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C an your roof withstand a wind of 110 miles per hour? 
How do you know? Most building owners do not know 
the wind speed that their roof assembly can withstand 

without failure. Building codes set forth minimum construction 
standards which include a design wind speed. Roofing manufac- 
turers make claims regarding their products' ability to resist spe- 
cific wind speeds. Unfortunately, designing a roof to truly with- 
stand a designated wind speed requires an understanding of 
many other variables. For example, the forces resulting from a 
100-mph wind speed acting on a 100-foot tall wean-front struc- 
ture are much more significant than the forces resulting from the 
same wind speed acting on a single-story structure located with- 
in an inland urban area. Far too often, the wind performance of 
building products is determined using controlled laboratory con- 
ditions. While this information is considered useful in establish- 
ing baseline performance criteria, it serves little purpose in the 
design process of a specific roof assembly. 

When wind acts against the surface of a roof, it exerts posi- 
tive and negative pressures which must be considered in the roof 
design. These pressures, expressed in pounds per square foot 
(psfl, vary greatly, depending on many factors. Wind speed is 
only one of the factors considered when determining the pres- 
sures that act on the surface of a roof. In the real world, build- 
ings are constructed at different heights, at  different geographic 
locations, and with every imaginable roof slope and geomehy. 
They are subjected to winds that approach at various angles of 
attack and over a wide range of speeds. Each of these variables 
influence the pressures that must be considered in the roof 
design process. While a thorough discussion of each step of the 
design process is beyond the scope of this paper, an attempt has 
been made to provide a basic understanding of the concepts that 
must be considered in wind design. Additionally, this paper will 
demonstrate the relative importance of each of the design vari- 
ables that affect the overall wind performance of a roof system. 

The design procedure discussed by this paper is based on 
ASCE 7-93', an industry standard which has been incorporated 
into most building codes by reference. To begin the basic design 
process, the velocity pressure (qz) is determined. The velocity 
pressure represents the base pressure (positive or negative) which 
acts on the surface of the roof and is calculated as follow. 

q, = O.OO256Kz (IV)1 
Where: Y = the velocity pressure coefficient 

Tablc j :  Reprinttd, witb pmnisrion,Jrom ASCE 7-88, Amrrican Society of 
Civil Enginnrr, JULY 1990. 

I = the importance factor 
V = the design wind speed 

The  constant of 0.00256 reflects the mass density of air.#& k!j 
standard atmospheric conditions and units associated with wind 
speed in miles per hour. The velocity pressure coefficient, Kz, is 
based on the height of the roof and its exposure to wind. ASCE 
7-93 has been revised (ASCE 7-951) to include a topographic 
factor (kt) to adjust for specific topographic conditions which 

may affect wind pressure. The  importance factors prescribed by 
ASCE 7-93 range from 0.95 to I .  l I and reflect the degree of 
hazard to human life and damage to property. 

To complete the design process, the velocity pressure is fur- 
ther modified by external and internal pressure coefficients. 
These coefficients depend on the geometry and design of the 
building, as well as the specific roof component which is being 
evaluated. Additionally, the pressures at the perimeter and cor- 
ners of a roof are much greater than those in the field of a roof. 
These conditions are addressed by the external pressure coeffi- 
cients used to adjust the velocity pressure. A more detailed dis- 
cussion of the design variables, and their individual relationchin 
to the velocity pressure, is provided below. 
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DescrtpUon 

Large city centers with at least 50% of the buildings 
having a height in excess of 70 feet. 

Urban and suburban areas, wooded areas, or other 
terrain with numerous closaly-spaced obstructions 
having the size of single-family dwellings or larger. 

Open terrain with scattered obstructions having 
heights generally less than 30 feet. This category 
includes flat, open country and grasslands. 

Rat, unobstructed areas exposed to wind flowing over 
large bodies of water. This exposure shall apply only 
to those buildings and other structures exposed to 
wind coming from over the water. 



Figun i. &sic Wind Spnd (mpb). Rlphkd, with fbissia, !ran ASCE 7-68. Anurican Society oJ Cioil Enginms, JULY isso 

Wind Speed 
Determining the basic wind speed is a relatively simple 

process which typically involves consulting the applicable build- 
ing code. However, additional inquiry with the local building 
official is recommended. While most municipalities have adopt- 
ed wind speeds from the established building codes, some have 
elected to require designs using a slightly higher wind speed. 
The basic wind speed is typically obtained from an isotach map 
(see Figun t )  which delineates wind speeds in a fashion similar to 
elevations on a topography map. Linear interpolation is permit- 
ted when a project location lies between isotach lines. The map 
used by this paper is from ASCE 7-93' which describes wind 
speeds in terms of fastest-mile at 33 feet (10 meters) above the 
ground for exposure categoty C (see Tnbk t) with a 50-year 
mean recurrence interval. The speed is meanned for the length 
of time it  takes "one mile" of wind to pass a measuring device. 
The equipment for measuring this type of wind speed is no 
longer in use. 

