
 

34 
 

Comparison of Factory and Field Thermally Welded Geomembrane Seams 
T.D. Stark1, Ph.D., P.E., M.A. Hernandez2, and D.S. Rohe3, 

 
1 Professor of Civil and Environmental Engineering, 2217 Newmark Civil Engineering 

Laboratory, University of Illinois, 205 N. Mathews Ave., Urbana, IL  61801, USA, Telephone: 
1/217-333-7394, Telefax: 1/217-333-9464, E-Mail: tstark@illinois.edu.   

2 Graduate Research Assistant, Dept. of Civil and Environmental Engineering, 2217 Newmark 
Civil Engineering Laboratory, University of Illinois, 205 N. Mathews Ave., Urbana, IL  61801, 
USA, Telephone: 1/217-333-7394, Telefax: 1/217-333-9464, E-Mail: mahrnnd3@illinois.edu.   

3 President, Environmental Protection, Inc., 1567 W. South Airport Rd., Traverse City, MI 
49686, USA, Telephone: 1/800-655-4637, E-Mail: danrohe@geomembrane.com.   

 
ABSTRACT:  
 
This technical paper presents a unique comparison of geomembrane factory and field welded 
thermal seams for a large potable water reservoir project.  The results of the comparison show 
that factory welded seams exhibit less variability, greater seam peel and shear strengths, and 
higher quality than field welded thermal seams.  The results show that factory seams are about 
10% stronger than field seams in shear and about 9% stronger in peel.  More importantly, this 
resulted in 100% of the factory welded seams passing the project seam shear and peel strength 
requirements. Conversely, about 25% of the field welded seams did not pass the specified field 
seam shear strength requirement. As a result, the field seam shear strength requirement was 
reduced from 9.6 kN/m (55 lbs/inch) to 8.2 kN/m (47 lbs/inch) during construction to increase 
the number of field seams that achieved project requirements.  
 
INTRODUCTION 
 
Factory welded seams have been long presumed to be of higher quality, less variability, and 
higher predictability than field welded seams due to the controlled and consistent indoor 
conditions, little dirt and moisture in the seams before welding, and no wind or significant 
temperature changes in the factory.  In terms of thermal seams, higher quality means factory 
welded seams exhibit higher and more consistent seam shear strengths than field welded seams 
and less variability. However, a large database of both factory and field welded seams has not 
been available for a project to prove this hypothesis because the objective of most projects is to 
minimize the amount of lower quality field seams that have to be created. Typical projects have a 
lot of data on factory seam strengths and consistency but a minimal database on field welded 
seams. The Columbus Upground Reservoir (CUGR) project was constructed near Columbus, 
Ohio between 2011 and 2013. The CUGR is the largest geomembrane lined project in the world 
and thus has a sufficient number of field seams to make a meaningful comparison even though 
about 78% of the geomembrane seaming occurred in the factory. The CUGR is a 27.6 billion 
liter (9.2 billion gallon) potable water reservoir that covers a plan area of 314 hectares (785 
acres).  The retained water covers about 337 hectares (843 acres). 
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Prior to the CUGR, this area was primarily used for farming and is fairly flat.  The 
reservoir was constructed by creating a zoned embankment around the reservoir with a height of 
about 10.7 m (35 ft). The zoned embankment consists of low hydraulic conductivity fine-grained 
soils on the upstream side of the embankment (see Zone 1 Fill in Figure 1) and the embankment 
downstream of the centerline consists of both fine and coarse-grained soils, i.e., higher hydraulic 
conductivity, (see Zone 2 Fill in Figure 1). The length of the zoned embankment is about 8.5 km 
(5 miles) and is comprised of about 3.5 million cubic meters (4.6 million cubic yards) of fill 
material. The reservoir area is underlain by glacial till that consists of fine-grained soil that 
contains large pockets of high hydraulic conductivity sands and gravels.  This permeable layer is 
about 6 m (20 ft) thick in some areas, which brings the underlying fractured limestone bedrock 
near the bottom of the reservoir.  Therefore, reservoir water could seep into the underlying soil 
and bedrock and increase solutioning of the underlying limestone, increasing leakage from the 
reservoir, and possibly destabilizing the reservoir.  The fractured and solutioned limestone is also 
under artesian pressure. As a result, the designers decided to install a geosynthetic liner system 
on the floor of the reservoir to minimize leakage and connection with the limestone bedrock.  
The geosynthetic liner system does not extend up to near the embankment crest because the 
upstream portion of the embankment consists of low hydraulic conductivity soil (see Figure 1) 
and the geosynthetics could be exposed to ultraviolet light and wave action if exposed. 
 

