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Basic Forces & 
Stresses



Center of gravity

 A point from which the weight of a body or system may be 
considered to act.

 In uniform gravity it is the same as the center of mass.



Stability



Force

Force is any action that tends to maintain or alter the motion of a body 
or to distort it.





STRESS

 The term stress is used to express the loading in terms of force 
applied to a certain cross-sectional area of an object. From the 
perspective of loading, stress is the applied force or system of forces 
that tends to deform a body.

 Stress is the internal distribution of forces within a body that balance 
and react to the loads applied to it. The stress distribution may or 
may not be uniform, depending on the nature of the loading 
condition.

 Expressed in units of force per area.



Strain

 Strain is the response of a system to an applied stress
 Engineering strain is defined as the amount of deformation in the 

direction of the applied force divided by the initial length of the 
material. This results in a unitless number, although it is often left in 
the unsimplified form, such as inches per inch or meters per meter.

 the strain distribution may or may not be uniform in a complex 
structural element, depending on the nature of the loading 
condition.











Area



Gross Area vs. Net area
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Moment of Inertia
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Section Modulus
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Cross-Sectional 
Properties



Cross-Sectional 
Properties



Material stiffness

 Steel – 29000 ksi
 Concrete – 3605 ksi (f’c=4000 psi)
 Wood – 1600 ksi(Varies by sp/gr)
 6061 Aluminum – 10000 ksi



Material strength





Tension Failure

Failure based on
• Material strength properties
• Cross-sectional area
• Net Area
• relatively independent of shape





Compression Failure

 Short Members (Columns)
 Crushing failure
 Failure based on

 Material strength properties
 Cross-sectional area & relatively independent of shape
 Sudden progressive failure type

 Long Members (Columns)
 Buckling failure
 Failure based On

 Column length
 Member stiffness, geometric configuration & material load-deformation relationships
 Sudden progressive failure type



Crushing



Buckling



Euler Formula
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End conditions



Cross-sectional configuration

1.0 x 1.0
A=1
Ix = Iy = 0.083

2.125 x 2.125 x 0.125
A=1
Ix = Iy = 0.67

2 x 0.5
A=1
Ix = 0.33
Iy = 0.021



Euler Formula
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Long Column Capacity

4’
4’

P

P

8’

2 x 4

Pcr = 11,900 lbsLe = 4’

Pcr = 2,980 lbsLe = 8’



Bending

 Combination of tension and compression

 Not efficient

 Neutral Axis



Beam types



Lateral torsional buckling





Redundancy

 The inclusion of extra components which are not strictly necessary to 
functioning, in case of failure in other components.

 Adds cost



Frame types

 Braced
 Rigid
 Diaphragms



Braced frames



Rigid frames



diaphragms



Equilibrium

∑𝐹𝐹𝐻𝐻 = 0

∑𝐹𝐹𝑉𝑉 = 0

∑𝑀𝑀 = 0





Tributary area/width

The area of a plane (floor, roof, or wall)that causes loading on a 
particular structural element.













Minimum performance standards

 Stability
 Strength
 Service (Deflection)

































Deflection



Superposition
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Superposition
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20 ft

1 klf

CL

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑊𝑊𝑊𝑊
2

= 1 𝑘𝑘𝑘𝑘𝑘𝑘 20 𝑓𝑓𝑓𝑓
2

=10k

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑃𝑃
2

= 10 𝑘𝑘
2

=5k

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 = 10𝑘𝑘 + 5𝑘𝑘=15k

𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑊𝑊𝑙𝑙2

8
= 1 𝑘𝑘𝑘𝑘𝑘𝑘 20𝑓𝑓𝑓𝑓 2

8
=50ft-k

𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑃𝑃𝑃𝑃
4

= 10 𝑘𝑘 20𝑓𝑓𝑓𝑓
4

=50ft-k

𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 = 50𝑓𝑓𝑓𝑓 − 𝑘𝑘 + 50𝑓𝑓𝑓𝑓 − 𝑘𝑘 = 100𝑓𝑓𝑓𝑓 − 𝑘𝑘



Loads on Buildings



Concentrated Load v. distributed loads



Concentric v. eccentric Loading

 Concentric loading – the load 
passes through the center of 
gravity of the member

 Eccentric Loading – the load 
passes at some distance 
(eccentricity) from the center 
of gravity of the member



Gravity Loads

 Force due the gravitational force (acceleration due to gravity) of the earth, 
typically acting toward the center of the earth.

