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Structures Handout
Center Of Gravity
A building, or any other structure, can remain standing only if its center of gravity is directly over the
perimeter of its base as defined by the most extreme points at which it touches the ground.

Another way to understand the concept of center of gravity is that it is the balancing point of an object or a
structural system. If we could attach a string to the building or structure and hang it so that it would balance on
each of its three axis (its x, y, and z axis) the point at which the string would be attached would be it center of
gravity.
The center of gravity of a symmetrical object or structure will be located at its geometric center.
Homework #5 Questions
Center Of Gravity
1. Why would a structure that is wider at its top than at its base be more difficult to keep from falling than one
that is widest at its base? _____________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
2. Why can we expect the "Leaning Tower of Pisa" to fall down unless it is straightened out?
(Note: Currently, the "Leaning Tower of Pisa" is being pulled back with steel cables.)
__________________________________________________________________________________________
__________________________________________________________________________________________
3. Make a quick sketch of the tower pictured in photo #4 from first
sketch below
handout. Then place an X at the point that you think the center of gravity
would be located.
4. Why do you think the center of gravity is located at this point and not
higher or lower or farther left or right?
__________________________________________________________________________________________
__________________________________________________________________________________________
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Structures Handout
Loads & Joints
Loads and Joints
To insure a structure can hold heavier than typical loads, designers, engineers and
architects often add extra members. They may also make some members stronger than
minimally necessary. This is known as increasing the structures "factor of safety."
Static and Dynamic Loads
As long as a person sits still on your chair the load is said to be static (or not moving.) If
the user does not sit down gently or moves around while sitting the load is dynamic (or
moving.) You have seen this when you discovered it is easier to break something with a
quick shot than with a gradual and steady force. Dynamic loads require greater
structure strength or a higher factor of safety.
Loads at unexpected locations.
Not everyone will sit on your chair where you planned. For example, they may sit on the
front edge rather than towards the back of the seat. This would put a greater load on the
front columns, requiring them to carry a load that would have been distributed among
several columns or other load bearing members. Therefore it is useful to plan your
structure for the person who may not follow your instructions about where to sit.
Unfortunately, the "Chair Design Challenge" has strict economic specifications. The
strength of the material available and the amount of it may not allow you to make your
chair strong enough to increase its factor of safety. Thus, you will have to work to get
the most from the least.
Making Joints Tight
Keeping in mind that your chair will fail at its weakest link, you should make slots that
will not allow any motion or "play" of the members as they sit in the joints. (Joints are
where members are joined together.) You should try to cut all slots carefully so they
are straight, parallel and the exact width of the material that will fit into them.
Undesired play can allow a column to shift from being vertical. It can also lead to your
chair swaying which in turn can lead to material tearing and breaking. Many chairs fail
from unwanted swaying.

Structures Handout
Orthotropic and Isotropic Material
The corrugated cardboard we will use is an orthotropic material. This means it
is stronger, both in compression and tension, in one direction than in the other.
Many materials have "grain" or lines running through them, in one direction
(orthotropic.) You can see this clearly in wood and in the wavy layer of corrugated
cardboard. Most, but not all materials have this characteristic but tend to be more or
less strong in opposing directions. Paper and steel have good strength in opposing
directions but are definitely stronger in one direction that the other. Glass on the
other hand is isotropic. It has no "grain." And is isotropic.

Since material is strongest in compression and tension along its orthotropic lines
it will be essential for you to cut your corrugated cardboard with this in mind.
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Structures Handout
Strength
Strength in a material is its ability to withstand being deformed by an external force.
A) Tensile strength is the ability of a material to resist being stretched.
Different materials have different tensile strengths. This results from the
molecular structure of each. For any material the larger the cross-sectional area
of a solid structural member, the greater its tensile strength will be.
B) Compressive strength is the ability of a material to resist being made smaller by
being pushed together from opposite ends.
Different materials have different compressive strengths. The compressive
strength of a given material or structural member will increase as its crosssectional area increases. Cross-sectional shape can also affect the compressive
strength of a member. As the distance measured across a round, hollow column
increases, its compressive strength decreases.
C) Strength Against Bending:
We are all familiar with the term bending. We see it, for example, when we
overload a bookshelf as shown above. To understand why structural members
bend we need to envision an imaginary line, known as the neutral axis, running
through the length of the members. As a load is applied to the member, it bends.
All the material on the inside curve of a bending member is in compression. All
the material on the outside of the curve is in tension. An example a beam in
bending is illustrated below.

