
WHICH PAPER COLUMN CAN SUPPORT THE MOST WEIGHT?
The Chal lenge:  We are  going to  test  the  strength of  paper,  fo lded in
dif ferent ly  shaped columns,  by  p i l ing  books  on top.  This  i s  very  s imi lar
to  how column are  used to  support  bui ld ings  and other  structures.
Suppl ies:  three sheets  of  paper,  tape,  and a  p i le  of  th in  books.  
Steps:  Fold  three p ieces  of  paper  into  the shapes  shown below and tape
where  you the two ends  of  the  paper  meet:
 
 
 
 
 
 
Start  with  the  p iece  of  paper  you fo lded into  a  rectangle.  One at  a  t ime,
gent ly  p i le  th in  books  on top of  your  rectangle.  Cont inue stacking them
unti l  your  rectangle  col lapses.  Make a  note  of  which books  the  rectangle
was able  to  hold.  Repeat  th is  process  for  the  tr iangle  and cyl indr ica l
column.
Which shape was the strongest  and why?
 
Engineer ing Lessons:  The cyl inder  can support  the  most  books  because
it 's  wal ls  don't  have any edges.  The force  of  the  books  cannot  become
concentrated in  a  part icular  area.  The load is  d istr ibuted evenly.  In
other  words,  a l l  parts  of  the  cy l inder  are  shar ing the load of  the  books.
Al l  parts  of  the  cy l inder,  therefore,  contr ibute  to  i ts  overal l  strength
unt i l  i t  f inal ly  col lapses.  The square  and tr iangle  deform more eas i ly .
They shi ft  the  weight  of  the  books  to  their  edges  and corners,  which
deforms their  wal ls  and leads  to  a  quick  col lapse.  
 
Have you not iced columns in  bui ld ings  and other  structures?  Next  t ime
you v is i t  a  parking garage,  look around and not ice  what  shape the
support  columns are!

ENGINEERING OLYMPICS
USE MATERIALS FROM AROUND YOUR HOUSE TO
ACCOMPLISH A SERIES OF ENGINEERING CHALLENGES!
FOR YOUTH OF ALL AGES WITH ENGINEERING FACTS FOR
OLDER YOUTH. 



WHICH AIRPLANE CAN FLY THE MOST CARGO?

First ,  mark  a  start ing point  for  your  p lane throw.  This  wi l l  be  ten feet
in  f ront  of  your  doorway.  Then use  tape to  make a  target  in  the  upper
half  of  your  doorway.  To prove their  cargo plane can f ly ,  k ids  need to
gl ide  their  p lane through that  target  successful ly .  
I f  your  k ids  don't  know how to  make a  paper  a i rp lane,  have them
watch some v ideos  on You Tube and use  this  as  a  problem solv ing
act iv i ty  for  them.  
After  they are  done fo lding,  have your  k ids  guess  how much money
they bel ieve  their  p lanes  wi l l  be  able  to  f ly .  Using tape,  have them
tape that  amount  of  coins  onto their  p lane.
Now it 's  t ime to  f ly !  Have your  k iddos  stand behind the start ing l ine
and attempt  to  throw their  p lane through the upper  hal f  of  the
doorway.  I f  they make i t  through,  have them add more coins  to  their
plane and f ly  i t  again.  I f  the  p lane did  not  make i t  through the target,
remove some coins  and f ly  i t  again.  Cont inue this  process  unt i l  you've
found the maximum amount  your  p lane can carry.  
Repeat  these  steps  with  mult ip le  des igns  to  f ind out  which one f l ies
the most  weight!

The Chal lenge:  Now our  chal lenge is  to  make a  paper  a i rp lane that  can
carry  a  cargo and gl ide  more than ten feet .  Our  cargo today wi l l  be
coins.  The winner  of  th is  chal lenge wi l l  be  the  person whose plane f l ies
the highest  value  of  money.  
Suppl ies:  construct ion paper,  tape,  coins,  a  doorway
Steps:  

 
Which airplane carr ied the most  weight?  How much did  it  carry?
Why do you think this  plane carr ied the most  weight?

Engineer ing Lessons:  There  are  4  forces  act ing on
a plane in  f l ight:  thrust ,  l i f t ,  drag,  and weight.
Thrust  results  f rom when you throw the plane
forward,  weight  comes from gravity  pushing the
plane toward the ground,  drag comes from the
res istance the plane encounters  due to
encounter ing a i r  part ic les,  and l i f t  i s  created by
the wings.  Thrust  (usual ly  provided by  an engine)
moves  a  p lane forward,  whi le  l i f t  (provided by  the
wings)  moves  a  p lane upward.  
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HOW STRONG IS SPAGHETTI?

