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Abstract: This paper demonstrates the potential for using field-applied structural coatings to reinforce traditional framing members
and standard building ties, thereby providing an improved and continuous foundation to roof load pathway. Tension tests were performed
on light-frame rafter to top plate connections, some of which were reinforced with a hurricane tie, to establish how much of a difference a
polyurea coating made as the joints between the stud and top plate, and top plate and rafter, were loaded to failure. The tests indicate that
polyurea provides universal strengthening compared with hurricane ties with the added advantage that members and joints can be protected
from a multitude of threats, including corrosion attributable to moisture, damage attributable to flood; and, with self-extinguishing properties
fire. The addition of the coatings allowed both unreinforced and reinforced configurations to withstand higher loads (200-400% more). In
general, the polyurea delayed the onset of failure and significantly strengthened every configuration by increasing the amount of work/energy
required to pull it apart; in some cases, by almost 800%. DOI: 10.1061/(ASCE)MT.1943-5533.0000492. © 2012 American Society of Civil
Engineers.
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Introduction

Fifty percent of the U.S. population lives within 50 miles of the
coast in trillions of dollars of insured property (Insurance Institute
for Business and Home Safety 2009). It is evident that significant
problems exist in coastal buildings and there is a need for new
water-resistant building materials and techniques that can reinforce
new and existing structures while providing safety for building
occupants. Federal Emergency Management Agency technical
notes and bulletins outline many of these problems, including flood
hazard information and recommendations for reconstruction prac-
tices (FEMA 2005), the structural needs for occupant safety and
the criteria for designing hurricane and tornado safe rooms (FEMA
2008a), material ratings for common building materials and evi-
dence of the need for Class 5 water-resistant materials (FEMA
2008b), and recommendations for home construction in storm
pathways (FEMA 2010).
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In their Home Builder’s Guide to Costal Construction, FEMA
stresses the need for wall to sill plate reinforcement, foundation to
shear wall reinforcement, and the development of continuous foun-
dation to roof load pathways (FEMA 2010). It highlights problems
with practices, e.g., used to tie and strengthen framing members to
the foundation or roof or framing member to framing member.

The facts are that an enormous number of coastal homes
were built before hurricane ties became standard or lie in areas in
which code requirements are less stringent. The estimated loss (in
2008 dollars) from Hurricanes Andrew, Katrina, and Tke alone was
81.6 billion dollars (Insurance Institute for Business and Home
Safety 2009). Roof cover damage was the largest, most frequent
source of nonsurge failures.

In a study funded by the National Science Foundation, research-
ers collected data over a three-day period following Hurricane
Katrina regarding wind damage to wood-frame structures along
the U.S. Gulf Coast (van de Lindt et al. 2007). A total of 27 case
studies, ranging from entire subdivisions to individual wood-frame
structures, were examined in detail. According to the authors, most
of the structures inspected lacked strengthening elements such as
ties and straps, and a noticeable number of the hurricane ties
examined lacked nails. Historically, these types of problems moti-
vated researchers to seek viable alternatives to strengthen the
building envelope.

Researchers from Clemson Uniyv., for example, studied the uplift

‘capacity of rafter-to-top plate joints made with a variety of connec-

tion methods, including toe nailing, hurricane straps, and epoxy
adhesives (Reed et al. 1997). In their research, the authors found
that when compared with what they call “small straps,” the epoxy
adhesive provided a comparable uplift capacity. Their results dem-
onstrated that the addition of straps or epoxy provided a significant
increase in capacity when compared with a joint that was toe
nailed only.

A disadvantage to applying epoxy, either by gluing the rafter
directly to the top plate in new construction or by retrofitting an
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existing structure by adding wooden blocks, is that these processes
are time-consuming. A faster and potentially better approach was
suggested by the current authors, who explored the potential of
spraying polyurea onto framing members (Alldredge et al. 2011).