If the material is strong enough in compression to resist being pushed together
(compressed) and strong enough in tension to resist being stretched (by a tensile
force) it will not bend.
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Structures Handout
Structural Members:
Struts and Ties:
A strut is structural member that is being pushed from opposite ends. It is said
that a strut "resists compression."
A tie is a structural member that is being pulled from opposite ends. It is said that
a tie "works in tension."

Columns are vertical, structural members of a structure.
Columns stand perpendicular to the ground. Since they are used to hold up the
weight of a structure and to resist the external loads pushing down upon them
columns are always in compression. A column is a special type of strut.
Beams are horizontal structural members that are used to carry a load.
(Horizontal members whose purpose is to keep columns apart are not beams.)
Beams are used to support loads placed between two columns. They transfer the
load horizontally, across their length to the columns.
Beams must resist forces pushing perpendicular to them. These forces are also
known as "bending forces." Thus, "beams are always in bending."
With the paper or cardboard structures we will build the columns may also work
as ties. This is not generally true in structures made from more common building
materials.

Structures Handout
Trusses and Buttresses, Triangles and Static Structures
We will not be able to build static structures (i.e. structures that do not move or deform) unless we understand
the important role of triangles in helping to create stability.
A rectangular structure is naturally unstable. If held together with a single connector such as a bolt, screw, rivet
or nail in each corner, the rectangle can easily change its shape to a non-square parallelogram.

Trusses
A truss is a diagonal structural member. It is generally found inside the structure. Typically, a truss, when
connected at its ends to two sides of a structure or a side and another truss, forms a triangle. Trusses generally
work in tension. (They may also be subject to compressive forces.)

Butresses
A buttress is attached to the outside of a structure. It forms a triangle when attached to the outside wall. A
buttress is always in compression. It may be formed by a solid piece or consist of a single member. Its
purpose is to provide a force against the forces pushing a wall or a member out and away from the structure.

Hidden triangles?
Structural triangles may not always look like triangles. Sometimes this triangulation effect will be achieved by
using solid sections as shown below.
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Another way to understand the concept of center of gravity is that it is the balancing point of an object or a
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Structures Handout
Loads & Joints
Loads and Joints
To insure a structure can hold heavier than typical loads, designers, engineers and
architects often add extra members. They may also make some members stronger than
minimally necessary. This is known as increasing the structures "factor of safety."
Static and Dynamic Loads
As long as a person sits still on your chair the load is said to be static (or not moving.) If
the user does not sit down gently or moves around while sitting the load is dynamic (or
moving.) You have seen this when you discovered it is easier to break something with a
quick shot than with a gradual and steady force. Dynamic loads require greater
structure strength or a higher factor of safety.
Loads at unexpected locations.
Not everyone will sit on your chair where you planned. For example, they may sit on the
front edge rather than towards the back of the seat. This would put a greater load on the
front columns, requiring them to carry a load that would have been distributed among
several columns or other load bearing members. Therefore it is useful to plan your
structure for the person who may not follow your instructions about where to sit.
Unfortunately, the "Chair Design Challenge" has strict economic specifications. The
strength of the material available and the amount of it may not allow you to make your
chair strong enough to increase its factor of safety. Thus, you will have to work to get
the most from the least.
Making Joints Tight
Keeping in mind that your chair will fail at its weakest link, you should make slots that
will not allow any motion or "play" of the members as they sit in the joints. (Joints are
where members are joined together.) You should try to cut all slots carefully so they
are straight, parallel and the exact width of the material that will fit into them.
Undesired play can allow a column to shift from being vertical. It can also lead to your
chair swaying which in turn can lead to material tearing and breaking. Many chairs fail
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