///////7 Professional Engineers

Ontario

Scarborough Chapter

Mar 25, 2025
Dear Principal/Teachers:

20" Annual Bridge Building Competition (BBC) and 7" Annual Seismic Resistance
Structure Contest (SRSC) — May 3", 2025

The Scarborough Chapter of Professional Engineers Ontario is excited to conduct the Annual
Bridge Building and Seismic Resistance Structure contests on Saturday, May 374, 2025

at Scarborough Civic Center Rotunda (Council Chambers) 150 Borough Drive,
Scarborough. ON

These competitions will be open to students of grades 3 to 8 who study in a Scarborough School
or live in Scarborough. Each team can have a maximum of 3 members (min 2 members per
team). The winning teams will receive exciting prizes.

Children, as teams of two to three members, apply the basic principles of engineering to
designing and constructing bridges/structures from popsicle sticks and balsawood sticks. Their
understanding about the principles of physics and engineering will be judged by a group of
professional engineers who are volunteers of the Scarborough chapter. The bridges/structures,
made by the teams, will be tested with a special machine, to evaluate the performance, in front of
the teams, teachers, parents, and MPP’s from some of the ridings in Scarborough.

Registration will be on “first come first served” basis. We will allow the first 50 teams to
register, and the rest will be kept on the waiting list. To avoid disappointment, please register
your students early. Registrations by Eventbrite will be accepted until Saturday April 19,
2025.

For more information on this exciting event, please visit our website and follow the links at:
https://scarborough.peo.on.ca/index.html

If you have any questions, kindly contact the BBC & SRSC Organizing Committee Project
Manager, René Siguenza, at bridge@peoscarborough.ca.

Sincerely yours,

Dr. Jega Jeganathan PhD, P. Eng., FEC
Chair, Scarborough Chapter of Professional Engineers Ontario


https://scarborough.peo.on.ca/index.html
mailto:bridge@peoscarborough.ca
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BRIDGE BUILDING
2025
When? COMPETITION Where?

Scarborough Civic

Centre,
150 Borough Drive

Saturday,
May 3, 2025
09:00am - 3:30pm

Why,7

Confederation Bridge, 13km, linking
O 7 New Brunswick and Prince Edward Island

Grade 3 to 6 students from Scarborough who like to
make Bridge using POPSICLE STICKS and who would,
one day dream to build a bridge similar to the “Confederation Bridge”

PRIZES! PRIZES!! PRIZES!!!

1st, 274, and 3*4 place prizes for each category
(Separate prizes for grades 3-4 and 5-6)
36 prizes (with minimum 2 students to maximum three students per team) valued
over $1000

Load bearing testing,
Judges’ Score: Bridge design and Interview by Judges

Each contestant will receive a Certificate of Participation!

For more information, and registration please visit our website at:

https://scarborough.peo.on.ca

REGISTRATION DEADLINE: April 19, 2025, 11:59 pm

Follow us : @PEOScarborouqh @PEOSC

BPEQ_SCARBOROUGH




BBC Specifications and Rules

The main structure of the bridge must be constructed only of wooden Popsicle sticks and
white glue. Construction paper is only to be used for the deck of the bridge, which can be
cut to fit the design of the bridge.

The only construction materials allowed are:

Regular white all-purpose glue

Standard wooden Popsicle sticks

e Construction paper

NOTE: Refer to Picture 1 for an example picture of white glue and Popsicle sticks

Your bridge MUST conform to following specifications:

See Figure 1 and Figure 2

BRIDGE MUST FIT
INTO THIS SPACE

T

Figure 1

L is the overall length of the bridge — Minimum 550 mm and Maximum 700 mm. Ais the
portion that may be below the supports and should be less than 500 mm. (Exceeding 500
mm will make the bridge to rest on this portion below the main bridge structure and will not
rest properly for testing. So keep this dimension less than 500 mm.



DGE MUST FIT
'&?ﬁo THIS SPACE |

Figure 2

The total weight must not exceed as follows:
Senior Category - 250 grams.
Junior Category - 300 grams

Your bridge must rest steadily on two supports of the testing machine. The clear
distance between these two supports is 500 mm.

Design your bridge long enough not to slip or fall through this span under load. Remember
that materials bend when loaded (we suggest a minimum bridge length of 550 mm).

