larger and heavier than the triremes which have been the standard ship of Greek warfare. Since victory at sea involves ramming other ships, the extra size is important. 


Rome's new navy is to consist largely of quinqueremes, copied from the captured Carthaginian example. 

5th - 11th century AD 

*
Longships: 


A swift design of boat powered by oars is developed in northwest Europe, from the 5th century onwards, when the Germanic tribes begin raiding by sea. It is best known, in a later form, as the Viking longship.  


The Oseberg ship is famous because of its superb carved decoration. But the Gokstad example is probably the more typical longship, swift and of shallow draught, of the kind used to carry Vikings on their raids across the North Sea and up the rivers of Britain and Ireland. 


The Gokstad ship is 78 feet long, clinker-built from oak planks, with two high pointed ends, holes for sixteen oars along each side, and fittings for a broad oar to be worked as a rudder by the helmsman on the right-hand side of the stern. A mast near the centre carries a large rectangular sail. 

12th century - 15th century 

http://www.willthomas.net/Investigations/Articles/Junk_Boats_Dragon_Quest.htm
*
The Chinese junk: 


The design of the Chinese junk (a western word from the Malayan djong, meaning 'boat') is perfected during the later part of the Song dynasty, when the loss of the northern empire increases the importance of overseas trade. A merchant fleet, and a navy to defend the dynasty, becomes essential. The resulting junk is an ideal craft for the South China seas because it is a region that suffers from violent typhoons, so a strong hull is essential. 


The Chinese achieve this by means of the bulkhead - a partition across the interior of the hull, and sometimes along its length as well. Bulkheads make the hull rigid and also provide watertight compartments - invaluable when a leak at sea needs repair. 


The Chinese junk has other pioneering features later copied elsewhere. Traditionally built without a keel (allowing access to shallow waters), a sternpost rudder, a large heavy board that can be lowered on a sternpost when the junk moves into deep water, was added. Going below the bottom of the boat, and capable of hinging on its post, it fulfils the function both of keel and rudder. 


Until this time, throughout the world, the conventional method of steering a boat has been by means of a long oar projecting from the stern. 

 
Another important innovation on the Chinese junk is multiple masts which concertina on themselves when reefed, like a Venetian blind.  

15th century AD:
*
Multiple masts and sails: 


The humble European cargo ship - slow, tubby and propelled by a single sail, as opposed to the sleek lines of a galley with its crew of oarsmen - has changed little in design since the ships of the Phoenicians. In AD 1400 such a vessel still has a single mast in the centre of the ship. And it still carries a single sail, in most cases a rectangle of canvas set square against the mast. 


This type of ship would have been familiar to Greeks, Romans, Byzantines and crusaders as the standard vessel of Mediterranean trade. But in the 15th century, with attention turning increasingly to the Atlantic, there are rapid developments.


A second mast is added, and then a third. By the middle of the 15th century three masts are standard on the larger sailing ships, some of which are now of considerable size. At the same period it is discovered that the main mast can take a second smaller sail at the top. By the end of the 15th century there are ships with four masts, carrying between them sometimes as many as eight sails.


The most effective sailing ship of the 15th century is the caravel, developed in the Mediterranean but subsequently adapted by the Spanish and Portuguese for service in the Atlantic.
When  Dias, Columbus and Magellan set off on their great expeditions, their ships are caravels. 

16th century AD:

*
Carracks, galleons and galleys: 

The largest European sailing ship of the 15th century is the Spanish carrack, easily outdoing the caravel in tonnage (more than 1000 tons compared to an average of 250 for the caravel). The carrack becomes the standard vessel of Atlantic trade and adventure in the mid-16th century, until an important modification is made to its design. 


The carrack has unusually high castles in bow and stern, but the English trader of slaves John Hawkins discovers in the 1560s that the forecastle seriously hampers sailing. The great bulk of it, catching the wind ahead of the mast, has the effect of pushing the bow to leeward - making it very difficult to sail close to the wind. 


From 1570 Hawkins experiments with a design in which the high forecastle is eliminated. He proves that a ship with high stern and relatively low bow is faster and more maneuverable. With an official post on the Navy Board, he is able to improve the English fleet dramatically before the encounter with the Spanish Armada in 1588 - when the agility of the English vessels wins the day. 


Hawkins' 'low-charged' design, which acquires the general name of galleon, becomes the standard form for all large ships, whether merchant vessels or men-of-war, and remains so until the late 18th century. 

East Indiamen: 

*
17th - 18th century AD

The great value of trade from India and the East Indies prompts the various East India companies - and particularly those of England and Holland - to invest in magnificent ocean-going merchant ships. They need to be spacious to store the cargo; they need to be strong and well armed to fight off pirates or even the ships of rival companies; and they need to be comfortable for their captains and for important passengers, busy making fortunes in the east. 


Beautifully carved and gilded, these are the most splendid ships of the time. The largest class, outdoing even the biggest warships, is 1200 tons.


