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Design Loads

ASCE 7-16
• Referenced standards
• Referencing Codes
• 7-22 is now out $310

1 General
2 Load Combinations
3 Dead Load
4 Live Load

• Occupancy
• Roof

7 Snow
• Flat
• Sloped

26 – 31 Wind

General 1.0

Building Classification
• Risk catagory

• Used for Importance factor
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General 1.0

Risk Category I
• usually unoccupied

• low risk to public

• barns, storage, gatehouse

Risk Category II
• vast majority of structures

• residential, commercial, industrial

• “all others” not in I, III, or IV

Risk Category III
• large number of people together

• theaters, lecture halls

• contain persons not mobile 

• elementary schools, prisons, health-care

• importance to community, would disrupt life

• power stations, water treatment, telecommunications

Risk Category III
• buildings needed in an emergency

• police, fire stations, hospitals. emergency 
communications

• extremely hazardous material
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Combinations of Loads – Ch. 2

Strength and Allowable Stress Design
• Each combination separately

• Combine to give worst affect
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Weight of material
• Table C3.1-1 in commentary
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Dead Loads – Ch. 3

Weight of material
• Table C3.1-2 in commentary

• Raw materials

• Also Steel manual
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Dead Loads – Ch. 3



Dead Load of Lumber
Using specific gravity, G

• Neglecting Moisture Content

• PCF

• Including Moisture Content

G = specific gravity  (unitless)

D  = density  (e.g. PCF)

m.c. = the % moisture content (e.g. 18)

Section Dead Load:

Member Dead Load:

Floor Dead Load
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Live Loads – Ch. 4
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Concentrated
• 200 to 8000 LBS by occupancy 

over 2.5 FT x 2.5 FT area

• Handrail 200 LBS

Floor
• By occupancy

• Reduction with area > 400 SF

• Table 4.3-1

Roof
• Minimum Lr  between 12 PSF 

and 20 PSF

• Lr = 20 R1 R2

• See 4.8.1



Live Loads – Ch. 4
Roof

• Minimum Lr between 12 PSF and 20 PSF

• Lr = 20 R1 R2

• See 4.9.1

1                            for At ≤ 200 ft2(18.58 m2)

R1 =  1.2 − 0.001At for 200 ft2 < At < 600 ft2

0.6                         for At ≥ 600 ft2(55.74 m2)

where At = tributary area in ft2 (m2) supported by 
any structural member and

1                          for F ≤ 4

R2 =   1.2 − 0.05 F         for 4 < F < 12

0.6                       for F ≥ 12

where, for a pitched roof, F = number of inches of 
rise per ft.

for an arch or dome, F = rise-to-span ratio multiplied 
by 32.
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Snow Load – Ch. 7

pg - Ground snow load
• from map  fig 7-1

• PSF

• Based on 50 year mean (2% probability 
of being exceeded)
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pf - flat roof snow load

pf = 0.7 Ce Ct Is pg
• Eq. 7.3-1

Minimum for Low Slope Roofs, pm
• Minimum where pg  20 pm = Is pg PSF

• Minimum where pg > 20 pm = Is 20 PSF

Low Slope Roofs
• Monoslope, hip or gable < 15°

Snow Load – Ch. 7

Ce – Exposure Factor
• Table 7-2

Peter von Buelow                                                                               University of Michigan, TCAUP Slide  12 of 58

Snow Load – Ch. 7



Exposure Categories

• Commentary 26

• Used for wind and snow
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B

B
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B

C

C

D
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Ct – Thermal Factor
• Table 7.3-2

Is – Importance Factor
• Table 1.5-2

Snow Load – Ch. 7
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ps – sloped roof snow load

ps = Cs pf
• Eq. 7.4-1

Cs – Roof Slope Factor
• Figure  7-2

• C1 = Ct
• Equations given in commentary C7.4

ps is a projected load (based on 
the horizontal plan area.

It is calculated using roof pitch 
and insulation factor, Ct

Snow Load – Ch. 7
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Cs – Roof Slope Factor
• Figure  7-2

• C1 = Ct
• Equations given in commentary C7-4

ps – sloped roof snow load

ps = Cs pf
• Eq. 7.4-1

Snow Load – Ch. 7

or larger

Balanced
• ps

Unbalanced
For W ≤ 20FT

• Is x pg

For W > 20FT

• See Fig. 7.6-2

Unbalanced Gable Roof Loads
• Not for F > 7 on 12 (30.2°)

• Not for F < ½  on 12 (2.38°)
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Snow Load – Ch. 7

FIGURE 7.6-2



Other considerations
• Drifts 7.7

• Projections 7.8

• Sliding Snow 7.9
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Snow Load – Ch. 7

Other considerations
• Drifts 7.7

• Projections 7.8

• Sliding Snow 7.9
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Snow Load – Ch. 7



Snow Drifts
• Drifts 7-7
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Snow Load – Ch. 7

Slope
24 on 12   =  63.4°
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Snow Load – Ch. 7



• Drifts 7-7
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Snow Load – Ch. 7