The travelled portion of your bridge must be at least 60 mm wide, capable of transporting
two matchbox cars (each car’s dimensions are approximately 30 mm wide x 70 mm long x
30 mm high). Both cars must be able to roll smoothly across the bridge deck in both
directions simultaneously.

1. The maximum length of the bridge must be less than 700 mm.

2.The maximum width of your bridge must be less than 150 mm.

3. Your bridge structure may project up to 200 mm above the top of the supports.
4Your bridge structure may project up to 50 mm below the top of the supports.

Provision must be made to allow the loading platform with bolting attachment (132 mm
long x 50 mm wide x 12 mm high) to be positioned at the centre of bridge span at the

competition site.
At the centre of the bridge, a vertical clear space 15 mm in diameter free of sticks must be




maintained for the bolt, nut and washer to apply a test load. Look at photographsin
Picture 2 of the bridge testing machine and Picture 3 for the loading platform

The paper deck should be continuous. If needed, a hole for the loading platform bolt will be
drilled at the competition site.

The Popsicle sticks can be cut and/or shaped in any way and may be coloured.

If the Popsicle sticks have to be cut, trimmed or drilled, then this should be done using
tools that are designed to be safe for children to use and under the direct supervision of a
teacher or another responsible adult.

Cut pieces may be used as pins in joints.
To qualify, your bridge must be tested before you arrive at the competition.

We require an adult to certify that your bridge has been tested and can support at least a
4kg load.
(Note: past winning bridges supported over 25 times this load).

Please test your bridge early so that you have time to fix any problems you find.
A suggested method of load testing is described in section 6 below.

e Attach a papertagto your bridge, on which you have clearly written your bridge
name and the names of your team members.

e Finally, think, plan ahead and be patient... good bridges take time to build. (and glue
takes time to dry!)

Judge’s Criteria
Each bridge will be judged for the following five attributes:
e Construction technique
e Construction quality
e Technical presentation and description of your bridge design process
¢ Aesthetics

e Creativity



NOTE: Doubling popsicle sticks - that is sandwitching by applying glue over the length of
stick and sticking another popsicle stick over the other is Not acceptable and will be
disqualified.

Number of layers of Popsicle Stick glued together forming a solid block of lumber.
NOT Acceptable



Number of layers of

Popsicle Sticks glued
over full length
Not Acceptable

Glued at short lap
about width of stick
Acceptable



In the event of a tie, results of Post Destructive Analysis (See after Destructive testing) will
be used for the particular cases to decide on the winners.

Destructive Testing

The bridge inspectors will ensure that each entry complies with the rules.
Only bridges that conform to all the specifications will be accepted.

NOTE: Bridges not meeting the specifications will be disqualified.

Bridges will be weighed before the destructive test.

The load will be applied from below at the centre of the deck by the loading platform.

Testing will consist of the application of an increasing load via the loading platform by the
bridge testing machine, until the bridge breaks, or flexes by maximum of 50 mm (whichever
is earlier). A visual warning will be indicated by a red lamp on reaching 50 mm

deflection. The peak load recorded up to this point will be considered the breaking load.

The winning entry will be the bridge with the highest performance rating.

In the event of a tie, the lightest bridge wins.

Itis up to your team to decide on the optimum balance between mass and strength.
Performance rating = (Breaking load) + (Unloaded weight of your bridge)

i.e. the bridge that carries the largest load may lose to a lighter bridge. See last year's
results!

Be aware that all bridges will be destroyed during testing!!!

All decisions of the judges are final.

Post Destructive Analysis

After destructive testing, expert Engineers will analyse the bridge with the contestants, with
a view of education and to check the analytical capabilities of the contestants and marks
given. These marks may be used for decision in case of ties.

How to Test
e Make a pencil sized hole through the centre of your bridge.

e Make a loading platform to distribute the load on your bridge. (See figure 3 for an
example)

e Tie apiece of rope to the centre of your loading platform.



e Thread the rope through the hole you made in the centre of your bridge.

e Tie aplastic grocery bag to the other end of the rope.

e Place two tables 500mm apart. These will be used to support your bridge.

e Place your bridge on the tables with the plastic bag hanging below the bridge.
e Place a 2kg bag of sugar into the plastic bag.

e Ifyour bridge looks strong enough, add a second 2kg bag of sugar.

e Congratulate yourself for passing the qualification test.

