
Forces on Structures



Forces-Loads

• Force: that which changes state of rest or motion 
of a body 

• Load: magnitude of pressure (tension or 
compression) due to superimposed weight 

• Determine Loads:
– Natural Forces: Wind, Snow, Earthquakes
– Occupancy Live Loads: (code by occupancy type –

factor people, equip., furnishings, etc.)
– Building Materials Dead Loads: weight of building 

material and structural elements



Basic Stability

• Four Main Requirements of Structures:

– Static Resolution (Equilibrium)

– Stable (Equilibrium maintained after disturbance)

– Adequate Strength (will not fail under max. loading)

– Adequate Rigidity (will not deflect or “bounce”)



Basic Stability

• Statically-determinate Structures may be solved 
using Laws of Statics:
– Sum of horizontal forces = zero
– Sum of vertical forces = zero
– Sum of moment forces = zero

• When horizontal, vertical and moment forces all 
equal zero, the structure is in equilibrium.



Direct Stress

• Load Path: force runs parallel with member

• Stress: internal resistance force in member to 
applied load
– Direct Stress: Load runs parallel with axis of member 

and is assumed to be constant over cross section. 
Unit stress f =P/A  (typically given in pounds/square 
inch) where P=Load, A = Area



Loads

• Loads:
– Vertical (Gravity, Weight):

• Live Loads:
– Snow
– Wind
– Thermal
– Occupant
– Equipment
– Furnishings

• Dead Loads:
– Structural Elements
– Permanent Building Elements

– Horizontal
• Live Loads:

– Wind
– Earthquake
– Thermal
– Soils/Groundwater



Loads

• Loads Typically applied to structures as:
– Uniform (Distributed) Load: typically given in pounds/sq. 

ft. or pounds/lineal ft.

– Concentrated (Point) Load: typically given in pounds or 
Kips.



Strength & Rigidity

• Determination of Loads

• Determination of Load Path & Resolution 
at Foundations

• Determination of Internal Forces in 
Individual Members.



Load Path
• Apply appropriate Loads to appropriate points on the structure.

• Use Tributary Area, Free-body Diagrams,  and other methods to 
isolate forces in individual members.



Tributary Area



Free-Body Diagrams
• Use sum of moments about each reaction to 

determine reactions

• Check reactions by summation of vertical 
total load.

• With reactions, can plot shear and moment 
diagrams



Frame Stability



Frame Stability



Gravity vs. Lateral Loading



Moment Frames



Braced Frames



Cantilever Frames


