MARCH 2017

Texas Straight-Line Wind
DA M AGE A SSESSMENT REPORT

STRUCTURAL PERFORMANCE OF
MODERN HOMES CONSTRUCTED
IN ROCKWALL, TEXAS

Straight-Line Wind Event
Offers Lessons for Building
On March 29, 2017, passing storms produced high-speed straight-line winds
that resulted in damage to several homes in Rockwall, Texas. The National
Weather Service in Fort Worth estimated the wind speed to be between
100 and 110 mph during the event. This report summarizes the findings of a
team of structural engineers from APA – The Engineered Wood Association who
visited the site shortly after the windstorm to assess the damages sustained by
residences as a result of the high winds.
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UN DE R S TA N DING S TR A IGHT-LIN E W IN DS

What is a straight-line windstorm?
According to the National Oceanic

THUNDERSTORM DOWNDRAFT

and Atmospheric Administration
(NOAA), “Straight-line wind is a term
used to define a thunderstorm wind

EVAPORATIVE
COOLING

DRY AIR

DRY AIR

that is not associated with rotation
and is used mainly to differentiate
from tornadic winds.” A straight-line
windstorm differs from a tornado in
terms of wind direction. In a straightline wind event, the wind moves in
OUTFLOW

one uniform direction, while torna-

OUTFLOW

dic winds move in a circular motion.
In both cases, the wind speeds are
estimated by “observed” damages.

Strong downdrafts during storms can result in straight-line winds that cause
damage similar to that caused by tornadoes.

During a straight-line wind event, air
is pushed rapidly toward the ground. This downward moving air is called a downdraft, and a strong downdraft can
result in a downburst. A downburst can cause damages that are similar to tornado damages.

W IN D DA M AGE OB S E RVATION S

The damage assessment team’s observations were limited to houses built in 2013 under the 2009 International Residential
Code (IRC). At the time of the site visit, there were four homes red-tagged (do not enter), five yellow-tagged (caution,
restricted access), and a number of homes with fences down, windows broken, and shingles missing. Two of the four redtagged homes were classified as teardowns by their insurance companies.
The damage observed from the March 29th straight-line wind events are related to:
■

inadequate and improperly installed roof attachments,

■

failures of the roof to the wall connections,

■

a lack of wall rigidity,

■

moisture intrusion,

■

failures in the facade attachment, and

■

a lack of enlarged washers.

IN A DEQUATE A N D I M PROPE R LY IN S TA LLE D ROOF AT TAC H M E NTS

Staples were observed in the attachment of the roof sheathing to the rafters. Table 602.3 (2) of the 2009 IRC sets forth spacing for various staple sizes. While spacing of staples was somewhat variable on these homes, the team was more concerned
by the observed orientation of these staples rather than their spacing. The crown of staples should be oriented parallel
to rafters, but many observed staples were rotated perpendicular to the rafters. This orientation creates a greater likelihood that one of the staple legs will fail to contact the rafter, reducing the capacity of the connection by over 50 percent.
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FA ILUR E S OF TH E ROOF-TO -WA LL CON N ECTION

Failure of the rafter-to-wall attachment was observed on three of the homes. The roof-to-wall framing connection is vulnerable
to high wind because it is subject to both uplift and shear from either suction or pressure loads originating in the walls below.
In addition, the team observed a discontinuity in the load path in several locations where flexible laminated-fiber sheathing
was not connected to the top plate of the wall. The disconnection between the top plate and the sheathing meant the load
transfer was not complete, causing the top plate to pull away from the studs and sheathing below.
Nails, although allowed by code, provide minimal withdrawal capacity. The roof system of a residence is likely to
experience significant uplift forces in a high wind event, and this uplift at the wall connection is best addressed by metal
connectors or wood structural panels designed for combined shear and uplift. Uplift-only twist straps are good for uplift,
but a connection using diamond-shaped connectors is preferable because these connectors are capable of handling loads
in three directions. This is an important detail, because uplift-only connectors must be supplemented with toenails to
carry horizontal forces into the walls.

L AC K OF WA LL R IGIDIT Y

The houses observed were intermittently braced with structurally graded flexible laminated-fiber sheathing infilled with
non-structural flexible laminated-fiber sheathing panels. For high wind design, APA recommends the use of continuously
sheathed wood structural panels (IRC Wall Bracing Method CS-WSP, WSP being either oriented strand board [OSB] or plywood). APA Report T2007-73, Full-Scale 3D Wall Bracing Tests, demonstrated that continuous wood sheathing resists about
80 percent more load than intermittent wood structural panel wall bracing.
Staples attaching flexible laminated-fiber sheathing panels to the bottom plate tore through the flexible sheathing but remained
in the bottom plate. The team observed multiple tears in the fields of the panels; although some tears appeared to be the
result of projectiles. In other cases, the tears appeared to be the result of brick falling back into the panels. These tears compromised the performance of the panel and became a source of water infiltration during the event.
In addition to the torn sheathing, one residence appeared to have been lifted and moved. Measurements showed that the
south wall moved 11 inches north at the back of the house and 4 feet north at front of the house. The sill plate, which was
anchored to the foundation with bolts, remained in place, with the exception of the front of the home, where the sill plate
had fractured. The first story wall was displaced, and in the back of the house, the flashing on the lower roof was pulled
out from the plane of the second story wall. This suggests that movement was variable between the first and second story.