Picture 1: White glue and a packet of 200 Popsicle sticks

Sold as "Craft Sticks" (or equivalent) - Neutral colour preferred.
Coloured sticks also available and acceptable):

11.43cm x0.96 cm x0.15 cm (4.5" x 0.38" x 0.06")

6.35cm x0.96 cm x0.15cm (2.5" x 0.38" x 0.06")

Remember that Popsicle sticks vary in density. Glue and paper add significant weight.
Ensure that your completed bridge is not overweight.



NOTE: Glues such as "Super Glue", "UHU", "Araldite", "Gorilla Glue" etc. etc.
are unacceptable and use of such will disqualify the bridge

Picture 2: A bridge on the Bridge Testing Machine

Take careful note of the supports that your bridge must rest upon. The clear distance
between these two supports will be set to 500 mm within a tolerance of £ Tmm.
The load is applied at the centre of your bridge with a bolt that pulls from below.
Your design must allow space for this bolt to pass through the bottom of your bridge.

Picture 3: Loading Platform attached to a bridge




The bolt that applies the load goes through the loading platform. A washer and nut secures
it. The loading platform distributes the load on your bridge.

Bridge on support Bridge on support Bottom view




Check list for BBC 2025

No. [Description Max. Min. Note Checked

1|Material: popsicle sticks No Bamboo

2(White school glue

3|Construction paper

4|Overall length of the bridge (L) 700mm 550mm

5[Dimensions: Bottom length (A) 500mm

6(Bottom Depth 50mm

7|width 150mm 60mm clear (start to end)

8|Height 200mm

9|Weight: 250gr Senior (Gr 5-6)
Weight: 300gr Junior (Gr 3-4)

10[Hole @15mm Must have, @mid span

11

Clear access for loading platform
dimension (132 mm long x 50 mm
wide x 12 mm high)

12

No 2 or more sticks guled together

Max. Score 100 points, each item not complied will be penalized

DGE MUSTFIT
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Notes and Guidelines about Bridges — An Educational Resource for Children

Bridges are built to enable people, vehicles, even water at a higher level to cross streams, rivers, valleys. When
the bridge is to carry water (and boats etc) at a higher level than the river below, we call it an aqua-duct.
Bridges can be as short and simple as logs or planks placed across a ditch or stream such as in these pictures.

Examples of plank bridges.

They can be as long and complex as the huge steel, and concrete bridges used to cross large rivers or seas.

Bridges can be of different types. To understand the different types, and the forces that act on the parts
(engineers call them members making up the bridge) of the bridges, we can start with the simple plank bridge.
From now onwards we will also call the various parts of the bridge as members. In a large bridge the ‘plank’ is
made up of many steel members (beams) joined together to behave as a single structure. In the newer
reinforced concrete and pre-stressed concrete bridges you will see it as a large beam structure.

1. If this structure is a straight one, it is called a beam bridge. | am showing Basic Bridge Types
the simple plank on the left with a real bridge shape on the right. The :

. ARed
forces on the piers and the abutments at the ends are downwards, and Beam Type Bridges 'Hjag_—_vg
they support the weight of the bridge and the loads (cars, trucks, trains -« arch Brdges "ni'_g
etc. on the bridge). [ Suspension Bdses ' gt it

. ey e « Cantilever Bridges ; o
2. If the structure had an upwards curvature forming an arch, it is called an '“m
arch bridge. The vertical weight of the bridge and the loads are
supported by the inclined compression forces on the abutments pushing
them outwards (what is compression forces — we will see later on).

PEOSC - BBC Notes Page 1



3. If the structure has a downwards curvature so that it seems to hang from the abutments, it is called a
suspension bridge. The tension forces on the abutments will be inclined and trying to pull the abutments
inwards. (What is a tension force — we will see later on).

4. |If the structure is made of two parts entirely supported by the abutments against torsion (we will see what
torsion is later on) and other forces, it is called a cantilever bridge.

Forces acting on a bridge and its supports (piers and abutments) and deflection of deck

Forces on the bridge and supports are created by its own weights and the loads that travel on the bridge. In
addition there are wind forces (like in a storm) and braking and acceleration forces when the vehicles brake or
accelerate on the bridge.