This paper demonstrates the potential for using field-applied
structural coatings to reinforce traditional framing members and
standard building ties, thereby providing an improved and continu-
ous foundation to roof load pathway. Tension tests were performed
on light-frame rafter to top plate connections, some of which were
reinforced with a hurricane tie, to establish how much of a differ-
ence a polyurea coating made as the joints between the stud and top
plate, and top plate and rafter, were loaded to failure.

Materials and Methods

Polyurea

Polyurea is a high-strength polymer with scalable and predictable
material characteristics that can be sprayed onto a substrate to make
it waterproof. The polymer has a variable gel time; tensile strengths
in commercially available materials vary from 13.8 to 34.5 MPa
with inversely related elongation rates. It can be field applied with
a brush, a high-temperature pump applicator, or a low-temperature,
low-pressure dispenser (Polyurea Development Association 2011).

The first reference to polyurea came in 1948 when researchers
discovered that these compounds had far superior thermal proper-
ties and extremely high melting points compared with other poly-
mer systems such as polyesters, linear polyethylene, polyurethanes,
and polyamides (Hill and Walker 1948). In the early 1980s, discov-
eries and advancements in elastomeric polymer chemistry resulted
in polyureas that could be used to produce automotive body
panels through reaction injection molding (RIM) (Grigsby and
Dominguez 1986). But the typical gel times (2-3) of these com-
pounds made it very difficult to spray them using conventional
techniques. '

Although work was done in the 1970s with modified poly-
amines and high levels of plasticizers and solvents to achieve a
spray system for coating work (Rowton 1977), poor field perfor-
mance was noted and this technology never gained acceptance.
However, by 1990, modifications were made to slow the effective
reactivities of the polyureas developed for RIM so that the com-
pounds could be sprayed without compromising their unique char-
acteristics and performance properties (Primeaux 2000).

Nowadays, polyurea is used for applications ranging from truck
bed liners to explosive blast resistant walls. Thin layers of polyurea
have been shown to increase blast resistance of carbon fiber
foam composites (Bahei-El-Din and Dvorak 2007), and polyurea

(a)

coatings have been used to improve the energy absorption of
syntactic foams (Panduranga et al. 2007). Because polyurea strain
hardens under load (Roland et al. 2007), the U.S. military has
employed it to coat and harden field buildings against explosive
blast (Moradi et al. 2008), and membrane catcher systems have
been developed to protect building occupants from secondary
debris resulting from blast pressure (Moradi et al. 2010).

Test Program

A framing connection was selected for testing and a licensed car-
penter contracted to make several rafter top plate model joint con-
structions (subsequently referred to as the “configuration”) from
southern pine. As illustrated in Fig. 1(a), a vertical 2 by 4 stud
was nailed to the bottom of a doubled top plate using two 16d x
3.5-in. nails. Then, a 2 by 8 rafter having a birdsmouth was toe
nailed to the top plate using four 12d X 3.25-in.-long nails. For
reference purposes, the birdsmouth connection exceeded the fas-
tener schedule included in the 2009 international building code,
which calls for using three 8d X 2.5-in.-long nails (International
Code Council 2009).

In some cases, the configuration was reinforced by using a
Simpson LTS12 hurricane tie fastened between the stud and the
rafter with 14 4d X 1.5-in. nails [see Fig. 1(b)]. Fourteen 4 d nails
were used, as opposed to 12 10d nails as recommended, to anchor
the tie to avoid splitting the stud. For reference, according to the
manufacturer, when properly installed, the LTS12 is designed to
withstand a maximum allowable lift load of 3.2 kN (Simpson
Strong Ties 2011).

Loads were applied in the vertical direction in an attempt either to
pull the stud away from the top plate or fail the toe-nail joint between
the rafter and the top plate. During construction, no attempts were
made to control the orientation and coarseness of the grain structure
in the configurations, and these varied widely for different structural
members. In the rafter joint shown in Fig. 1(a), for example, the
grain runs in a direction perpendicular to the applied load, whereas
the grain structure in the vertical stud runs parallel to it.

During loading, it was assumed that the rafter lifts directly
upward from the vertical stud and top plate, thereby placing both
Joints in tension. Because of its location, the hurricane strap is
subjected to eccentric loading.