MOI S TUR E INTRUS ION

On the south face of the aforementioned residence, there were signs of water intrusion, as evidenced by corrosion and
rusting of the anchor bolts, as well as moisture indicators at the sill plate and the bottom of the wall sheathing.

FA ILUR E IN FAC A DE AT TAC H M E NT

Brick ties were observed both on the back of the brick and on the sheathing. Most of the brick ties appeared to be turned down
and engaged with the brick facade. Yet in many instances, the brick facade on these homes had fallen away from the structural
wall completely, raising the possibility that the underlying wall’s flexibility contributed to the failure of the stiffer brick facade.
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A L AC K OF L A RGE PL ATE WA S H E R S

Small cut washers were used on the anchor bolts. During a high wind event, uplift forces on the wall can cause the anchor
to pull through the bottom plate. APA recommends the use of large plate washers to prevent cross-grain bending and splitting of the sill plate. For high wind design, APA recommends anchors be placed 32 to 48 inches on center rather than the
code-minimum 72 inches on center.

S UM M A RY

Better construction leads to better performance. Ultimately, care must be taken to ensure minimum code requirements are
being met. Beyond that, it is possible to build homes that provide an even better level of protection to inhabitants.
There is a disconnect between homeowners’ understanding of code-minimum design and their performance expectations
from code-minimum design. Builders should consider educating the homeowner and providing above-code options for the
structural performance of the home, just as is done with kitchen and bathroom finishes and flooring options. This option
could increase the amount of investment the homeowner is willing to make to strengthen the structural performance of
the residence.
APA has decades of experience observing damage from high wind events, including tornados and hurricanes. From this
experience, common failure modes have been identified, and cost-effective recommendations to improve the performance of a
home have been published in APA’s Building for High Wind Resistance in Light-Frame Wood Construction Design Guide, Form M310.

Form No. SP-1182

■

© 2017 APA – The Engineered Wood Association

■

www.apawood.org

5

Texas Straight-Line Wind Damage Assessment Report

FIGURE 1:
Aerial view of the street with damaged
houses numbered.

HOUSE #1

HOUSE #2

HOUSE #3

HOUSE #4

FIGURE 2:
House #1 in the foreground and #2 in the
background.

FIGURE 3:
House #2. This home was scheduled to be
demolished the following morning, per the
homeowner’s insurance company.
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FIGURE 4:
House #3 as it appeared on Google Maps
prior to the storm.

FIGURE 5:
House #3 after the straight-line wind event.

FIGURE 6:
North side of House #2. This wind event
occurred at 3:00 AM, when many residents
were asleep. The homeowner was asleep
in the upstairs bedroom and was woken
by the winds. He reportedly grabbed onto
his mattress before being pulled from the
home by the winds and landed, with the
mattress, on the ground. Fortunately, there
were no fatalities associated with this storm.
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FIGURE 7:
INADEQUATE INSTALLATION
OF ROOF ATTACHMENTS
House #1. Staples were used to attach the
sheathing to the roof rafters. Many of the
staples were oriented perpendicular to the
framing, which is not best practice. Installing
staples with the crown parallel to framing
increases the probability that both of the staple legs will engage the framing.

Spacing of the staples was also inconsistent,
which contributed to the weakness of the
roof sheathing attachment.

FIGURE 8:
FAILURES OF THE ROOF-TO-WALL
CONNECTIONS
Notice the missing attachment of the wall
sheathing to the top plate shown here on
House #1. This failure to attach sheathing
to the top plate was common to all of the
homes observed.

FIGURE 9:
ROOF-TO-WALL CONNECTIONS
AND FACADE FAILURE
House #3. Top of flexible wall sheathing not
fastened to top plate of the wall.
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FIGURE 10:
INADEQUATE CONNECTIONS
House #2. The two circles on the left show
the diagonal orientation of the staples. With
only one leg of the staples engaged in the
framing, the capacity of the connections are
greatly reduced.
The circle on the right demonstrates that nails
fastened into the ends of the studs provide
minimal uplift resistance. Instead, APA recommends an enhanced sill plate-to-wall
sheathing connection using wood structural
panel sheathing to improve structural performance in high wind events. (See APA Design
Guide – Building for High Wind Resistance in
Light-Frame Wood Construction, Form M310.)

FIGURE 11:
FAILURES OF WALL
AND ROOF SHEATHING
South view of House #2, with sheathing lost
on the walls and roof. Missing connections in
the load path may have contributed to failures
in the building envelope and led to internal
pressurization of the home.
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FIGURE 12:
FAILURE OF WALL SHEATHING
Tears like this were seen throughout the site,
evidencing the sheathing’s lack of resiliency.

