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Introduction and Purpose 
 
Metwood, Inc. has invented two novel reinforcement products for in-situ repairs of improperly 
cut I-joists.  These reinforcers are designed to increase the strength and stiffness of the 
improperly cut I-joists to appreciable levels.  The two reinforcers address different repairs for the 
I-joist – one for flange repairs and one for web repairs.  The “Metwood I-joist Flange 
Reinforcer” is a flange reinforcement that can accommodate a 5 inch diameter hole cut into the 
flange and part of the web with approximately 5 inches of the flange removed.  The “Metwood I-
joist Web Reinforcer” is a web reinforcement that can be used with a maximum hole size of 12 
inches wide by 8 inches tall.  For the I-joists tested, this maximum hole size of the web reinforcer 
leaves ½” of web connected to the top and bottom flange.  Figure 1 shows the flange reinforcer 
(a) and web reinforcer (b). 
 

  
   (a)      (b) 

Figure 1:  Metwood I-joist Reinforcers Tested, a) Metwood Ijoist Reinforcer MR100 Series, b) 
Metwood Web Reinforcer MR100 Series 

 
The purpose of this testing was to determine the capacity of the I-joist Flange and I-joist Web 
Reinforcer products developed by Metwood, Inc. when subjected to bending loadings.  All 
reinforcers were tested on 11-7/8” tall Boise BCI 600S I-joists.  Table 1 lists the design 
properties of the I-joists from the Boise literature (www.bc.com/wood/ewp/east.jsp).  The 
MR100 series Metwood I-joist Reinforcer and Metwood Web Reinforcer products were used 
with these I-joists. 
 

Table 1:  Mechanical Properties of 11-78” Boise BCI/60 2.0 I-joists 
Property Value 
Weight 3 lbs per lineal foot 
Moment 5307 ft-lbs 

Bending Stiffness, EI 417 x 106 lb-in2

Shear Deformation Coefficient, K 6.52 x 106 lbs 
Maximum End Reaction on 3½” Bearing Support 

Without Web Stiffeners 
1475 lbs 

 
Test Methodology 
 
Figure 2 shows the bending test configuration used for all specimens.  A simply supported beam 
with a span of 15 feet was loaded at the third points (5 feet from each end).  A series of lateral 
supports were positioned at approximately 32 inch intervals along the length of the beam to 
prevent lateral buckling of the specimen during the test. 
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Flange 

Figure 2:  Simply Supported Beam with Load Applied at the 
Flange Reinforcer With Sheathing 11” Fro

 
An MTS universal test machine with a 50,000 lb maximum capa
application.  Load was applied at 0.25 inches per minute until fa
measured by an integral LVDT in the MTS and also by an extern
specimen at the neutral axis at the center of the span.  All data w
HP Vee data acquisition software. 
 
Test Plan 
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testing and if the reinforcer was glued to the I-joist.  The Control
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if the moment capacity of the I-joist changed as the position of th
Eleven inches was the closest distance that the reinforcer could b
This condition represents the distance from the wall of a typical 
the stated uses of the flange reinforcer.  Other locations tested in
support, 60 inches from the support, which was directly under on
inches from the support, which was the midspan of the beam. 
 
After some initial testing with bare I-joists (no sheathing), some 
due to buckling of the top flange out of plane.  Since the reinforc
in-situ with sheathing already covering the I-joists, a 4 foot secti
over the reinforcer to simulate expected conditions for all other t
was also placed in the sheathing for the flange reinforcer and cen
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reinforcer.  The sheathing was attached to both the I-joist and reinforcer using a construction 
adhesive if noted and also self-tapping screws were placed in all pre-punched holes on the 
reinforcer (approximately 3 inches on center).  Also note that all control samples were tested 
without sheathing.  An ‘S; was added to the end of the sample nomenclature t indicate that 
sheathing was applied during testing. 
 

Table 2:  Test Plan For Evaluation of Flange and Web Reinforcers 
Name Type of 

Reinforcement 
Location of 

Reinforcement 
(from support) 

Include 
Sheathing? 