 
Figure 1. Typical embankment section showing subsurface conditions and geosynthetic 

liner system and embankment tie-in. 
  

The installed geosynthetic liner system on the floor of the reservoir consists of the 
following components from the bottom to the top (see Figure 2): 0.46 m (1.5 ft) thick low 
hydraulic conductivity compacted fine-grained soil liner (CSL), a 1.0 mm (40 mil) thick flexible 
unreinforced polypropylene (fPP) geomembrane, a non-woven cushion geotextile over the fPP 
geomembrane, and a 0.46 m (1.5 ft) thick layer of cover soil to protect the fPP geomembrane. 
The project specification for the geomembrane also allowed the use of a 1.0 mm (40 mil) thick 
flexible unreinforced polyvinyl chloride (PVC) geomembrane but a fPP geomembrane was 
selected by the designer for installation mainly based on cost and availability considerations. The 
geosynthetics are anchored in an upstream cutoff trench near the base of the embankment as 
shown in Figure 1.  Because this is the largest geomembrane lined project in the world, this 
paper describes the data analysis and resulting comparison of factory and field seam peel and 
shear strengths.  In particular, the tests on 1,313 factory fabricated thermal seams are compared 
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with the test results on 469 field fabricated seams.  Therefore, this is a unique project where there 
are 469 field seam tests to be compared with factory seam test results.   
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Low hydraulic conductivity 
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Figure 2. Geosynthetic liner system installed on reservoir bottom. 

 
GEOMEMBRANE SEAM TESTING 
 
The fabricated fPP geomembrane was thermally welded by Environmental Protection, Inc.(EPI) 
and representative samples were obtained for seam shear and peel strength testing in the factory. 
Duplicate samples of the representative seam samples were stored in the quality control archive. 
In the field, destructive samples were obtained from the welded together geomembrane panels at 
500 lineal feet increments. These samples were used for seam shear and peel strength testing at 
an independent commercial testing laboratory during construction. The initial project 
requirements for the field and factory seam shear and peel strengths of the completed 
geomembrane thermal seams required a seam shear strength at yield of 9.6 kN/m (55 lbs/inch) 
and seam peel strength at yield of 4.4 kN/m (25 lbs/inch). The field shear strength requirement of 
9.6 kN/m (55 lbs/inch) corresponds to about 80% of the peak tensile strength of the fPP 
geomembrane of 12.6 kN/m (72 lbs/inch).  Because many of the field fabricated seams did not 
achieve the specified field seam shear strength requirement, the field seam shear strength 
requirement was reduced from 9.6 kN/m (55 lbs/inch) to 8.2 kN/m (47 lbs/inch) during 
construction. The revised field shear strength requirement of 8.2 kN/m (47 lbs/inch) corresponds 
to about 65% of the peak tensile strength.  

The seam shear strength tests were performed in accordance with ASTM Test Method 
D6392.  For the unreinforced fPP geomembrane specimens, a minimum of five (5) 25.4 mm (1 
inch) wide and 150 mm (6 inches) long specimens with the field seam at the center of the field 
specimen and perpendicular to the centerline were used for seam testing. A gage length of 25.4 
mm (1 inch) with grips positioned 13.0 mm (0.5 inch) on either side of the start of the seam bond 
were used with a constant machine crosshead speed of 500 mm/min (20 inch/min) for the seam 
shear testing. The seam specimen was fully supported within the tensiometer grips across the 
specimen.  

The seam peel strength tests were performed in accordance with ASTM Test Method 
D6392.  In both test methods, a minimum of five (5) 25.4 mm (1 inch) wide specimens were 
tested.  A gage length of 25.4 mm (1 inch) with grips positioned 13.0 mm (0.5 inch) on either 
side of the start of the seam bond were used with a constant machine crosshead speed of 500 
mm/min (20 inch/min) for the seam peel testing. The peel strength specimen was fully supported 
within the tensiometer grips across the specimen. All of the field seams were dual track welded, 
with test specimens being tested from both sides of the weld. For all of the field peel strength 
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testing, ten (10) specimens were used per sample with five (5) specimens sampled symmetrically 
along each side of the welded seam. The average peel strength value for each set of five (5) strips 
was reported and used in the plots presented below. 

