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-STATICS. DYNAMIC WIND-TESTING-

for Commercu:l Roofs

By Bas A. Baskaran, PhD, PEng
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WHAT ARE THE ATTRIBUTES
OF WIND ON A ROOF?
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the roof edges, it creates
zones of suction (negative)
pressure. This suction effect 200
has two characteristics: (a) it
varies from one zone of the
roof to the other - spatial vari- 0 ! | |

Figure 1: Spatial wind pressure variation over a roof.
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Figure 2: Pressure fluctuations at a location on a roof.
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If one views wind-induced pressure on a roof as
“action,” then the “reaction” is the response of the roof.

WH AT ARE THE Not all roofs respond to wind in a similar manner. The

response can be static or dynamic, and it depends on the

ATTRI B UTE s o F R o o FI N G assembly’s components, attachment methods, and appli-
cation technologies.

RESP o N SE TO w| ND? The response of the new generation of mechanically

° attached systems is different than a conventional, fully

bonded system. In mechanically attached systems,'

membranes are attached

at discrete points or

rows. Moderate-to-strong

winds will cause the

membrane to lift and bil-

low between attachment

points or rows. The billow

height is primarily a

b2 2 function of the wind load,

the fastener row spacing,

the load-strain modulus

of the membrane, and

Mechanically Attached System

Fully Bonded System

Figure 3: Static (fully bonded system) the presence of an air or
and dynamic (mechanically attached vapor barrier (retarder) in
system) responses. the roof system. Wind

fluctuations cause the
membrane to flutter, or rapidly flap up and down. The
dynamic (or cyclical) loading induced by the fluttering
can cause fatigue to the membrane, the membrane fas-
teners, the substrate onto which the membrane is fas-
tened, or the fastener-to-deck engagement locations.

WHAT IS A
STATIC TEST?
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In a static test, roofs are subjected to constant pres- —
sure difference across the deck and waterproof mem- 60 seconds
brane. Normally, in the North American roofing commu-
nity, FM Global (FMG) 4470° test method is considered
a static test. In that test, all roofs are subjected to sta-
tic pressure differences as shown in Figure 4.

Time, sec

Figure 4: Static load cycle.
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WHAT IS A DYNAMIC TEST?

In a dynamic test, wind pressures vary across the system. The inten-
sities and magnitudes are dependent on the building’s aerodynamics and
wind exposure. Normally, in the North American roofing community, the
CSA A123.21-04° test method is considered a dynamic test. In an attempt
to mimic Mother Nature, wind dynamics of varying intensities are induced
over a roofing system. Each wind gust has a frequency of 0.5 Hz or two

seconds.
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Figure 5: Dynamic load cycle.
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How ARE TEST
METHODS DEVELOPED?

The development of a full-scale test procedure requires
several levels of generalization on the true wind-induced
effect over a roof assembly. Often, these generalizations war-
rant compromise from a technically sound approach to the
practically acceptable procedure. The author is unaware of
the level and extent of generalization of the wind-induced
effects used in the development of the static test.
Nevertheless, the development dynamic of the test involved
input from all parties concerned with roofing, including
researchers, manufacturers, roofing associations represent-
ing contractors, and building owners. (Refer to the acknowl-
edgment section for the SIGDERS consortium participants.)

THE STATIC TEST
TAKES LESS TIME.
IS IT BENEFICIAL?

Yes, a static test always takes less time
because it is not simulating wind fluctuations.
Static wind uplift rating data may be an indicator
to compare two systems; however, this test’s ben-
efits for engineering design are questionable.

INTERFACE
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Six attributes for the development of a dynamic load cycle
were selected from the concerns raised by the members and
listed, based on priority, as follows:
1. Mimic as much as possible the true wind effects.
2. Simulate failure modes similar to those under field
conditions.
3. Account for the variation in roofing components and
materials.
4. Be easier to apply in a common laboratory environ-
ment.
5. Have a reasonable test-processing time of not more
than a day, including setup and testing.
6. Be compatible with local building codes and wind
standards.

SIGDERS consortia and CSA standardization process
scrutinized the generalization conducted in the development
of the dynamic wind load test procedure. Based on this
vision, the CSAA123.21.04 dynamic test was published. Data
from extensive wind tunnel studies of full-scale roof assem-
blies were used, and finite element models were developed to
extrapolate the data base.

THE DYNAMIC TEST
HAS VARIOUS GUST
LEVELS. WHY?

Roofs, during their lifespan, experience winds
of varying speeds such as periods of calm winds,
moderate winds, and severe winds (hurricane
season). As indicated under question #1, the test
method should account for these wind speed
variations. This is why the dynamic test has vary-
ing intensity gusts and uses wind loads specified
in the national documents, such as NBCC 2005*
and ASCE 7-02°. Such calculated pressures are
used to convert the test pressure ratios in Figure
5 rather than using an arbitrary selection.
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IS THERE AN EXPERIMENTAL FACTOR TO CONVERT
STATIC WIND UPLIFT RATINGS TO DYNAMIC WIND
UPLIFT RATINGS?