 F=MA,

 M is the mass of the object

 A is the Acceleration due to gravity 32.2 f/s2 or 1 g or 9.81 m/s2 



Gravity Loads

 Dead Load - buildings self-weight, permanently attached fixtures and 
coverings, mechanical equipment, very well known, little change over time

 Live Load - transient in nature, not as well known as dead load, changes over 
time, people and furniture

 Snow Load - load from frozen precipitation

 Rain Load – load from precipitation



Lateral

 Wind Load – pressure on the building from the movement of air, resulting from 
differences in atmospheric pressures

 Seismic/Earthquake Load – the response of the building to ground movement and 
momentum, effected by building mass, soil properties, structural configuration, 
structural material, acceleration and velocity of the earths movement

 Live load – movement of people, vehicles, etc.



Load Duration

 Static Load – applied slowly and typically present over a long period 
of time like file storage in an office building

 Dynamic or Impact Load – applied quickly, can have an increased 
load effect in excess of a factor of two (2) like the effect of a motor 
vehicle hitting a building



Loads

Forces or other actions that result from the weight of building materials, 
occupants and their possessions, environmental effects, differential 
movement and restrained dimensional changes. Permanent loads are 
those loads in which variations over time are rare or of small 
magnitude, such as dead loads. All other loads are variable loads (see
“Nominal loads”).



Dead Load

The weight of materials of construction incorporated into the building, 
including but not limited to walls, floors, roofs, ceilings, stairways, built-in 
partitions, finishes, cladding and other similarly incorporated 
architectural and structural items, and the weight of fixed service 
equipment, such as cranes, plumbing stacks and risers, electrical 
feeders, heating, ventilating and air-conditioning systems and 
automatic sprinkler systems.







Live Load

A load produced by the use and occupancy of the building or other 
structure that does not include construction or environmental loads 
such as wind load, snow load, rain load, earthquake load, flood load 
or dead load.



Live Load

 1607.2 Loads not specified. For occupancies or uses not designated 
in Table 1607.1, the live load shall be determined in accordance 
with a method approved by the building official.

 1607.3 Uniform live loads. The live loads used in the design of 
buildings and other structures shall be the maximum loads expected 
by the intended use or occupancy but shall not be less than the 
minimum uniformly distributed live loads given in Table 1607.1.



Live Load

1607.4 Concentrated live loads. Floors, roofs and other similar surfaces 
shall be designed to support the uniformly distributed live loads 
prescribed in Section 1607.3 or the concentrated live loads, given in 
Table 1607.1, whichever produces the greater load effects. Unless 
otherwise specified, the indicated concentration shall be assumed to 
be uniformly distributed over an area of 2-1/2 feet by 2-1/2 feet (762 
mm by 762 mm) and shall be located so as to produce the maximum 
load effects in the structural members.



Live Load

1607.5 Partition loads. In office buildings and in other buildings where 
partition locations are subject to change, provisions for partition weight 
shall be made, whether or not partitions are shown on the construction 
documents, unless the specified live load is 80 psf (3.83 kN/m2) or 
greater. The partition load shall be not less than a uniformly distributed 
live load of 15 psf (0.72 kN/m2).





Live Load, Roof

A load on a roof produced:
1. During maintenance by workers, equipment and materials;
2. During the life of the structure by movable objects such as planters 

or other similar small decorative appurtenances that are not 
occupancy related; or

3. By the use and occupancy of the roof such as for roof gardens or 
assembly areas.



Snow Load

 GROUND SNOW LOAD: The site-specific weight of the accumulated 
snow at the ground level used to develop roof snow loads on the 
structure. It generally has a 50-year mean recurrence interval.

 MINIMUM SNOW LOAD: Snow load on low sloped roofs, including the 
roof snow load immediately after a single snow storm without wind.

 SLOPED ROOF SNOWLOAD: Uniform load on horizontal projection of 
a sloped roof, also known as the balanced load.





Wind Loads



Earthquake Loads



Earthquake Loads



Soil Loads



Load Combinations

Where allowable stress design (working stress design), as permitted by this 
code, is used, structures and portions thereof shall resist the most critical 
effects resulting from the following combinations of loads:
 D + F (Equation 16-8)
 D + H + F + L (Equation 16-9)
 D + H + F + (Lr or S or R) (Equation 16-10)
 D + H + F+ 0.75(L) + 0.75(Lr or S or R) (Equation 16-11)
 D + H + F + (0.6W or 0.7E) (Equation 16-12)
 D + H + F + 0.75(0.6W) + 0.75L + 0.75(Lr or S or R) (Equation 16-13)
 D + H + F + 0.75 (0.7 E) + 0.75 L + 0.75 S (Equation 16-14)
 0.6D + 0.6W+H (Equation 16-15)
 0.6(D + F) + 0.7E+H (Equation 16-16)



Stress (rectangular cross-section)
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Example

 2x12 No2 DF-L 15 ft long simple beam with 40 plf dead load and 100 plf live load

15 ft

40 plf dead 100 plf live 
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Questions
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