These vast ships are not as fast as their statistics reveal. The largest are 165 feet long and as much as 42 feet wide, a ratio of less than 4:1 between length and width. While the East India companies enjoy a monopoly of trade, speed is not of great importance. Each ship completes just one journey out to the east and one back each year, using the trade winds to help it in each direction. 


But in the 19th century the monopolies end, bringing competition, urgency and speed - in the age of the clippers. 

Clipper Ships


Beginning in the late 1840's American shipbuilders started to build a new kind of merchant vessel - the Clipper ship. Several qualities set the clipper ship apart from others sailing ships. A clipper was technically a sailing ship with three masts on which sat a large expanse of square sails. It was designed to carry a small, highly profitable cargo over long distances at high speeds. 


The clipper's masts, which could reach as high as a twenty story building, carried more sails and more kinds of sails than any other ship that had been built by that time. This cloud of sails controlled by a complicated web of rigging rose above a sharp bow and a sleek narrow hull. The long lines of the ship combined with the enormous driving power of the sails allowed the ships to "clip" along at speeds that earlier generations of sailors never dreamed of, and later generations never matched. 


Sailing 150 miles a day was considered a good day's run only a few years earlier, clippers traveled approximately 250 miles a day. The best of the clippers could cover more than 400 miles a day. 


Thousands of people were eager to get to the California gold fields and would pay premium prices to get there by the fastest clipper ship. Once there, the miners would pay top dollar for the goods and supplies they needed from back east. The ships that brought the goods to California first could earn a fortune for the owners. Tea from China brought a good price in New York and London, but it had to be delivered before it lost its taste. Some enterprising merchants made their fortunes by shipping ice from the ponds and rivers of New England to the tropics where it was a rare and valuable luxury, but they had to get it there before it melted. 

1787-1900’s

*
Metal Boats


In 1787 an unusual barge is launched on the Severn in Shropshire. The new craft has been designed and made at Wilkinson's own foundry at Coalbrookdale. It is the world's first iron boat. His firm subsequently makes several other metal barges for transport on Severn, but they are a long way ahead of their time. 
When iron first makes a widespread contribution to boat building - in the 19th century, in the form of the ironclad - it is as an outer protection for wooden warships against enemy cannon and the danger of fire.


The most extensive contribution to the development of iron steamships takes place in a Liverpool shipyard in the 1830’s owned by the Laird family. The Alburkah steams south from Milford Haven in July 1832 with forty-eight on board. She reaches the mouth of the Niger three months later, entering history as the first ocean-going iron ship.
WHAT FLOATS YOUR BOAT?

Beginning Boat Building Brainstorming

Type of boat thinking of building _______________________________

Time period of the boat ___________________

Draw a simple, but NEAT sketch of the boat:


What materials are being considered in the making of the boat? (list a minimum of 3)

Associate each material with the real world material available at that time.

Ex:
paper mache = coconut wood used by early Polynesians.

	Material Being Considered
	Actual Time Period Material
	Reason for Choice

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Briefly describe what aesthetic value you plan on developing in the boat.

(aesthetics is the art of making something pleasing to the eye)

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

WHAT FLOATS YOUR BOAT?

Flotation of Different Shapes

Make at least three different shapes out of clay to test 

buoyancy and fluid displacement. Things to keep in mind while 

forming shapes:

* floatation 



* ability to carry a load

* buoyancy 



* density

* fluid displacement

1. Create shape out of clay and describe in the data table below.

2. Determine density of the shape

3. Record how many pennies the shape will hold.

	Shape
	Observations
	Density
	Load Tolerated

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Which shape floated the best? __________________________________________________________________________________________________________________

Which shape held up the largest number of pennies? How many pennies? _________________________________________________________

How will you use this information when building your boat? ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What Floats Your Boat?

Research Guideline

Use the following websites to guide you in the research about the boat you have chosen to build.

BOAT BUILDING/ART WEBSITES

http://www.steppinoutmaine.com/archives/2002/jul_12/building.html
http://www.losttrades.com/Site/GREENHORN%20BOAT%20SHOP.html
http://www.fisheriestrust.org/boat_building.htm
http://www.news.wisc.edu/10754
http://www.glen-l.com/submethd.html
http://www.craftacraft.com/boat_art
HISTORY OF BOAT BUILDING

http://www.thepirateking.com/ships/ship_types.htm
http://www.historyworld.net/wrldhis/PlainTextHistories.asp?historyid=aa14
http://library.thinkquest.org/04oct/00450/historyofsail.htm
Answer the following questions about the boat you are building

1. What is the time era of your boat? _______________________

2. What was the “function” of your boat (what was it used for)? ________________________________________________

3. List 2+ materials that were used in the building of the boat.

4. How is the culture from where the boat came reflected in the design of the boat? ___________________________________ __________________________________________________

5. Find two interesting facts about your boat. 


     __________________________________________________ 
     __________________________________________________ 
     __________________________________________________

WHAT FLOATS YOUR BOAT?