Start  out  by  invest igat ing how much weight  spaghett i  can hold  when i t ' s
vert ica l .  Try  this  by  lodging one spaghett i  strand in  the styrofoam and
gently  press ing down on the top of  the  strand with  your  pointer  f iner .  You
may discover  that  i t  bends  and breaks  eas i ly !  
What  i f  you used mult ip le  strands?  Try  st ick ing A BUNCH of  spaghett i  into
your  p iece  of  styrofoam.  Place  your  second piece of  styrofoam on top of
your  vert ica l  spaghett i .  Start  adding thin  books  on top of  your  styrofoam.
How many books  can you add before  your  spaghett i  col lapses?  
Now let 's  test  out  how much weight  spaghett i  can hold  when i t ' s
hor izontal !  Grab a  handful  of  spaghett i  and two wooden blocks  (or  two
simi lar ly  shaped objects) .  Span the spaghett i  across  the blocks  so  that  the
spaghett i  i s  l ike  a  br idge.  P i le  more wooden blocks  on top of  the  spaghett i
unt i l  i t  col lapses.  Compare your  p i le  of  b locks  f rom your  vert ica l  strength
exper iment  to  your  p i le  of  b locks  f rom this  exerc ise.  How did  the hor izontal
strength of  your  spaghett i  compare?
Looking for  a  bonus  act iv i ty?  Now try  bui ld ing your  own br idge us ing craft
glue and spaghett i !  S imply  cut  p ieces  of  spaghett i  to  the s ize  you desire,
glue  them together  into  rows,  columns,  or  other  shapes,  and then glue  your
spaghett i  shapes  in  the form of  a  br idge.  Use other  br idges  you've  seen
before  as  examples.  Once f in ished,  let  your  br idge dry  overnight.  The next
day,  p i le  i tems from your  cabinets  on the br idge to  see how much weight  i t
can hold.  Great  i tems to  use  for  th is  are  soda cans  or  canned food.  

The Chal lenge:  Test  the  tension and compress ion abi l i t ies  of  spaghett i
through a  ser ies  of  chal lenges.  I f  you have t ime,  t ry  putt ing your  sk i l l s  to  the
test  and engineer  your  own pasta  br idge!
Suppl ies:  1  package of  spaghett i ,  2  sheets  of  styrofoam,  books,  wooden
blocks,  g lue,  other  assorted suppl ies
Steps:  

How much weight  could your  spaghetti  support?  Would you want to  walk
across  a  spaghetti  br idge? 
 
Engineer ing Lessons:  When we are  apply ing weight  to  the spaghett i ,  we are
test ing i t ' s  abi l i ty  for  tension and compress ion.  These abi l i t ies  are  very
important  when i t  comes to  br idge bui ld ing.  When we appl ied weight  to  the
vert ica l  spaghett i ,  we were  test ing i ts  compress ion,  which is  a  decrease in
volume result ing f rom an appl ied stress  ( th ings  become more compact  as
more weight  is  appl ied) .  When we appl ied weight  to  the hor izontal  spaghett i ,
we were  more test ing i ts  abi l i ty  to  withstand tension (pul l ing apart) .  When
things  are  tensed,  the  mater ia l  e longates  and eventual ly  breaks  i f  stra ined
enough.  



Cut  a  p iece  of  fo i l  that  is  2  feet  long.
Folding,  crumpl ing,  or  curv ing your  fo i l  however  you please,  shape i t
into  a  boat.
Place  your  boat  into  a  bucket  of  water  (a  fu l l  s ink  or  bath  tub wi l l
work  as  wel l ) .
One at  a  t ime,  add pennies  to  your  boat.  See how many pennies  your
boat  wi l l  carry  before  i t  s inks.
Try  d i f ferent  ways  to  d istr ibute  the  weight  of  the  pennies  or  t ry  out
several  d i f ferent  boat  des igns  to  see  which wi l l  carry  the  maximum
number.  

The Chal lenge:  Bui ld  an  a luminum foi l  boat  that  wi l l  hold  at  least  25
pennies  for  10  seconds  before  s inking.  
Suppl ies:  2  feet  of  a luminum foi l ,  pennies
Steps:  

 
How many pennies  could your  boat  hold?  
Why do you think your  boat  began to s ink when you reached your
maximum amount of  pennies?
 
Engineer ing Lessons:  There  are  two pr imary  forces  act ing on this
sc ience exper iment.  The f i rst  force  is  gravity.  Gravity  is  t ry ing to  pul l
the  t in  fo i l  and pennies  downward.  The force  of  buoyancy is  pushing the
boat  up toward the surface.  The gravitat ional  force  is  determined by  the
weight  of  the  t infoi l  and the weight  of  the  pennies  in  the  boat.  The force
of  buoyancy is  the  weight  of  the  water  d isplaced by  the boat.  Your  boat
wi l l  cont inue to  f loat  as  long as  the  force  of  buoyancy is  greater  than
the force  of  gravity  and you do not  over load the boat  so  i t  wi l l  t ip  over
or  leak.  

WILL YOUR BOAT FLOAT?

weight

buoyancy