Glue? Number of 
Samples 

Control No Reinforcement  N/A No No 5 
FlangeGW90 Flange, welded 

rebar 
90 inches No Yes 5 

FlangeG90 Flange 90 inches No Yes 5 
FlangeGS90 Flange 90 inches Yes Yes 1 
FlangeSS90 Flange on one side 

only 
90 inches Yes No 1 

FlangeS90 Flange 90 inches Yes No 4 
FlangeS60 Flange 60 inches Yes No 4 
FlangeS40 Flange 40 inches Yes No 5 
FlangeS11 Flange 11 inches Yes No 2 
WebG11 Web 11 inches No Yes 2 

WebDG11 Web Reinforcer on 
both sides of I-joist 

11 inches No Yes 5 

Web90 Web 90 inches No No 2 
WebS90 Web 90 inches Yes No 5 
WebS60 Web 60 inches Yes No 2 
WebS40 Web 40 inches Yes No 6 
WebS11 Web 11 inches Yes No 3 

 
The standard installation instructions provided by Metwood include the use of construction 
adhesive to attach the reinforcers to the I-joists.  However, the IBC only allows for the structural 
attachment using adhesive if an independent certified third party inspects the joints.  Since this 
procedure was felt to be too tedious, the majority of the reinforcers were tested without 
construction adhesive.  This lack of adhesive should provide a worst case scenario for the 
reinforcers.  
 
Criteria to compare the performance of the I-joist reinforcers need to be created.  The following 
criteria were used, as well as analysis and description of the failures of each test group.   

a) Maximum load at failure – the maximum load that the I-joist held 
b) Load-deflection slope – this slope is used for stiffness comparisons due to the 

difficulty of determining EI for the reinforced sections 
c) Load at a deflection of L/240 (or 15 ft *12 in/ft / 240 = 0.75 in) – this is the standard 

deflection limit criteria for dead loads used for residential applications 
 
Results and Discussion 
 
Table 3 shows the average and coefficient of variance (COV) results of the three criteria 
described above (maximum load, load-deflection slope and load at 0.75 in.) for all cases tested.  

 4



The COV is calculated as the standard deviation divided by the average expressed as a 
percentage.  No COV values are given for the FlangeG90 and FlangeGS90 since these treatments 
had only one specimen each.  The greatest COV value was 12.6% for the maximum load of the 
‘WebS60’ samples, where only 2 samples were observed.  The COV values demonstrate little 
variation in the strength and stiffness of the I-joists tested.  The maximum load values for the 
Control specimens were greater than the maximum load for the flange reinforcers, but were less 
than the maximum load for the glued web reinforcers (WebDG11, WebS90 and WebS60).  The 
‘FlangeS11’ and ‘WebS60’ reinforcers were the only reinforcers with load-deflection slopes 
greater than the average ‘Control’ value.  The ‘Web90’ reinforcer was the only reinforcer with a 
load at 0.75 inches of deflection greater than the average ‘Control’ value. 
 

Table 3:  Maximum Load Results from I-joist Reinforcer Testing 
Name Maximum Load, lbs 

(COV) 
Load-Deflection Slope, lb/in 

(COV) 
Load at ∆=0.75 in, 

lbs (COV) 
Control 6339 (9.6%) 3437 (1.5%) 2559 (5.5%) 

FlangeGW90 4345 (8.8%) 2295 (5.2%) 2133 (3.0%) 
FlangeG90 4073 (3.2%) 2265 (3.8%) 2129 (2.8%) 

FlangeGS90 36831 27501 20241

FlangeSS90 20661 19861 17021

FlangeS90 3483 (7.7%) 2240 (6.0%) 1725 (7.7%) 
FlangeS60 3267 (5.7%) 2164 (0.7%) 1725 (4.9%) 
FlangeS40 4865 (6.2%) 3065 (6.3%) 2175 (4.3%) 
FlangeS11 4901 (66.5%) 3454 (7.1%) 2500 (1.8%) 
WebG11 5120 (5.3%) 2835 (0.3%) 2409 (0.2%) 

WebDG11 7157 (5.4%) 3074 (1.9%) 2503 (4.4%) 
Web90 5354 (3.5%) 3251 (1.9%) 2614 (3.7%) 

WebS90 7435 (1.3%) 3357 (4.0%) 2185 (7.5%) 
WebS60 7742 (12.6%) 3459 (2.2%) 2262 (2.0%) 
WebS40 4656 (5.8%) 3093 (2.6%) 2279 (4.9%) 
WebS11 4835 (7.5%) 3165 (2.9%) 2271 (2.3%) 

1 These values represent singles samples and no COV can be determined. 
 
Comparison of Flange and Web Reinforcer Results to Control Results 
 
Table 4 shows the percentage difference of the control values with the flange and web reinforcer 
cases studied.  A negative percent difference value indicates that the reinforcer value was less 
than the ‘Control’ value.  Table 4 is useful to observe the differences between the flange and web 
reinforcers to the ‘Control’ samples.   
 