For the field peel strength tests, two different peel tests were performed for each seam 
sample.  One peel test utilized the exposed flaps on one side of the dual-track seam and the other 
peel test utilized the exposed flaps on the other side of the dual-track seam.  This resulted in two 
(2) field peel strengths for each sample.  As a result, two (2) datasets of field seam peel strengths 
were created, and they are denoted as Field Peel A and Field Peel B in the plots and data analysis 
below. Both of these field peel strength datasets report the average peel strength of five (5) tests 
from opposing tracks, out of the ten (10) seam peel specimens obtained and tested from each 
field sample.  
 
TEST RESULTS 
 
The results of the seam peel and shear strength tests for all field datasets are shown in Figure 
3(a), Figure 3(b), and Figure 4(a) and for the factory datasets in Figure 3(c) and Figure 4(b). 
For all datasets the average and standard deviation are summarized in Table 1. The peel strength 
data fell within the average value of each dataset plus or minus two (2) standard deviations. For a 
standard distribution this range should contain 95% of the data, which is referred to as the 
Standard Range herein. The values for the average value plus two (2) standard deviations is 
referred to as the Upper Bound. The values for the average value minus two (2) standard 
deviations are referred to as the Lower Bound herein. Dotted lines to the right of each graph 
show the average value, upper bound, lower bound and standard range of the other comparable 
datasets.  
 
Seam Peel Strength Test Results 
 
Field and factory seam peel strength tests all yielded strength values that exceed the initial 
project specification of 4.4 N/mm (25 lbs./in). However, the field peel strength test results are 
more variable and consistently lower than the factory values.  In fact, there is variability even in 
the two (2) field datasets, i.e., Field Peel A and Field Peel B, for a given seam (see Figures 3(a) 
and 3(b) for Field Peel A and Field Peel B, respectively). For comparison purposes, Figure 3(c) 
presents the results of the seam peel strength tests measured using the factory seam samples. The 
data in Figures 3(a), 3(b), and 3(c) were used to identify the upper and lower bounds of each 
dataset, and how the field datasets compare with each other and the factory dataset (see shaded 
area in each figure).  

In particular, Figure 3(a) shows the peel strength data for the Field Peel A dataset. Using 
the minimum allowable peel strength for this project, i.e., 4.4 N/mm (25 lbs./in), a ratio between 
the measured peel strength and minimum allowable peel strength was calculated and is referred 
to as the Peel Ratio. If the value of Peel Ratio is at or below unity (1.0), the seam did not meet 
project specifications and if the value is greater than unity (1.0) it did meet project requirements. 
The Peel Ratio for Field Peel A is 1.69, which can be analogized to a factor of safety of 1.69 
against failure of the seam peel strength specification. From this statistical analysis, 97% of the 
Field Peel A dataset falls within the standard range, which is only 2% different from the 
predicted value of 95% for a normal distribution.  
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Figure 3(b) shows the peel strength data for the Field Peel B dataset. The Peel Ratio for 
the Field Peel B dataset is 1.73. From the statistical analysis, 95.7% of the Field Peel B dataset 
fall within the standard range, which is only 0.7% away from the predicted 95% for a standard 
distribution. As a result, the Field Peel B exhibits less variability than the Field Peel A dataset. In 
particular, Figure 3(a) and 3(b) show a different lower bound, upper bound, and standard range 
for the Field Peel A and Peel B values.  

Figure 3(c) shows the peel strength data for the Factory Seam Peel dataset. The Peel 
Ratio for the Factory Seam Peel dataset is 1.84, which is higher than for the Peel A and Peel B 
datasets. From the statistical analysis, 96.1% of the Factory Seam Peel dataset falls within the 
standard range. This is only 1.1% away from to the predicted 95% for a standard distribution. 
The factory welded seams also exhibit a more consistent and higher seam peel strength than the 
field samples, with a higher average value, lower bound, and upper bound and a lower standard 
deviation and standard range. 
 

   

 

Figure 3. Plots of: (a) Field Peel A, (b) Field Peel B, and (c) factory seam peel strengths with 
the: blue horizontal lines corresponding to 95% of the plotted data, initial and revised project 
required specifications, and dotted vertical lines to the right of each figure showing the: average, 
lower bound, upper bound, and standard range of the other datasets. 

