SPAGHETTI VESSELS

YOU AND YOUR TEAM HAVE THE TASK OF CONSTRUCTING A VESSEL MADE
ENTIRELY OF SPAGHETTI, HOT GLUE, AND PLASTIC WRAP.

OBJECTIVES

e UNDERSTAND AND UTILIZE THE CONCEPT OF BUOYANCY AND
ARCHIMEDES’ PRINCIPLE.

e [DENTIFY DIFFERENT FORCES THAT ACT UPON STRUCTURES IN A FLUID.

e DEVELOP KNOWLEDGE ON THE IMPORTANCE OF STRUCTURAL INTEGRITY
AND BALANCE TO A VESSEL’S DESIGN.

e DEVELOP AND CONSTRUCT A BOAT MADE ENTIRELY OF SPAGHETTI, HOT
GLUE, AND PLASTIC WRAP CAPABLE OF SUPPORTING THE MOST WEIGHT.

e DETERMINE THE VOLUME OF DIFFERENT VESSELS, COMPARING THE
RESULTS OF THE TEST.

KEY ASPECTS TO A BOATS SUCCESS

BUOYANCY

IN PHYSICS, BUOYANCY IS THE UPWARD

FORCE ON AN OBJECT PRODUCED BY

THE SURROUNDING FLUID (L.E., A LIQUID _
OR A GAS) IN WHICH IT IS FULLY OR (density of the object)
PARTIALLY IMMERSED, DUE TO THE Pobject
PRESSURE DIFFERENCE OF THE FLUID \
BETWEEN THE ToP AND BoTToM oF THE  Pfluid '
OBJECT. THE NET UPWARD BUOYANCY (density of the fluid)
FORCE IS EQUAL TO THE MAGNITUDE OF

THE WEIGHT OF FLUID DISPLACED BY THE

BODY. THIS FORCE ENABLES THE

OBJECT TO FLOAT OR AT LEAST TO SEEM

LIGHTER. BUOYANCY IS IMPORTANT FOR

MANY VEHICLES SUCH AS BOATS, SHIPS,

BALLOONS, AND AIRSHIPS.

ARCHIMEDES’ PRINCIPLE

e [F THE WEIGHT OF THE WATER DISPLACED IS LESS THAN THE WEIGHT OF
THE OBJECT, THE OBJECT WILL SINK.

e OTHERWISE THE OBJECT WILL FLOAT, WITH THE WEIGHT OF THE WATER
DISPLACED EQUAL TO THE WEIGHT OF THE OBJECT.


http://en.wikipedia.org/wiki/Physics�
http://en.wikipedia.org/wiki/Force�
http://en.wikipedia.org/wiki/Fluid�
http://en.wikipedia.org/wiki/Liquid�
http://en.wikipedia.org/wiki/Gas�
http://en.wikipedia.org/wiki/Pressure�
http://en.wikipedia.org/wiki/Vehicle�
http://en.wikipedia.org/wiki/Boat�
http://en.wikipedia.org/wiki/Ship�
http://en.wikipedia.org/wiki/Balloon�
http://en.wikipedia.org/wiki/Airship�

STRUCTURAL INTEGRITY

IN ORDER FOR A BOAT TO BE
SUCCESSFUL IT MUST BE STRONG.
THIS MEANS THAT IT CAN SUPPORT
ITS OWN WEIGHT IN THE WATER
ALONG WITH THE LOAD THAT A
BOAT MUST CARRY WITHOUT
FAILURE. THE DESIGN OF THE
VESSEL MUST ALSO PROVE TO BE
BALANCED AND STABLE IN THE
WATER.

PART ONE

DESIGN AND CONSTRUCTION

GOAL: CREATE THE BOAT THAT WILL SUPPORT THE MOST WEIGHT WITHOUT
SINKING.

MATERIALS. 30 STRANDS OF SPAGHETTI (PLUS 3 EMERGENCY STRANDS,)
HOT GLUE, AND PLASTIC WRAP.

BEFORE CONSTRUCTION YOUR TEAM MUST DESIGN THE VESSEL ON PAPER.
REMEMBER ~ YOUR MATERIALS ARE LIMITED. AFTER ALL GROUP MEMBERS
HAVE APPROVED THE DESIGN, BEGIN CONSTRUCTION OF THE BOAT.
STRENGTH OF JOINTS WILL PLAY A CRUCIAL ROLE IN THE OVERALL
STRUCTURE OF THE BOAT. WHEN THE SKELETON OF THE BOAT IS
COMPLETE, USE THE PLASTIC WRAP TO COVER THE OUTSIDE OF THE BOAT.
CAREFUL. HOT GLUE RIGHT OUT OF THE GUN WILL MELT THE PLASTIC!

