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Purpose and Scope 

The purpose of this test program is to extend prior testing done by the NAHB Research 
Center for the Foam Sheathing Coalition.  The prior testing was done to provide data on 
the wind pressure resistance of wall assemblies using foam sheathing and reported in 
NAHB Research Center Report #4107003013108.  The testing procedure and results 
are intended to be used for the purpose of evaluating existing building code 
requirements, providing the basis for new building code language pursuant to these test 
results, and establishing a foundation for potential new product development and for 
code evaluation purposes. 

The scope of this work includes: 

·  Positive pressure tests of various foam sheathed 2x4 wall panels in 
accordance with ASTM Test Method E330-02 Procedure B. The reported 
results will be the ultimate positive pressure in psf and deflection in inches.   

·  Flexural testing of foam sheathing samples in accordance with ASTM Test 
Method C203-05, Method 1, Procedure D. The reported results will be the 
measured flexural properties for the foam products. 

The Foam Sheathing Coalition provided the test plan detailing the specific types of 
materials, thicknesses and facer combinations for testing. The testing was conducted at 
the NAHB Research Center’s laboratory in May and June 2008. 

Methods and Materials 

All sheathing materials were provided by the Foam Sheathing Coalition members.  
Lumber and hardware used for this testing was purchased through local suppliers.  All 
lumber used was stud grade SPF 2x4s.   

For this testing program, 9 different foam sheathing products were provided by 
manufacturers and tested in accordance with the test plan provided by the Foam 
Sheathing Coalition, shown in Table 1.  These varieties were divided into three types of 
foam, each with two thicknesses. 

·  Expanded Polystyrene (EPS) .  (ASTM C578 Type II specified, unfaced). 

�  Cellofoam  

�  Insulfoam 

�  Atlas 

·  Extruded Polystyrene (XPS). (ASTM C578 Type X specified, unfaced)   

�  Pactiv 

�  Owens Corning 

�  Dow 
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·  Foil Faced, Rigid Cellular Polyisocynurate (ISO).  (ASTM C1289 Type 1, Class 1 
specified, faced) 

�  Atlas 

�  RMax 

�  Dow 

All foam sheathing was supplied in sheets measuring 48” x 96” dimensions. EPS and 
XPS foam sheathing products were unfaced. 

Table 1.  Study Matrix for Uniform Load Pressure Te sting 

Foam 
Sheathing 

Product Type 
Material 

Thickness 
Framing 
Centers 

Test 
Repetitions 1 

1” 6 
1.5” 4 EPS 
2” 2 
1” 6 XPS 

1.5” 6 
1” 6 ISO 

1.5” 

16” o.c. 

6 
EPS 1” 3 
XPS 1” 3 
ISO 1” 

24” o.c. 
3 

1 In general two test repetitions were performed for each of three different 
manufacturer’s products (six repetitions in total) for each foam sheathing type.  
Where four or two replicates are shown, this corresponds to two or one 
manufacturer’s product being tested, respectively.  Where three repetitions are 
shown, this corresponds to one test for an individual manufacturer’s product and 
three different product manufacturer’s products were tested. 

Test Equipment 

Pressure Chamber 

The apparatus used to perform the uniform load pressure test on the wall assemblies 
consists of a sealed box made from dimensional lumber and sheathing (see Figure 1), 
and conforms to ASTM E330-02 protocol.  The box has an opening for a 49.5” x 96” 
sample.  An extra framing support is installed at the mid span of the specimen for the 
tests that have an ultimate load over 100 psf to prevent the test framing from being the 
initial failure for these higher pressure tests.  This support allows the studs to deflect 1” 
normally before they contact the support and it limits the frame’s deflection.  (This extra 
support was not used in the previously reported testing due to the lower test pressures 
involved.)  The test samples lie horizontally over the opening, supported by two ledges 
inside the box, (the ledges for these tests are wider than for the previous testing such 
that the ends of the studs bear on supports, not just the top and bottom plates, to 
prevent framing failure at the plate/stud interface).  The samples are sealed to the test 
chamber box with a plastic membrane.  A hose links the interior of the chamber with a 
single speed blower that can depressurize the chamber.  For this test program, the 
chamber is controlled through the use of variable valves that adjust the flow from the 
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box.  These valves are, in turn, adjusted electronically through the use of a computer-
based data acquisition and control software program.  This software monitors the 
pressure in the box through a pressure transducer and controls the valve adjustments, 
also serving as the primary recording center for the test data.  Additionally, to record 
deflection of test samples, linear displacement sensors were mounted to a rack above 
each stud and centerline of the outside stud bays of each test sample.  The data 
acquisition software also records the output of the linear displacement sensors. 
 

 
Figure 1. Pressure Chamber Used for Uniform Load Te sting 

(Air inlet port is located on the left side of the chamber in this photo.) 