(a) (b) 

(c) 
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Figure 4. Plots of: (a) field and (b) factory seam shear strengths with the blue horizontal lines 
corresponding to 95% of the plotted data, initial project required specifications, and the dotted 
vertical lines to the right of each figure showing the: average, lower bound, upper bound, and 
standard range of the other datasets. 

Table 1. Summary of average and standard deviations for field and factory seam datasets. 
Seam 
Strength 

Test 
Type 

Average 
Values 

Standard 
Deviation 

Lower 
Bound  

Upper 
Bound 

Standard 
Range 

Field 
Strength 
(N/mm or 
lbs/in) 

Peel A 7.41 (42.29) 0.59 (3.37) 

 
6.23 (35.55) 

8.59 (49.03) 

 
2.36 (13.48) 

 
Peel B 7.59 (43.33) 0.58 (3.31) 6.43 (36.71) 8.75 (49.95) 2.32 (13.24) 

 Shear 10.20 (58.19) 0.84 (4.78) 8.5 (48.7) 11.9 (67.8) 3.40 (19.10) 
Factory 
Strength 
(N/mm or 
lbs/in) 

Peel 8.06 (46.00) 0.48 (2.77) 

 
7.09 (40.46) 9.03 (51.54) 

 
1.94 (11.08) 

 
Shear 11.15 (63.61) 0.50 (2.84) 10.15 (57.94) 12.13 (69.28) 1.98 (11.34) 

 
Seam Shear Strength Test Results 
 
Seam shear strength test results from factory seams yielded strength values that exceeded the 
initial project specification of 9.63 N/mm (55 lbs./in). Due to several failing field seam tests, the 
required field seam shear strength was lowered from 9.62 N/mm (55 lbs./in) to 8.23 N/mm (47 
lbs./in) during construction, which is also used in the comparisons below.  For this paper Shear 
Ratio is calculated as the ratio between seam shear strength and minimum allowable shear 
strength.  The Shear Ratio was calculated using the data in Figures 4(a) and 4(b). If the value of 
the Shear Ratio is at or below unity (1.0), the seam did not meet project specifications and if the 
value is greater than unity (1.0) it did meet project requirements. The data in Figures 4(a) and 
4(b) are also used to identify the upper and lower bounds from the dataset and how the field 
dataset compares with the factory dataset. Figure 4(a) shows the data for the field seam shear 
strength test results. Figure 4(a) also shows the Field Shear Ratio is only slightly greater than 
unity (1.06). This resulted in nearly 25% of the field seams failing to meet the initial project 
seam shear strength requirement. The Shear Ratio increased from 1.06 to 1.21 after the allowable 
seam shear strength was decreased from 9.63 N/mm (55 lbs./in) to 8.23 N/mm (47 lbs./in).  

(a) (b) 
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 The statistical analysis of the field seam strength dataset in Figure 4(a) also shows that 
95.7% of the data fall within the standard range with a 0.7% difference from the 95% expected 
for a standard distribution. The percentage of field samples that did not meet the initial project 
requirements of 9.63 N/mm (55 lbs./in) is 24.5% and about 0.6% did not satisfy the lowered 
seam shear strength specification of 8.23 N/mm (47 lbs./in).  Figure 4(b) shows that all of the 
factory seam samples exceeded the initial project requirements of 9.63 N/mm (55 lbs./in).  

This leads to the most important point of this study, which is nearly 25% of all field 
seams were failing to meet the initial project requirements whereas none of the factory seams 
were failing.  This is more important than the factory seams being on average 10% stronger in 
shear strength than the field seams because a failure rate of almost 25% usually results in 
significant delays and scheduling problems for the project.  In addition, the failed seams had to 
be retested and the production geomembrane patched.  Failure of almost one-quarter (1/4) of the 
field seams also impacted the geosynthetic liner system installation process and the rate of other 
construction activities, e.g., cover soil placement, which resulted in additional project costs. 

Figure 4(b) shows data for the factory seam test results. The Shear Ratio for the factory 
seams is 1.16 for the original project specification and 1.33 using the modified or lowered 
project specification. From the statistical analysis, 96% of the Factory Seam Shear dataset falls 
into the standard range, which is only 0.8% away from to the predicted 95% expected for a 
standard distribution. By comparison, the range of factory seam shear strength is smaller or more 
compact with the lower and upper bounds greater and lower, respectively, than those from the 
field shear strength tests. For example, the range between the lower and upper bound values for 
the factory seams is only 1.99 N/mm (11.35 lbs./in) while the range for the field seam shear 
strength dataset is 3.35 N/mm (19.11 lbs./in). Therefore, the range of the factory seam dataset is 
41% smaller than the field shear strengths, which is illustrated by the thinner shaded area in 
Figure 4(b) compared to the shaded area in Figure 4(a).   
 