ASCE 7-95 includes an isotach map based on wind speeds in 
terms of three-second peak gusts. This revision has not been 
widely adopted by building code officials due to the limited time 
between its publication and the code update cycle. To further 
complicate matters, the National Hurricane Center uses an 

entirely different method of measuring and.reporting wind 
speedsassociated with a storm event. The Hurricane Center uses 
the term "maximum sustained wind"-the speed averaged over a 
one minute interval at a height of 33 feet. At the very least, the 
differences in wind speed terminology raise some basic questions 
regarding roof design: Which 1 10-mph wind do you design for? 
A fastest-mile or ~ e a k  gust? Which exposure category? Which 
height? What do mofing manufacturers really mean when they 
ray that their product will withstand a 110-mph wind? The bot- 
tom line is to undmtand the terminology used by applicable 
building codes, code officials, designers, and roofing manufactur- 
ers. The design wind speed should meet applicable code require- 
ments and be consistent with the mofing manufacturefs specifi- 
cations. 

For illustrative purposes, several of the design variables dis- 
cussed in this paper have been evaluated individually to deter- 
mine their effect on the calculated velocity pressure. The results 
are shown graphically to illustrate these relationships. 

Figun z shows the relationship between wind speed and 
velocity pressure. In this graph, three different wind speeds were 
used while all other variables were held constant. Specifically, 
the velocity pressure was calculated for wind speeds of 70,90, 
and 110-mph using exposure categoly C a t  a roof height of 33 
feet. Additionally, an importance factor of 1.0 was used in all 
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cases. The  results in Figurr 2 show the velocity pressure increases 
by a factor of approximately 2.5 between the 70 and 110-mph 
scenarios. This graph clearly shows the direct relationship 
between wind speed and velocity pressure. If it were that simple, 
this paper could have been kept short. However, there are many 
other factors to consider. 

Exposure Categories 
The geographic locat~on of the building determines its expo- 

sure to wind. A building at the coast is unprotected from winds. 
A building located in a wooded rural setting is afforded a great 
deal of protection by adjacent land features. A third exposure 
scenario would be an urban setting with adjacent stmctures in 
close proximity. This scenano requires additional consideration. 
Specifically, if the building elevation is high enough, it may not 
be afforded any protection from adjacent structures. O n  the 
other hand, if the building elevation is lower than adjacent 
buildings, a channeling effect may occur in which wind speeds 

are increased as the wind passes between two buildings. The 
exposure of a building is selected from one of the following cate- 
gories described by ASCE: 

Flat, unobstructed areas exposed to wind flowing over large 
bodies of water. This exposure shall apply only to those build- 
ings and other structures exposed to wind coming from over the 
water. 

Figure 3 shows the relationship between velocity pressure and 
the exposure categories described above. Each exposure category 
was evaluated while all other variables were held constant. The 
velocity pressure was calculated for a roof height of 33 feet and a 
wind speed of IOO-mph. As expected, the results of the calcula- 
tions reveal an increase in velocity pressure in areas with greater 
wind exposures. The velocity pressure was noted to increase by a 
factor of 7.0 between exposure categories A and D. As previous- 
ly discussed, buildings designed in exposure category A should 
be considered for possible channeling effects which can increase 
the velocity pressure due to the building being located in the 
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wake of adjacent buildings. It should also be noted that when 
evaluating components and cladding (as defined by ASCE) on 
buildings with a roof height less than or equal to 60 feet, the 
velocity pressure is calculated based on exposure category C 
regardless of its true exposure. However, ASCE 7-95 allows a 15 
percent reduction of the calculated velocity pressure for build- 
ings located within exposure category B. 

Roof Height 
The height of the roof can greatly affect the design pres- 

sures. While wind speeds are commonly measured at 33 feet 
above the ground, wind speeds increase at higher elevations. To 
account for these conditions, the designer incorporates a veloci- 
ty pressure coefficient (KJ. K, is 1.0 at 33 feet above gmund for 

exposure category C and is adjusted for other heights and expo- 
sure categories. The differences in K, can be significant. For 

example, a residential structure with a roof height of 20 feet in a 
~ r a l  (exposure category 9) setting corresponds to a K, of 0.42. 

Whereas, a commercial structure with a roof height of 160 feet 
located at the ocean (exposure category D) corresponds to a K, 
of 1.92. The  velocity pressure coefficient corresponds directly to 
the resulting design pressure and is independent of the wind 
speed. Therefore, the design pressures calculated for the ocean- 
hont building would be a factor of 4.57 (1.92 / 0.42) greater 
than the pressures calculated for the residential structure, regard- 
less of the design wind speed. 