The weight of the bridge itself and the loads on the bridge are the downward forces. Wind forces can be
sideways. Engineers use all these forces when they design an actual bridge. The bridge has to be strong
enough to withstand all the possible forces that act on them. All these forces have to be withstood by the
piers and abutments on which the bridge is supported. Also each part (member) of the bridge has to
withstand the highest force acting on it.

To understand how engineers design a bridge, let us start with the single plank bridge example we started
with. We can study this on a table using one of the Popsicle stick we use for our bridge.

When we place a stick across two tables, we get a small plank (or beam) bridge. When a load, such as a person
or car is placed on the plank, it tends to bend (deflect) downwards. The forces acting on the plank is of
bending. The force on the abutments (table) will be vertical. When you increase the load, the beam (the
Popsicle stick) bends downwards. We say the stick deflects. If you keep on increasing the load, the deflection
also increases, till ultimately the stick breaks or bends so much out of shape it falls down between the tables.
Would you like to walk on a plank bridge if the plank deflects a lot, even though it may not break. No! You
would feel unsafe. Similarly, the engineers design the bridges, (even the very large ones) so that under the
expected largest load, the deflection is only about 1/400 of the span. Which means a 400 metre long bridge
should not deflect more than about a metre under the heaviest loads that they design the bridge for!

Taking our Popsicle Bridge, it is 500 mm is span (distance between the supports). This means if the deflection
under the highest expected load (cars, trucks and vehicles of that scale) on this bridge should not exceed 1/400
of 500 = 1.25 mm. However for our testing we exert a very large force to see how strong your bridge is. So we
allow for larger deflection. By the time the deflection reaches about 50 mm (40 times the designed deflection),
most of the bridges would break. Thus it is a destructive test. However some of the bridges we test may be very
weak and sags and bends such that even at 50 mm deflection the bridge may not break, but the load it
supports is very low. So when the deflection reaches 50 mm we stop the test, as the bridge is considered to
have failed.

If the distance between the tables is now increased to be longer than the Popsicle stick the stick cannot be
supported. It is like we have to cross a stream wider than a long plank. If we get a longer stick, it may not be
strong enough and may sag under its own weight. So what do we do? WE will use many popsicle sticks joined
together to form a bridge structure. How do we join the sticks to make this structure?
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We will see what are the forces that can act on a single popsicle stick (or member of a bridge). They are:

1. Tension
2. Compression
3. bending
4. Twisting (or torsion)
5. Shear
1. Tension

Tension is the force acting on a stick if you pull it outwards or hang a weight from it. The stick tends to stretch
or get longer. This is the same force acting on a string or rope, an elastic band, or a spring. You can easily see
the elastic band stretching. Even the string, rope or the stick do stretch, but it is so small an amount that you
cannot see or measure it with normal methods.

The spring on the left can be stretched by pulling the ends outwards. Then the spring will be
under tension and will get stretched. You can therefore see that members of a bridge which are
always under tension can be replaced by a thin strong enough rod, cable or wire.

>

2. Compression

Compression is the force acting on a stick when you push it inwards. It is the type of force acting on the legs of
a stool or chair when you it on them. Compression tends to make the members shorter, and crush the
member. Can there be compression on a string or wire? No! String or wire can take tension but not
compression. Also if the force of compression is large and the member is long and slender, it can buckle under
compression. The member can buckle if the force is not exactly centred on the member causing bending and

(T T T

Compression Shear

thus buckling.

[ ]
3. Bending
Bending forces act on a member when the force acts at an angle on the member,
such as a weight on a horizontal plank. It is also a type of buckling, but bending can 4
be well designed and controlled, while buckling can be damaging, and not desirable.
Only some short members are designed to withstand bending. The whole bridge is
allowed to bend as mentioned earlier, so that under the maximum designed loading
it deflects only about 1/400 of the span.
F
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4. Twisting (or torsion)

Twisting is what happens to a member when you apply a rotational (torsional) force at its ends. Torsion in a
member is not desirable, unless the engineer designs a member to withstand the torsion. Usually in a bridge
member we avoid torsion. The whole bridge may experience torsion during heavy gusts of wind and cyclones
etc. The engineers have to design the bridge to withstand such torsion.