TESTING/RESULTS

THE FIRST STEP IS DETERMINING THE VOLUME OF YOUR GROUP’S VESSEL.
UTILIZING THE EQUATIONS ATTACHED OR OTHERS FOUND ONLINE, TAKE THE
CORRECT MEASUREMENTS AND ROUGHLY DETERMINE THE VOLUME OF YOUR
BOAT. RECORD YOUR RESULTS.

USE THIS WEBSITE
HTTP./ /WWW.CALCULATOREDGE.COM/ENGGCALC/VOLUME.HTML

VOLUME OF VESSEL.: IN3

ACCORDING TO ARCHIMEDES’ PRINCIPLE A VESSEL SHOULD FLOAT AS
LONG AS IT DISPLACES MORE THAN ITS OWN WEIGHT IN WATER. A STABLE
BOAT WILL DISTRIBUTE ITS WEIGHT AND SINK EVENLY IN THE WATER.
KNOWING THE VOLUME OF YOUR BOAT AND THAT WATER WEIGHS O.016
KG/IN3 DETERMINE THE THEORETICAL MASS THAT YOUR BOAT SHOULD
HOLD.

THEORETICAL MASS: KG



EACH BOAT WILL BE PLACED IN A LARGE TUB OF WATER TO DETERMINE
INITIAL STABILITY AND BUOYANCY OF THE VESSEL. MASS WILL SLOWLY BE
ADDED TO THE BOAT UNTIL THE VESSEL SINKS. RECORD YOUR RESULTS.

MASS HELD:

GRAMS

ANALYSIS/DISCUSSION

MAss(g) X 1000 = KILOGRAMS

COMPARE YOUR VESSEL’S DESIGN AND CARRYING CAPACITY WITH OTHER
GROUPS IN THE CLASS.

GROUP’'S NAME

MAsSsS HELD

ROUGH SKETCH OF DESIGN




DID ONE SHAPE/DESIGN PROVE TO BE MORE EFFICIENT THAN OTHERS?
WHICH ONE AND WHY?

IF YOUR BOAT TIPPED OVER AND SANK RATHER THAN SINKING EVENLY, HOW
WOULD THIS EFFECT YOUR BUOYANCY CALCULATION?

WHAT ARE SOME REASONS YOUR VESSEL DIDN’T LIVE UP TO YOUR
EXPECTATIONS?



AFTER OBSERVING YOUR RESULTS AND THOSE OF YOUR CLASSMATES,
WHAT DO YOU THINK FLAWED YOUR DESIGN?

How wOULD YOU IMPROVE UPON YOUR DESIGN?

DID YOUR GROUP WORK EFFICIENTLY AND EFFECTIVELY TOGETHER? WHAT
WERE SOME POSITIVE ASPECTS AND NEGATIVE ASPECTS OF YOU GROUP?



PART TWO

NOW THAT YOUR GROUP HAS COMPLETED THE FIRST VESSEL YOU MUST
TAKE WHAT YOU HAVE LEARNED AND IMPROVE UPON YOUR INITIAL DESIGN.
DESIGN AND CONSTRUCT A SECOND BOAT — ONE IN WHICH YOU BELIEVE
WILL OUT PERFORM YOUR FIRST BOAT. USING THE SAME METHODS AS PART
ONE, TEST YOUR BOAT AND RECORD THE NECESSARY DATA IN THE
INCLUDED TABLE.

FINAL DISCUSSION

HOwW DID YOUR SECOND ATTEMPT COMPARE TO YOUR FIRST? WASIT
BETTER/WORSE? WHY OR WHY NOT?

WHAT CHANGES DID YOU MAKE WHEN DESIGNING YOUR SECOND BOAT?
WHAT ASPECT OF VESSEL DESIGN (BUOYANCY, STABILITY, STRUCTURAL
INTEGRITY) DID THESE CHANGES ADDRESS?

DO YOU BELIEVE YOUR DESIGN WOULD WORK WELL IN A REAL WORLD
SITUATION? WHY OR WHY NOT?



Volume of a Cone

_—radius 2
R —)

o

helght

L_;__ ” "fﬁﬂlusj—_—_;:';-ﬂ

volume =Pi*h /3 * (r1® + (r1 * r2) + r2?)

Volume of a Cylinder

diameter

volume = Pi * radius? * length



Volume of an Ellipsoid
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major axis

volume = Pi /6 * (major * minor * vertical)

Volume of a Pyramid

Top Area

N

Height

Base Area

volume = (A1 + A2 + sqrt(A1*A2))*H /3

Volume of a Trapezoid tank
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volume =L * (b1 + (b2-b1)*h1l/h +Dbl)*h1/2

Volume of a Wedge
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volume=2*A+C)*B*H/6

source: OnlineConversion.com