Form vs. Function

Preliminary Lab Report

Pg. 1
Key terms to know:

1.
Pressure (in terms of fluids) __________________________________________________________________________________________________________________ 

2.
Pascal

__________________________________________________________________________________________________________________ 3.
Buoyant force __________________________________________________________________________________________________________________ 4.
Archimedes’ Principle __________________________________________________________________________________________________________________  5.
Density __________________________________________________________________________________________________________________

What type of boat is being planned? ____________________________

What design aspects will go into the boat to ensure that it’s function isn’t distracted by its form?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Attach additional paper if needed.

WHAT FLOATS YOUR BOAT?

Materials Activity

PURPOSE:
Test four different materials of your choice to determine the durability of those materials in water.

MATERIALS: 
*Four different materials  
*Scissors




*4 Petri dishes


*Water




*Sharpie



*Masking tape

PROCEDURE:

· Label each Petri dish (using tape) with group name/number and period

· Cut each material exactly the same size (approximately 4cm x 4cm) so that it fits in the middle of the Petri dish and does not touch the sides. Note: some materials may expand in water so leave enough room.
· Make a prediction for each material and how it will react to water

· Weigh each piece of material and record mass in grams.

· Fill each Petri dish with __________ mL. of water

· Add one material to each of the four Petri dishes

· Leave overnight

· Weigh each piece of material and record

· Record observations

DATA:
	Material
	Prediction
	Beginning 

Mass (g)
	Ending 

Mass (g)
	Post Observations

	
	
	
	
	

	
	
	
	
	

	Material
	Prediction
	Beginning

Mass (g)
	Ending

Mass (g)
	Post Observations

	
	
	
	
	

	
	
	
	
	


ANALYSIS:

Which materials were more durable in the water? ___________________

_________________________________________________________

Which materials floated? _____________________________________

Sank? ____________________________________________________

Took on the most water? ______________________________________

CONCLUSION:

Which materials would be best used in the construction of the boat? _________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

WHAT FLOATS YOUR BOAT?

Preliminary Lab Report

Pg. 2

MATERIALS:

List the materials you used in the making of your boat. Be as accurate as you can about amount, length, width, type of material, etc.

DATA:

Record observations about your boat as it was being tested in class

Type of boat built: ____________________________________

	Beg. 

Volume

(mL)
	Beg.

Mass

(g)
	Beg.

Density

(g/mL)
	Ending 

Volume

(mL)
	Ending

Mass

(g)
	Ending

Density

(g/mL)
	Change in Density

	
	
	
	
	
	
	


Record information about the other boats from your table group

	Type of Boat
	Builder
	Change in the density of the Boat
	Any additional information

	
	
	
	

	
	
	
	

	
	
	
	


ANALYSIS:

How did the density of each boat change during the flotation test? __________________________________________________________________________________________________________________ _________________________________________________________

Which boat showed the least amount of damage after the flotation test? _________________________________________________________ Which boat showed the greatest amount of damage after the flotation test? _________________________________________________________

CONCLUSION:

Discuss three or more cultural facts about the boat you built. (i.e. time period, what the boat was/is used for, the function of the design, why the boat was decorated the way it was.) 

_________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Discuss the design of the boat and why the boat floated well, not well, or just okay based upon its design and the materials used. 

_________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

WHAT FLOATS YOUR BOAT?
GROUP EVALUATION OF BOATS

	Type of Boat
	Builder
	Mass (g)
	Volume (mL)
	Density
	Float?
	Sink?
	Tilt?
	Durability of materials and absorption of water

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Based upon the above questions and testing, which boat in the group should be submitted for presentation? 

____________________________
Built by: __________________________________________________

Why? ____________________________________________________________________________________________________________________________________________________________________________

WHAT FLOATS YOUR BOAT?

ARTISTIC PERCEPTION/CULTURAL VALUE OF THE BOAT:

GROUP EVALUATION

Boat being discussed ________________________________________ 

Builder: __________________________________________________

1. Did the builder focus more on the form or the function of the boat? _________________________________________

What makes you think this? ____________________________________________________________________________________________________

2. Does the boat have connections to multiple global cultures or is it limited to its immediate geographical area.

____________________________________________________________________________________________________

3. Is there something on the boat that your eyes keep returning to?_______ Why? ___________________________________

4. Is there anything surprising about the boat? _______________ Why? _____________________________________________

5. Describe what you see, smell and hear in the boat. ______________________________________________________________________________________________________________________________________________________

6. How has art been utilized in the production of the boat? ______________________________________________________________________________________________________________________________________________________

WHAT FLOATS YOUR BOAT?

Final Boat Building Project

Note: Do several flotation checks during the process of building.

Final boat of choice: _______________________________

Time period of the boat ____________ Purpose of boat: _____________

_________________________________________________________ 

Draw a detailed sketch of the boat, including dimensions in metric and materials list. Attach a separate sheet of graph paper. Include arrows showing where the greatest displacement of water occurs.

Describe the aesthetic value of your boat and how culture played into the design of the boat.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What worked and did not work in the construction of your boat?

	Worked Well
	Did NOT work

	
	


What changes would you make in the design and/or construction of your boat?
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