5. Shear
Shear is the force on a member

which tends to ‘Shear’ it. That is slide
on part across the other. Normally
when designing the bridge the

engineers have to take into account
the shear forces on the whole bridge.
When they design the members they
try to avoid shear forces in the in the
members.

Summary of Forces on Bridges

The engineers have to design the whole bridge to take up all the different types of forces acting on the bridge
and abutments and piers: Tension, Compression, Bending, Twisting, and Shear. However they design the
individual members of the bridges to take up only tension and compression. They design the members to
avoid bending, torsion, and shear. Only some members such as the members directly supporting the loads etc.
are designed for Bending and other forces also.

How do they design the members having to take up only tension and compression?

Design of Bridge members

The first question that arises is why not make the whole bridge out of one large welded unit instead of pieces
of steel. Of-course when it comes to the modern pre-stressed or reinforced concrete bridges, which is more or
less how it is designed. But they design them to be so slim and elegant that they use a minimum of materials
(and weight) with maximum of strength.

We will only consider the bridges made of wood or steel beams. If we make the bridge using large blocks of
wood or steel, they will so heavy that they will sag or break under its own weight. Also the cost will be
prohibitive. The intent of the design is to make the bridge as light as possible with the maximum of strength.
That is why in our Popsicle Stick Bridges we use a bridge efficiency which is the Maximum load divided by the
bridge weight. Thus the lighter bridge will give a higher efficiency.
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So let us try to build some members for our bridge. Let us join a few flat steel pieces together to form a frame

for our bridge.

Let us try to join say 2 members to start with. How do we join them? Available methods are 1) Use a
pin/bolt/rivets to join them. 2) Use many pins/bolts/rivets 3) Weld them together.

Engineers have to calculate all the forces that are acting on the
members as accurate as possible. Then only they can design the
correct size of member to withstand the forces. If you use
method 2) or 3) you get a very rigid and strong joint. That’s very
good! No, but there is a problem!! When you join many
members together, there can be bending and other forces in
addition to tension or compression. So what? Well, all the
forces cannot be easily calculated or determined. If you use
only 1 pin, then all the forces have to go through that pin. Then

Remember that most of the large and famous
bridges were built in 1940s and earlier. There
were no calculators or computers then. The
engineers and technicians had to do the
calculations manually (with some help from slide
rules). So they did not have the wonderful tool of
computers for rapid and accurate calculations
available to the modern engineers.

Even with such modern tools, most engineers
would not take the risk of designing with bending

and torsional forces on members especially for
very large structures. It is too risky as during
construction unexpected forces can come to be
introduced by rigid joints. So pin joints have
come to stay for most designs even now.

any member will have only tension or compression going
through the one pin or bolt at each end. This makes for easy
calculations.

When we build various frames using members with only pins at
each end, we find that triangular shape is very rigid and stable.
If you make a rectangle with 4 members, it can change shape.

Eiffel Tower: The famous Eiffel Tower in France
is made of steel beams arranged in triangles. It is
said by some that even if one member breaks or
is removed, the tower will collapse.

So bridges, towers and other structures were made of members
arranged in triangular shapes. When you really look at the joints in the members of a real bridge, you will see
that there are many rivets, bolts and many are welded. That is because if you try to hold the members with
one bolt only at the end of the member, the bolt has to be impossibly large. So the force has to be spread over
a number of bolts/rivets. However, the design engineer assumes it to be only one pin. Any bending force etc.
that is introduced by using many bolts or welds is small compared to the tension or compression forces and
can be ignored or taken up by the stiffness of the member.

In our Popsicle Bridges the bridge can be very strong if the specifications allow the use of pins (of the same
materials as the popsicle stick. Also by sticking them together with school glue in a proper manner you can
have very high strengths. Of-course you will not be doing and
calculations as how engineers do for real brides, but if you follow
proper design principles your bridge will be a winner. The glue
gives some rigidity and increased strength. If you can study your
design carefully and determine the tension and compression
members, and adequately strengthen them as an | beam, it would
prevent buckling of the compression members, thus adding to the
strength.

In a suspension bridge, the bridge deck is suspended from the main cable using cables/rods. These cables take
up only tension.
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