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Wind design… high winds, hurricanes and tornados
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1936 novel
1939 film

CharacteristicsDescriptionWind Speed 
(mph)

Force

Smoke rises verticallyCalm0-10

Direction of smoke driftLight air1-31

Wind felt of face; leaves rustleLight breeze4-72

Wind extends a light flagGentle breeze8-123

Small branches are movedModerate breeze13-184

Small trees in leaf begin to swayFresh breeze19-245

Large branches in motionStrong breeze25-316

Whole trees in motion Near gale32-387

Breaks twigs off treesGale39-468

Slight structural damage occursSevere gale47-549

Trees uprooted; structural damageStorm55-6310

Wide-spread damageViolent storm64-7211

See Saffir-Simpson Hurricane ScaleHurricane73-8312

Beaufort wind scale
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Hurricanes

CharacteristicsWind Speed (mph)Category

Very dangerous winds produce some damage74-951

Extremely dangerous winds will cause extensive damage96-1102

Devastating damage will occur111-1293

Catastrophic damage will occur130-1564

Catastrophic damage will occur157 and higher5

Saffir-Simpson Hurricane Wind Scale
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Tornados

1939

Wind Speed (mph)Category

65-850

86-1101

111-1352

136-1653

166-2004

Over 2005

Enhanced Fujita Scale (EF scale)
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Joplin, MO
May 22, 2011
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International Building Code, 
2024 Edition

Link
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IBC 2024 Ch. 35-References Standards identifies 
ASCE 7-22’s edition as being applicable
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ASCE Hazard Tool
www.ASCEHazardTool.org
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i.e., VASD =  V x  0.78

Link

ASCE 7-22
• All loads on buildings and 

structures
• 482 pages + commentary 

(1046 pages total)
• 32 chapters
• 7 appendixes
• Referenced in IBC 2024 Ch. 16-

Wind Design as the basis for 
wind design
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ASCE 7-22 on wind design
• Ch. 26: Wind loads: General 

requirements
• Ch. 30: Wind loads: 

Components and cladding
• Ch. 31: Wind tunnel 

procedure
• Ch. 32: Tornado loads

99 pages
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“Effective area” for tornado design purposes

Separate tornado speed maps based on Risk Category III and IV, 
and effective plan areas of 1; 2,000; 10,000; 40,000; 100,000; 

250,000; 1,000,000 and 4,000,000 sq. ft. 
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ASCE Hazard Tool
www.ASCEHazardTool.org
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If the tornado loads are greater than the conventional wind loads, 
use the tornado loads as the basis for wind design
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A wind and tornado design example…

Hypothetical situation: A hospital (Risk Category IV) building 
with a 70 ft. mean roof height 343 square low-slope roof 
area is located in an urban (Exposure B) Tulsa, OK

31

Solution:
Wind design:

Tornado design:

Ae=40,000 sq. ft.
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Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

101 psf77 psf53 psf120 mphUlt. method

61 psf46 psf32 psf93 mphASD method

Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

107 psf81 psf61 psf107 mphUlt. method

64 psf48 psf36 psf--ASD method

FM Class 75

FM Class 75
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Impact of effective area (Ae)
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Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

107 psf81 psf61 psf103 mphUlt. method

64 psf48 psf36 psf--ASD method

Ae=40,000 sq. ft.

Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

115 psf87 psf65 psf107 mphUlt. method

69 psf52 psf39 psf--ASD method

Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

128 psf97 psf73 psf113 mphUlt. method

77 psf58 psf44 psf--ASD method

Ae=100,000 sq. ft.

Ae=250,000 sq. ft.

FM Class 75

FM Class 90

FM Class 90

Impact of effective area (Ae) - continued
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Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

156 psf119 psf89 psf125 mphUlt. method

94 psf71 psf56 psf--ASD method

Ae=1,000,000 sq. ft.

Z3 (Corner)Z2 (Perimeter)Z1 (Field)Wind Speed

191 psf145 psf109 psf138 mphUlt. method

114 psf87 psf65 psf--ASD method

Ae=4,000,000 sq. ft.

FM Class 120

FM Class 135
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While ASCE 7-22’s wind load provisions are relatively manageable, 
the tornado provisions, where applicable, can get rather complex. 

Roof Wind Designer
www.roofwinddesigner.com
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Tornado design has been added to Roof Wind Designer
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What about FM Global-insured buildings?

38

FM 1-28, “Wind design”
• Intended to apply to FM 

Global-insured buildings
• ASD basic wind speed maps 

and design method
• Some ultimate design 

concepts (e.g., zones)
• Importance Factor = 1.15
• Tornado provisions added

Link
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Tornado design recommendations
FM 1-28, Sec. 2.11-Tornados

• Assume “partially enclosed” and Exposure C

• Avoid the use of windows

– When windows are provided, use FM 4350 Level D or E impact-resistant 
glazing

• Limit other exterior wall openings (e.g., doors)

– Doors should open outward and have positive latching

• Do not use aggregate on roofs

• Consider full-time QAO during exterior wall and roof application
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FM Global’s tornado design provisions are more stringent 
than IBC 2024’s and ASCE 7-22’s

Some useful references
Tornado design
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Link

Link

Basic wind speeds shown are based on Risk Category IV
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National Roofing Contractors Association
10255 West Higgins Road, 600
Rosemont, Illinois  60018-5607

(847) 299-9070
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Personal website:  www.MarkGrahamNRCA.com
LinkedIn:  linkedin.com/in/MarkGrahamNRCA
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