No. Systems’ responses are different
under static and dynamic loadings.
Even for a particular installation catego-
ry (say, a mechanically attached sys-
tem), resistance data from a static test
can be different from that of a dynamic
one. Significant efforts were made under
the SIGDERS consortia to develop an
experimental factor to convert the static
wind uplift rating into an equivalent
dynamic wind uplift rating. It has been
concluded (considering the material
advancements and application tech-
nologies), that use of a single conversion
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factor is scientifically invalid. This can further be explained
by means of a “weakest resistance link” chain (Figire 6).

Components of a mechanically attached system are:
deck, fasteners, plates, air/vapor barriers (retarders),
insulation, and membrane. Each component offers a cer-
tain resistance to wind uplift. All resistance links should
remain connected for the system to be durable and to keep
the roof properly in place.

Failure occurs when the wind uplift force is greater
than the resistance of any one or more of these links. For
example, the assembly is considered to have failed when a
fastener pulls out from the deck even if the membrane and
its seams are in good condition. Similarly, a system is con-

sidered failed when a seam tears under gusting wind while
other components remain intact. Due to variations in
resistance, the failure mode can also vary.

Figures 7.1-7.4 show typical examples of the difference
in failure mode and wind uplift rating data between static
and dynamic tests for various systems. Note that all these
test were completed at the SIGDERS table setup. As
shown, some systems perform similarly, irrespective of the
test methods; while for others, there are significant varia-
tions. It is worth mentioning that one cannot use similar
observations for other systems using the same membrane,
as it may have a different application technology.

COMPARISON OF STATIC VS. DYNAMIC RATING AND FAILURE MODES OF VARIOUS MECHANICALLY ATTACHED SYSTEMS.

Static test - Wind uplift rating 150 psf.

Dynamic test - Wind uplift rating 60 psf.

Figure 7.1: Failure modes of PVC systems.

Static test - Wind uplift rating 90 psf.

Dynamic test - Wind uplift rating 45 psf.

Figure 7.2: Failure modes of EPDM systems.
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Dynamic test - Wind uplift rating 75 psf.

Static test - Wind uplift rating 60 psf.

Figure 7.3 Failure modes of modified bitumen systems.

Static test — Wind uplift rating 135 psf. Dynamic test — Wind uplift rating 100 psf.
Figure 7.4 Failure modes of TPO systems.

IS THERE A FORMULA TO CONVERT THE
WIND UPLIFT RATING TO WIND SPEED?

The wind uplift rating and wind speed are different parameters; therefore, one cannot
use a conversion factor. Wind uplift ratings obtained from testing can be used in the design
process, as shown below.
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E USE OF A
T RATING IN
T N PROCESS?

Step 1: Calculate the Design Load

Calculate the wind load for various zones (i.e., field,
edge, corner) of the roof assembly in accordance with the
local building code.

Figure 8 - Wind load diagram.

First, the rating data should be converted to resistance.
Using a safety factor, divide the rating to obtain the resis-
tance. The designer then correlates the resistance with the
required design load to validate that the resistance is
always higher than the load requirement. A simplified case
study is presented below.

Step 2: Select the Roof Assembly

Use a minimum safety factor of 1.5 if the wind uplift rat-
ing of the roof assembly and components is obtained from
dynamic testing. Use a safety factor of 2.0 if the uplift rat-
ing is obtained from static testing. This provides the resis-
tance data.

Required System
Rating from

Dynamic Testing

Required System
Rating from

Static Testin

Corner 84 x 1.5 =126 psf
or higher

84 x 2 = 168 psf
or higher

Edge 48x1.5=72psf
or higher

48 x 2 = 96 psf
or higher

Field 39x1.5=59 psf

or higher

39 x 2 =78 psf
or higher

Step 3: Correlation
Select roof assemblies and related components with
resistance data higher than the load data.

System's Resistance

Desig
(Static Testing) From Building Code

Figure 9 - Correlation of resistance with load.

12 e |INTERFACE

Step 4: Generalization

In some cases, it may be economical to use a single set
of components for both the edge and corner zones. In such
cases, the corner zone resistance data should be applied to

the edge zone (not vice versa).
g=— Cormer (126 psf)

System's Resistance

(Static Testing) From Building Code

Figure 10 - Correlation of resistance with load - generalization.
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CALL FOR PAPERS: GREEN ROOFS

Green Roofs for Healthy Cities is looking for papers for its Fifth Annual International
Greening Rooftops for Sustainable Cities Conference, Awards, and Trade Show from
April 29 to May 2, 2007, in Minneapolis, Minnesota. The conference will raise awareness
of the many benefits of green roofs; share new research findings; provide information on

the latest designs, implementation techniques, and products; and broaden networks
while working towards building more sustainable cities through green roof implementa-
tion. Conference streams fall under Policy, Design and Case Studies, and Research.
Abstracts are due by September 29, 2006, and final papers by January 5, 2007. A 300-
word abstract and 50-word biography must be submitted by September 29, 2006. For
more details, visit www.greenroofs.org.
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