Standard nailed configurations, with and without the metal
hurricane tie, were used to define control standards. While testing
the configurations, the reinforcement effects caused by plywood
sheathing that may be nailed to the top plate and the stud were
neglected.

Polyurea was then sprayed on similar configurations continu-
ously around the stud and up and around the top plate and rafter.

(b)

Fig. 1. Basic framing connection: (a) constructed; (b) reinforced with a hurricane tie
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(a)

2. 14:2008

Fig. 2. Configurations coated with polyurea before subjecting them to uniaxial tension: (a) black; (b) white

For most retrofitting applications, the top plate to stud will not be
available in the soffit. In this case, only the rafter to top plate can be
easily coated.

As illustrated in Fig. 2, two different types of polyurea were
employed: (1) a black version having a relatively large elongation
(800%) and low elastic modulus (179 MPa), and (2) a white version
having a relatively low elongation (200%) and high elastic modulus
(483 MPa). The tensile strengths of the black and white polyureas
were 16.0 and 15.2 MPa, respectively.

Results

Thickness Measurements

The thickness of the polyurea coatings varied throughout a configu-
ration and from configuration to configuration. An average value of
the coating thickness was obtained for all of the coated configura-
tions by making measurements: (1) across the thickness of the
rafter at a point located midway between the centerline of the upper
hole and the upper surface of the top plate, and (2) across the
smaller dimension of the lower 2 by 4 at a point located midway
between the centerline of the lower hole and the lower surface of
the top plate. The average thicknesses for the black and white coat-
ings were 2.0 and 2.4 mm, respectively.

Pull-Strap Tests

As illustrated in Fig. 2(b), the configurations were initially
placed in uniaxial tension by passing Kevlar straps through two
2.34-cm-diameter holes drilled in the 2 by 4 and rafter. Each hole
was reinforced using a 3.8-cm-long section of aluminum pipe. The
98-kN-capacity MTS testing machine used to conduct the tests was
equipped with a load cell; and, comparisons and observations were
made between uncoated and coated specimens that were pulled in
deflection controlled tests at a rate of 1.27 cm/ min.

A net deflection for each configuration was calculated by sub-
tracting the deflection in the pull straps from that measured for the
crossheads. The deflection in the pull straps was computed on the
basis of Fig. 3, which shows a load deflection plot obtained by plac-
ing a 50cm long segment of one of the pull straps in tension.

A calibration factor, C, of 6 jc/N was obtained for the case
when a 2.54-cm-long segment of the strap was subjected to a
4.45-N load by fitting a linear curve through the data in Fig. 3 over
the load range observed during the test program (0 to 9790 N).

Referring to the configuration shown in Fig. 2(b), each side of
the upper and lower straps carries one-half of the total load. Hence,
the total deflection in the pull straps is

— Strap test
Best it line
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Fig. 3. Load versus deflection plot for a 50-cm-long Kevlar pull strap
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b\(rup\ - 4 (1
In Eq. (1), P is the load and L is the total length of all straps used

to pull on the configuration (approximately 55.9 cm).
The strain energy, U, is equal in magnitude to the area under the

load/deflection plot. For the configuration at hand
F2CL

U =— 2)

straps ]

“Standards” for Unreinforced and Reinforced Joints in
Uncoated Configurations

Fig. 4 shows plots of load versus total deflection (of the configu-
ration and the pull straps) corresponding to three uncoated speci-
mens. Two of the configurations were unreinforced (without tie),
whereas one was reinforced with a hurricane tie. The scale on the
vertical axis was kept constant in all of the plots presented in this
paper so that direct visual comparisons can be made.