• Michigan UP, Houghton
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Snow Load – Ch. 7



• roof failure due to drift load
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Snow Load – Ch. 7

Sutton, Massachusetts

Other Loads
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Flood, Soil and Hydrostatic 
• Ch. 5

Tsunami
• Ch. 6

Rain
• Ch. 8

Ice
• Ch. 10

Seismic
• Ch. 11 - 23



Wind Loads – Chs. 26 - 31
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Minimum force
• 16 psf  (27.4.7)

Basic pressure equation

ASCE equation
• Sec. 26.10.2   eq. 26.10-1

• Velocity  V is in MPH

• 0.00256 accounts for air density/2 and 
dimensional conversions
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Wind – General Requirements - Ch. 26



Wind – Directional Procedure

V - Basic Wind Speed
• 3 sec. gust speed  in MPH (m/s)

• 33 FT height

• Includes importance factor in map

• Gray zones by local data
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Kz – Velocity Pressure Exposure Coefficient
• Accounts for wind speed increase with height

• Kz is at elevation z

• Kh is at mean roof height (average roof height)

• Based on Exposure Categories B, C, D
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Wind – General Requirements - Ch. 26



Wind – Directional Procedure

Exposure Categories
• Commentary 26
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B

B
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B

C

C

D



Kzt – Topographic Factor
• Accounts for wind speed increase over hilltop
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Wind – General Requirements - Ch. 26

Kzt – Topographic Factor
• Accounts for wind speed increase over hilltop

• All five of the following conditions need to be met in order to use Kzt – otherwise Kzt = 1.0
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Wind – General Requirements - Ch. 26



Wind – Directional Procedure

Kd - Wind Directionality Factor
• Table 26.6-1
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Wind – Directional Procedure

Ke – Ground Elevation Factor
• To adjust air density at high 

elevations

• Ke may concervatively be taken as 
1.0
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Wind – Directional Procedure
Chapter 27

Design Pressure Equations
• Take shape of structure into account

• Interior pressure + or –

• Sec. 27.4.1  eq. 27.4-1 or -2 or -3

• q  windward  =  qz

• q  leeward  =  qh

• Conservatively use qi = qh
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Wind – Directional Procedure

G – Gust Factor
• Sec. 26.11

• Use 0.85
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Wind – Directional Procedure

Cp – External Pressure Coefficient
• Fig. 27.3-1 through - 8

• Or supplied by wind tunnel test

• Walls – windward, leeward, and 
side

• Roofs – sloped or flat

• Special roof shapes see later 
figures.
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Wind – Directional 
Procedure

expanded Cp charts

1. walls
2. upper Cp
3. lower Cp
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Wind – Directional Procedure

Cp for domed roofs
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Wind – Directional Procedure

GCpi

Internal Pressure Coefficient
• Table 26.13-1

• Combine with GCp to give worst case

Peter von Buelow                                                                               University of Michigan, TCAUP Slide  42 of 58



GCpi

Internal Pressure Coefficient
• Table 26.13-1

• Combine with GCp to give worst case
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GCpi ± 0.18

GCpi ± 0.55

GCpi ± 0.18

GCpi = 0.0

Wind – wind tunnel testing

Boundary Layer Wind Tunnel
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Wind – CFD

Computational Fluid Dynamics
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Wind – CFD

Computational Fluid Dynamics
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Earthquake Loads

• Ground Motion

• Measurement

• Amplification

• Building Resistance
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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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Measurement
Magnitude

• Richter scale 0 to ~9.5

• Size of the wave

• Accounts for attenuation

• Logarithmic (base 10)

Intensity

• Modified Mercalli scale I to XII

• Relates to effects

• Includes duration

• Differs with location

Other measured parameters

• Peak Ground Acceleration (PGA)

• Design Basis Earthquake Ground Motion 
(DBEGM)
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Characteristics of Period

Frequency

• Cycles / second  (Hz)

Period

• Inverse of frequency

Fundamental Period

• measure in seconds

• approx. =  stories/10

Soil approx. 0.5 ~ 2.0
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20 Hz 10 Hz 2 Hz 1 – 0.5 Hz 0.14 Hz

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)
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Building Resistance

Damping

• Material

• Partitions

Ductility 

• connections

Strength and stiffness

• drift

Peter von Buelow                                                                               University of Michigan, TCAUP Slide  57 of 58

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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Load Combinations

Load Types
• Dead Load - D
• Roof Live Load - Lr
• Floor Live Load - L
• Snow Load - S
• Wind Load - W
• Earthquake - E

Load Combinations 

Allowable Stress Design (ASD)
• D + L
• D + (Lr or S)
• D + 0.75 L + 0.75 (Lr or S)
• D + (W or 0.7 E)

Strength Design (LRFD)
• 1.4 D
• 1.2 D + 1.6 Lr + 0.5(Lr or S)
• 1.2 D + 1.6(Lr or S) + (L or 0.8W)
• 1.2 D + 1.6W + L + 0.5(Lr or S)
• 1.2 D + 1.6E + L + 0.2S
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