The average maximum load of the flange reinforcers varies from 22.7% less to 67.4% less than 
the maximum load of the average ‘Control’ value.  The lowest average maximum load was for 
the ‘FlangeSS90’, which was markedly less than all other flange reinforcers located at midspan.  
There is a large difference between the maximum load of the single-sided flange reinforcer and 
the double sided reinforcers.  There is littlechange in the percent difference between the flange 
reinforcers that were glued and the non-glued flange reinforcers.  As the flange reinforcer is 
moved towards the end support, the maximum load increases as noted in the results for the 40 
inch and 11 inch reinforcer locations. 
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The average load-defection slope of the flange reinforcers varies from 42.2% less than to 0.5% 
greater than the average ‘Control’ value.  The lowest average load-deflection slope was from the 
‘FlangeSS90 ‘, which is the single-sided flange reinforcer.  There is little difference in the slope 
of the glued flange reinforcers compared to the non-glued flange reinforcers.  As in the 
maximum load, there is a dramatic change in the percent difference of the load-deflection slope 
for the reinforcers placed 40 inches and 11 inches from the support.  The flange reinforcer at 11 
inches from the support actually has a slightly higher average load-deflection slope than the 
average ‘Control’ value. 
 

Table 4: Percent Difference Values Comparing Control to Reinforcers1,2

Name % Difference 
Maximum Load 

% Difference Load-
Deflection Slope 

% Difference Load at 
0.75 in Deflection 

FlangeGW90 -31.5% -33.2% -16.7% 
FlangeG90 -35.8% -34.1% -16.8% 

FlangeGS90 -41.9% -20.0% -20.9% 
FlangeSS90 -67.4% -42.2% -33.5% 
FlangeS90 -45.1% -34.8% -32.6% 
FlangeS60 -48.5% -37.0% -32.6% 
FlangeS40 -23.3% -10.8% -15.0% 
FlangeS11 -22.7% +0.5% -2.3% 
WebG11 -19.2% -17.5% -5.9% 

WebDG11 +12.9% -10.6% -2.2% 
Web90 -15.5% -5.4% +2.2% 

WebS90 +17.3% -2.3% -14.6% 
WebS60 +22.1% +0.6% -11.6% 
WebS40 -26.6% -10.0% -10.9% 
WebS11 -23.7% -7.9% -11.3% 

1 % Difference = (Test Value – Control)/Control * 100%. 
2 A negative percent difference indicates the value was less than the control. 

 
The average load at 0.75 inches deflection for the flange reinforcers varied from 33.5% to 2.3% 
less than the load at 0.75 inches of the average ‘Control’ value.  The ‘FlangeSS90’ had a similar 
percent difference to the ‘FlangeS90’ and ‘FlangeS60’ samples.  The g1ued reinforcers have 
greater loads at 0.75 inch deflection (approximately 19% less than the average ‘Control’ value) 
compared to the non-glued reinforcers (approximately 33% less than the average ‘Control’ 
value).  As in the maximum load and load-deflection slope values, the flange reinforcer loads at 
11 inches and 40 inches from the support had greater loads than the reinforcers at 60 inches and 
90 inches from the support. 
 
The average maximum load of the web reinforcers varied from 26.6% less than to 22.1% more 
than the average ‘Control’ maximum load value.  The web reinforcers located in the middle third 
of the beam had higher maximum load values compared to the reinforcers located in the outer 
third of the beam.   The ‘WebS90’ and ‘WebS60’ samples had greater average maximum load 
values than the average ‘Control’ value.  The double web reinforcer ‘WebDG11’ had a 
maximum load 12.9% greater than the average ‘Control’ value, while the single web reinforcer 
‘WebG11’ had a maximum load 19.2% less. 
 