One of the uncoated configurations without the tie failed gradu-
ally as the nails in the top plate pulled out of the stud [see Fig. 5(a)].
This configuration, which held a maximum load equal to 1850 N,
was considered the “standard” for 2 by 4 end nail failure; i.e., pull-
out between the stud and top plate in an unreinforced configuration.
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Fig. 4. Load versus deflection plots for uncoated specimens; see
legend and Figs. 5 and 7 for details

In contrast, the other uncoated configuration without the tie
held a higher load (2562 N) and failed relatively quickly as the
toe-nailed joint between the rafter and top plate fractured and gave
way [see Fig. 5(b)]. This was considered a “best-case” scenario
and the “standard” for toe-nail rafter failure, i.e., failure of the
toe-nail joint between the top plate and rafter in an uncoated
configuration.

Because nail pullout occurred in every other initial pull test
except for this one, further analysis was conducted to understand
why. Inspection of the lower joints in the specimens shown in
Figs. (Sa-b) revealed that all nails were driven vertically through
the top plate into the stud. But Fig. 6 shows the grain structures in
the studs. The ring patterns indicate that both studs were centrally
cut; however, the relatively coarse grain structure observed in
Fig. 6(a) resulted in end nail failure [see Fig. 5(a)], whereas the
unusually fine grain structure observed in Fig. 6(b) resulted in
toe-nail rafter failure [see Fig. 5(b)].

The joint between the stud and top plate in the configuration
shown in Fig. 5(b) was subsequently tested by placing pull straps
over the top plate and through the hole in the stud (see Fig. 7).
The partial configuration held 2998 N, substantially higher than the
load applied to fail the toe-nail joint.

Fig. 4 also includes a typical load versus deflection plot of an
uncoated configuration that was reinforced with a Simpson LTS 12
hurricane tie. As illustrated in Figs. (8a-b), failure occurred when
the tie deformed as the nail farthest away from it pulled out of the
stud. The specimen held a maximum load equal to 2277 N, which
was considered “standard” for pullout failure of an uncoated,
reinforced configuration.

2 by 4 End Nail Failure in Unreinforced Specimens

Fig. 9 shows the load/deflection plots obtained for the unreinforced
standard along with those for typical unreinforced configurations
coated with black and white polyurea.

The configuration that was coated with black polyurea held
a maximum load of 3621 N and, as shown from the plot, failed

(b)

(b)

Fig. 6. Grain structure in the stud: (a) coarse and weaker; (b) fine

1204 / JOURNAL OF MATERIALS IN CIVIL ENGINEERING © ASCE / SEPTEMBER 2012



Fig. 7. Partial configuration shown in Fig. 5(b) retested for 2 by 4 end
nail failure

relatively slowly. As shown in Fig. 10(a). a thin layer of wood fibers
fractured in the top plate as the nails in the stud loosened and the
coating stretched.

In contrast, the configuration coated with white polyurea held a
maximum load of 7624 N and, as shown Fig. 10(b), abruptly failed
when the wood fibers fractured in the top plate.

Although the white polyurea coating was on average slightly
thicker than the black, the tensile strength of the black polyurea
is slightly higher than that of the white. So, the superior perfor-
mance of the white coating was attributed to the higher stiffness
ratio between the polyurea and the wood and a better bond between
the two. The higher stiffness ratio associated with the white poly-
urea forces more $tress into the coating, thereby stiffening the over-
all configuration relative to that coated with the black version. This
is evident in Fig. 9, where the slope associated with the white
version is higher than the slope associated with the black version.

The superior bonding associated with the white polyurea was
attributed to greater penetration into the wood substrate. A com-
parison of the specimens shown in Fig. 10 revealed that the fracture
plane associated with the black polyurea [see Fig. 10(a)] is very
close to the surface as opposed to that associated with the white
polyurea, which lies deep within the wood grain [see Fig. 10(b)].