 
Flexural Testing Apparatus 

To perform the flexural testing of the foam sheathing, a Tinius Olsen H50KT Universal 
Testing Machine (UTM) and data acquisition and control unit were utilized.  The 
supports and loading head were designed to ASTM C205-05 protocol, being 1-¼” in 
diameter. 

Test Methods 

Uniform Load Tests 

For the uniform load tests, frames were assembled in the following manner.  A 
49.5”x96” 2x4 wall frame was constructed with studs 16” or 24” o.c. as required by the 
test plan.  The bottom and top plates were fastened to the studs using 2-16d 3-½” long, 
0.131” shank nails at each stud.  Double top and bottom plates were used, with top 
plate-to-top plate fastened with 2-10d 3” long, 0.148” shank common nails at each stud, 
and bottom plate-to-bottom plate being fastened with a single 16d 3-1/2” long, 0.131” 
shank nail at each stud.  The frame was fabricated using a pneumatic nail gun.  Foam 
sheathing was then laid over the frame, with the marked side facing away from the 
studs, and fastened with 2” or 2-½” long, 7/16” head, 0.120” shank, galvanized roofing 
nails at a measured 12” o.c. on all framing members.  A fastener edge distance of ¾” 
was used for the end studs with sheathing also bearing approximately ¾” onto the end 
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studs to mimic a butt joint between sheathing panels in actual installation.    The nails 
were occasionally driven at a slight angle ensure a solid connection to the end stud.  
The sample was then placed in the chamber in a positive pressure orientation with the 
sheathing facing away from the chamber (meaning that as the chamber is 
depressurized, the sheathing is forced onto and drawn inward between the studs).  2-
mil clear plastic sheeting was then layered over the sample and sealed using a 
compression frame with vice grips.  The linear displacement sensor rack was then 
placed midway over the frame to obtain mid-span deflection of the studs and outside 
two stud bays (see Figure 2). 

 
Figure 2.  Linear Displacement Sensor Rack 

When setup was complete, the testing procedure was initiated.  Per the test method 
(ASTM E330 Procedure B), pressure was ramped up to approximately 30 percent of the 
maximum expected load and held for 30 seconds before returning to 0 psf for 1 minute.  
At this point, all linear displacement sensors were zeroed and then the pressure was 
increased in increments of 5 psf, holding for 30 seconds at each pressure increment 
before increasing again.  This continued until ultimate failure of the sheathing, which 
would manifest as permanent distortion or fracture of the sheathing and a drop in test 
pressure (see Figure 3). 

 
Figure 3.  Example of failure mode common to the mo re brittle samples. 
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This process was repeated for each brand of foam sheathing according to the schedule 
in Table 1. 
 
Flexural Testing 

Flexural testing utilized test method ASTM C203-05 in order to determine flexural 
properties of the foam sheathing.  Three samples from each brand of foam sheathing 
were cut.  Samples were cut to fit within the guidelines of the test method.  Sheathing of 
1” nominal thickness was cut into 4”x12” samples, 1-½” nominal thickness into 6”x17” 
samples, and 2” nominal thickness into 8”x22” samples.  The longer dimension 
corresponded to the shorter panel dimension which  would span across the studs of a 
framed wall when the sheathing panels are placed with long dimension parallel to studs 
as in this test program.  The sample was then placed in the test apparatus, centered 
and leveled, with the exterior side of the sheathing (if applicable) facing the loading 
head.  The span utilized was 10” for 1” nominal thickness, 15” for 1-½” nominal 
thickness and 20” for 2” nominal thickness sheathings.  Thus, a 10:1 span-to-depth ratio 
was maintained. The test method protocol was then followed, with a constant load head 
traversing rate of 0.625 in/min. The load was applied in a traditional simple span 
configuration with load applied at mid-span (three-point load) (see figure 4).  The test 
ended when a 50% load drop off was detected or the mid-span deflection reached 1.6”.  
The Tinius Olsen control and DAQ software recorded load and deflection information. 

 

Figure 4.  Example of the small specimen flexural t esting setup. 
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Results 

The results for each type of testing have been summarized in Tables 2, 3, and 4 to 
provide an overview of product performance for each type of foam sheathing tested.   

 
Table 2.  Summary of Small Specimen Bending Test Re sults 

 Load at deflection (lbs) 
 

Thickness 
(in) 

Span 
(in) 

Width 
(in) 0.25" 0.5" 1" 1.5" Max 

Fb max1 
(psi) 