The average load-deflection slope of the web reinforcers varied from 17.5% less than to 0.6% 
greater than the average ‘Control’ value.  As in the maximum load values, the ‘WebS90’ and 
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‘WebS60’ load-deflection slopes were very similar to the average ‘Control’ value, while the 
other web reinforcers had average values less than the average ‘Control’ value.  The double web 
reinforcer ‘WebDG11’ had an average load-deflection slope 10.6% less than the average 
‘Control’ value, while the single web reinforcer ‘WebG11’ had an average load-deflection slope 
17.5% less.   
 
The average load at 0.75 inches of the web reinforcers varied from 14.6% less than to 2.2% 
greater than the average ‘Control’ value.  The load at 0.75 inches follows a different trend than 
the maximum load and load-deflection slopes for the web reinforcers.  All of the web reinforcers 
with sheathing, regardless of location, had very similar load values ( all approximately 11% less 
than the average ‘Control’ value ) .  The web reinforcer with the highest average load at 0.75 
inches is the web reinforcer in the center of the beam with no sheathing.  The double web 
reinforcer ‘WebDG11’ had an average load at 0.75 inches of 2.2% less than the average 
‘Control’ value, while the single web reinforcer ‘WebG11’ had an average load at 0.75 inches of 
5.9% less than the average ‘Control’ value.  The double web reinforcer increased the maximum 
load value more than the load at 0.75 inches of the I-joist. 
 
Effect of Glue on Reinforcer Properties 
 
Table 5 shows the comparison between the glued and non-glued flange and web reinforcers.  For 
the flange reinforcers, the most direct comparison is between ‘FlangeG90’ and ‘FlangeS90’.  A 
comparison could be made with the ‘FlangeGS90’ but only a single specimen was tested, so this 
comparison was not considered valid.  There is a definite difference between the glued and non-
glued reinforcer in terms of the maximum load and load at 0.75 inches, while the load-deflection 
slope had little change for the flange reinforcer.  For the web reinforcers, the most direction 
comparison is between the ‘WebG11’ and ‘WebS11’.  This comparison is confounded with the 
sheathing variable.  The non-glued reinforcer load values were approximately 5% less than the 
glued reinforcer values, while the load-deflection slope of the non-glued reinforcer was almost 
9% greater than the glued reinforcer.  This change in stiffness of the web reinforcer may be due 
to the addition of the sheathing rather than the glue. 
 

Table 5:  Percent Difference Values Comparing Glued and Non-glued Reinforcers1

Test Name or Comparison % Difference 
Maximum Load 

% Difference Load-
Deflection Slope 

% Difference Load at 
0.75 in Deflection 

FlangeG90 vs. FlangeS90 +14.5% +1.1% +19.0% 
WebG11 vs. WebS11 +5.6% -8.6% +5.7% 

1 % Difference = (Glued – Non-glued)/Glued * 100% 
 
Effect of Location on Reinforcer Properties 
 
The ‘FlangeS90’, ‘FlangeS60’, ‘FlangeS40’ and ‘FlangeS11’ as well as the ‘WebS90’, 
‘WebS60’, ‘WebS40’ and ‘WebS11’ test values can be displayed as functions of the distance 
from the support for comparison.   
 
Figure 3 shows the maximum load values for the flange and web reinforcers as a function of the 
position from the end support.  The flange and web reinforcers at the 11 inch and 40 inch 
positions show almost identical maximum load values.  These average maximum loads were 
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approximately 23% less than the average maximum load of the ‘Control’ samples.  As the flange 
reinforcers move to the middle third of the beam, the average maximum load decreases to 
approximately 45% less than the average maximum load of the ‘Control’ samples.  As the 
moment reaches the maximum value in the center third of the beam, the maximum load carried 
by the flange reinforcer decreases.  The web reinforcers show the reverse trend compared to the 
flange reinforcers.  As the location of the web reinforcer moves to the middle third of the beam, 
the average maximum load increases to approximately 20% greater than the average maximum 
load of the ‘Control’ samples , shown by the thick solid line.   
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Figure 3.  Graph of Maximum Load vs. Position of Reinforcer  

 
Figure 4 shows the average load-deflection slope compared to the position of the reinforcer.  The 
flange and web reinforcers in the 11 inch and 40 inch positions showed similar magnitudes for 
the average load-deflection slope, approximately 7% less than the average load-deflection slope 
of the ‘Control’ samples , shown by the thick solid line.  The flange reinforcer shows a similar 
trend to the maximum load shown in Figure 3 with the load-deflection slope of the 11 inch and 
40 inch flange reinforcer positions being greater than the load-deflection slopes of the 60 inch 
and 90 inch positions.  The web reinforcer shows a similar trend to the maximum load shown in 
Figure 3.  The change in the load-deflection slope between the 11 inch and 40 inch samples and 
the 40 inch and 60 inch samples is not as dramatic as the maximum load, but a better 
performance of the web reinforcer for the load-deflection slope is achieved by location in the 
middle third of the beam. 
 