An observation was made during a close inspection of the
coated unreinforced configurations. Fig. 11 shows the grain struc-
ture in the top plates of two different unreinforced configurations

| == Uncoated standard without tie
10000 = Coated with black. without tie
—e— Coated with white, without tie

8000

6000

Force (N)
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0
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Fig. 9. Load versus deflection plots for 2 by 4 end nail failure in the
uncoated unreinforced standard and coated unreinforced configurations

that were both coated with white polyurea. These configurations
had very similar load/deflection plots, but the configuration in
Fig. 11(a) held 7019 N, whereas the one in Fig. 11(b) [described
previously and shown in Fig. 10(b)] held 7624 N. The difference is
partially attributed to the orientation of the grain structure in the
lower 2 by 4 that comprises the top plate. When the grain is oriented
vertically [see Fig. 11(a)] parallel to the nail surface, the joint is
relatively weak as compared with when the grain is oriented hori-
zontally [see Fig. 11(b)] perpendicular to the nail surface.

2 by 4 End Nail Failure in Reinforced Specimens

Fig. 12 shows the load/deflection plot obtained for the reinforced
standard along with those for typical reinforced configurations
coated with black and white polyurea.

The configuration that was coated with black polyurea held a
maximum load of 5738 N. As illustrated in Fig. 13(a), the wood
fibers, diametrically opposed to the hurricane tic and along the
sides of the stud, fractured in the lower member of the top plate.
Then while the coating stretched, the nails in the stud loosened.

In contrast, the sample coated with white polyurea held a maxi-
mum load of 9906 N. As illustrated in Fig. 13(b), the configuration
abruptly failed when the wood fibers, diametrically opposed to the
hurricane tie and along the sides of the stud, fractured in the lower
member of the top plate.

(b)

Fig. 8. Failure of reinforced configuration occurred when nail farthest from tie pulled out of stud

JOURNAL OF MATERIALS IN CIVIL ENGINEERING © ASCE / SEPTEMBER 2012 / 1205



Fig. 10. 2 by 4 end nail failure: (a) occurred relatively slowly in black-coated, unreinforced configuration; (b) failed quickly in white-coated

configuration after wood fibers fractured in top plate

Fig. 11. Orientation of the grain in the lower member of the top plate: (a) weaker when oriented vertically; (b) oriented horizontally
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Fig. 12. Load versus deflection plots for 2 by 4 end nail failure
in the uncoated reinforced standard and coated reinforced
configurations

Itis clear by looking at the slopes of the plots shown in Fig. 12
that the coatings stiffen the configuration, the white much more
so than the black. Although the white-coated configuration holds
more load, the black-coated configuration is able to sustain more
deformation.

The secondary peak observed at a deflection of approximately
2.54 cm in the curve associated with the black-coated configuration
was seen in every test conducted on configurations of this type.
The peak may correspond to the fracture that takes place in the
wood and, if so, could provide some insight into the relative bond
strength associated with the two polyurea coatings. Assuming that
the wood fibers fracture in the white-coated configuration at failure,
the bond strength associated with the white coating is more than
twice of that associated with the black.

Anomalies

During the initial pull test program, two coated configurations held
substantially lower loads than those reported previously: (1) an
unreinforced configuration coated with black polyurea, and (2) a
reinforced configuration coated with white polyurea. The load/
deflection curves obtained for these cases are plotted in Fig. 14
along with those corresponding to their stronger counterparts.

Inspection of these weaker specimens revealed that the polyurea
felt sticky and failure occurred in the polyurea itself as opposed to
within the wood fibers. This problem was attributed to incomplete
mixing, which most likely occurred when one of the canisters in the
spray gun ran dry before the other. Although the peak load is very
different for the weak and strong specimens, for a given polyurea,
the shapes of the curves are similar.

Summary of 2 by 4 End Nail Failure

Fig. 15 includes load/deflection plots corresponding to pullout
for all six cases tested: (1) an unreinforced configuration,
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(b)

Fig. 13. Coated reinforced configurations failure when wood fibers fractured in top plate: (a) relatively slowly; (b) quickly
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Fig. 14. Load versus deflection plots for 2 by 4 end nail failure in

similar specimens that withstood very different peak loads
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Fig. 15. Load versus deflection plots for 2 by 4 end nail failure in six
different configurations

(2) a configuration reinforced with a hurricane tie, (3) an
unreinforced configuration coated with black polyurea, (4) an
unreinforced configuration coated with white polyurea, (5) a rein-
forced configuration coated with black polyurea, and (6) a rein-
forced configuration coated with white polyurea.