STATISTICAL ANALYSIS 
 
Further analysis of the field and factory seam test results was conducted because the data appears 
applicable to a normal distribution. For each dataset a histogram was created and compared to a 
normal distribution curve using the average and standard deviation from the same dataset. Each 
standard curve was plotted for plus and minus six (6) standard deviations from each average 
value. To build each standard curve, the statistical data from Table 1 was used.  Because the 
number of samples differ between the factory seam dataset (1,313) and field seam dataset (469), 
a different histogram class interval is used for the peel and shear strength graphs for each dataset. 
In other words, the thickness or width of each histogram bar in a given graph will be the same 
but that width will vary for each plot and dataset. To compare the field and factory seam datasets 
that have a different number of samples, the histogram intervals for the factory seam tests are 
calculated by multiplying the strength intervals of the field samples by a factor of 469/1,313. In 
other words, the number of field samples (469) is divided by the number of factory samples 
(1,313) to determine the strength interval.  
 
Statistical Analysis Seam Peel Strength Results 
 
For Field Peel A and B datasets a peel strength interval of 0.26 N/mm (1.48 lbs./in) is used for 
the histograms. The factory peel strength dataset uses a peel strength interval of 0.09 N/mm (0.51 
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lbs./in). Figure 5(a) shows the Field Peel A dataset nicely follows a normal distribution. Figure 
5(b) shows the histogram for the Field Peel B dataset overlapping a normal distribution, which 
means less agreement. Figure 5(c) shows the histogram for the Factory seam peel strength 
dataset also follows a normal distribution. In summary, the histograms for all of the peel strength 
datasets closely follow their corresponding normal distribution curve. This is important because 
future projects can assume a normal distribution for thermal seam peel strength test results and 
use it to predict the number of seams that have a 5% chance to fall outside of the normal 
distribution and fail the project requirement during field installation.  This can be used to better 
predict the amount of time that it will take to install, test, patch, and certify the geomembrane 
before cover soil can be placed by predicting the number of seams that might fail a given seam 
peel strength requirement.  

Figure 5(d) compares the normal distribution curves from seam peel strength datasets 
shown in Figures 5(a), 5(b), and 5(c). This comparison shows that the normal distribution of 
tests performed at the factory have greater peel strengths and less variance than the peel strength 
from both field datasets, i.e., Field Peel A and Field Peel B. The difference between the average 
peel strength values from the factory and the Field Peel A dataset is 0.65 N/mm (3.71 lbs./in) or 
about an 8.8% increase for the factory seams.  In addition, the difference between the average 
peel strength values from the factory and the Field Peel B dataset is smaller with 0.47 N/mm 
(2.67 lbs./in) or about a 6.2% increase for the factory seams.  

 

   

   

(a) (b) 

(d) (c) 
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Figure 5. Plots of: (a) histogram of Field Peel A dataset, (b) histogram of Field Peel B strength 
dataset, (c) histogram of Factory Seam Peel strength data and their corresponding normal 
distribution curve using statistical data in Table 1, and (d) comparison for normal distributions 
curves for Field Peel A, Field Peel B, and Factory seam peel strengths.  
 
 
Statistical Analysis Seam Shear Strength Results 
 
For the field seam shear strength dataset, a shear strength interval of 0.32 N/mm (1.83 lbs./in) 
was selected for the histograms. Conversely, the factory seam shear strength dataset uses a shear 
strength interval of only 0.11 N/mm (0.63 lbs./in) because of the larger sample size. The project 
required seam shear strengths are also shown in each figure for comparison purposes. Figures 
6(a) and 6(b) show the normal distribution and histogram for the field and factory seam shear 
strength data, respectively. The field seam shear strength histogram in Figure 6(a) shows that the 
Field Seam Shear Strength data follows the normal distribution. Figure 6(a) also shows most of 
the field seam shear strength dataset plot at the initial project requirement of 9.63 N/mm (55 
lbs./in).  Therefore, almost 50% of the field shear strength dataset plots below the project 
requirement.  This is possible because the average of five (5) specimens is used to verify project 
requirements so more specimens can fail than the 25% failure rate experienced for field seam 
shear strength tests. This failure rate resulted in the seam shear strength requirement being 
lowered to 8.23 N/mm (47 lbs./in) as shown in Figure 6(a).  