 8



0

500

1000

1500

2000

2500

3000

3500

4000

0 10 20 30 40 50 60 70 80 90 10

Distance from Support, in

Lo
ad

-D
ef

le
ct

io
n 

Sl
op

e,
 lb

/in

0

Flange Reinforcer Web Reinforcer Control  
Figure 4.  Graph of Load-Deflection Slope vs. Position of Reinforcer  

 
Figure 5 shows the load at 0.75 inch deflection as a function of the position of the flange and 
web reinforcer.  For the flange reinforcer, the load at 0.75 in decreases as the distance from 
support increases, where the flange reinforcer is only 2.3% less than the average load at 0.75 in 
of the ‘Control’ samples at 11 inches from the support but decreases to 32.6% less at 90 inches 
from the support.  This trend is consistent with the maximum load and load-deflection slope.  
The web reinforcer load at 0.75 in is similar for the different positions of the reinforcer along the 
beam and is approximately 12% less than the average load at 0.75 in of the ‘Control’ samples 
over the distances measured..   
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Reinforcer Failure Analysis 
 
The following section describes the typical failures observed for each group of samples tested.  
The appendix contains a list of failure descriptions for each individual sample tested.  There was 
some variation in failures observed, but as evidenced by the low COV values in Table 3, most of 
the failures for each group had the same root causes. 
 
Figure 6 shows the failure of a Control sample.  All of the ‘Control’ beams failed in pure 
bending towards the center of the span.  Figure 6 shows fracture in the bottom flange, 
delamination of the lower veneers in the top flange and a crack running through the web (white 
arrows). 

 
Figure 6:  Failure of Control 

 
Figure 7 shows the failure of the FlangGW90 samples.  Failure was initiated by buckling of the 
top flange at the hole in the flange reinforcer.  The second image in Figure 7 is a top view 
showing the permanent deflection of the flanges and the wrinkling of the web and reinforcer 
below.  As stated earlier, this failure mode was considered unrealistic for the situation where the 
I-joist reinforcers are installed in a sheathed floor, where buckling of the top flange would be 
prevented by the sheathing material. 

   
Figure 7:  Failure of FlangeGW90 Showing Close-Up of Flange Buckling 
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Figure 8 shows the failure of the FlangeG90 samples.  This failure was consistent with the 
FlangeGW90 samples discussed in Figure 7.  Buckling of the top flange at the point of the cut 
caused the failure.  Note the resulting failure of plies in the top flange to the left of the reinforcer. 

 

 
Figure 8:  Failure of FlangeG90  

 
Figure 9 shows the failure of the FlangeGS90 sample.  This sample failed by fracture in the 
bottom flange and the screws attaching the reinforcer to the sheathing pulling out.  The bending 
deformation of the I-joist became so great as to pull out the screws attaching the sheathing to the 
reinforcer.  The fracture of the bottom flange indicates that the failure was caused by bending in 
the I-joist but not the reinforcer, which is similar to the failures in the Control samples. 
 

 
Figure 9:  Failure of FlangeGS90 
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Figure 10 shows the failure of the FlangeSS90 sample.  This reinforcer experienced web 
buckling (white arrows in Figure 10) underneath the hole that was made in the flange.  As was 
noted in the discussion of Tables 3 and 4, using a single flange reinforcer does not produce 
adequate loads compared to using two flange reinforcers. 
 

 
Figure 10:  Failure of FlangeSS90 

 
Figure 11 shows the failure of the FlangeS90 samples.  The reinforcer broke at the bottom flange 
and also split the top flange along the line of fasteners connecting the reinforcer to the top flange.  
Also, the excessive deflection of the I-joist caused the screws attaching the reinforcer to the 
sheathing to pull out. 
 