Table 1 lists the maximum loads that these six different configu-
rations took along with the value of total deflection at which they
occurred and the total strain energy required to achieve the maxi-
mum load condition. The net deflection and strain energy for each
configuration was obtained by subtracting the values associated
with the pull straps [see Eqgs. (1)-(2)].

Table 2 lists the multiplication factors associated with coated
specimens computed by taking the value found for a given quantity
and dividing it by the value determined for its standard counterpart.
The net strain energy is equal to the work done as the load is slowly
applied and represents the amount of energy required to bring each
configuration to the maximum load condition.

Toe-Nail Rafter Failure in Unreinforced Specimens

As noted previously, all specimens except for one failed as the
nails in the top plate pulled out of the stud. As illustrated in
Fig. 16(a), the other partial configurations that did not include
a hurricane tie were tested by placing pull straps over the top plate
and through the hole in the rafter. Fig. 16(b) shows how the toe-
nail joint failed in the coated specimens as a crack developed and
propagated along the rafter. This was notably different from the
failure that occurred in the standard [described previously and
shown in Fig 5(b)] in which the wood surrounding the nails
fractured.

Summary of Toe-Nail Rafter Failure

Fig. 17 shows plots of load versus total deflection (of the configu-
ration and the pull straps) corresponding to toe-nail fracture for an
uncoated standard and configurations coated with black and white
polyurea.

Table 3 lists the maximum loads that these three different con-
figurations took along with the value of total deflection at which
they occurred and the total strain energy required to achieve the
maximum load condition. The net deflection and strain energy for
each configuration was obtained by subtracting the values associ-
ated with the pull straps [see Egs. (1)-(2)].

Table 4 lists the multiplication factors associated with
coated specimens computed by taking the value found for a given
quantity and dividing it by the value determined for its standard
counterpart.
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Table 1. Tabulated Results for 2 by 4 End Nail Failure in Six Different Configurations

Maximum Total deflection Deflection Total strain energy Strain energy

Configuration status load (P,,,) (N) at P, (mm) at P, (mm) 0 P.x (N mm) to P (N mm)
Uncoated standard without tie 1,850 9.7 8.1 8.699 7,231
Uncoated standard with tie 2277 29.7 27.7 35814 33,668
Coated with black without tie 3,621 19.8 16.8 28,810 23,274
Coated with white without tie 7,624 26.4 20.1 81,571 57,167
Coated with black and tie 5,738 41.4 36.6 113.544 99,648
Coated with white and tie 9,901 31.8 234 121,340 80,102
Table 2. Multiplication Factors; 2 by 4 End Nail Failure in Coated Configurations

Total deflection Deflection at P, Total strain energy to Strain energy to

Load (P,,,,) with

Configuration status respect to standard to standard

at P with respect

with respect
to standard

P ax With respect
to standard

P ax With respect
to standard

Coated with black without tie 1.96 2.05
Coated with white without tie 4.12 2.74
Coated with black and tie 2.52 1.39
Coated with white and tie 4.35 1.07

2.07 331 3.21
2.47 9.38 7.87
1.32 b 2.96
0.84 3.39 2.38

Fig. 16. Partial coated configurations retested: (a) to evaluate

toe-nail rafter failure; (b) a crack developed in the rafter

Discussion

Referring to Tables 1-4, many factors could have contributed to
deviations and potential errors in the values determined for deflec-
tion and strain energy, such as variations in wood grain and struc-
ture, kinks in the straps, elongation of the holes at the attachment
points, variations in strap length, and differences in construction
and the manner in which failure took place. But the results pre-
sented for peak load are indisputable.

Itis clear from the tabulated data that the addition of a polyurea
coating allowed both the unreinforced and reinforced configura-
tions to withstand a greater load. Results for nail pullout indicate
that when compared with their uncoated counterparts, the black-
coated configurations were approximately twice as strong, whereas
the white-coated configurations were four times as strong. The
follow-up tests conducted to evaluate toe-nail fracture show that
when compared with their uncoated counterpart, the black-coated

configurations were three times as strong, whereas the white-coated
configurations were four times as strong.