FIGURE 13:
DISLOCATION OF THE HOUSE
House #2 appeared to be displaced from
its foundation. The displacement measured
approximately 11 inches in the back and 4
feet at the front of the house at the first story.

ORIGINAL LOCATION
OF THE HOUSE

FINAL LOCATION
OF THE SOUTH WALL

FIGURE 14:
INADEQUATE SHEATHING-TO-SILL
PLATE CONNECTIONS
This is the south elevation at the back of
House #2. The first story sheathing-to-sill
plate connections failed in entirety, leaving
about a foot of interior carpeting showing
at the southwest corner of the home. There
were staples protruding from the sill plate,
and both the structural (red) and nonstructural flexible sheathing (green) were torn.
The southeast corner at the front of the
home was offset in the same manner, by
about 4 feet.
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FIGURE 15:
WALL SHIFTING BETWEEN FLOORS
The continuous angle flashing at the base
of the second story wall on the back side
of House #2 was originally behind the
siding. This appears to have been caused
by the shifting of either the first floor or the
second floor walls, or both.

FIGURE 16:
WALL SHIFTING BETWEEN FLOORS
This is another view of the back of House
#2. The step flashing that was installed
behind the siding was exposed, indicating
differential movement of the upper and
lower stories.

FIGURE 17:
WALL SHIFTING BETWEEN FLOORS
This is a side view of the exposed step
flashing in Photo #16. Note the slope/
leaning of the upper story wall.
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FIGURE 18:
SEPARATION OF WALL
FROM SILL PLATE
Another view showing the extent of the
first story sheathing-to-sill plate connection failure. Also note the rusted nail ends,
indicating potential high moisture conditions at this location.

FIGURE 19:
FAILURE OF BRICK VENEER
TIE CONNECTIONS
The red circles highlight some of the brick
ties that are still attached to the wall framing.
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FIGURE 20:
FAILURE OF BRICK VENEER
TIE CONNECTIONS
Brick ties were also seen attached to failed
brick veneer. While not a provision in the
2009 IRC, the 2018 IRC will recognize
attachment of brick ties directly to 7/16
minimum wood structural panel sheathing only as an alternative to attachment to
studs. In this case, plywood or OSB wall
sheathing would have provided improved
structural attachment of connectors that
may have missed, or just caught the edges
of, wall framing.

FIGURE 21:
A LACK OF LARGE PLATE WASHERS
This image shows the sill plate ruptured
at the anchor bolt attachment. Small cut
washers were used with the anchor bolts.
The sill plate attachment would have had
significantly more integrity if larger square
washers had been used, as is common with
garage portal frame applications. Also, the
rust on the anchor bolt may have resulted
from moisture intrusion.
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Special thanks to Jeffrey Widmer, the City of Rockwall Building Official, for allowing APA to conduct this field study and
for reviewing the findings.

About APA
APA – The Engineered Wood Association is a nonprofit trade association of and for structural wood panel, glulam timber,
wood I-joist, structural composite lumber, cross-laminated timber, and other engineered wood product manufacturers.
Based in Tacoma, Washington, APA represents approximately 165 mills throughout North America, ranging from small,
independently owned and operated companies to large integrated corporations.
Always insist on engineered wood products bearing the mark of quality—the APA or APA EWS
trademark. Your APA engineered wood purchase is not only your highest possible assurance of
product quality, but an investment in the many trade services that APA provides on your behalf.
The Association’s trademark appears only on products manufactured by member mills and is the
manufacturer’s assurance that the product conforms to the standard shown on the trademark.
APA’s services go far beyond quality testing and inspection. Research and promotion programs
play important roles in developing and improving construction systems using wood structural
panels, glulam, I-joists, and structural composite lumber, and in helping users and specifiers to
better understand and apply engineered wood products. For our latest information in building
strong, safe and durable structures, visit www.apawood.org.
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We have field representatives in many major U.S. cities and in Canada
who can help answer questions involving APA trademarked products.
For additional assistance in specifying engineered wood products, contact us:
A PA H E A D Q UA R TE R S
7011 So. 19th St. ■ Tacoma, Washington 98466
(253) 565-6600 ■ Fax: (253) 565-7265
P RO D U C T SU P P O R T H E LP D E S K
(253) 620-7400 ■ help@apawood.org
D I SC L A I M E R
The information contained herein is based on APA – The Engineered Wood Association’s c ontinuing
programs of laboratory testing, product research, and comprehensive field experience. Neither
APA, nor its members make any warranty, expressed or implied, or assume any legal liability or
responsibility for the use, application of, and/or reference to opinions, findings, conclusions, or recommendations included in this publication. Consult your local jurisdiction or design professional to
assure compliance with code, construction, and performance requirements. Because APA has no
control over quality of workmanship or the conditions under which engineered wood products are
used, it cannot accept responsibility for product performance or designs as actually constructed.
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