 
Figure 11:  Failure of FlangeS90 
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Figure 12 shows the failure of the FlangeS60 samples.  The failure was a break in the bottom 
flange caused by horizontal shear in the outer third of the beam.  Figure 12 also shows the 
change in angle of the beam at the outer corner of the reinforcer.  In the higher shear area 
underneath the load head (the reinforcer was initially centered on the load head), the reinforcer 
acted to strengthen the I-joist, causing a failure in shear at the outer side.  Figure 12 also shows 
the uplift of the top sheathing as the deflection became excessive and the I-joist curvature 
became large. 
 

 
Figure 12:  Failure of FlangeS60 

 
Figure 13 shows the failure of the FlangeS40 samples.  These samples failed due to web 
buckling between the reinforcer and the load head.  The white arrows point to the buckled 
material.  The buckling initiated with a peeling of the lowest veneer of the top flange.  Again, 
this failure seems to be caused by high shear in the I-joist itself. 
 

 
Figure 13:  Failure of FlangeS40 
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Figure 14 shows the failure of the FlangeS11 samples.  The failure was due to bending in the 
flanges and shear in the web of the I-joist itself.  The bottom flange is broken at a location away 
from the reinforcer, the web experienced a shear failure progressing at 45 degrees from the top 
corner of the reinforcer, while the top flange was broken at the line of screws connecting the 
flange to the reinforcer. 
 

 
Figure 14:  Failure of FlangeS11 

 
Figure 15 shows the failure of the WebG11 samples.  The failure was caused by horizontal shear 
in the section which caused the reinforcer to become a parallelogram.   
 

 
Figure 15:  Failure of WebG11 
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Figure 16 shows the failure of the WEBDG11 samples.  The I-joist failed due to crushing in the 
web and failure of the top flange.  This failure occurred approximately 2 feet away from the 
reinforcer underneath the load point.   

 

 
Figure 16:  Failure of WebDG11 

 
Figure 17 shows the failure of the Web90 samples.  The failure was caused by buckling of the 
cross-section, which caused the failure of the top flange, noted by the veneer fibers upraised and 
broken on the side without the reinforcer.  This reinforcer was tested without sheathing and this 
failure mode was felt to be unrealistic for the situation where the reinforcer is used in an already 
constructed floor system. The inclusion of sheathing may have prevented this failure from 
occurring. 

 

 
Figure 17:  Failure of Web90 
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Figure 18 shows the failure of the WebS90 samples.  This failure was caused by brash tension in 
the top flange due to bending stresses with buckling in the web (series of white arrows).  This 
failure occurred approximately 24 inches from the center of the reinforcer at the edge of the 
sheathing section.  In Figure 18, the web reinforcer itself is not visible. 
 

 
Figure 18:  Failure of WebS90 

 
Figure 19 shows the failure of the WebS60 samples.  These reinforcers were positioned directly 
underneath the support points.  Failure occurred through brash tension in the flange due to 
bending stresses approximately 6 inches from the edge of the reinforcer.  Also, note the failure of 
the web section underneath the flange failure (white arrow).   
 

 
Figure 19:  Failure of WebS60 
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Figure 20 shows the failure of the WebS40 samples.  The samples failed in horizontal shear, 
which caused failure of the web-flange joint in the top flange (note the peeling of the top flange 
veneers in the upper right corner) and failure of the web (white arrow in lower left hand corner).  
The outer third of the beam tested is where the highest shear force , which led to failure, was 
present. 
 

 
Figure 20:  Failure of WebS40 

 
Figure 21 shows the failure of the WebS11 samples.  The web reinforcer failed in horizontal 
shear which caused breakage web-flange interface in the top flange along with distortion of the 
web reinforcer into a parallelogram shape.  In this position, which was in the high shear zone, the 
fai1ure was due to shear stress. 
 

 
Figure 21:  Failure of WebS11 
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Conclusions of Reinforcer Failure Analysis 
 
Table 6 shows the summary of the types of reinforcers and the elements involved in the failure.  
The reinforcers were involved in the failures of the FlangeGW90, FlangeG90, FlangeS90, 
WebG11, Web90, and WebS40.  There are no clear trends of the elements involved in the 
failures for certain types of reinforcers used.  However, some trends can be observed.  For the 
single unglued flange reinforcers, the failures away from the center of the beam did not involve 
the reinforcers.  Note that the typical toilet is placed 11 inches from a wall.  For the single 
unglued web reinforcers, the reinforcers in the center third of the beam (90 and 60 inch 
positions) did not involve the reinforcers.   
 