A review of the load/deflection plots revealed that the peaks
corresponding to the maximum load in the unreinforced coated
configurations always occurred at a greater deflection than those
corresponding to their uncoated counterparts. Thus, the addition
of a polyurea coating delayed the onset of failure, allowing the
unreinforced configurations to sustain more deflection before they
reached their peak loads. Results for nail pullout and toe-nail frac-
ture indicate that when compared with their uncoated counterpart,
the coated configurations can sustain anywhere from two to three
times as much deflection.

The fact that it can take almost eight times more energy to bring
a coated unreinforced configuration to the peak load as compared
with that required to bring an uncoated unreinforced configuration
to the same condition is staggering. Even when the configura-

tion is reinforced, the strain energy associated with the coated
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Fig. 17. Load versus deflection plots for toe-nail rafter failure of the

uncoated unreinforced standard and unreinforced configurations coated
with black and white polyurea

configurations is more than double that associated with their
uncoated counterparts. Significantly, the polyurea strengthened
both the unreinforced and reinforced configurations by increasing
the amount of work/energy required to pull them apart.

Because nearly all hurricane straps are made of galvanized steel,
there is limited design flexibility from a materials standpoint. This
makes it difficult to design a configuration that can readily adapt
in real time to withstand sustained winds or wind gusts. Referring
again to the plots, the differences in the peaks and shapes associated
with the coated configurations show that the failure mode of the
unreinforced and reinforced configurations can be controlled by
using different types of polyurea. The configuration can be de-
signed to fail at a higher peak load in a relatively brittle fashion
or at a lower load in a relatively ductile manner. If this knowledge
can be harnessed and used to advantage, polyurea coatings may
revolutionize how construction in hurricane-prone regions is done.

The hurricane tie, as installed, only increased the peak load of
the unreinforced configuration by approximately 25% and allowed
the configuration to deflect three times as much before the maxi-
mum load was achieved. Significantly, it has been shown that,
when used in combination with a hurricane tie, a polyurea coating
substantially enhanced the structural performance even when the
strap alone does little to strengthen the uncoated joint.

In contrast to existing metal hurricane ties that are designed
to withstand a specific loading, a polyurea coating provides more
universal strengthening with the added advantage that members
and joints can be protected from a multitude of threats, such as
corrosion attributable to moisture and damage attributable to flood
and, with self-extinguishing properties, fire.

Conclusions

In conclusion, a licensed carpenter was contracted to construct
several rafter top plate model joint connections. Tension tests were
performed on these configurations, some of which were reinforced
with a hurricane tie, to establish how much of a difference a poly-
urea coating made as the joints between the stud and top plate, and
top plate and rafter, were loaded to failure.

The addition of the coating allowed both unreinforced and
reinforced configurations to withstand higher loads (200—-400%
more). In general, the polyurea delayed the onset of failure and
significantly strengthened every configuration by increasing the
amount of work/energy required to pull it apart, in some cases, by
almost 800%. Tests showed that the failure mode can be controlled
by using different types of polyurea, and results indicate that the
commercial applications of using polyurea to strengthen structures
in hurricane prone areas could be enormous. Polyurea provides
universal strengthening compared with hurricane ties with the
added advantage that members and joints can be protected from
a multitude of threats, including corrosion attributable to moisture,
damage attributable to flood, and, with self-extinguishing proper-
ties, fire.

Although it is evident from the results summarized in Tables 2
and 4 that the load-carrying capacities of the specimens reinforced
with the polyurea coatings were higher than those without them,
only one specimen was tested and reported for each configuration.
Because the connection strengths of wood members can be highly
variable, more tests are needed before one can quantify the reported
strength gains with confidence. Also, because the tests performed
were static in nature, additional work should be done to address
things such as fatigue strength and long-term performance.
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P ax With regard
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