Figure 4 shows the relationship between roof height and 
velocity pressure. For this graph, three different roof heights 
were used while all other variables were held constant. The 
velocity pressure was calculated for roof heights of 33, 90, and 
180 feet using exposure category C and a wind speed of 100- 
mph. In Figun 4 ,  the veloc~ty pressure increases by a factor of 
approximately 1.6 between the 33 and 180-foot roof height sce- 
narios. 

Roof Geometry 
The geometry of a roof surface greatly affects the pressure 

distribution caused by wind. For discussion purposes, the roof 
geometry can include the roof slope (low or steep), the roof con- 
figuration (gable, hip, stepped, arched, etc.), roof protrusions 
such as dormers and mechanical rooms, or  the presence or 
absence of a parapet. All of these features play a role in the dis- 
tribution of wind pressure over the roof surface. While ASCE 7- 
95 provides a variety of useful references which allow for a more 
detailed analysis of specific roof designs, buildings with unusual 
or irregular geometric shape require special consideration. These 
buildings typically include domes, barrel vaults, multiple set- 
backs, or  prominent geometric features. A careful evaluation of 
the roof should be performed to determine if any features exist 
which may result in high wind-related pressures. 

Striking the windward side of a building, wind results in a 
direct loading of the wall and roof surfaces in the form of  posi- 
tive pressure. O n  the leeward side of the roof, a negative (uplift) 
pressure occurs. While steep slope roofs can receive a moderate 
amount of positive pressure, roof failures do not often occur 
solely due to positive wind pressure. Wind-related roof failures 
on both steep and low slope roofs are typically associated with 
negative pressures. 

In the design process, the specific geometry of the roof is 
considered to modify the previously determined velocity pres- 
sure. External pressure coefficients are used to adjust the velocity 
pressure for individual geometries and roof areas. For example, 
separate external pressure coefficients are used for roof slopes of 
less than 10 degrees. 10 to 30 degrees, and 30 to 45 degrees. 
The external pressure coefficient used is also dependent on the 
specific portion of the roof being evaluated. The distribution of 
positive pressures is considered to be uniform across the roof sur- 
face. However, as discussed previously, roof perimeters and cor- 
ners are subject to much higher negative pressures. To further 
describe this point, Figun s compares the external pressure coeffi- 
cients used for a roof corner on three different roof slopes. The 
external pressure coefficients are negative to represent an uplift 
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force. The external pressure coefficient is used in conjunction 
with an internal pressure coefficient to adjust the velocity pre-  
sure to determine the design wind forces. The variation in pres- 
sure coefficients is significant in that it directly relates to the 
design pressures that the roof must withstand. 

Internal pressure coefficients account for the potential of the 
roof to be pressurized from below. The internal pressure coeffi- 
cient can be positive or negative and is combined with the exter- 
nal pressure coefficient to determine the critical loading condi- 
tions. Since the most significant external forces are typically 
negative (uplift forces), the critical combination includes a posi- 
tive internal pressure coefficient. This condition exists when 
wind uplift occurs on the exterior roof surface while the bottom 
of the roof is pressurized from below. 

As demonstrated in this paper, wind speed is only one of 
many design variables that are important in determining the pos- 
itive and negative pressures that act upon the surface of a roof. A 
proper roof evaluation must include consideration of all of the 
applicable design variables to determine the pressures that the 
roof must withstand. It should also be noted that a roof assembly 
is only as good as its weakest link. Therefore, all roof compo- 
nents, including roof coverings (shingles, panels, membranes, 
etc.), fasteners, decking, flashing, and related accessories must be 
evaluated individually. Using this approach, the designer can 
determine and reasonably control the mode of roof failure. Wind 
related roof failures too often occur due to overlooking the 
details which hold the roof together. Unfortunately, it is com- 
mon to see several thousand square feet of roof compromised 
due to the failure of a few feet of improperly fastened flashing. 
The maiority of roof covering failures resulting from windstorm 
involve improperly designed or constructed perimeter flashings'. 
Each component of the roof assembly must be designed in a 
consistent manner to prevent failure. Additionally, depending on 
the use of the building, it may be appropriate to incorporate a 
factor of safety of 1.4 to 2.0 into the wind design calculations. 

Caution should be exercised when reviewing product litera- 
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the roof designer. While code approvals and wind resistance rat. 
ings are good marketing tools that may help a designer "short 
list" his available roofing options, they do not provide design 
information that is relevant to a specific roof project. Each roof 
system is unique and should be evaluated accordingly. 

So the next time that someone tells you that their roof can 
withstand a 110-mph wind, your response should be 'What 
exactly do you mean?" and be prepared to take notes. 
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