Table 6:  Summary of Elements involved in Reinforcer Failures 
Reinforcer Elements Involved in Failure 

FlangeGW90 Reinforcer 
FlangeG90 Reinforcer 

FlangeGS90 Screws in Reinforcer / Flange 
FlangeSS90 Web 
FlangeS90 Flange / Reinforcer 
FlangeS60 Flange 
FlangeS40 Web 
FlangeS11 Web 
WebG11 Reinforcer 

WebDG11 Flange / Web 
Web90 Flange / Reinforcer 

WebS90 Flange / Web 
WebS60 Flange / Web 
WebS40 Reinforcer 
WebS11 Flange 

 
Conclusions 
 
This research documents the strength and stiffness of the Metwood I-joist flange and web 
reinforcers.  The test method produced low COVs for all strength and stiffness assessments, 
demonstrating a uniformity in the types of failures between the different kinds of reinforcer 
arrangements.  For the set of Metwood I-joist flange reinforcers using the two-sided reinforcer 
with sheathing, the lowest maximum load was 48.5% less than the average ‘Control’ value, the 
lowest load-deflection slope was 37.0% less and the lowest load at 0.75 inches was 32.6% less.  
For the set of Metwood I-joist web reinforcers using a single-sided reinforcer with sheathing, the 
lowest maximum load was 26.6% less than the average ‘Control’ value, the lowest load-
deflection slope was 10.0% less than the average ‘Control’ value, and the lowest load at 0.75 
inches was 14.6% less than the average ‘Control’ value.   
 
The types of failures observed from the two-sided unglued flange reinforcers and single-sided 
unglued web reinforcer do not show a trend in the failures observed.  The two-sided unglued 
flange reinforcers had failures which did not involve the reinforcer when placed in the outer third 
of the beam (areas of low moment).  The single-sided unglued web reinforcers had failures 
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which did not involve the reinforcer when placed in the center third of the beam (area of zero 
shear).   
 
Several other combinations of reinforcers were tested with different results.  The use of a single-
sided flange reinforcer produced the greatest percent difference values compared to the ‘Control’ 
samples.  This was the reinforcer which had the lowest strength and stiffness.  The use of a single 
flange reinforcer is not recommended.  The double-sided web reinforcer increases the strength 
and stiffness of the I-joist more than the single-sided web reinforcer, but this increase in strength 
and stiffness was small.  The double-sided web reinforcer was effective in separating the failure 
of the I-joist from the area immediately surrounding the reinforcer, indicating that the section of 
the I-joist with the reinforcer had equivalent or greater stiffness to the uncut I-joist.  The use of 
construction adhesive to secure the reinforcer to the I-joist increased the loads that the reinforcers 
can carry, but did not increase the stiffness of the I-joist. 
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Appendix 
 
Appendix A:  Failure Analysis of Individual Specimens 

Name Failure Description 
FlangeGW90-1 Web buckling under hole.  Left hand side flange deflected downward and outward. 

Patch has cut into web.  Cracks in wood flange to the left of patch. 

FlangeGW90-2 Downward movement of both flanges.  No web buckling.  Crinkle at bottom of 
cutout. 

FlangeGW90-3 
Downward movement of both flanges.  No web buckling.  Crinkle at bottom of 

cutout.  Web buckling on left hand side involving knockout hole.  Flange split on 
left hand side. 

FlangeGW90-4 Crinkle in bottom of patch cutout. 

FlangeGW90-5 
Little damage to the patch itself.  Web buckling on left hand side of patch.  Left 

flange is displaced to the right compared to the patch.  Left flange is split from the 
screws. 

FlangeG90-1 Web buckling on left hand side.  Splitting of flange from screws on left hand side.  
Flange is almost split in half. 

FlangeG90-2 Web buckling on right hand side of patch.  Crinkle in the sheet metal at the bottom 
of patch cutout. 

FlangeG90-3 Crinkle in bottom of patch cutout. 

FlangeG90-4 Web buckling under hole.  Left hand side flange deflected downward and outward.  
Patch has cut into web.  Cracks in wood flange to the left of patch. 

FlangeG90-5 Same as FlangeG90-4.  Separation of laminations in top flange LVL on left hand 
side of patch. 