Conversely, Figure 6(b) shows the factory seam shear strength dataset nicely follows the 
normal distribution curve with the data concentration, i.e., histogram bars, near the peak of the 
normal distribution. Figure 6(b) also shows all of the factory seam shear strength dataset plot 
above the initial project requirement of 9.63 N/mm (55 lbs./in).  Therefore, 100% of the factory 
shear strength dataset achieved the initial project requirement.  When the seam shear strength 
requirement was lowered to 8.23 N/mm (47 lbs./in), the factory seam shear strength data 
significantly exceed the new requirement as shown in Figure 6(a).  

Figure 6(c) and 6(d) compare the normal distribution curves from both the Field and 
Factory seam shear strength datasets and the two (2) project specifications that were used during 
the construction of the CUGR. The difference between the Factory and Field shear strength 
averages is 0.95 N/mm (5.42 lbs./in) or a 9.3% difference between factory and field shear 
strengths. Similar to the previously analyzed seam peel strength tests, the distribution of the field 
shear strength dataset has a higher standard deviation and a lower average than the factory seam 
shear strengths.  As a result, the maximum probability of the average value for the field dataset is 
notably lower than for the factory dataset. The normal distribution shows that the values near the 
average will have the highest probability of occurrence for a given average and standard 
deviation. In this case, the field shear strength values near the field average are less likely to 
occur than the factory shear strength values near the factory average.   

Figure 6(c) and 6(d) shows that the percentage of samples that failed under the normal 
curve model. Figure 6(c) shows that 25.2% of the field seam samples failed to comply with the 
original specification. After the shear strength specification was lowered to 8.23 N/mm (47 
lbs./in) only 0.96% of the field seam samples failed to pass (see Figure 6(d)). Conversely, 100% 
of the factory seam samples complied with the original specification of 9.63 N/mm (55 lbs./in). 
The factory shear tests projected normal distribution curve satisfies the original and modified 
specification while the Field dataset projected normal distribution curve still resulted in some 
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failures even after the shear strength specification was lowered.  This may be beneficial for 
future projects because Figure 6(d) indicates the revised specification was still somewhat 
challenging. 

Further comparison between the actual field seam datasets and the statistical 
approximation using a normal distribution shows that the predicted percentage of field samples 
that failed under the original and modified specifications of shear strength, according to the 
normal distribution curve approximation, i.e., 25.2% and 0.96%, respectively; are near the 
percentages of the real field samples that failed to reach the original and modified specification 
required shear strengths with 24.5% and 0.63%, respectively. This further illustrates that the 
assumption of a normal distribution is also valid for this field seam dataset and may be 
applicable to future field seam datasets to better predict field seaming, testing, and repair 
operations. 

 

   

   
Figure 6. Plots of: (a) histogram of Field Shear dataset and (b) Factory Seam Peel strength data 
and their corresponding normal distribution curve using statistical data in Table 1, and (c) 
comparison of normal distributions curves for Field Shear and Factory seam peel strengths with 
red fill indicating the percentage of field seam samples that failed the initial specification and (d) 
same comparison as in Figure 6(c) but using revised specification. 

(c) (d) 

(a) (b) 
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SUMMARY 
 
The data analysis performed on field and factory welded seam tests from the Columbus 
Upground Reservoir yielded the following observations: 

• The average factory seam shear strength is 9.3% greater than the shear strength of the 
field seams. The average peel strength of factory thermally welded seams is about 8.8% 
and 6.2% greater than the peel strength of the two field seam datasets, i.e., Field Peel A 
and Field Peel B, respectively.  

• More importantly, 24.5% of the field seams failed the initial seam shear strength 
requirement, which caused additional testing, patching, costs, and construction time.  In 
contrast, zero (0) percent of the factory seams failed the initial seam shear and peel 
strength requirements. 

• The factory seam test datasets when compared to a normal distribution predicted the 
shear strength failure rates for the field seam tests. With 25.2% failing the specification 
based on the normal distribution curve derived from the dataset and 24.5% of the field 
samples failing the original specification of 9.63 N/mm (55 lbs./in).  As a result, a normal 
distribution may provide a means for predicting the success of factory seams in future 
projects with similar conditions. 
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