
Architecture 314
Structures I

Lateral Loads 
on Structures

Load Types
• Tsunami
• Wind
• Seismic (Earthquake)
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Lateral Loads
Ch. 6 - Tsunami Loads

Ch. 11-23  Seismic Loads

Ch. 26-31  Wind Loads

North Quadrangle 
Residential and 
Academic Complex
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Lateral Loads
Ch. 6 - Tsunami Loads
• West Cost
• Alaska
• Hawaii
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ASCE – 7   Chapters 26-31   

Wind Loads

Ch. 3 - Dead Loads

Ch. 4 - Live Loads

Ch. 5 - Flood Loads

Ch. 6 - Tsunami Loads

Ch. 7 - Snow Loads

Ch. 8 - Rain Loads

Ch. 10 - Ice Loads

Ch. 11-23  Seismic Loads

Ch. 26-31  Wind Loads
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Wind Load

Basic pressure equation (Bernoulli)

ASCE-7 2022 equation
Sec. 26.10   eq. 26.10-1

qz is the velocity pressure at z height

0.00256 accounts for ½ x air density 
and conversion factors

Kz is the height factor

Kzt is the topographic factor

Kd is the wind directionality factor
V is wind velocity in MPH
LRFD safety factor for wind: g = 1.0

Wind Load (normal to surface)

Pressure load
+  pressing load
- suction load

qz = 0.00256  Kz Kzt Kd V2

Wind Load
Wind speed map for category II
normal business and residential
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Wind – wind tunnel testing

Boundary Layer Wind Tunnel
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Univ. of Michigan Aerospace

Wind – CFD

Computational Fluid Dynamics
(not used for structural calculations)
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ASCE – 7   Chapters 11-23   Seismic Loads

Ch. 3 - Dead Loads

Ch. 4 - Live Loads

Ch. 5 - Flood Loads

Ch. 6 - Tsunami Loads

Ch. 7 - Snow Loads

Ch. 8 - Rain Loads

Ch. 10 - Ice Loads

Ch. 11-23  Seismic Loads

Ch. 26-31  Wind Loads
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Earthquake Loads

• Ground Motion

• Measurement

• Amplification

• Building Resistance



Geologic Background

Plate Tectonics

Geologic Faults
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Geologic Background

Fault Location

• Focus (hypocenter)

• Epicenter
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Ground Failure

• Landslides

• Liquefaction

• Subsidence
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Ground Motion

Primary
• P wave
• hits first
• pressure hammer

Secondary (Shear)
• S wave
• back and forth
• adds to P wave
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Ground Motion

Acceleration
• Measured in g’s  (1 g = 32 ft/sec2)
• 0.001 g limit of perception
• 0.1 g weak construction fails
• 0.2 g hard to stand up
• 0.5 g very sever for earthquake

San Francisco, 1906      approximately 0.7g  
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Building  Motion

Kumamoto Earthquakes in Japan in April 2016.  7.4 magnitude
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Measurement

Magnitude
• Richter scale
• Size of the wave
• Accounts for attenuation
• Logarithmic (base 10)

Intensity
• Modified Mercalli scale
• Relates to effects
• Includes duration
• Differs with location
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Measurement

Intensity
• Modified Mercalli scale I to XII

• Relates to effects

• Includes duration

• Differs with location
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I            II         III          IV

V         VI         VII      VIII

IX         X          XI       XII



Characteristics of Period

• Frequency
Cycles / second  (Hz)

• Period
Inverse of frequency

• Fundamental Period
measured in seconds
approx. =  0.1 x stories

• Soil approx. 0.5 ~ 2.0
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Amplification

• Fundamental Period
Modes
Modal shapes
Modal frequency

• Resonance

• Response Spectrum 
Fundamental period of soil
0.4 to 1.5 (or 2.0)
Harder is shorter (rock)
Softer is longer (soil)

University of Michigan, TCAUP                                                                         Structures I           Slide  20 of 22



Building Resistance

• Damping
Material
Partitions

• Ductility 
connections

• Strength and stiffness
drift

• Resistance
Shear walls
Cross bracing
Base isolation
Damping
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Provisions and Codes

National Earthquake Hazards Reduction  
Program (NEHRP)

not a code but “provisions”

ASCE 7  Section 9
code based on NEHRP
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