EPS 1" Nominal (1.48 pcf average density.) 
average 1.017 10 4 7.8 10.3 12.62 0.0 11.8 44.4 
Stdev 0.005             0.65 2.4 
COV 0.005             0.05 0.055 
EPS 1.5" Nominal (1.40 pcf average density.) 
average 1.503 15 6 11.2 18.7 24.4 0.0 25.0 41.7 
Stdev 0.005             0.50 0.8 
COV 0.004             0.02 0.020 
EPS 2" Nominal (1.42 pcf average density.) 
average 2.007 20 8 15.0 28.3 41.8 46.6 47.3 44.3 
Stdev 0.006             2.46 2.3 
COV 0.003             0.05 0.052 
XPS 1" Nominal (1.76 pcf average density.) 
average 0.992 10 4 5.2 8.2 11.52 10.6 10.7 40.3 
Stdev 0.041             2.40 9.0 
COV 0.041             0.22 0.223 
XPS 1.5" Nominal (1.73 pcf average density.) 
average 1.480 15 6 9.0 16.7 24.5 26.92 25.9 43.2 
Stdev 0.038             1.78 3.0 
COV 0.026             0.07 0.069 
ISO 1" Nominal (2.22 pcf average density including foil facers.) 
average 0.956 10 4 13.6 16.6 19.9 19.6 20.4 76.4 
Stdev 0.061             1.84 6.9 
COV 0.064             0.09 0.090 
ISO 1.5" Nominal (2.14 pcf average density including foil facers.) 
average 1.466 15 6 20.3 28.7 35.2 35.6 38.2 63.7 
Stdev 0.049             7.27 12.1 
COV 0.033             0.19 0.190 

1This number is an average of the maximum bending stresses for the sample set.  The calculation assumes an isotropic, 
homogenous member. 
2In some instances the load for the 1” or 1-½” deflection is greater than the maximum; this is because some of the samples failed 
before the 1” or 1-½” deflection point and the reported average does not include those samples because data collection was 
terminated at a load drop-off of 40% after peak irrespective of deflection.   
 
Table 2 summarizes the small specimen bending test results.  Some products had clear 
yield or failure points prior to the 1.6” maximum deflection limit used in the testing, 
others had a moderate knee in load-deflection curves, others had a smooth non-linear 
curve which had no defined yield or failure point.  The loads at intermediate deflections 
are intended to give an idea of the shape of the load vs. position curve for the different 
materials. 
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Table 3.  Summary of Uniform Pressure Test Results for Foam Sheathing on 16” o.c. Framing 

 EPS XPS ISO 
Nominal Thickness 1” 1.5” 2” 1” 1.5” 1” 1.5” 

Avg Peak Press (psf) 60.54 128.17 187.22 66.32 132.85 115.25 141.85 
Std-dev (psf) 7.60 11.21 n/a 13.57 20.21 24.28 26.43 
COV 0.13 0.09 n/a 0.20 0.15 0.21 0.19 
Avg Defl. At Peak (in) 1.15 0.82 0.72 1.31 1.06 1.74 0.81 
Std-dev (in) 0.60 0.44 0.35 0.45 0.33 0.28 0.31 
COV 0.52 0.54 0.49 0.35 0.31 0.16 0.38 
Avg Defl. At 50%Peak (in) 0.40 0.31 0.21 0.59 0.31 0.45 0.17 
Std-dev (in) 0.10 0.09 0.05 0.12 0.06 0.28 0.04 
COV 0.24 0.29 0.25 0.20 0.19 0.62 0.22 

Note: Average deflection is based on deflection of foam sheathing only (relative to studs) at center of span between studs at outside 
stud bays and mid-height of 4x8 wall specimens. 

 
Table 4.  Summary of Pressure Test Results for Foam  Sheathing on 24” o.c. Framing 

 EPS XPS ISO 
Nominal Thickness 1” 1” 1” 

Avg Peak Press (psf) 24.70 34.28 60.00 
std-dev (psf) 2.65 2.30 21.75 
COV 0.11 0.07 0.36 

 
Table 3 summarizes the 16” o.c. uniform load test results.  The deflections given in this 
table are an average of the deflection measured in each outside stud bay.  The 
measured deflection in a stud bay is the difference between the deflection measurement 
in the center of the stud bay and the average of the deflection measurements of the 
studs defining that stud bay.  The deflections were measured at midpoint of the walls’ 
height.  Failure for positive pressure tests was typically realized when the sheathing 
fractured abruptly; usually in the form of a lengthwise cracking down the middle of a 
stud bay or along one of the inside studs in an outside bay.  In most cases, pressure 
dropped suddenly and significantly upon failure. 

Table 4 provides average peak pressure test results for 1-inch-thick foam sheathing on 
24”oc framing in a limited number of tests. The purpose of this data is to provide a 
means of assessing any difference in material behavior (failure mode or strength 
properties) when studs are spaced at 24”oc in comparison to the tests with 16”oc 
framing.   The observed failure modes were similar to tests with 16”oc framing and the 
trend of reduced pressure resistance with increased span was as expected. 

Conclusions & Recommendations 

The test data shows an expected trend of increasing foam sheathing material resistance 
with increasing thickness and reduced resistance with increasing span between 
supporting framing members. Observed failure modes were typically bending related 
and usually initiated at the region of highest bending moment (positive or negative) 
acting on the foam sheathing.  The data reported herein should be useful for the 
purpose of defining bending strength relationships that can then be used to predict 
uniform pressure resistance as affected by stud spacing (span), material properties, and 
thickness of the types of foam sheathing investigated in this test program.     