FlangeGS90 Break in bottom flange.  Screws pulled from sheathing at top. 
FlangeSS90 Web buckling from flange notch on side where reinforcer was not attached 
FlangeS90-1 Break in bottom flange. 
FlangeS90-2 Break in bottom flange.  Break in top flange at screws 

FlangeS90-3 Kink in reinforcer at the center of beam.  Bending in reinforcer and flange.  Screws 
pulled from sheathing at top. 

FlangeS90-4 Break in bottom flange.  Screws pulled from sheathing at top. 
FlangeS60-1 Break in bottom flange. 
FlangeS60-2 Break in bottom flange. 
FlangeS60-3 Break in bottom flange.  Break in top flange at screws 
FlangeS60-4 Break in bottom flange.  Sheathing pulled up, looks cupped 

FlangeS40-1 Web butt joint separation approximately 6" from edge of reinforcers.  Break in 
bottom flange. 

FlangeS40-2 Web buckling at load point.  Break in top flange at screws. 
FlangeS40-3 Break in top flange at screws.  Web buckling 6 inches from reinforcer. 

FlangeS40-4 Web buckling starting at upper corner of reinforcer through punchout.  Break in top 
flange at screws. 

FlangeS40-5 Web buckling starting at upper corner of reinforcer through punchout.  Break in top 
flange at screws. 

FlangeS11-1 Break in bottom and top flanges.  Web buckling starting at upper corner through 
punchout.  Screws in top flange sheared off. 

FlangeS11-2 Brash tension of top flange at support. 

WebG11-1 

Shear failure at patch.  Hole shape began as rectangular, deformed to 
parallelogram.  Tension breakage of flange at top left and bottom right corners, 

which were forced outwards.  Compression failure at top right corner, which was 
forced inwards. 

WebG11-2 Same as WebG11-1 
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Name Failure Description 

WebDG11-1 

Failure next to patch towards center of beam.  Delaminaton of flange and web at 
top.  Splintering of bottom web.  Web buckling in two places - one from top to 
bottom of wood flange approximately 12 inches from patch and one from top 

flange to center of patch at a 45 degree angle. 

WebDG11-2 Failure at center of joist (approximately 9 feet from left end).  Bending failure in the 
flange and associated web buckling. 

WebDG11-3 Same as WebDG11-2 
WebDG11-4 Same asWebDG11-2.  Web buckling wrinkle went through a knockout in the web. 

WebDG11-5 

Large failure area extending from the edge of the patch.  Failure area was 46 
inches from left end to 68 inches from left end.  At 68 inches from left end, there 
was a bending failure in the flange.  There were two web failures, one extending 

from the top to bottom of the wood flange and another from the top wood flange to 
the patch at a 45 degree angle. 

Web90-1 Failure in wood flange on the top left side.  Compression type failure. 
Web90-2 Failure in wood flange on the top left side.  Compression type failure. 

WebS90-1 Web separation at butt joint under support 
WebS90-2 Web buckling under load support near punchout.  Break in bottom and top flanges. 
WebS90-3 Web buckling near support.  Break in top and bottom flange. 
WebS90-4 Failure in web butt joint and splintering of the top and bottom flanges. 
WebS90-5 Web failure under support through punchout.  Break in bottom flange. 
WebS60-1 Web crushing about 6 inches from reinforcer.  Break in bottom flange. 
WebS60-2 Break in bottom flange. 

WebS40-1 Break in bottom flange.  Web separation in hole cut due to butt joint.  Shear failure 
forming parallelogram of reinforcer. 

WebS40-2 Break in bottom flnage.  Shear over hole area forming parallelogram of reinforcer.  
Top flange screws pulled out of sheathing. 

WebS40-3 Break in bottom and top flanges.  Failure of butt joint near hole. 

WebS40-4 Web crushing.  Horizontal shear in top flange at the web-flange interface.  Break at 
bottom web corner.  Bending of reinforcer. 

WebS40-5 Buckling of beam.  Top flange broke.  Reinforcer bent out of plane.  Horizontal 
shear in flange. 

WebS40-6 Break in the bottom flange and top.  Web crushing under support. 
WebS11-1 Beam buckling.  Horizontal shear in flange. 
WebS11-2 Beam buckling.  Horizontal shear in flange. 
WebS11-3 Beam buckling.  Horizontal shear in flange. 
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Load-Deflection Plots of Specimens 
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Flange11S
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WebG11
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Web60S
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